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08:00 Registration
08:30 Welcome address from Presidents 
 ESCAR: Prof. Achilleas Gikas 
 ASR: Prof. Guy Palmer

09:00 Lecture Session 1
 Epidemiology of Rickettsia, Coxiella, Anaplasma, Bartonella, Ehrlichia around the world
 Chairpersons: Philippe Brouqui, Charalambos Gogos

L01 A. Richards: “Worldwide detection and identification of new and old Rickettsiae”
L02 A. Gikas: “Murine typhus around the world”
L03 B. Schimmer: “Epidemic Q fever in the Netherlands, 2007-2011”
L04 M. Eremeeva: “Molecular epidemiology of Rickettsiae: 20th anniversary and progress around the globe”
L05 M. Kosoy: “Bartonella of rat and men: A global perspective”

10:40 Coffee break & Poster visit A (Epidemiology and treatment)

P001 �Serological surveys and genetic diversities of A. phagcytophium in farmer population and domestic animals in Anhui 
Province

P002  Serological investigation of R. typhi on farmers and domestic animals in Yunnan Province, China

P003  Seroepidemiology of E. chaffeensis and A. phagocytophilum among farm worker populations and divergence of 
A. phagocytophilum among domestic animals in the Beijing area, China

P004  Serological investigation of Rickettsia typhi, Bartonella henselae, Orientia tsutsugamushi of farmers in Tianjin rural areas 
during 2007 to 2009

P005  Epidemiological surveys of Q Fever in YiLi regions of Xinjiang Province 

P006  Is murine typhus reemerging in homeless population in Marseilles? 

P007   Q fever in pregnancy - Two outbreaks in Germany 

P008  Targeted case-finding program for patients with an aortic aneurysm, vascular and/or heart valve prostheses during Q 
fever epidemic

P009  Coxiella burnetii vaginal shedding and antibody responses in dairy goat herds in a context of clinical Q fever outbreaks

P010  No evidence of Bartonella quintana but detection of Acinetobacter baumannii from head lice of elementary schoolchildren in 
Paris

P011  Serological survey of tick borne diseases in dogs and horses of rural and urban areas of Southern Brazil – Preliminary 
data

P012  Rickettsia slovaca in domestic ruminants: A serological survey

P013  Serological detection and molecular characterization of anaplasmataceae agents in Brazilian marsh deer (Blastocerus 
dichotomus)

P014  Molecular characterization of Bartonella spp. in cats from São Paulo and Maranhão States, Brazil

P015  Rickettsia and Coxiella infection as causative agents of fever of intermediate duration

P016  Co-infection of bank voles (Myodes glareolus) by Bartonella spp. and Borrelia burgdorferi sl in France

P017  The role of wildlife in maintenance of the Rickettsia helvetica life cycle

P018  Rickettsia typhi and Rickettsia felis in cats from Northeast of Spain

P019  A new case of Q fever osteomyelitis

P020  Prevalence of tick-borne pathogens in healthy dogs from France

P021  Serological study of patients with persistence fever from Sri Lanka

P022  Coxiella burnetii DNA but not living bacteria is common in dairy products in France

P023  Family cases of spotted fever group rickettsiosis transmitted by Rhipicephalus sanguineus in south France

P024  Outbreaks of Q fever in Europe in the last 20 years

P025  Mediterranean spotted fever in Morocco: Follow up by molecular tools during the last three years
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P026  Prevalence of antibodies against Rickettsia conorii, Babesia canis, Ehrlichia canis and Anaplasma phagocytophilum 
antigens in dogs from Strait of Messina area (Italy) 

P027  Is febrile illness associated with Rickettsia infection in dogs?

P028  Pay attention to differential diagnosis between Anaplasmosis and thrombocytopenic syndrome

P029  Occurence of Coxiella burnetii in dairy cattle in intensive systems in northern Spain

P030  Genotyping reveals the presence of one predominant C. burnetii genotype in milk throughout Europe

11:10 Oral presentations A - Epidemiology and treatment
 Chairpersons: Christopher Paddock, Helen Giamarellou

O001  Louse-borne diseases of the past

O002  Q fever outbreak Jena 2005 – Transmission route and risk factors 

O003  Analysis of risk factors for malignant Mediterranean spotted fever indicates that fluoroquinolone treatment has a 
deleterious effect

O004  Trend of rickettsioses in Japan

O005  Rickettsia rioja as etiological agent of debonel/tibola. Clinical and epidemiological features

O006  Skin lesions and inoculation eschar at the tick bite site in spotted fever group rickettsioses. The experience from 
a case-patient series in eastern Crete (Greece)

O007  Epidemiology and clinical features of acute Q fever cases from south Tunisia

O008  Blood culture-negative endocarditis in Morocco: Results from a preliminary study
 
13:00 Lunch & Poster visit B (Epidemiology and treatment) 

P031  Serologic study of Bartonella henselae and B. quintana infection among human population of Southern Spain

P032  Seroprevalence of human rickettsial antibodies in dogs of Sri Lanka

P033  Bartonella and Bartonella infections in China: From the lab to the clinic

P034  Coxiella burnetii as cause of abortions in Sicily

P035  Role of migratory birds as dispersal factor of Rickettsia spp. A study from Spain

P036  Prevalence of antibodies to spotted fever group Rickettsiae, Ehrlichia spp. and Orientia tsutsugamushi in wild rodents in 
Taiwan

P037  Rickettsia felis bacteremia in rural Senegal

P038  The detection of scrub typhus specific antibodies in febrile patients collected in Peruvian Amazon

P039  Rickettsia felis “Down Under”

P040  Bartonella spp. in cats and their ectoparasites, in Cyprus

P041  An 8-year seroepidemiological study of Q fever in Cyprus

P042  The role of wildlife in the epidemiology of Coxiella burnetii. The paradigm of Cyprus, an island ecosystem

P043  Serological survey of Q fever in Crete, southern Greece

P044  Murine typhus in Cyprus: A 9 year survey 

P045  Individual bacterial shedding and seroprevalence in dairy cattle herds with Coxiella burnetii positive bulk-tank milk

P046  Coxiella burnetii pericarditis and myocarditis

P047  Preliminary results of Bartonella DNA detection from human clinical samples in Piedmont region, Italy

P048  Results from tick survey in southeastern Virginia, USA, and application to mathematical modeling

P049  Epidemiology of rickettsial and Anaplasma tick-borne pathogens in mongolian reindeer and domestic ungulates

P050  Israeli spotted fever in Tunisia

P051  Bartonella diversity in rodents and insectivores from Jaén province (Andalusia, Spain) 

P052  Serological detection of spotted fever group Rickettsia in small rodents from two areas of low endemicity for Brazilian 
spotted fever in eastern Minas Gerais State

P053  First detection of Rickettsia rickettsii in horses and dogs in a Brazilian spotted fever focus in the State of Rio de Janeiro, 
Brazil

P054  Territorial and temporal structure of main tick-borne infections in natural foci in Russia

P055  Seroprevalence of Rickettsiae, Bartonella and hantavirus in Brazilian Indian community



www.rickettsia2011.gr

Heraklion, Crete, Greece | 5-7 June 2011

P056  Bartonellae in animals and vectors in New Caledonia

P057  Prevalence of antibodies against Spotted Fever Group Rickettsia (SFGR) and Bartonella among health professionals who 
handle wild animal in Brazil

P058  A serological study of antibody prevalence for Rickettsia and Borrelia organisms in wild and domestic animals in Minas 
Gerais, Brazil

P059  Seroprevalence of spotted fever group rickettsioses in western Ukraine and prospectives for the future 

P060  Diagnostic dilemmas of chronic Q fever: Data from Portuguese cases
 
15:00 Lecture Session 2
 Old and new diagnostic approaches
 Chairpersons: Florence Fenollar, Athanasios Tsakris

L06 JM. Rolain: “The intracellular bacteria resistome”
L07 C. Paddock: “Back to the future: Hopes and challenges for rickettsial diagnostics in the 21st century”
L08 G. Tsiotis: “C. burnetii and proteomics. Still a bacterium of query?”
L09 N. Day: “Old and new diagnostic approaches”

16:20 Oral presentations Β - Diagnostic approaches
 Chairpersons: Allen Richards, Irina Tarasevich

O009  Development of a new pan-chlamydiae real-time PCR and its application to respiratory clinical samples

O010  Rapid identification of Rickettsia species by mass spectrometry

O011  Comparison of the performance of IFA, CFA and ELISA assays for the serodiagnosis of acute Q fever by quality 
assessment

O012  A model of Anaplasma phagocytophilum infection-induced macrophage activation (MAS) and hemophagocytic 
syndrome (HPS)

O013  Development of three quantitative real-time PCR assays for the detection of Rickettsia raoultii, Rickettsia slovaca and 
Rickettsia aeschlimannii and their validation with ticks collected from the country of Georgia and the Republic of 
Azerbaijan

O014  Differential proteomic study of two Coxiella burnetii strains and of their secretion molecules

O015  Rickettsial disease diagnostic IgG titres in relation to duration of illness in an endemic setting in Sri Lanka

O016  Microfluidics and retroreflector technology for diagnosis of rickettsial infections

O017  Ehrlichia chaffeensis TRP32 interacts with host cell targets associated with protein synthesis, iron acquisition, immune 
signaling and transcriptional regulation

18:10 Coffee break & Poster visit C (Epidemiology and treatment)

P061  Same etiological agent, different clinical and epidemiological features. A comparative study between Brazilian spotted 
fever and Rocky Mountain spotted fever

P062  Epidemiological features of Brazilian spotted fever in São Paulo State, Brazil

P063  Coxiella burnetii: A genuinely novel causative agent of pneumonia in the Netherlands

P064  Neurological syndrome with predominant extrapyramidal manifestations in spotted fever rickettsial infection in 
Sri Lanka

P065  Bartonella alsatica in European wild rabbit fleas (Andalusia, Spain) 

P066  Systematic study of blood culture negative endocarditis highlights the role of zoonotic agents in Thailand 

P067   Evaluation of Coxiella burnetii transmission risk levels in goat herds without apparent Q fever infection

P068  Francisella tularensis infections in Italy

P069  Sudden impairment of vision due to chorioretinitis after infection by Bartonella henselae

P070  Enzootic Anaplasma phagocytophilum in biologically diverse ecosystems

P071  Human granulocytic anaplasmosis in France

P072  Isolation and partial characterization of a novel Orientia species (O. chuto sp. nov.) from a patient infected in Dubai

P073  Application of liposome-entrapped Ehrlichia canis antigen on prevention and treatment of the disease
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P074  Hypogalactia in dairy sheep attributed to Anaplasma ovis

P075  Emergence of a novel Ehrlichia sp. agent pathogenic for humans in the Midwestern United States

P076  The frequency of infection with tick-borne encephalitis virus, Borrelia burgdorferi sensu lato and Ehrlichia chaffeensis in 
Slovenian patients with confirmed human granulocytic anaplasmosis: Laboratory and clinical evaluation

P077  Acute and chronic anaplasmosis due to Anaplasma ovis infection in dairy goats

P078  Murine typhus in returned travelers: A report of thirty two cases

P079  Serological diagnosis of endocarditis due to Coxiella burnetii – First case report from northern Greece 

P080  Diagnosis of community-acquired respiratory infection caused by Coxiella burnetii in patients from northern Greece

P081  Coxiella burnetii, Rickettsia typhi/conori, and Bartonella henselae/quintana as causative agents of lymphadenopathy 

P082  Antibodies against Coxiella burnetii and Bartonella sp. in patients with infective endocarditis residents in rural and 
urban areas from northern Greece

P083  No evidence of Bartonella quintana but detection of Acinetobacter baumannii from head lice of elementary 
schoolchildren in Paris

P084  Murine typhus in geriatric patients. Analysis of 20 cases from Greece

P085  Coxiella burnetii: An underestimated cause of infective endocarditis (IE). A 5 year (2004-2009) single’s University 
Department experience in Greece

P086  Boutonneuse fever in Bucharest area - The last 4 years

P087  Brazilian spotted fever: Its differential diagnosis and clinical syndromes. A syndromic surveillance perspective

P088  Scrub typhus imported to Germany from Koh Samui, Thailand

P089  Detection of Anaplasma phagocytophilum, A. bovis and Borrelia spp. from ticks of migratory birds in Hong-do Island, 
Korea

19:00 Opening ceremony 
 Greetings 
 ESCAR: Prof. Achilleas Gikas 
 ASR: Prof. Guy Palmer 
 Hellenic Society for Infectious Diseases: Prof. Pavlos Nikolaides

 Keynote lectures
 Chairpersons: Didier Raoult, Yannis Tselentis, Achilleas Gikas
 
 DIdier Raoult: “Post Modern Microbiology. The rickettsiologists contribution”
 Yannis Tselentis: “Meta-epidemiology in Rickettsioses: A crucial integrative approach”

20:30 Cocktail
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08:00 Oral presentations C - Genomic plasmids
 Chairpersons: Ulrike Munderloh, Michel Drancourt 

O018  Assessing Bartonella henselae diversity using whole-genome sequencing and single-nucleotide polymorphism analysis

O019  Functional characterization and molecular cloning of mutant genes in two Anaplasma phagocytophilum transformants

O020  The Coxiella burnetii DOT/ICM system delivers a unique repertoire of type IV effectors into host cells and is required for 
intracellular replication

O021  Utility of five PCR targets for molecular diagnosis of human rickettsioses

O022  Genome assembly, annotation and comparison of the spotted fever Rickettsia sibirica complex

O023  Close encounters of the 4th kind: Fine-tuning of type IV secretion system defines virulence of Ehrlichia ruminantium

O024  Tick cell culture isolation and growth of a Rickettsia sp from Dutch Dermacentor reticulatus ticks
 
09:50 Lecture Session 3 
 Genomics and plasmids of intracellular bacteria
 Chairpersons: Gregory A. Dasch, Effie Scoulika

L10 PE. Fournier: “Genomics and plasmids of Rickettsia species”
L11 G. Dasch: “The nitty gritty of the evolution of Rickettsia genomes and proteome”
L12 U. Munderloh: “Rickettsial plasmids: What good are they?”
L13 Y. Rikihisa: “Molecular events in host subversion by Anaplasma phagocytophilum”

11:30 Coffee break & Poster visit D (Epidemiology and treatment - Diagnostic)

P090 Murine typhus in Batna (Algeria)

P091  Spotted fever rickettsiosesin Batna, eastern Algeria

P092  Murine typhus in Tunisia: A report of 43 cases occurred in 2006-2008 

P093  Q fever at Rio de Janeiro State, Brazil: Detection of Coxiella burnetii DNA in blood and bronchoalveolar lavage samples 
in patient with pulmonary illness and fever 

P094  Brazilian spotted fever: Epidemiological, clinical and laboratory aspects of cases from the state of Rio de Janeiro in the 
time period of January 2004 to December 2008

P095  Obscure neurological syndrome with predominant extrapyramidal manifestations in spotted fever rickettsial infection 
in Sri Lanka

P096  Presence of Rickettsia in the eastern Alps

P097  Features of Brazilian spotted fever in two different endemic areas

P098  Q fever in the state of Rio de Janeiro, Brazil (2009)

P099  First reported cases of Q fever endocarditis in Thailand

P100  Proteins candidates for serodiagnosis of rickettsioses

P101  Histopathological diagnosis of Japanese spotted fever using formalin-fixed, paraffin-embedded skin biopsy 
specimens. Usefulness of immunohistochemistry and real-time PCR analysis

P102  Evaluation of the JBAIDS scrub typhus and Rickettsia detection kits

P103  Detecting and measuring small numbers of viable Coxiella burnetii

P104  Potential value of an ELISPOT interferon gamma release assay as a diagnostic tool in Q fever infection

P105  Developing a Coxiella burnetii ELISPOT assay measuring T-cell responses in Q fever

P106  New plaque assay to evaluate the early role of antibiotics on Rickettsia infected cells

P107  Evaluation of clinical specimens for Rickettsia, Bartonella, Borrelia Coxiella, Anaplasma, Franciscella and Diplorickettsia 
positivity using serological and molecular biological methods

P108  Detection and quantification of ‘Candidatus Neoehrlichia mikurensis’ DNA in human blood samples by real-time PCR

P109  A tentative validation of a serological test for the diagnosis of canine rickettsial disease
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P110  Relevance of the PET scanner in the diagnosis of the vascular graft infection by Coxiella burnetii

P111  Old and new diagnostic approaches for the diagnosis of Q fever: Correlation among complement fixation test, ELISA 
and molecular analyses

P112  Diagnosis of Rickettsia africae infection by eschar swabbing, prospective study

11:50 Lecture Session 4
 Pathophysiology and immunity
 Chairpersons: Roman R. Ganta, Yasuko Rikihisa

L14 D. Walker: “Pathogenesis of and immunity to diseases caused by Rickettsia”
L15 JL. Mège: “Immune mechanisms and Coxiella burnetii persistence”
L16 G. Palmer: “Pathogen strain structure and population immunity”
L17 R. Heinzen: “Subversion of host cell function by Coxiella burnetii”
L18 JE. Samuel: “Strategies for developing vaccine-induced protective immunity against Q fever”
L19 JJ. Martinez: “Pathogen-host interactions involved in spotted fever group Rickettsia pathogenesis”

13:50 Lunch & Poster visit E (Diagnostic)

P113  Comparison of real-time quantitative PCR and culture for the diagnosis of emerging rickettsioses 

P114  Widespread use of real-time PCR for rickettsial diagnosis

P115  Assesment of a Q-reverse transcriptase real-time PCR detection of viable C. burnetii after heat treatment

P116  E-test as a reliable method for testing antibiotic susceptibility in Rickettsiae forming plaque

P117  Limits of IFA-IgG based diagnostics in rickettsial diseases in an endemic setting

P118  Identification of Orentia tsutsugamushi using polymerase chain reaction

P119  Meditteranean spotted fever diagnosed by eschar swabbing

P120  “Real time” PCR-detection of Coxiella burnetii using conventional techniques

P121  Loop mediated isothermal amplification (LAMP) targeting multi-copy genes provides a rapid and sensitive assay for 
detection of Orientia tsutsugamushi 

P122  Development of new broadly reactive rapid immunoglobulin G and immunoglobulin M lateral flow assays for the 
diagnosis of scrub typhus

P123  A comparison of the rapid detection of Coxiella burnetii by real-time PCR and IF in a cohort of Australian Q fever 
patients

P124  Antibody kinetics in serological indication of chronic Q fever. The Greek experience

P125  Development of a real-time PCR for the detection of Rickettsia spp. and typhus group Rickettsia in clinical samples

P126  Evaluation of a new serological test for the detection of anti-Coxiella and anti-Rickettsia antibodies

P127  Q fever diagnostics in an epidemic setting: From local algorithms to national consensus

P128  Detection of Q fever specific antibodies with recombinant antigen Com-1 and AdaA

P129  Real time PCR as a new laboratorial tool for diagnosis of Brazilian spotted fever in fatal human suspected cases

P130  Development of a flow cytometry based-method for testing C. burnetii viability 

P131  Development of multiple-locus variable-number tandem-repeat analysis (MLVA) of Ehrlichia ruminantium and its 
application to field isolates in Amblyomma variegatum

P132  Identification and characterization of variable-number tandem-repeat (VNTR) markers in Ehrlichia ruminantium

P133  Evaluation of three different genotyping methods for the molecular discrimination between Coxiella burnetii isolates 
from human and animal clinical samples 

P134  Easy detection and differentiation of Anaplasma ovis and Anaplasma marginale by PCR based on MSP4 gene

P135  Ten year experience of real-time PCR, culture and immunohistochemical analysis for the diagnosis of Q fever 
endocarditis

P136  Profiling the humoral immune response to Bartonella henselae infection by protein microarray
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15:50 Oral presentations D - Pathogenesis and immunity
 Chairpersons: Stephen Dumler, Maria Antoniou

O025  Identification of Bartonella ligands and their erythrocytic receptors 

O026  Comparison of rickettsial species motility in vero cells using live cell imaging

O027  Antibodies against Ehrlichia chaffeensis tandem repeat proteins linear epitopes are protective

O028  Immune response of non-human primates to scrub typhus vaccine candidate, pKarp47

O029  Results of four years of vaccination with phase I Coxiella burnetii vaccine in a naturally infected dairy sheep flock

O030  Orientia tsutsugamushi efficiently escapes from mammalian autophagy system

O031  Intracellular localization and antibiotic susceptibility of Diplorickettsia massiliensis

O032  Systemic cellular immune responses to Rickettsia conorii differ between dermal vs. intravenous routes of inoculation 
and are suppressed by TLR4 in intradermal inoculated mice 

17:20 Lecture Session 5
 Bartonella: Animal infections and zoonotic risk
 Chairpersons: Michael Kosoy, George Samonis

L20 R. Birtles: “Bartonella: Elegant parasites, reluctant pathogens”
L21 M. Vayssier-Taussat:  “Contribution of the understanding the molecular mechanisms of Bartonella infection 

to predict possible spontaneous host shift”
L22 VAJ. Kempf: “Bartonella spp.: Throwing light on uncommon human infections”
L23 B. Chomel: “Animal infections and zoonotic risk in bartonellosis”

19:20 Coffee break & Poster visit F (Pathophysiology and immunity)

P137  Assessment of vaccination by a phase I Coxiella burnetii inactivated vaccine in goat herds in clinical Q fever situation

P138  Increase of Foxp3+CD4+CD25+ regulatory T cells in patients with chronic Q fever

P139  The ligand of numb-proteins X1 and X2 are specific markers for chronic Q fever

P140  C. burnetii strain nine mile I infect human trophoblastic cell line 

P141  Coxiella burnetii nile mile is a perturbator of the mapkinase signaling network

P142  Restriction of the growth of a nonpathogenic spotted fever group Rickettsia

P143  Gene expression program in Coxiella burnetii granuloma

P144  Age related development of antibodies against Coxiella burnetii - A seroprevalence study of the outbreak 2005 in Jena 
Germany 

P145  Development of a model of hematogenously disseminated scrub typhus disease in mice

P146  Immunophenotype in symptomatic and asymptomatic dogs naturally infected by Ehrlichia canis 

P147  Evaluation of peripheral blood lymphocyte subsets in family-owned dogs naturally infected by Ehrlichia canis 

P148  Tryptose phosphate broth improves Rickettsia felis multiplication in mammalian cells

P149  Omeprazole decreases size of vacuoles in Coxiella burnetii infected cells

P150  Identification and expression of Ehrlichia muris antigens for evaluation as vaccine candidates

P151  Experimental studies on the survival of Coxiella burnetii

P152  The role of autotransporter proteins of Orientia tsutsugamushi in cellular adherence to and invasion into 
non-phagocytic host cells

P153  Functional modulation of dendritic cells by Orientia tsutsugamushi infection

P154  Modulation of interferon signaling by the tetratricopeptide repeat proteins of Orientia tsutsugamushi

P155  Nuclear magnetic resonance (NMR) as tool for the study of Rickettsia metabolism

P156  Unraveling persistent host cell infection with Coxiella burnetii using an MS-driven global proteome quantification 
approach

P157  Immunity to Coxiella burnetii in mice
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P158  Infection with Anaplasma phagocytophilum alters specific transcriptional programs but does not appear to induce 
cellular de-differentiation

P159  Immunodominant proteins of Coxiella burnetii identified by a subgenomic protein array assay with sera from mice 
infected with C. burnetii and Q fever patients 

P160  Efficient activation of T cells by human monocyte-derived dendritic cells (HMDCs) pulsed with Coxiella burnetii outer 
membrane protein Com1 but not by HspB-pulsed HMDCs

P161  Exploratory study on pathogenesis of Far-eastern spotted fever 

P162  Further insights into the roles of NF-kappa-B and cyclooxygenase-2 in the pathogenesis of spotted fever rickettsioses

P163  Growth characteristics of Rickettsia helvetica strain AS819 in different eukaryotic cell lines 

P164  Development of an inhalational animal model for Rickettsia prowazekii

P165  Evidence for host adaptation in Anaplasma phagocytophilum

P166  Tropism for endothelial cells of different Bartonella species and vascular tumour angiogenesis 

P167  A new model for the study of Bartonella henselae-induced vascular tumour formation

P168  Comparison of effectiveness of oral, nasal and subcutaneous infection routes of Coxiella burnetii in goats

P169  Macrophage inflammatory chemokine and cytokine gene expression is upregulated by Ehrlichia chaffeensis TRP120 

P170  Characterizaton of an immunoreactive Ehrlichia chaffeensis tandem repeat protein that is tyrosine phosphorylated and 
expressed by dense-cored and reticulate Ehrlichiae 

P171  Impaired memory T-cell responses during Anaplasma marginale infection

P172  Permissivity of fish cell lines to three Chlamydia-related bacteria: W. chondrophila, E. lausannensis and P. acanthamoebae

P173  Preliminary structural studies on a lipopolysaccharide of Rickettsia conorii 

P174  Structural studies on the O-specific antigen of Piscirickettsia salmonis lipopolysaccharide

P175  Identification of a putative Heme-degrading enzyme (HemS) in Bartonella

P176  Role of the spleen in Bartonella infection

P177  Surfactant Protein D alters Coxiella burnetii infection of alveolar macrophages

P178  Systemic cellular immune responses to Rickettsia conorii differ between dermal and intravenous routes of inoculation 
and are suppressed by TLR4 in intradermally inoculated mice

P179  Variation in the response of ICR mice to feeding by Leptotrombidium sp. (Acari: Trombiculidae) infected with Orientia 
tsutsugamushi 

20:00 ESCAR/ASR business meeting

21:00 Gala dinner



www.rickettsia2011.gr

Heraklion, Crete, Greece | 5-7 June 2011

08:00 Lecture Session 6
 Special issues in Rickettsioses
 Chairpersons: Jose A. Oteo, Marios K. Lazanas

L24 P. Brouqui: “Rickettsioses and bartonellosis associated with political and social disorder”
L25 P. Parola: “Rickettsioses in travellers”
L26 JA. Oteo: “Tick-borne rickettsioses in Europe”
L27 A. Letaief: “Rickettsioses in North Africa”
L28 I. Bitam: “Rickettsia in arthropods in Africa”
L29 F. Fenollar: “Emerging rickettsioses in Africa”
L30 KR. Macaluso: “The dualist nature of Rickettsia felis: Endosymbiont and emerging infectious agent”

10:20 Coffee break & poster visit G (Genomics, plasmids & proteomics)

P180  Genetic differentiation of Coxiella burnetii isolates based on the analysis of 32 IS1111 locations 

P181  Genomes of the most dangerous epidemic bacteria have a virulence repertoire characterized by fewer genes but more 
toxin-antitoxin modules

P182  Genomotyping of Coxiella burnetii isolates using an home made-microarray 

P183  Identity of GroESL sequences of Anaplasma phagocytophilum among human patients in Slovenia

P184  Characterisation of C. burnetii strains from ruminants by whole genome PCR scanning: A European multicentre 
approach

P185  Evaluation of nonvertical inheritance in the evolution of Rickettsia felis 

P186  Rickettsia amblyommii plasmids as shuttle vectors to examine rickettsial gene function

P187  MST vs. IS1111 distribution: A comparison of two genotyping systems for Coxiella burnetii 

P188  Multispacer sequence typing links goat farms and sheep herds to human Q fever infections in the Netherlands

P189  Identification of tetracycline resistance mechanisms in Coxiella burnetii using N-terminal proteomics

P190  Comparative genomics of Rickettsia helvetica

P191  Identification and evolutionary relationships of Rickettsia helvetica plasmid

P192  Effects of Rickettsia rickettsii infection on the global gene expression profile of the tick vector Amblyomma aureolatum

P193  Evolution of the MSP2 pseudogene repertoire

P194  Proteomic study of Rhipicephalus (Boophilus) microplus tick cells (BME-26) infected by Anaplasma marginale

P195  Genome sequences of virulent and attenuated strains of the rickettsiales Ehrlichia ruminantium

P196  Identification and evaluation of protein candidates for Q fever serodiagnosis by immunoproteomics and protein 
microarray approach

P197  Legionella and Rickettsia ralf c-terminal domain plays a key role in ralf localization and function

P198  Aprick, an active retroviral-like aspartic proteinase homologue from Rickettsia conorii

P199  Multi locus approaches for the characterization of the diversity of the Rickettsiale Ehrlichia ruminantium

P200  Identification of a new oligoribonuclease member in Bartonella

P201  Development of SNP-based genotyping of Bartonella henselae and comparison of its performance with MLST for 
defining intra-species population structure

P202  Genes involved in virulence and attenuation mechanisms of Ehrlichia ruminantium by transcriptomic analysis

P203  16S rRNA sequence analysis of the genus Anaplasma from animals in Zhejiang Province, China

P204  The genome of Ehrlichia muris: A model monocytotropic Ehrlichia

P205  Molecular characterization of Anaplasma phagocytophilum strains by multi locus sequence typing (MLST)

P206  The Rickettsia slovaca genome confirms that genome conservation in Rickettsia species is associated to milder diseases

P207  Complementation of Rickettsia rickettsii RELA/SPOT restores a nonlytic plaque phenotype

P208  Extant alpha-Proteobacteria surrounding mitochondrial origin
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11:00 Lecture Session 7
 Ehrlichia and Orientia infections
 Chairpersons: Jason A. Carlyon, Harry Bassaris

L31 S. Dumler: “The biological basis of severe outcomes in Anaplasma phagocytophilum infection”
L32 JA. Carlyon: “Cloak and dagger - Anaplasma phagocytophilum intracellular survival strategies”
L33 RR. Ganta: “Mutational analysis in Ehrlichia chaffeensis” 
L34 N. Ismail: “Regulation of innate and adaptive immunity in monocytotropic Ehrlichia infection”

12:20 Oral presentations E - Ectoparasites
 Chairpersons: Philippe Parola, Anna Psaroulaki

O033  Spotted fever group Rickettsiae in ticks and fleas from Democratic Republic of the Congo

O034  Tidewater spotted fever: Detection of Rickettsia parkeri in Gulf Coast ticks, southeastern Virginia 

O035  Rickettsia of Ethiopian Argas persicus Ethiopian soft ticks

O036  Rickettsia slovaca in Dermacentor marginatus ticks, Algeria

O037  Rickettsia raoultii in Dermacentor reticulatus ticks from Croatia

13:20 Lunch & Poster visit H (Ectoparasites)

P209  Development of the tick transmission model for monocytotropic ehrlichiosis

P210  New Rickettsia in tsetse flies from Senegal – Endosymbiont or pathogen?

P211  Multiple tick-associated bacteria in Ixodes ricinus from Slovakia

P212  Isolation of Arsenophonus sp. from Ixodes ricinus ticks, Slovakia

P213  Bartonella henselae in ectoparasites collected from domestic dogs (Canisfamiliaris) in Piraí, Rio de Janeiro, Brazil

P214  Species composition, distribution, ecological preferences and host association of hard ticks (Ixodidae), in Cyprus

P215  Altitude dependent presence of Bartonella quintana in genotype C head lice from Ethiopia 

P216  Molecular detection and characterization of Anaplasma phagocytophilum strains in Ixodidae ticks 

P217  First detection of Anaplasma pathogens in fleas from Lithuania 

P218  A multi-gene analysis of diversity of Bartonella detected in fleas from Algeria

P219  Molecular detection of Bartonella quintana in head louse nits

P220  Detection of Rickettsia helvetica in Ixodes ricinus ticks collected from Pyrenean Chamois of France

P221  Rickettsia massiliae infecting Rhipicephalus turanicus ticks found on red foxes (Vulpes vulpes) in south-eastern France

P222  Rickettsiae in fleas and ticks collected from a hedgehog, Marseille, France

P223  Detection of Rickettsia aeschlimannii in Hyalomma dromedarii ticks collected from dromedary (Camelus dromedarius) in 
Tunisia

P224  Detection of spotted fever group Rickettsia and Anaplasma phagocytophilum in ticks removed from wild animals 
in northern Italy in 2009

P225  In vitro propagation of Candidatus Rickettsia andeanae isolated from Amblyomma maculatum

P226  Spotted fever group (SFG) rickettsioses in ticks (Acari-Ixodidae) from Sub-Saharan Algeria

P227  Molecular detection of R. helvetica and R. monacensis in Ixodes ricinus ticks from Algeria 

P228  First molecular of detection of R. aeschlimannii in Hyalomma marginatum rufipes (camels’ ticks) from south of Algeria

P229  Bartonella clarridgeiae and Rickettsia felis in dog’s fleas from NW Laos (2008-2009)

P230  Molecular characterization of vector-borne bacterial agents in Brazilian and exotic wild carnivores

P231  Ixodes persulcatus as main vector and reservoir of alpha-Proteobacteriae (Rickettsia, Anaplasma, Ehrlichia) in Russia

P232  First isolation of Rickettsia slovaca from Dermacentor marginatus in Sardinia, Italy

P233  Why so few Rickettsia conorii conorii infected ticks in nature? 

P234  Emerging Borrelia, Rickettsia, and Ehrlichia spp in Argas vespertilionis bat ticks

P235  Ehrlichia canis in Rhipicephalus sanguineus ticks in Ivory Coast, a new molecular tool for early diagnosis



www.rickettsia2011.gr

Heraklion, Crete, Greece | 5-7 June 2011

P236  Rickettsiae and Borrelia in ticks on migratory birds from the Camargue National Park, France

P237  Detection of vector-borne pathogens in ticks removed from dogs living in italy 

P238  Bartonella clarridgeiae, B. henselae, and Rickettsia felis in fleas from Morocco 

P239  Presence of Chlamydiae DNA in fleas and ticks

P240  Prevalence of Anaplasma, Ehrlichia, Rickettisa and Coxiella in different ticks species 

P241  Genetic characterization of candidatus Rickettsia vini. A new Rickettsia amplified in ticks from La Rioja, Spain

P242  Rickettsia spp. in ticks removed from humans in Istanbul, Turkey

P243  Coinfection of Anaplasma with Rickettsia and Borrelia in ticks removed from humans. A study from Turkey

P244  Chiggers (Acari: Trombiculidae) infected with Rickettsiae in Spain: Preliminary data

P245  Rickettsia and Anaplasma: Is the lizard a reservoir in Algeria? 

P246  Candidatus Rickettsia colombianensi. A new proposed Rickettsia species detected in Amblyomma spp. removed from 
iguanas and vegetation

P247  Analysis of pathogen co-occurrence in host seeking adult hard ticks in Serbia

P248  Co-infestation of ectoparasites infected by Rickettsia rickettsii in dogs and horses in the state of Rio de Janeiro, Brazil

P249  Rickettsia felis in fleas from southern Ethiopia

P250  Detection of new Borrelia in ticks from cattle from southern Ethiopia

P251  Rickettsia sp. in the soft tick Ornithodoros erraticus in Portugal

P252  African tick bite fever in Portuguese travelers 

P253  Detection of a novel spotted fever group Rickettsia in the gopher tortoise tick - Amblyomma tuberculatum, and the first 
assessment of its geographical distribution in southeastern United States

P254  Tick-borne pathogens in two climatic and ecologically different regions of Portugal
 
15:20 Lecture Session 8
 Miscellaneous intracellular Proteobacteria and Symbionts
 Chairpersons: Marina E. Eremeeva, Gilbert Greub

L35 O. Mediannikov: “New bugs in the ticks”
L36 G. Greub: “Amoebal symbionts and amoebae-resisting micro-organisms”
L37 MJ. Taylor: “Wolbachia endosymbionts of filarial nematodes: Drivers of disease and targets for treatment”

16:20 Lecture Session 9
 Update on epidemiology of intracellular bacteria in animals and humans
 Chairpersons: Pierre-Edouard Fournier, George Saroglou

L38 A. Rodolakis: “Q fever epidemiology in animals and humans: Impact of vaccination”
L39 P. Schneeberger: “Epidemiology and control of Q fever in the Netherlands, 2007-2010”
L40 P. Newton: “Murine typhus in Laos”
L41 MB. Labruna:  “Comparative evaluation of the ticks Amblyomma cajennense and Amblyomma aureolatum as 

vectors and reservoirs of Rickettsia rickettsii in Brazil”

17:40 End of the meeting
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L01  WORLDWIDE DETECTION AND IDENTIFICATION OF 
NEW AND OLD RiCkEttsiAE

Allen L. Richards

Viral & Rickettsial Diseases Department, Naval Medical Research Center Silver 
Spring, Maryland 20910-7500 USA

To determine the prevalence and distribution of rickettsial pathogens 
around the world scientist have relied more and more upon molecular 
techniques in addition to serological and culture methods. The ease of 
use and sensitivity/specificity of molecular techniques such as quantita-
tive real-time polymerase chain reaction (qPCR) assays and multilocus se-
quence typing (MLST) have led to an increase in reports of the detection 
and identification of new and old rickettsiae in previously known and in 
new endemic regions. These assays have been successfully used with clini-
cal samples such as serum, blood, tissue biopsies and with environmental 
samples such as arthropod vectors including ticks, fleas, lice and mites, 
and blood and tissue specimens from small mammal collections, and from 
wild and domestic large animals. These methods have lead to the detec-
tion of the rickettsial pathogens: Rickettsia aeschlimannii, Rickettsia africae, 
Rickettsia conorii, Rickettsia felis, Rickettsia parkeri, Rickettsia raoultii, Rickett-
sia rickettsii, and Rickettsia slovaca often in new locations leading investiga-
tors to suggest new regions of risk for their particular rickettsiosis.

L02 MURINE TYPHUS AROUND THE WORLD

Achilleas Gikas

Department of Internal Medicine, Infectious diseases Unit, University Hospital of 
Heraklion, Crete, Greece

Murine typhus is a disease caused by the obligate intracellular micro-
organism, Rickettsia typhi, which is transmitted to humans through flea 
bites. The primary reservoirs are the rats of the subgenus Rattus, R. nor-
vegicus and R. rattus. House mice, cats, opossums, shrews and skunks 
have also been referred. Humans appear only as accidental hosts of R. 
typhi. Complete genome analysis of R. typhi indicates the involvement 
of 42 genes in the pathogenesis of murine typhus. The pathogenic 
mechanism is vascular injury leading to inflammatory vasculitis in al-
most every organ of the body. Endemic typhus is found throughout the 
world, in various environmental climates especially the Mediterranean 
basin, several African countries, Southeast Asia and in the USA. The clini-
cal course is mild, with a low frequency of complications and mortal-
ity. The main clinical picture of murine typhus in adults comprises the 
classic triad of fever, headache, and rash accompanied by an elevation 
of liver enzymes and hypoalbuminemia. In children, the disease lasts 
longer compared to adults, the classic triad of symptoms observed in 
adults is not as common, and fever, rash, anorexia, and hepatosplenom-
egaly are the most frequent symptoms. Elderly patients tend to present 
more serious complications such as renal failure and CNS manifesta-
tions. The microorganism can be isolated by using the shell vial tech-
nique. Molecular methods based on DNA amplification (PCR) target the 
typhus group-specific genes rrs, gltA, ompB, and gene D. PCR is consid-
ered the technique of choice for early diagnosis. The indirect immuno-
fluorescence assay (IFA) is the reference method for the serodiagnosis 
of rickettsia in most laboratories. Western blotting is the most specific 
and sensitive test, with an ability to detect acute phase antibodies at an 
earlier stage compared to IFA. In order to eliminate false-positive results 
due to cross-reactions, the cross-adsorption test is used in specialized 
laboratories. Treatment is based on tetracycline or chloramphenicol.

L03 EPIDEMIC Q FEVER IN THE NETHERLANDS, 2007-2011

PM. Schneeberger

Regional Lab Medical Microbiology and Infection Control, Jeroen Bosch 
Hospital, Den Bosch

Objectives: Q fever is a zoonotic disease caused by Coxiella burnetii. 
Sheep and goat are most frequently described as the source. Humans 

are usually infected through inhalation. Half of the infected have symp-
toms, ranging from a mild flu-like illness to severe pneumonia. A few 
percent develops chronic disease. Before 2007, Q fever was a rare dis-
ease in The Netherlands. Since 2005 Q fever emerged in small ruminants 
and subsequently in 2007 in the human population in the south of the 
Netherlands leading to the largest Q fever outbreak recorded up to date. 
Methods: Analysis of data from public health facilities, regional labo-
ratories, the Animal Health Service and the National Institute for Public 
Health and the Environment to describe the Q fever outbreak occurring 
in The Netherlands.
Results: In the spring of 2007, an outbreak of Q fever occurred around 
a village in the province of Noord Brabant with a total of 168 cases. In 
2008 and 2009 larger outbreaks occurred in a wider area. In 2009 a total 
of 2354 cases had been notified. Though increasing numbers of chron-
ic Q fever cases have been have been diagnosed the exact number of 
chronic cases is not known. Contact with hay/manure and living within 
the vicinity (<5 km) of an infected dairy goat farm have been identified as 
important risk factors for human Q fever. In the effected area goat farm-
ing is common and goat density per square kilometre are the highest 
in the Netherlands. Preceding the human outbreaks, since 2005, abor-
tion waves caused by C. burnetii have been noticed among 25 dairy goat 
farms and 2 dairy sheep farms in the regions where most human cases 
occurred. Sampling of incriminated farms animals and surroundings re-
sulted in detection of C. burnetii. Starting in 2008 initial control measures 
included mandatory veterinary notification as well as hygiene measures 
during spread of manure, lambing season and mass vaccination of goats 
and sheep. From 2009 onwards mass culling of pregnant goats and 
sheep on infected farms was implemented. In 2010 a total of 508 acute Q 
fever cases were notified and in 2011 up until 1st of May 29 cases.
Conclusions: The Q fever outbreak in the Netherlands started in 2007. 
It is mainly restricted to the south of the country in an area with intense 
goat farming. In the most severely affected areas up 15% of the popula-
tion may have been recently infected. Among risk groups a consider-
able number cases of chronic Q fever cases are expected to occur. In 
parallel to extensive control measures, the number of acute Q fever 
cases are decreasing.

L05  BARtOnEllA OF RAT AND MEN: A GLOBAL 
PERSPECTIVE

Michael Kosoy

Centers for Disease Control and Prevention, Fort Collins, Colorado, USA

Members of the genus Bartonella infect erythrocytes, endothelial and 
dendritic cells of the mammals of a very wide range of species. These 
bacteria tend to exhibit a high level of adaptation to their natural hosts, 
and natural hosts can have extended bacteremia longer than a month 
without apparent adverse effects. Incidentally infected hosts, on the 
other hand, can exhibit a wide range of clinical manifestation such as 
fever, decrease of reproductive activity, lymphadenitis, neuroretinitis, 
meningitis, myocarditis, and endocarditis. Because of their capability 
to reside within erythrocytes of a diverse number of mammals, there 
is substantial opportunity for various Bartonella species to be taken up 
by a variety of arthropod vectors. Though it is assumed that all Barton-
ella infections are vector-borne, but alternative routes of transmission 
are also possible. Their vertical transmission is apparently also possible 
since these bacteria were isolated from embryos of two rodent spe-
cies. Among the varied wildlife that serves as reservoirs for Bartonella, 
rodents harbor the greatest diversity of strains. Rodents are also fre-
quently present in peri-domestic and agricultural settings throughout 
the world and many rodent populations have a high Bartonella infec-
tion prevalence. The host specificity of most Bartonella spp. is unknown, 
though experimentally, some strains demonstrate a high degree of host 
specificity whereas others do not. Bartonella strains that switch from 
their natural rodent hosts to incidental rodent hosts often possess an 
inherent capacity to infect a wide variety of mammalian hosts includ-
ing humans. Analysis of Bartonella cases of febrile illness among human 
patients suggests that rodents are likely reservoirs for a substantial por-
tion of human Bartonella infections in some tropical regions. For exam-
ple, among Bartonella strains obtained from 14 human patients in rural 
Thailand, at least eight were closely related or identical to strains identi-
fied in rodents in southeastern Asia. As reports of Bartonella infections 
in rodent communities become more and more common, the needs to 
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understand the population biology of the bacteria among their natu-
ral hosts and factors influencing transmission from the natural hosts to 
incidental hosts have intensified. The lecture will review distribution, 
diversity, and host-specificity of diverse rodent-associated Bartonella 
species in Asia, Africa, America, and Europe and will discuss ecological 
factors that can contribute to the role of these bacterial species as po-
tential human pathogens.

L06  THE INTRACELLULAR BACTERIA RESISTOME

Jean-Marc Rolain

Unité de Recherche sur les Maladies Infectieuses et Tropicales Émergentes 
(URMITE), CNRS-IRD UMR 6236, Faculté de Médecine et de Pharmacie, 13385 
Marseille cedex 05, Assistance Publique des Hôpitaux de Marseille, Université de 
la Méditerranée, France

Objective: Intracellular bacteria survive within eukaryotic host cells 
and are difficult to kill with certain antibiotics. Owing to the lack of reli-
able methods available for transforming these bacteria, evaluation of 
the mechanisms of antibiotic resistance using molecular methods and 
in silico genome analysis has been the rule over the last 5 years. The ob-
jective of this study was to review the molecular mechanisms of anti-
biotic resistance through in silico comparisons of the newly sequenced 
genomes of intracellular bacteria.
Methods: Genomes from intracellular bacteria of the genus Rickettsia, 
Coxiella, Orientia, Anaplasma and Bartonella were included in this study. 
These genomes were reannotated using RAST software to retrieve all 
the putative antibiotic resistance encoding genes. A research for pu-
tative antibiotic resistance encoding genes was also performed using 
keywords in KEGG and Antibiotic Resistance Genes Database (ARDB) 
websites. The available data on in vitro mutants reported for intracel-
lular bacteria were also reviewed. These genomic data were analysed to 
find natural mutations in known target genes involved in antibiotic re-
sistance and to look for the presence or absence of different resistance 
determinants. Finally, recent literature on the topic was also reviewed to 
give an overview of the current knowledge for these fastidious bacteria. 
Results: More than 30 genomes of intracellular bacteria were included 
in this study. Our analysis revealed that these bacterial genomes con-
tain many antibiotic resistance encoding genes including efflux pumps. 
Moreover, in silico analyses as well as review of the literature allow us 
to decipher many intrinsic mechanism of resistance in these genomes 
linked to point mutations in specific target genes. Finally, in silico analy-
sis of several pathways were done showing that some intrinsic antibiotic 
resistance may be linked to the lack of the target gene associated with 
mechanism of action. 
Conclusions: Our in silico approach was an effective method for under-
standing the mechanisms of antibiotic resistance in intracellular bacte-
ria. The whole genome sequence analysis will help to predict several im-
portant phenotypic characteristics, in particular resistance to different 
antibiotics. In the future, stable mutants should be obtained through 
transformation methods in order to demonstrate experimentally the 
determinants of resistance in intracellular bacteria.

L07  BACK TO THE FUTURE: HOPES AND CHALLENGES FOR 
RiCkEttsiAl DIAGNOSTICS IN THE 21ST CENTURY

Christopher D. Paddock

Centers for Disease Control and Prevention, Atlanta, Georgia, USA

From the perspective of a pragmatist, the laboratory diagnosis of rick-
ettsial diseases can appear an academic exercise, for each of the >25 
ecologically, epidemiologically, and etiologically distinct diseases com-
prising ‘the rickettsioses’ responds to the same safe, inexpensive, wide-
ly distributed, and highly effective antibiotic- doxycycline. However, the 
flaws in this logic preclude the ability of clinicians and scientists to dis-
cover new pathogens, better characterize the clinical and epidemiolog-
ical features of historically recognized rickettsioses, and practice good 
medicine, for many other bacterial and viral diseases can present with 
fevers, rashes, or eschars, and may or may not respond to doxycycline. 

Although the pursuit of a species-specific diagnosis should always be 
encouraged, most clinicians unfortunately rely solely on serological 
techniques that may be insensitive and are often non-specific. While 
serological methods have distinct applications and strengths, these 
tests provide only indirect evidence of infection, cannot be used to 
ascribe a species-specific etiology, are prone to subjective assess-
ment, and may lead to erroneous interpretations of exposure to a 
pathogen in time and space. Immunohistochemical detection of 
rickettsiae in formalin-fixed, paraffin-embedded tissues offers sev-
eral advantages, particularly a high positive predictive value and the 
capacity to diagnose archived specimens months or years after the 
illness. Limitations include the requirement of tissue as an analyti-
cal sample and a relative paucity of antibodies with singular reactiv-
ity to a specific agent that work well in this format. Culture isolation 
provides a relatively unbiased approach to pathogen detection and 
has facilitated some phenomenal discoveries by rickettsiologists in 
infectious disease investigations that extend far beyond the realm 
of rickettsiology. Nonetheless, concerns about labor and time, and 
misconceptions about the level of biosafety required to establish cell 
culture as a diagnostic modality have hampered broader adoption of 
this technique. During the last 20 years, molecular diagnostics have 
paved the way for multiple transformational changes in the science 
of rickettsiology but these assays can be restrictively specific and re-
quire cautious and careful interpretation when used in the absence 
of other complimentary methods. Other technological advances, 
including mass spectrometry and immune-PCR, represent prospects 
for accurate laboratory diagnosis; however, innovative diagnostic 
approaches also include the collection and evaluation of specimen 
types previously not considered for diagnostic assays, or considered 
low-yield or suboptimal, including formalin-fixed, paraffin-embed-
ded tissues, serum and urine sediments, buffy coat preparations, and 
eschar swabs. Broader use of unbiased methods such as cell culture 
and broad-range PCR, intelligent selection of clinical specimens, di-
minished reliance on serological assays, and careful integration of 
clinical and epidemiological data remain goals for improving diag-
nosis of these diseases. 

L10  GENOMICS AND PLASMIDS OF RiCkEttsiA SPECIES

Pierre-Edouard Fournier

Unité de Recherche sur les Maladies Infectieuses Tropicales et Émergentes, CNRS 
UMR 6236, Faculté de Médecine, Université de la Méditerranée, Marseille, France

Rickettsial genomics started in 1998 with the sequencing of the R. 
prowazekii genome but it was not before 2001 that comparative ge-
nomics was possible, with the sequencing of R. conorii. To date, 14 
genomes from 12 species have been sequenced. The analysis of these 
sequences has highlighted unique characteristics among bacterial ge-
nomes. Their sizes range from 1.1 to 1.5 Mb; apart from R. bellii that 
exhibits a unique genome organization, rickettsial genomes are highly 
collinear; the proportion of degraded genes varies according to spe-
cies, the most degraded being that of R. prowazekii, with 24% of non 
coding DNA; genomic degradation is progressive and paralleled by an 
enrichment in AT content and a stepwise loss of gene function, from 
fully functional to partially functional to totally non functional; para-
doxically to their size reduction, rickettsial genomes undergo an ex-
pansion of palindromic repeat fragments distributed throughout their 
sequence, including within genes. Although their function is unknown, 
they might regulate protein expression, as involved genes maintain a 
transcription ability; genome reduction also appears correlated to the 
degree of virulence of Rickettsia species, the most virulent species, R. 
prowazekii, having the smallest and most degraded genome whereas 
R. africae or R. slovaca, causing mild diseases, exhibit the most con-
served genomes; rickettsial genomes possess conjugative plasmids, a 
striking feature that was initially controversial. Currently, 13 rickettsial 
plasmids from eight species have been sequenced. The specificity of 
these plasmids is that they may be present in various forms in a given 
species, and that their presence may vary according to the passage 
history. In conclusion, rickettsial genomics shed light on unexpected 
characteristics of these bacteria and enabled both understanding their 
mode of evolution and the development of improved diagnostic and 
genotyping tools.
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L12 RiCkEttsiAl PLASMIDS: WHAT GOOD ARE THEY?

UG. Munderloh, NY. Burkhardt, RF. Felsheim, GD. Baldridge, DO. Wood, 
A. Hines, AM. Tucker, A. Woodward, LO. Driskell, TJ. Kurtti

University of Minnesota, Department of Entomology, St. Paul, MN 55108, USA
University of South Alabama, Department of Microbiology and Immunology, 
Mobile, AL 36688, USA

Obligate intracellular existence has afforded rickettsiae an opportu-
nistic environment where nutrients are acquired from the host rather 
than made from scratch. Consequently, rickettsial genomes are in flux 
as genes not needed for intracellular growth undergo degradation 
and elimination. At the same time, there is evidence of horizontal gene 
transfer (HGT) from phylogenetically distant taxa, including potential 
virulence factors and genes that encode metabolic functions. These dy-
namic changes play out within the context of small rickettsial genomes, 
1.2 to 1.5 Mb, yet rickettsiae occupy a vast range of hosts and may cy-
cle through complex phases as vector-borne vertebrate pathogens. A 
flexible genome structure is key to meeting these challenges, and the 
recently discovered rickettsial plasmids may accommodate this need. 
Rickettsiae still expand their geographic and host range as evidenced 
by a shift in the region of highest incidence of Rocky Mountain spotted 
fever from its original focus to the south-central US that is accompa-
nied by a switch from Dermacentor andersoni to Dermacentor variabilis 
as vectors. Also, Rickettsia bellii originally isolated from ticks, appears to 
currently facilitate rapid spread of invasive whiteflies in the south-west-
ern US. Rickettsial plasmids could be involved in arthropod evolution 
by enabling adaptation to new environments, in turn conveying adap-
tive advantages to their rickettsial hosts. These plasmids provide the 
tools to create novel vectors for rickettsial transformation. Importantly, 
rickettsiae can harbor more than one type of plasmid indicating that 
multiple plasmid incompatibility systems are operative in rickettsiae. 
These may be exploited to overcome exclusion of recombinant plas-
mids from species carrying native plasmids. We showed that recombi-
nant pRAM18 could be used to transform several rickettsiae. We then 
moved rickettsial plasmid maintenance genes into commercial cloning 
vectors to generate shuttle vectors that replicated in E. coli and a variety 
of rickettsial species and incorporated a multiple cloning site to facili-
tate insertion of genes encoding determinants of testable phenotypes 
(see the poster by Burkhardt et al.). The pathogen R. prowazekii that has 
not been shown to carry native plasmids was transformed using one of 
the constructs. Shuttle plasmids are maintained as extrachromosomal 
elements at low copy number. These efficient tools can be used for com-
plementation of mutants, or to restore function of naturally mutated 
genes. One of these applications is to identify involvement of specific 
genes in rickettsial motility (see the presentation by Herron et al.) by 
complementing deficient species phenotypes. Other potential applica-
tions are over-expression or controlled expression of genes, and analy-
sis of promoters or other regulatory elements in their native host, rather 
than distantly related, often incompatible bacteria.
Supported by Public Health Service grants AI081690 and AI049424 to UGM 
and AI020384 to DOW.

L13  MOLECULAR EVENTS IN HOST SUBVERSION BY 
AnAplAsmA phAgOCytOphilum 

Yasuko Rikihisa

The Ohio State University, Columbus, Ohio, USA

Anaplasma phagocytophilum is an obligatory intracellular bacterium 
that persists in nature by cycling between mammals and ticks. Human 
infection by the bite of infected ticks leads to a potentially fatal emerg-
ing disease, human granulocytic anaplasmosis. By using neutrophils as 
the primary site of infection, A. phagocytophilum increases the chance 
of tick transmission. Neutrophils, however, is the primary host defen-
sive cells equipped with powerful innate immune mechanisms. Why 
neutrophils cannot kill A. phagocytophilum? The first answer is that 
this bacterium lacks major pathogen-associated molecular patterns 
such as lipopolysaccharide, peptidoglycan, and flagella that activate 
neutrophils. Second, A. phagocytophilum blocks reactive oxygen inter-
mediate generation by neutrophils and inhibits lysosome fusion with 

its inclusion. Cellular apoptosis is a powerful innate immune response 
mechanism against intracellular pathogens. Third, A. phagocytophilum 
inhibits spontaneous and induced apoptosis of neutrophils. Cellular 
autophagy is another important innate immune mechanism against 
intracellular pathogens. Forth, A. phagocytophilum can actively induce 
autophagy and autophagosomes are formed on the bacterial inclusion, 
but the autophagosomes don’t mature to degradative autolysosomes. 
Lastly A. phagocytophilum requires cholesterol for its replication and as 
a structural element. Although eukaryotic cellular cholesterol level and 
distribution are tightly regulated, A. phagocytophilum up-shifts cellular 
cholesterol homeostasis and redistributes cholesterol into its inclusion. 
How A. phagocytophilum of the small genomic capacity can do all of 
these? This bacterium has the type IV secretion system which allows 
translocation of bacterial effector molecules to the host cell cytoplasm. 
Two such molecules have been identified and shown to have critical 
roles in host cell subversion. Although the detailed mechanisms respon-
sible for these effects remain to be elucidated, studies along these lines 
are expected to reveal new interactions between bacterial proteins and 
components of the host cells and may provide new insights into intra-
cellular parasitism and neutrophil biology.

L14  PATHOGENESIS OF AND IMMUNITY TO DISEASES 
CAUSED BY RiCkEttsiA

DH. Walker

University of Texas Medical Branch, Galveston, Texas, USA

Contemporary clinical studies have revealed that some Rickettsia strains 
cause more severe disease than others (e.g., Israeli strains of R. conorii 
than Malish 7 and Brazilian R. rickettsii than U.S. strains). Severe rickett-
sioses manifest more petechiae, encephalitis, ARDS, and jaundice; less 
severe SFG rickettsioses, more often an eschar, regional lymphadenop-
athy, and sparser rash. The rickettsial virulence factors include phospho-
lipase D and sca-2, but the actual pathogenic mechanisms and path-
ways of cell injury are not defined. Rickettsiae usually enter via the skin 
where tick saliva alters hemostasis and immune responses. Spread may 
occur via lymphatic vessels with subsequent hematogenous spread. 
Endothelial cells are the major target, and increased microvascular per-
meability is the most important pathophysiologic effect with potential 
contributions by proinflammatory cytokines, products of COX-2, nitric 
oxide, and oxidative stress resulting in dissociated endothelial cell ad-
herens junctions. Rickettsial infection induces a procoagulant state, 
but DIC is quite rare. Infection of dendritic cells, a likely early target cell 
in the skin, results in activation via TLR4 leading to DC maturation, se-
cretion of Th1 cytokines, activation of CD8 T cells and expansion of NK 
cells, which are an early source of IFN-γ. The infected microcirculation 
is infiltrated by CD4 and CD8 T cells and macrophages and is the site 
of production of IFN-γ and TNF-α and expression of anti-rickettsial ni-
tric oxide synthetase 2 and indoleamine 2, 3-dioxygenase mechanisms. 
Intracellular rickettsiae are killed by nitric oxide-, reactive oxygen spe-
cies-, and tryptophan-limiting mechanisms activated by IFN-γ, TNF-α, 
and RANTES. Cytotoxic T lymphocyte elimination of infected cells by 
apoptosis is crucial to rickettsial clearance. Overwhelming rickettsiosis 
is associated with suppression of immunity by regulatory T cells. Host 
factors play an important role in severity of illness including older age, 
male gender, hemolytic conditions, diabetes mellitus, alcoholism, and 
genetic variants of IFN-γ and IL-10.

L16  PATHOGEN STRAIN STRUCTURE AND POPULATION 
IMMUNITY

G. Palmer

Objectives: Pathogen strain structure is molded over space and time 
by dynamic selective pressures. The objective is to understand how 
transmission efficiency and host immunity interact at the population 
level to shape strain structure for vector-borne pathogens. 
Methods: Strain structure for the tick-borne pathogen Anaplasma 
marginale can be defined via its Msp2 variant repertoire and inter-
actions among strains defined by primary sequence identity and 
by immunologic cross-reactivity. The relative transmission fitness is 
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quantified by pathogen level and infection rate in the vector tick Der-
macentor andersoni.
Results and Conclusions: Strain superinfection occurs despite shared 
primary structure and immunologic cross-reactivity in the Msp2 N-
terminal and C-terminal domains but associates strongly with lack of 
immunologic cross-reaction in the hypervariable surface exposed do-
main (HVR). Superinfection by a strainB with a highly divergent Msp2 
HVR repertoire as compared to the initial infecting strainA is immuno-
logically equivalent to strainB infection of a naïve animal. In contrast, 
strainA’ with an overlapping Msp2 repertoire as compared to strainA is 
recognized immunologically and blocked from establishing superinfec-
tion. Consequently, the relative transmission fitness of a given intrinsi-
cally highly transmissible strainA diminishes as its infection prevalence 
(or that of strainA’) increases -decreasing to close to 0 as the prevalence 
approaches 100%. Conversely, the relative transmission fitness of an in-
trinsically poorly transmissible strainB increases as infection prevalence 
of strainA increases. This balance predicts that strains of high and low in-
trinsic transmission fitness are maintained within endemic populations 
and that strain diversity is increased under ecological conditions that 
favor high transmission.

L17  SUBVERSION OF HOST CELL FUNCTION BY COxiEllA 
BuRnEtii 

Robert A. Heinzen

Coxiella Pathogenesis Section, Laboratory of Intracellular Parasites, Rocky 
Mountain Laboratories, NIAID, NIH, Hamilton, MT

The unique intracellular lifestyle of Coxiella burnetii is a fascinating 
example of pathogen-host adaptation. In vivo, the organism targets 
mononuclear phagocytes to ultimately replicate in a degradative, acid-
ic compartment referred to as the parasitophorous vacuole (PV). While 
superficially resembling a large phagloysosome, the PV is in fact a spe-
cialized compartment that has been remodeled to support pathogen 
growth. C. burnetii synthesizes proteins that promote PV biogenesis 
and subvert other host cell processes, such as apoptotic signaling. Im-
plicated as important effectors of these functions are proteins secreted 
directly into the host cytosol by a specialized Dot/Icm type IV secretion 
system (T4SS). Indeed, screens preformed by several labs have now 
identified over 50 C. burnetti proteins secreted by the Dot/Icm machin-
ery. The historic genetic intractability of C. burnetii has slowed progress 
in functional characterization T4SS substrates and other putative viru-
lence factors. However, new genetic tools are rapidly being developed, 
aided in large part by the recent discovery of a medium supporting host 
cell-free (axenic) growth of C. burnetii. The application of these tools to 
probe Dot/Icm function and other aspects of C. burnetii biology, along 
with the organism’s rescue from obligate parasitism, should prompt a 
paradigm shift in how C. burnetii is viewed and studied, i.e., a tractable 
facultative intracellular parasite amenable to genetic manipulation. 

L18  STRATEGIES FOR DEVELOPING VACCINE-INDUCED 
PROTECTIVE IMMUNITY AGAINST Q FEVER

James E. Samuel, Chen Chen

Department of Microbial and Molecular Pathogenesis, Texas A&M University 
System Health Science Center, College Station, TX, USA 

While effective killed whole cell vaccines (PI-WCV) have been developed 
for human use against acute Q fever, none are licensed in the US due to 
the risk of severe adverse reactions in previously sensitized individuals. 
This has led to the development of strategies to create subunit vaccines 
as an alternative. Initial vaccine experiments with several “dominant” 
antigens have demonstrated a range of protective responses in animal 
models, but none approached the protection of PI-WCV. To elucidate the 
components of protective immunity as well as identify and ultimately 
evaluate candidate antigens as subunit vaccines, we have compared the 
protective responses to PI-WCV with vaccination using relatively non-
protective whole cell vaccine from avirulent phase II (PII-WCV). These 
studies previously demonstrated an unexpected role for antibody-
mediated immunity against antigens including LPS O polysaccharide. 

Our recent studies highlight the important and distinct contributions of 
T cell mediated immunity in the protective response to PI-WCV. While 
the B and T cell response quality is comparable between PI-WCV and 
PII-WCV, the magnitude of response is strikingly distinct. In particular, 
the stimulation of antigen presenting cells including dendritic cells by 
PI-WCV leads to extensive recruitment to regional lymph nodes via a 
CCR7 mediated mechanism that is absent in animals vaccinated with 
PII-WCV. These observations highlight the need for effective adjuvant 
delivery of complex antigens and can help guide current studies that 
are evaluating a wide range of strongly immunogenic proteins for the 
ability to generate protection. Finally, the methods for identifying B and 
T cell dominant antigens have recently advanced using proteomic and 
microarray methods to dramatically expand the number of candidate 
antigens to evaluate for inclusion in combination subunit vaccines 
using physiologically relevant animal challenge models. 

L19  PATHOGEN-HOST INTERACTIONS INVOLVED IN 
SPOTTED FEVER GROUP RiCkEttsiA PATHOGENESIS

Juan J. Martinez

The University of Chicago, Department of Microbiology, Illinois 60637

Rickettsia conorii, an obligate intracellular, tick borne bacterial pathogen 
and member of the spotted fever group (SFG) rickettsia, is the causative 
agent of Mediterranean spotted fever. Upon transmission by its arthro-
pod vector, which inoculates the pathogen into human tissues, R. conorii 
bind to and invade target host cells, typically endothelia of blood vessels. 
However, very little is known about the molecular mechanisms govern-
ing rickettsia-target cell interactions. Annotation of several sequenced 
rickettsial genomes has identified a large family of genes termed surface 
cell antigens (sca) that resemble autotransporter proteins in Gram-neg-
ative bacteria. While many genes in this family are degenerate or split, 
at least 4 genes, sca0 (ompA), sca1, sca2, and sca5 (ompB) are present as 
complete open reading frames in R. conorii and many other pathogenic 
SFG rickettsia. Previous studies from our group established that OmpB 
and Ku70 is an adhesin-cell receptor pair that plays a critical role in the in-
vasion of SFG rickettsia into non-phagocytic mammalian cells; however, 
the description of other cellular receptors has remained elusive. We have 
now identified another adhesin-receptor pair that is involved in estab-
lishing successful infections of endothelial cells in vitro. This hypothesis 
is supported by the several recent observations. First, we have demon-
strated that Sca0 (OmpA) from R. conorii is sufficient to mediate adher-
ence and invasion of mammalian cells. Second, purified recombinant 
OmpA protein is able to competitively inhibit attachment to cultured 
mammalian cells. Third, recombinant OmpA interacts with a complex of 
mammalian proteins including filamin and b1 integrin. Furthermore, R. 
conorii co-localizes with b1 integrin during early stages of infection and 
depletion of b1 integrin expression in mammalian cells disrupts R. cono-
rii invasion and ablates OmpA-mediated cellular interactions. Taken to-
gether, our results suggest that in addition to OmpB-Ku70 interactions, 
OmpA-b1 integrin interactions likely also play important roles during 
SFG rickettsia pathogenesis. The long-term goals of our research pro-
gram are to elucidate at the molecular level the mechanisms by which 
R. conorii interact with target cells and to identify putative targets that 
can be exploited for the development of novel anti-microbial therapies.

L20  BARtOnEllA: ELEGANT PARASITES, RELUCTANT 
PATHOGENS

Richard J. Birtles

School of the Environment and Biological Sciences, University of Salford, M5 4WT

Several Bartonella species are now well established as pathogens of 
humans and domesticated animals, and, with ongoing diagnostic im-
provements and an increasing awareness amongst clinicians of their ca-
pacity to cause disease, these and other species are likely to be further 
implicated in infections of medical and veterinary significance in the 
future. However, in most instances, bartonellae can be considered as 
reluctant pathogens in that it is unlikely that they benefit from provok-
ing morbidity in the individuals they infect. Thus, most acute disease 
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appears to occur either in accidental hosts or in individuals within a 
reservoir host population that have atypical immune function. Indeed, 
surveys of populations of various mammals have revealed that a signifi-
cant proportion of most harbour asymptomatic infections. Thus, rather 
than being considered menacing pathogens, Bartonella species should 
be admired as a remarkably successful group of bacterial haemopara-
sites; few other genera contain species that have specifically adapted 
to so many different host species, and which appear to exploit such a 
diverse range of arthropods as vectors. Given the close evolutionary 
proximity of extant Bartonella species, it is not surprising that most ap-
pear to adopt a similar strategy for host exploitation, characterised by a 
chronic intra-erythrocytic bacteraemia that facilitates their acquisition 
by blood-feeding vectors. In this review, I will explore the currently-
recognised diversity of Bartonella species, discuss the elegance of their 
biology, and try to identify the most interesting areas for future studies. 

L21  CONTRIBUTION OF THE UNDERSTANDING THE 
MOLECULAR MECHANISMS OF BARtOnEllA 
INFECTION TO PREDICT POSSIBLE SPONTANEOUS 
HOST SHIFT

Muriel Vayssier-Taussat

USC INRA Bartonella, Anses, 94 300 Maisons-Alfort, FRANCE

Pathogens are limited in the range of hosts that they can infect suc-
cessfully. Infrenquently, such host-restricted pathogens may undergo a 
spontaneous host switch leading to the evolution of pathogens. Most 
human pathogens evolved this way, and animal-specific pathogens have 
thus to be considered as important potential reservoir for the emergence 
of novel human pathogens. Among bacteria, Bartonella spp represent 
an excellent model to study host-specificity as each species is adapted 
to cause intracellular infection of erythrocytes in its respective reservoir 
hosts. Mechanisms explaining host specificity will be explained.

L23  ANIMAL INFECTIONS AND zOONOTIC RISK  
IN BARtOnEllOsis

Bruno B. Chomel

Professor of Zoonoses, Department of Population Health and Reproduction, 
School of Veterinary Medicine, University of California, Davis CA 95616 USA

Bartonella species are fastidious gram-negative bacteria that infect 
mainly mammalian erythrocytes and endothelial cells, causing long 
lasting bacteremia in their reservoir hosts. Bartonella are usually vector-
borne bacteria and the vector can vary depending of the bacteria species 
involved and the hosts and reservoirs. Carnivores, herbivores, rodents, 
marine mammals, bats and also marsupials have been shown to be a ma-
jor reservoir for several species of Bartonella. Domestic cats are the main 
reservoir of B. henselae, the agent of cat scratch disease (CSD). Prevalence 
of bacteremia and seropositivity appears to increase in warm and humid 
climates that correspond to the best environment for cat fleas to survive. 
We demonstrated that cat fleas are essential for the transmission of the 
infection among cats and other groups demonstrated the importance of 
flea feces as the source of infection. Most cats are asymptomatic when 
naturally infected with B. henselae. However, uveitis, stomatitis and more 
recently endocarditis have been reported. In experimentally infected 
cats, neurological signs, fever, necrotic lesions at the inoculation site, 
lymphadenopathy and reproductive disorders have been reported. Do-
mestic cats are also infected with B. clarridgeiae, which is less common 
and does not appear to play a major role as a source of CSD. Co-infection 
of cats with different genotypes or species has also been demonstrated. 
B. koehlerae has rarely been isolated from domestic cats, but was identi-
fied in infected fleas and causing human cases of endocarditis, fatigue, 
insomnia, joint pain, headache, memory loss, and muscle pain. Barton-
ella have been isolated from wild felids in America (pumas and bobcats) 
and Africa (lions and cheetahs). Canids, particularly dogs are infected by 
various Bartonella species. B. vinsonii berkhoffi (B.v.b) has been the most 
frequent Bartonella identified in domestic dogs. In the western USA, 
coyotes (Canis latrans) appear to be a main reservoir for this bacterium. 
B.v.b. is a major cause of endocarditis in dogs. Seropositive dogs were 

also more likely to experience lameness, arthritis related lameness, na-
sal discharge/epistaxis, and splenomegaly. Recent data from dogs and 
jackals from Iraq will be presented, indicating the presence of a new Bar-
tonella species already identified in dogs in Grece and southern Italy. We 
also have isolated Bartonella from other wild canids, mainly gray foxes, 
red foxes, island foxes and raccoons, which are infected by either B.v.b 
or B. rochalimae. In ruminants, B. bovis, B. capreoli, B. schoenbuchensis 
and B. melophagi have been described, the latter one being associated 
with human cases. New Bartonella species have been recently described 
from Australian marsupials or their ectoparasites (kangaroo, koala, ante-
chinus, etc), but their zoonotic role still needs to be confirmed. Finally, 
isolation of Bartonella spp. from bats has from the United Kingdom and 
Kenya has been reported, illustrating the broad range of animal species 
that can be infected with Bartonella species.

L24  RICKETTSIOSES AND BARTONELLOSIS ASSOCIATED 
WITH POLITICAL AND SOCIAL DISORDER

P. Brouqui

URMITE, CNRS-IRD UMR 6236-198, Marseille, France

In the recent decades movement of political, economic and environ-
mental refugee in relation with conflict and warfare, associated with 
the increase of population density and size, urbanization and persistent 
poverty (especially in the expanding peri-urban slum) lead poor peo-
ple to live in condition of hygiene and promiscuity that provide ideal 
situation for the spread of ectoparasites such as lice, flea, ticks, mites, 
bedbugs and flies. These deprived conditions found in refugee camps 
during war time, or in jails, are also commonly observed in migrants 
and asylum seeker in developed countries. The medical consequence 
of arthropod infestation in these populations is yet underestimated. 
Louse-borne typhus, flea borne murine typhus, cat flea typhus, and the 
mite-borne rickettsial pox along with Bartonelloses are the most preva-
lent bacterial diseases transmitted in this population. Despite a raised 
in awareness and survey there is still unnoticed cases and ongoing out-
breaks of theses life threatening rickettsial diseases. 

L25 RICKETTSIOSES IN TRAVELLERS

Philippe Parola

Unité de Recherche en Maladies Infectieuses et Tropicales Emergentes (URMITE), 
UMR CNRS-IRD 6236, Faculté de Médecine, 13385 Marseille Cedex 5, France

Travelers are exposed to a variety of health risks in unfamiliar environ-
ments and fever is a common problem in patients returning from travel 
abroad. Rickettsial diseases are increasingly being recognized among 
international travelers. The vast majority of imported rickettsioses that 
have been published include African tick bite fever caused by Rickettsia 
africae, Mediterranean spotted fever caused by R. conorii, murine typhus 
caused by R. typhi, and scrub typhus caused by Orientia tsutsugamushi. 
However, such as for African tick bite fever that has been rediscovered 
and described 10 years ago in travellers, imported cases are frequently 
the opportunity to describe new agents and/or new diseases. This was 
for example illustrated recently with R. sibirica mongolitimonae cases. 
This lecture presents the literature concerning imported rickettsial dis-
eases in international travelers by 2011.

L26 TICK-BORNE RICKETTSIOSES IN EUROPE

José A. Oteo, Aránzazu Portillo

Infectious Diseases Area, Center of Rickettsioses and Arthropod-Borne Diseases, 
Hospital San Pedro-CIBIR, Logroño (La Rioja), Spain

Rickettsioses are caused by obligate intracellular bacteria within the 
genus Rickettsia, mainly transmitted by arthropods. Until recently, 
Mediterranean spotted fever (MSF) caused by R. conorii was considered 
to be the only tick-borne rickettsioses (TBR) in Europe. However, “new” 
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TBR have been described in Europe during last years. For instance, 
other subspecies such as R. conorii ssp., Caspia ssp. nov and R. cono-
rii israelensis ssp. nov Israel have been involved in MSF. DErmacentor-
BOrne Necrosis Erythema and Lymphadenopathy/TIck-BOrne Lymph-
Adenopathy (DEBONEL/TIBOLA) cases caused by Rickettsia slovaca, 
R. rioja or R. raoultii have been described in several countries where 
Dermacentor marginatus ticks (the main implicated vector) are pres-
ent. R. helvetica has also been involved as human pathogen in cases 
of fever with and without rash and in patients with meningitis and car-
ditis. Other TBR such as Lymphangitis-associated rickettsioses (LAR), 
caused by R. sibirica mongolitimonae, have been diagnosed in different 
European countries (France, Spain Portugal and Greece). R. massilliae 
is considered an aetiological agent of MSF-like illness in the Mediter-
ranean basin. Furthermore, R. monacensis -that is distributed all along 
Europe- has been isolated from patients with MSF-like illness in Spain. 
Although R. aeschlimannii has been associated with MSF-like in Africa 
and it is distributed in the Mediterranean area, no human cases have 
been reported as autochthonous in Europe. Other Rickettsia species 
detected in ticks and unrelated to human disease (Candidatus R. kot-
lanii, Candidatus R. barbariae, Candidatus R. vinii) could be potentially 
involved in the next years. Climate changes, among other factors, may 
contribute to the emergence of other rickettsioses or change their dis-
tribution. Lastly, African tick-bite fever (ATBF), caused by R. africae, is 
frequently diagnosed in Europe in patients returning from endemic ar-
eas, and this rickettsia species has been recently detected in ticks from 
Istanbul (Turkey).

L28 RiCkEttsiA IN ARTHROPODS IN AFRICA

Idir Bitam,1,2 Didier Raoult 2

1 Service d’Ecologie et des Systèmes Vectoriels, Institut Pasteur d’Algérie, Algiers, 
Algeria

2 URMITE, UMR CNRS-IRD 6236, WHO Collaborative Centre for Rickettsial Diseases 
and Other Arthropod-borne Bacterial Diseases, Faculté de Médecine, Marseille, 
France

Vector-borne diseases are caused by parasites, bacteria or virus trans-
mitted by the bite of hematophagous arthropods. The past few years 
have seen the emergence of new diseases, or re-emergence of exist-
ing ones, usually with changes in their epidemiology (geographical 
distribution, prevalence, and pathogenicity). Rickettsioses are rec-
ognized as important emerging vector-borne infections of humans 
worldwide. In Africa, rickettsial diseases are transmitted by different 
types of arthropods, ticks, fleas, lice and mites. We’ll see the role of 
these different arthropod vectors in Africa and their geographical 
distributions. Flea-borne rickettsiosis: To date, six species of fleas have 
been associated with R. felis: Ctenocephalides felis and Ctenocephali-
des canis with the genotype 2125, Pulex irritans, Anomiopsyllus nudata 
and Xenopsylla cheopis with genotype RF31, Archeopsylla erinacei with 
genotype California 2. Rickettsia felis specie is very commonly associ-
ated with fever in rural Africa (6% of cases) its vector is unknown. Mu-
rine typhus is a worldwide zoonosis, and also known as flea-borne, 
rat, urban and endemic typhus. The etiologic agent, R. typhi is trans-
ferred from a rodent reservoir by an arthropod (often X. cheopis) to hu-
mans. Many recent reports stress this as a re-emerging disease, which 
spreads through travelers returning from endemic regions in Africa. 
Tick-borne rickettsiosis: Tick-borne rickettsioses play a very important 
role in public health. In Africa, ten distinct species of tick-borne rick-
ettsiae are considered to be human pathogens. Different rickettsial 
species encountered in Africa are Rickettsia conorii conorii, Rickettsia 
conorii caspia, Rickettsia africae, Rickettsia sibirica mongolitimonae, 
Rickettsia slovaca, Rickettsia helvetica, Rickettsia monacensis, Rickettsia 
massiliae, Rickettsia aeschlimannii, Rickettsia raoultii. Louse-borne (epi-
demic) typhus: R. prowazekii the agent of louse-borne epidemic typhus 
continues to strikes tens to hundreds of thousands of persons who live 
in Africa with civil war, famine and poor conditions. Finally, the mite-
transmitted Rickettsia akari, the agent of rickettsialpox, is also known 
to be prevalent in south Africa. We present an overview of these rick-
ettsioses occurring in Africa, focusing on the epidemiological aspects 
of vectors of emerging diseases. A combination of clinical alertness 
and molecular tools such as PCR base detection of DNA and sequenc-
ing help to describe new rickettsial diseases.

L29 EMERGING RICKETTSIOSES IN AFRICA

Florence Fenollar, Oleg Mediannikov, Didier Raoult

Unité de Recherche sur les Maladies Infectieuses et Tropicales Emergentes 
(URMITE), UMR IRD 198/CNRS 6236, Université de la Méditerranée, Faculté de 
Médecine, 13385 Marseille, France et Dakar, Sénégal

Although rickettsioses are among the oldest known vectorborne zoo-
noses, several species or subspecies of rickettsias have been identified 
in recent years as emerging pathogens throughout the world including 
in Africa. We present an overview of emerging rickettsioses occurring in 
Africa. Cases of tick-borne rickettsiosis have been regularly reported in 
North and South Africa since 1910. Despite Pijper’s suggestions, all cases 
of spotted fevers in sub-Saharan Africa were considered for a long time 
to be Mediterranean spotted fever with Rickettsia conorii conorii as an 
agent. However, several additional rickettsioses are now reported to be 
human pathogens in Africa. Rickettsia africae, a spotted fever group (SFG) 
rickettsia that causes African tick-bite fever (ATBF) officially received its 
name in 1996. R. africae seems to be very widely distributed in the conti-
nent. It has been either isolated or found by PCR in a number of African 
countries, including Niger, Mali, Burundi, Sudan, Chad, Ethiopia, and in 
most countries of equatorial and Southern Africa. The majority of strains 
and cases are reported in South Africa. Although ATBF is usually benign 
and self-limited, some patients may develop complications. Highly inter-
esting data have been recently reported for Rickettsia felis. Indeed, two 
different recent studies performed in Senegal and Kenya have associ-
ated R. felis to 4% of acute uneruptive fever in people without malaria. 
R. conorii caspia, the agent of Astrakhan fever, Rickettsia aeschlimannii; 
and Rickettsia sibirica mongolitimonae have been also recently involved 
in human infection in Africa but only in punctual cases. Moreover, many 
proven and/or potential rickettsial pathogens were discovered in Africa, 
mostly in ticks, such as Rickettsia slovaca, which causes tickborne lymph-
adenopathy (TIBOLA) in Europe, Rickettsia monacensis, Rickettsia raoultii, 
Rickettsia massiliae and Rickettsia helvetica. Many other SFG rickettsiae 
not previously associated with human diseases have been also reported 
in Ixodid ticks in Africa. A combination of clinical alertness and molecu-
lar tools will help to describe new diseases. The prevalence of emergent 
rickettsioses occurring in Africa is not well known. Clinical studies com-
bined with entomological surveys are needed for a better description of 
the epidemiology and clinical aspects of emergent rickettsioses in Africa.

L30  THE DUALIST NATURE OF RiCkEttsiA FElis: 
ENDOSYMBIONT AND EMERGING INFECTIOUS AGENT

Kevin R. Macaluso

Department of Pathobiological Sciences, School of Veterinary Medicine, 

Louisiana State University, Baton Rouge, Louisiana 70803

Rickettsial diversity is intriguing in that some species are transmissible 
to vertebrates, while others appear exclusive to invertebrate hosts. Phy-
logenetic analyses have resulted in groupings that corroborate with 
the biology of various Rickettsia and their relationships with arthropod 
hosts. Of particular interest is Rickettsia felis, which is identified in both 
stored product insect pests and hematophagous disease vectors such 
as fleas. To understand rickettsial survival tactics in, and probable move-
ment between, distinct insect systems will explicate the determinants of 
rickettsial pathogenicity. Towards this objective, we have looked at the 
mechanisms of intra- and inter-specific transmission and introduction of 
R. felis into flea populations. Specifically, we have examined horizontal 
transmission potential for R. felis via a bloodmeal. Both cofeeding and, 
to a lesser extent, sexual transmission were involved in transmission of 
R. felis from Rickettsia-infected to uninfected cat fleas. To examine the 
potential for interspecific transmission, we first utilized a population 
of Liposcelis bostrychophila, common booklice, for rickettsial isolation 
in arthropod-derived cells. Sequence portions of Rickettsia genes were 
amplified from the isolate and matched previously published sequences 
for R. felis. The isolate, designated R. felis strain LSU-Lb, resembles typical 
rickettsial morphologically. Quantitative real-time PCR assay was used 
to identify variability in rickettsial load between cat flea and booklouse 
hosts. With the potential to manipulate arthropod host biology and in-
fect vertebrate hosts, the dual nature of R. felis is discussed.
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L31  THE BIOLOGICAL BASIS OF SEVERE OUTCOMES IN 
AnAplAsmA phAgOCytOphilum INFECTION

J. Stephen Dumler

Department of Pathology, the Johns Hopkins University School of Medicine, 
Baltimore, MD, USA

Anaplasma phagocytophilum is the causative agent of granulocytic 
anaplasmosis in humans (HGA) and animals. The acute disease pro-
cess has been best described in humans, where there is substan-
tial evidence that subclinical infections occur often. However, 36% 
of humans with HGA are hospitalized, 7% need intensive care, and 
the case fatality rate is 0.6%. The biological basis for such diversity 
in severity is not well understood. Human clinical studies provide 
some disease pathogenesis clues that can be tested in both in vi-
tro cell culture and in vivo animal infection models. Studies of the 
bacterium demonstrate a remarkable ability to circumvent neutro-
phil antimicrobial responses, such as poorly coordinated phagocyte 
oxidase assembly or suppressed CYBB transcription, while promot-
ing inflammation via upregulated chemokine expression as mecha-
nisms to recruit new host cells for bacterial population expansion 
and transmission in tick bites. In animal models, inflammatory le-
sions track with IFNγ expression, and infection of Ifng -/- mice leads 
to increased pathogen load but inhibition of tissue inflammatory 
lesions. Suppression of STAT1 and 3 signaling by dexamethasone 
in horses, that indirectly impacts IFNγ expression, also suppresses 
disease severity in horses, the best disease model of HGA. Similar 
inhibition of inflammation occurs with infection of NKT-deficient 
mice, suggesting that innate immune responses are key to not only 
control of infection, but also for induction of disease. Human tissue 
examinations with severe disease often demonstrate hemophago-
cytic macrophages, and biochemical measures of macrophage 
activation/hemophagocytic syndromes (MAS/HPS), such as fer-
ritinemia, elevated serum IL-12, IL-10, and INFγ levels support this 
as a immunopathologic response. MAS/HPS is related to defective 
vesicular mobilization in cytotoxic lymphocytes, like NK, NKT, and 
CD8 cells, that in turn diminishes successful resolution of inflamma-
tion. Pilot studies in mice demonstrate NKT cell activation with A. 
phagocytophilum infection, and suppression of cytotoxic responses 
from both NKT and CD8 cells, consistent with the development of 
MAS/HPS. Whether severity relates to microbial factors (e.g. varying 
lipoprotein content that drives NKT cell responses) or genetically-
determined diversity in human immune and inflammatory response 
needs considerably more investigation.

L32  CLOAK AND DAGGER – AnAplAsmA 
phAgOCytOphilum INTRACELLULAR SURVIVAL 
STRATEGIES

Jason A. Carlyon

Department of Microbiology and Immunology, Virginia Commonwealth 
University School of Medicine, Richmond, Virginia, USA

Anaplasma phagocytophilum is an obligate intracellular bacterium 
that infects neutrophils to reside within a host cell-derived vacu-
ole. The A. phagocytophilum-occupied vacuole (ApV) is a unique 
organelle that does not resemble early or late endosomes, does not 
acidify, and avoids lysosomal fusion. It is sequestered from Golgi-
derived traffic and evades fusion with secretory vesicles and spe-
cific granules harboring NADPH oxidase and proteolytic enzymes. 
A. phagocytophilum actively remodels the membrane composition 
of the ApV by decorating it with its own proteins. These proteins 
selectively recruit certain host membrane traffic regulators and 
hijack endocytic vesicles to effectively camouflage the ApV and 
acquire requisite nutrients. Thus, this strategy is paramount to A. 
phagocytophilum intracellular survival. This lecture will present our 
latest data on the various trafficking pathways that are hijacked by 
the ApV and the A. phagocytophilum proteins that perform these 
functions.

L33 MUTATIONAL ANALYSIS IN EhRliChiA ChAFFEEnsis

Chuanmin Cheng, Shanzhong Gong, Roman R. Ganta

Department of Diagnostic Medicine/Pathobiology, College of Veterinary 
Medicine, Kansas State University, Manhattan KS 66506, USA

Ehrlichia chaffeensis is a tick transmitted rickettsial pathogen respon-
sible for human monocytic ehrlichiosis. Differential gene expression 
may be an important adaptation mechanism used by E. chaffeensis in 
support of its continued survival in dual hosts. In support of testing this 
hypothesis, this study focused on creating mutations in the genome of 
the organism. Several plasmid constructs were prepared and used in 
mutational analysis experiments. They included constructs prepared 
in creating mutations in Ech_0126 gene by homologous recombina-
tion. In addition, modified group II intron-based strategy (Targetron 
mutagenesis) was used in creating mutations in the coding regions 
of the genes Ech_0126, Ech_0367 (ClpB), Ech_0471 (DnaK), Ech_1109 
(RecA), Ech_1134 (p28-Omp12), and Ech_1135 (p28-Omp13), Ech_1136 
(p28-Omp14), Ech_1143 (p28 Omp19). Targetron constructs were also 
prepared for creating mutations in the putative promoter region of 
the gene Ech_0251, the 3’ non-coding regions between Ech_0039 and 
Ech_0040, and between Ech_0111 and Ech_0112. The constructs were 
evaluated for introducing mutations in E. chaffeensis cultured in canine 
macrophage cell line, DH82. Transformants with mutations were identi-
fied in the gene coding sequences of Ech_0126 by both homologous 
and Targetron-based mutational methods. Targetron-based mutations 
were also identified in the coding regions of Ech_1143 and in the 3’ non-
coding regions Ech_0111 and Ech_0112. Mutations were not detectable 
in Ech_1136, in the putative promoter region of gene Ech_0251, and the 
3’ non-coding regions of Ech_0039 and Ech_0040, while gene targets 
for other genes are still under review. The presence of mutations within 
the genomic targets was verified by PCR and Southern blot analysis tar-
geting to the genomic regions surrounding the insertion sites. Mutants 
were also verified by sequence analysis for a subset of transformants 
and viable mutants were detectable in culture for a short period of time. 
This study demonstrates the feasibility of creating mutations at multiple 
locations within the E. chaffeensis genome. 
This study was supported by the grant AI070908 from the National Institute 
of Allergy and Infectious Diseases, National Institutes of Health, USA.

L34  REGULATION OF INNATE AND ADAPTIVE IMMUNITY 
IN MONOCYTOTROPIC EhRliChiA INFECTION

Nahed Ismail

Human monocytotropic ehrlichiosis (HME) is an emerging tick borne in-
fectious disease caused by Ehrlichia chaffenesis, a Gram-negative bacteri-
um that resides within monocytes and macrophages. Recent progress in 
elucidating the immunobiology of Ehrlichia infection of mice has helped 
to guide the interpretation of clinical, hematological, and pathological 
findings in studies of human Ehrlichia chaffeensis infection. The broad ap-
plication of these mouse models have also resulted in a stream of studies 
characterizing the contributions of different cytokines, receptors, effec-
tor molecules and cells to resistance or susceptibility to fatal infection 
with Ehrlichia. Although not yet comprehensive, these studies are yield-
ing an intriguing model of battle between an intracellular microorgan-
ism and host. Thus, in the animal models of mild and self limited HME, 
Ehrlichia species are controlled satisfactorily by cell mediated immune 
responses with limited damage to host tissues. However, in the animal 
models of severe and fatal HME, Ehrlichia cause overt damage to the host 
accompanied by an early overactivation of acquired immune responses 
followed by late suppression. The outcome of Ehrlichia infection is influ-
enced by properties of the infecting Ehrlichia species, the circumstances 
of infection and several factors controlled by the host. In this presenta-
tion, we focus on host factors that influence the outcome of ehrlichial 
infection, including the dose and route of infection, the induction of 
pro- and anti-inflammatory cytokines and T cells, how Ehrlichia infection 
affects Natural Killer (NK) and Natural Killer T (NKT) cell functions, and the 
role of these innate immune cells in disease pathogenesis. The impor-
tance of understanding cross-talk between innate and acquired immune 
cells during Ehrlichia infection for the development of effective immuno-
therapeutic and vaccination strategies is also discussed. 
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L35  NEW BUGS IN THE TICKS

Oleg Mediannikov, Didier Raoult

Research Unit on Emerging Infectious and Tropical Diseases (URMITE), UMR 6236 
(CNRS-IRD UMR 198), Medicine Faculty, Marseille, France

Arthropods of the superfamily Ixodoidea, or ticks, are ectoparasites, liv-
ing by hematophagy. Ticks are parasites that expend most of their life 
cycles off the host. They can transmit a variety of viruses, bacteria or par-
asites that can cause serious infections or conditions in humans and ani-
mals. In Europe and USA tick-borne diseases constitute a serious threat 
for a public health. Tick-borne diseases are also second to third cause 
of acute febrile disease in returned travellers. Tick-borne pathogens are 
responsible for major depressions in livestock production and mortal-
ity in sub-Saharan Africa, Latin America and Asia. Up to date almost all 
tick-associated bacteria are considered as pathogens, the spectrum of 
tick-associated pathogens includes organisms from genera Borrelia, 
Anaplasma, Ehrlichia, Rickettsia, Babesia, Hepatozoon, Francisella tularen-
sis, Coxiella burnetii, tick-borne encephalitis virus, Crimean-Congo hem-
orrhagic fever virus, Colorado tick fever and others. However, no “classi-
cal” P- or S-endosymbionts, like Wiggleswortia and Sodalis in tsetse flies 
are described for ticks. Recently, several arthropod-associated bacteria 
were isolated from ticks in our laboratory. Diplorickettsia massiliensis is 
obligate intracellular gammaproteobacterium from the family Coxiella-
ceae. It has been isolated from Ixodes ricinus ticks, the prevalence is still 
unknown, but, probably, very low. The internal structure is very unusual. 
It is suspected human pathogen. Another two bacteria were already 
known in ticks. Spiroplasma ixodetis was isolated from Ixodes pacificus 
in USA. Recently we have isolated the close species from Ixodes ricinus 
ticks. Spiroplasmas are a helical mollicutes; their significance for ticks is 
still undescribed, some studies shows presence of its DNA in brain tis-
sues of patients with neurodegenerative diseases. Bacteria from the ge-
nus Arsenophonus are strongly associated with arthropods. These gam-
maproteobacteria combine both symbiotic and parasitic features. They 
were identified previously in Dermacentor spp. ticks from USA. We have 
isolated a strain very close to the type species, Arsenophonus nasoniae, 
from Ixodes ricinus ticks. As described for wasps, this bacterium may play 
a role in the tick fitness. The bacterium recently isolated from soft tick 
Ornithodoros sonrai shares the features of Rickettsia and Orientia genera 
of the family Rickettsiaceae. We provisionally named it Occidentia mas-
siliensis. All studied ticks were infected, so, probably this bacterium is 
endosymbiotic. There are other bacteria, not yet isolated, that were 
repeatedly identified in ticks, Coxiella-like and Francisella-like bacteria. 
Nothing is currently known about these bacteria, except of their relative 
taxonomic position. Taking in consideration the significance of ticks as 
vectors of infectious disease of humans and animals, any tick-associated 
microorganism should be precisely studied for pathogenecity and in-
fluence for tick fitness.

L36  AMOEBAL SYMBIONTS AND AMOEBAE-RESISTING 
MICRO-ORGANISMS

Gilbert Greub

Center for Research on Intracellular Bacteria, Institute of Microbiology, Lausanne, 
Switzerland

Free-living amoebae, which include more than 11’000 different 
species, are present worldwide in water and soils. Although they 
generally feed on bacteria, they may be infected by amoebae-
resisting bacteria, which evolved to resist to the microbicidal ma-
chinery of amoebae, being either lytic for the amoeba or being 
true symbionts, associated with amoebae for a prolonged period 
of time. The best studied amoebae-resisting bacteria are the dif-
ferent members of the Legionellales order. Some species, such as 
Legionella pneumophila, were shown to grow in a large variety of 
amoebae, inducing their death by lysis, whereas others initially 
classified as Legionella-like amoebal pathogens (L. drancourtii, L. 
rowbothamii) were shown to replicate only in specific amoebal spe-
cies. The issue of the encounter between amoebae and Legionella 
is not always fatal for the eucaryote, since Legionella jeonii (previ-
ously named X-bacterium) is a true amoebal symbiont of Amoeba 

proteus. The biodiversity of amoebae-resisting micro-organisms is 
however not limited to Legionella and amoebal pathogens and/or 
symbionts have been identified in many different bacterial clades 
including Chlamydiales (Waddlia chondrophila, Parachlamydia 
acanthamoebae, …) and Rickettsiales (Rickettsia belli, Caedibacter 
acanthamoebae, Paraceadibacter symbiosus, and Odysella thessa-
lonicensis, …). Odysella was isolated in Greece from a cooling tower 
and highlights the widespread occurrence of these bacteria in 
man-made water system. Interestingly, all these amoebae-resisting 
micro-organisms exchanged genes during their evolution. Thus, as 
an example, all genes encoding a putative DNA conjugative system 
are present in R. belli and Parachlamydia acanthamoebae, suggest-
ing that conjugation may take place in amoebae, likely playing a 
major role in gene exchanges and in the evolution of these intra-
cellular bacteria. Recent studies identified a likely role of Waddlia 
chondrophila in miscarriage and provided good evidences of the 
role of Parachlamydia in pneumonia. However, there is a need to 
define the pathogenic role of other amoebae-resisting bacteria, in-
cluding those belonging to the Rickettsiales order, since they may 
have evolved mechanisms of resistance to various phagocytic cells 
including macrophages, during millions years of evolution in the 
phagocytic amoebae.

L37  WOlBAChiA ENDOSYMBIONTS OF FILARIAL 
NEMATODES: DRIVERS OF DISEASE AND TARGETS 
FOR TREATMENT

Mark J. Taylor

Liverpool School of Tropical Medicine

Wolbachia are a diverse and abundant group of intracellular bacte-
ria, which infect various arthropod hosts (insects, mites, spiders, iso-
pods) and filarial nematodes. The bacterium is maternally inherited 
and in the majority of hosts acts as a reproductive parasite through 
the manipulation of host reproduction to enhance their transmission. 
In contrast, Wolbachia in filarial nematodes have developed a mutual-
istic association, with the bacteria essential for the growth, develop-
ment, fertility and survival of their nematode hosts. This mutualistic 
dependency has been exploited through the use of Wolbachia as a 
novel target for the treatment of filariasis with antibiotics. Filarial 
nematodes are responsible for diseases such as onchocerciasis and 
lymphatic filariasis, which cause debilitating pathologies, including 
blindness, skin disease and elephantiasis, in more the 150 million 
people worldwide. Disease pathogenesis of filarial nematodes is as-
sociated with acute and chronic inflammatory immunity. Activation 
of innate inflammation and adaptive Th1 immunity is driven by Wol-
bachia lipoproteins through recognition by Toll-like receptors 2 and 
6, which promote disease. Activation of innate inflammation is ex-
ploited by the parasite to enhance its transmission. Inflammatory ac-
tivation of skin mast cells via Toll-like receptors by Wolbachia results 
in increased vascular permeability, which promotes increased infec-
tivity and establishment of nematodes in the mammalian host. The 
molecular basis of the symbiosis of Wolbachia and filarial nematodes 
remains elusive. Comparative genomics and bioinformatics reveal a 
number of potential pathways, which may underpin the relationship 
and experimental and post-genomic approaches, are currently aimed 
at validating, which of these pathways are essential to the mutualism. 
The Anti-Wolbachia Consortium (A-WOL, http://www.a-wol.com) has 
been established to optimize existing antibiotic regimes and discover 
and develop new anti-Wolbachia drugs to deliver a therapy for use in 
the control and elimination of onchocerciasis and lymphatic filariasis. 
Anti-wolbachial therapy has become the most effective way to treat 
individuals and the hope is that A-WOL can deliver a new generation 
of drugs, which can lead to the elimination of filariasis as a major dis-
ease of humans.
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L38  Q FEVER EPIDEMIOLOGY IN ANIMALS AND HUMANS: 
IMPACT OF VACCINATION

Annie Rodolakis

INRA UR 1282 Infectiologie Animale et Santé Publique (IASP), 37380 Nouzilly, 
France

Coxiella burnetii, the etiological agent of Q fever, infects a wide range of 
wild and domestic animals including mammals, marsupials, birds, reptile 
and arthropods all around the world. Lice, mites and parasitic flies are also 
infected. The main reservoir for human Q fever is infected ruminants. In 
ruminants as well as other animal species, infection is mostly asymptom-
atic but, especially in small ruminants, C. burnetii can induce abortions, 
stillbirth or premature delivery. Q fever is an airborne disease: the infec-
tion is mainly due to inhalation of aerosolized bacteria or contaminated 
dust resulting from contaminated manure and desiccation of infected 
placenta and body fluids. Indeed symptomatic and asymptomatic infect-
ed ruminants shed C. burnetii in huge quantities into parturition products, 
during abortion and normal delivery, and smaller numbers in feces, urine, 
vaginal mucus, or milk. People may be infected through occupational ex-
posure, but direct contact with animals is not required, handling contami-
nated wool, manure, or clothes contaminated with feces are sufficient to 
become infected. Transhumance of infected flocks and increased urban-
ization in rural areas are hypothesized as contributing factors to human 
outbreaks. In addition the environmental survival of C. burnetii allows it 
to be transported by wind far away from the original source. C. burnetii 
DNA was detected in the soil of farms but also in urban areas, brought 
by wind or birds. Dogs and cats infected by aerosol inhalation, by tick 
bite or by feeding on infected placentas shed C. burnetii in urine, milk 
and birth products. Ticks are considered to be a reservoir and vector of 
C. burnetii in several countries. They transmit the agent via bite or feces 
to birds, rodents or ruminants. Vaccination of ruminants is currently the 
best way to prevent human contamination. In animals, the most effective 
vaccines are those composed of inactivated whole phase I Coxiella. In ex-
perimentally infected goats, the phase I vaccine prevented abortion and 
drastically reduced the shedding of C. burnetii in the milk, vaginal mucus, 
and feces, reducing environmental contamination and thus, the risk of 
transmission to humans. By contrast, the phase II vaccine did not modify 
the course of the disease. In order to reduce environmental contamina-
tion and thus the risk of transmission to humans, phase I vaccine must be 
used to vaccinate infected herds but also uninfected ones close to them 
to reduce the risk of spreading of the disease.

L41  COMPARATIVE EVALUATION OF THE TICKS 
AmBlyOmmA CAjEnnEnsE AND AmBlyOmmA 
AuREOlAtum AS VECTORS AND RESERVOIRS OF 
RiCkEttsiA RiCkEttsii IN BRAzIL

Marcelo B. Labruna

Departamento de Medicina Veterinária Preventiva e Saúde Animal, Faculdade 
de Medicina Veterinária e Zootecnia, Universidade de São Paulo, São Paulo, SP, 
Brasil 

In the state of São Paulo, southeastern Brazil, Rickettsia rickettsii is trans-
mitted mainly by Amblyomma cajennense in the country side, and by 
Amblyomma aureolatum in the Metropolitan area. For both ticks un-
der natural conditions, R. rickettsii-infection rates are usually very low, 
below 1%. Interestingly, laboratory studies have shown that while A. 
aureolatum ticks are highly susceptible to R. rickettsii (usually 100% of 
the ticks become infected after feeding on rickettsemic guinea pigs), 
A. cajennense are partially refractory (only ≈20% of the ticks become 
infected after feeding on rickettsemic guinea pigs). In addition, trans-
ovarial transmission of R. rickettsii is highly efficient in A. aureolatum, 
and very low in A. cajennense. Thus, populations of A. cajennense might 
not be capable to sustain R. rickettsii infection though successive gen-
erations, unless new cohorts of infected ticks are frequently created 
through the feeding on rickettsemic amplifier hosts, such as capyba-
ras (Hydrochoerus hydrochoeris), a common host of A. cajennense in 
RMSF-endemic areas in the country side of the state of São Paulo. In 
fact, experimental studies have shown that capybaras are competent 
amplifier hosts of R. rickettsii for A. cajennense ticks. Despite of the high 
susceptibility of A. aureolatum to R. rickettsii infection, this tick also 
might not be able to sustain rickettsial infection for a long term due 
to the deleterious effect that R. rickettsii elicits to engorged females. 
In this case, the participation of amplifier hosts (yet to be determined) 
might also be needed for maintenance of infection amongst A. aureo-
latum populations in the metropolitan area of São Paulo, although in 
a lesser extent. Anyhow, RMSF has occurred with similar incidences, 
always low, in both the country side and the metropolitan areas. In 
this case, low number of cases in the metropolitan area might occur 
because the highly competent vector (A. aureolatum) only rarely bites 
human; on the other side, even that A. cajennense frequently bites hu-
mans, the low incidence of the disease in the country side might be 
a result of the low vector competence of this tick, since it is partially 
refractory to R. rickettsii infection. 
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O001  LOUSE-BORNE DISEASES OF THE PAST

Michel Drancourt, Gérard Aboudharam, Didier Raoult

Unité de Recherche sur les Maladies Infectieuses et Tropicales Emergentes, UMR 
CNRS 6236 IRD 198, Marseille, France

The analysis of ancient bacterial DNA allows the retrospective diagnosis 
of the epidemic infectious diseases transmitted by the body louse dur-
ing the last centuries. In our laboratory, we use dental pulp as a source 
of ancient DNA on which we perform a high throughput multiplexed 
PCR and then “suicide PCR” and specific sequencing for each micro-
organism. This approach detected Bartonella quintana in a 4500-year 
old human sample and we observed its prevalence ranging between 
15% and 20% in the skeletons extracted from various mass graves dur-
ing the last 1500 years which makes of B. quintana the bacterium most 
frequently detected in the ancient skeletons. B. quintana was further 
detected in 2 mass graves of ancient plague in which Yersinia pestis DNA 
was also detected raising the hypothesis of a transmission of Y. pestis by 
the body louse during the medieval plague. As for Rickettsia prowazekii, 
the analysis of ancient DNA demonstrated that the genotype respon-
sible for epidemic typhus in Douai in 1710-1712 was the same as the one 
previously found in a stock of R. prowazekii isolated in Spain at the be-
ginning of the XXth century. These data support the hypothesis of the 
introduction of epidemic typhus in Europe starting from an American 
source. R. prowazekii was also documented among soldiers of the Grand 
Army of Napoleon I in Vilnius during their retreat from Russia in 1812. 
In this mass grave, we also identified B. quintana in three body lice re-
mains. Finally, the research work which we undertook in the laboratory 
shows that plague should be added to the list of epidemic infectious 
diseases transmitted by body lice. The new tools that we are developing 
in our laboratory, based on the detection and the analysis of proteins 
of the pathogenic micro-organisms, will provide us new possibilities of 
detection and identification of last century infectious diseases transmit-
ted by body lice.

O002  Q FEVER OUTBREAK JENA 2005 – TRANSMISSION 
ROUTE AND RISK FACTORS 

S. Brasche, K. Boden, W. Bischof

Objectives: In 2005 an outbreak of Q fever with 331 reported cases took 
place in Jena, Germany. Coxiella burnetii was spread by an infected flock 
of sheep grazing near a residential area. With our study we intend to 
determine risk and protection factors for a disease with airborne trans-
mission under meteorological conditions of dryness, sunshine and wind 
promoting the distribution of germs.
Methods: 608 residents living in a selected predefined part of the area 
affected (50°53’50’’N /11°34’30’’E) were invited to take part in standard-
ized interviews focusing on clinical symptoms, medical history, living 
behaviour, distance from the infection source, and airing habits. Inter-
views were performed by trained personnel in the resident’s homes. 
Report of antibody detection and/or fever together with at least two 
symptoms out of eight was defined as Q fever case. Statistical analyses 
were performed with SAS 9.1.
Results: 460 (75.7%) residents participated in the interviews. 22% (fe-
male: 17.2%, male: 28.5%) of them suffered from Q fever. Multiple lo-
gistic analysis adjusted to gender, age, and education showed strong 
impact on infection risk from the distance between residency and infec-
tion source (60 m: OR=14.7, CI: 5.4–40.2; 215 m: OR=8.5, CI: 2.9–25.4; 275 
m: OR=7.6, CI: 2.6–22.2; 335 m: OR=3.5, CI: 1.0–11.9 referred to >/=395 
m). Furthermore frequent airing in direction to the infection source 
(OR=2.5, CI: 1.2–5.4), more than 130 hours outdoor stay in the outbreak 
area in June 2005 (OR=2.5, CI: 1.3–4.7), shift work (OR=2.4, CI: 1.2–5.0), 
and one or more influenza vaccination during the last four years com-
pared to non-vaccinated people (OR=0.5, CI: 0.3–0.9) were significantly 
associated with Q fever infection.
Conclusions: Our data illustrate the strong association between in-
fection risk and distance to the source of C. burnetii. Therefore, we rec-
ommend keeping a minimum distance of 500 m between potentially 
sources and living areas. In addition the increasing risk of infection with 
decreasing distance from potential infection sources should be com-
municated more intensively in areas concerned. The higher infection 

risk found in shift workers as well as the lower risk associated with influ-
enza vaccination need to be investigated targeted. 
This publication was supported by Grant 01 KI 0730 from the Federal Minis-
try of Education and Research.

O003  ANALYSIS OF RISK FACTORS FOR MALIGNANT 
MEDITERRANEAN SPOTTED FEVER INDICATES 
THAT FLUOROQUINOLONE TREATMENT HAS A 
DELETERIOUS EFFECT

Elisabeth Botelho-Nevers,1,2 Clarisse Rovery,1 Hervé Richet,1 Didier Raoult 1

1 URMITE UMR 6236, CNRS-IRD, Université de la Méditerranée, Faculté de 
Médecine, 13385 Marseille cedex 05, France

2 Pôle de Maladies Infectieuses et Tropicales, Assistance Publique des Hopitaux 
de Marseille, Marseille, France

Objectives: To identify risk factors for severe/malignant Mediterranean 
spotted fever (MSF) caused by Rickettsia conorii conorii.
Patients and Methods: Epidemiologic, clinical and biological charac-
teristics as well as treatment regimens for severe and non severe MSF 
cases were analyzed retrospectively. A patient with ≥2 organ dysfunc-
tions or patient death was defined as a severe case. 
Results: During the study period (January 1999 and December 2009), 
161 MSF cases were referred to our center for Rickettsioses. Twenty six 
cases (16.1%) were considered severe, which is 3-fold higher than our 
previous studies. The clinical and laboratory findings were comparable 
to those reported elsewhere except that the type of antibiotic treat-
ment was associated with the disease severity. Doxycycline administra-
tion was associated with a decreased disease severity (p=0.041, relative 
risk = 0.48, 95% confidence interval=0.24-0.96) and induced earlier de-
fervescence compared to the other treatment regimens (3.02 days +/-
2.2 vs 7.1 days +/- 6.57, p=0.021). In contrast, fluoroquinolones treatment 
was significantly and independently associated with the MSF disease 
severity (p=0.0007, RR= 3.29, 95% CI = 1.66-6.50) and was associated 
with a significantly longer stay at the hospital (p=0.002). 
Conclusions: A study of severe MSF cases identifies serendipitously 
that fluoroquinolone treatment is associated with increased MSF dis-
ease severity. Fluoroquinolones have been previously associated with 
treatment failure in typhus and scrub typhus cases. Thus, we do not rec-
ommend the use of fluoroquinolones to treat Rickettsial diseases.

O004  TREND OF RICKETTSIOSES IN JAPAN

Shuji Ando

Objectives: Japanese spotted fever (JSF) and Scrub typhus (Tsutsuga-
mushi diseases, TD) have been the mandatory reporting diseases under 
the Infectious Control Law in Japan since April 1999, and TD was a no-
tifiable communicable disease since 1947. JSF reported the 1st case in 
1984. From late 1940s, new type of TD was found in Japan and gradually 
spread across the country which resulted in changes of seasonal trend 
and geographic distribution. 
Methods: We aimed to thoroughly analyze the national surveillance 
data in the last 10 years. JSF and TD incidence reports from the National 
surveillance were employed to study descriptive epidemiology of the 
diseases. In addition, we investigated the situation on diagnosis of local 
laboratories, published and unpublished case reports.
Results: In total, 800 JSF cases and 4090 TD cases were reported from 
2001 to 2010. The number of incidence of TD has been stable around 
400 per year and reported nationwide. In contrast, JSF incidence num-
ber has drastically increased, 256 cases in 2001-2005, 544 cases in 2006-
2010, and their suspected area of infection have expanded. Moreover, 
some patients, who were originally reported as JFS, were clarified or 
strongly suggested to infect with other spotted fever group Rickettsia 
spp., Rickettsia heilongjiangensis, R. helvetica by the additional field sur-
veillances. In TD, the serotypes of Orientia tsutsugamushi as etiological 
agent have been analyzed their additional diversity.
Conclusions: Early warning to the people living in and travel to the 
seasonal endemic area based on multidisciplinary analysis and accurate 
incidence data with laboratory confirmation is essential to future re-
duce the incidence. However, fatal cases are reported almost every year. 
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Although almost of JSF cases have been certified in the public labora-
tories including us, skillful laboratories to diagnose Rickettsioses have 
unfortunately decreased. The nationwide surveillance of rickettsial in-
fections and laboratory network should be strengthened. Importantly, 
the surveillance should be based on high quality laboratory diagnosis 
for case finding and epidemiological studies on wide range of rickett-
siae and geographical distribution of their vectors.

O005  RiCkEttsiA RiOjA AS ETIOLOGICAL AGENT OF 
DEBONEL/TIBOLA. CLINICAL AND EPIDEMIOLOGICAL 
FEATURES

Ibarra V.,1 Santibáñez S.,1 Blanco JR.,1 Santibáñez P.,1 Eiros JM.,2 Portillo A.,1 
Oteo JA.1

1 Infectious Diseases Area, Hospital San Pedro-CIBIR, Logroño, Spain
2Facultad de Medicina, Universidad de Valladolid, Spain

DEBONEL/TIBOLA, which is characterized by an inoculation eschar -main-
ly located on the scalp- and painful lymphadenopathy after a Dermacen-
tor marginatus bite, is mainly caused by Rickettsia slovaca. However, since 
the beginning it was suspected that other Rickettsia spp. could be in-
volved. The recently cultured Candidatus Rickettsia rioja has been detect-
ed in blood and ticks removed from DEBONEL/TIBOLA patients by PCR.
Objective: To describe the clinical and epidemiological characteristics 
of patients with DEBONEL/TIBOLA caused by R. rioja in our region.
Methods: From January 2001 to December 2010 epidemiological and 
clinical data of patients with DEBONEL/TIBOLA were prospectively col-
lected. Blood samples and ticks removed from them were analyzed by 
16S rRNA, gltA, 17 kDa, ompA and ompB PCR assays.
Results: A total of 62 patients were diagnosed of DEBONEL/TIBOLA; 25 
of them had the tick attached. R. slovaca was detected in 12 D. marginatus 
and R. rioja was found in 11 ticks and 2 blood specimens. R. rioja was more 
frequently amplified in women than in men (63%). Their mean age was 
32.2 years (range 5-83). All patients were bitten from October to May. The 
incubation period ranged from 2 to 10 days (mean 5.0 days). In 12 patients 
the eschar was located on the scalp, and a patient was bitten on the back. 
Three patients had fever. The painful lymphadenopathy improved in a 
week for 12 out of 13 patients, and in 15 days for the other one. The dis-
ease was mild in all cases. No patient was hospitalized. All patients were 
treated with doxycicline or azithromycin and they fully recovered. 
Conclusions: 1. DEBONEL/TIBOLA exhibits very typical and homoge-
neous epidemiological and clinical features. These characteristics were 
similar in patients infected with R. rioja and in those infected with R. slo-
vaca or in which no aetiological agent was detected. 2. R. rioja is involved 
as the etiological agent of DEBONEL/TIBOLA in more than 50% of cases.

O006  SKIN LESIONS AND INOCULATION ESCHAR AT 
THE TICK BITE SITE IN SPOTTED FEVER GROUP 
RICKETTSIOSES. THE ExPERIENCE FROM A CASE-
PATIENT SERIES IN EASTERN CRETE (GREECE)

Antonis Germanakis,1 Achilleas Gikas,2 Sofia Kokkini,2,3 Anna Psaroulaki,3 
Yannis Tselentis 3

1 General Hospital of Agios Nikolaos, Ag. Nikolaos, Crete, Greece
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Objectives: The pattern of presentation and the characteristics of skin 
lesions and inoculation eschar at the tick bite site, in a case-patient se-
ries with spotted fever group rickettsioses, from a prefecture of eastern 
Crete were studied. The usefulness of the skin biopsy as a biological 
sample for the detection of rickettsiae was assessed. 
Materials: During a 5-year period, 78 human cases of rickettsioses, clini-
cally diagnosed and confirmed by serology, in a specific region (eastern 
Crete). In 17 patients an inoculation lesion was observed and in 8 of them a 
skin lesion biopsy was obtained. DNA extraction from lesion biopsies was 
carried out using the Qiamp Tissue kit (Qiagen, Hilden, Germany) and PCR 
amplification was performed targeting fragments of gltA and ompA genes.

Results: The skin lesions consisted of an induration without eschar in 
4 (23%) patients and of a typical induration with central inoculation es-
char (necrosis) in 13 (77%). The diameter of induration was 7-40 mm (in 
one patient it was 80 mm) in size, while the diameter of the eschar was 
2-5 mm. All patients had no sensitivity in palpitation. The induration 
appeared 0-5 days after the removal of a tick and the typical inocula-
tion eschar 2-5 days after the appearance of the induration. In all cases, 
fever followed (1-10 days) the appearance of the skin induration. In one 
patient two inoculation eschars were observed. DNA from 3 different 
rickettsia species (R. conorii, R. mongolotimonae, R. aeschlimanii) was de-
tected in skin biopsies in 6/8 (75%) patients.
Conclusions: The presence of an inoculation lesion is a useful clinical 
tool towards the early suspicion and diagnosis of tick-borne rickettsio-
ses, even before the onset of a rash and proved a means for rickettsiae 
detection and identification. Three different spotted fever group rick-
ettsiae were detected in the biopsies.

O007  EPIDEMIOLOGY AND CLINICAL FEATURES OF ACUTE 
Q FEVER CASES FROM SOUTH TUNISIA

D. Lahiani,1 A. Znazen,2 M. Koubâa,1 I. Mâaloul,1 Ch. Marrakchi,1 
A. Hammami,2 M. Ben Jemâa 1

1 Department of Infectious diseases, University Hospital Center of Hédi Chaker, 
Sfax, Tunisia

2 Department of Mirobiology, University Hospital Center of Habib Bourguiba, 
Sfax, Tunisia

Introduction: Q fever is a worldwide zoonosis caused by Coxiella 
burnetii. This disease is generally asymptomatic. However, it could 
generate sever forms essentially chronic infections. The aim of the 
present study was to analyze the epidemiology, demographic and 
clinical data of acute Q fever in our hospital. Additionally, we evaluate 
the usefulness of the antimicrobial treatment in this clinical form of 
Q fever.
Methods: Our study was retrospective and included 70 cases of acute 
Q fever hospitalized in department of infectious disease between 1996 
and 2010. All cases were confirmed by serology (IFI). Demographic, clini-
cal and biological features were collected for each patient. Data were 
analyzed using SPSS 19.0 software.
Results: Mean age was 36,5 (7-76) years. Patients were male in 56 cases 
(80%) and female in 14 cases (20%). Twenty two cases had at least one 
exposure factor essentially contact with sheep (10 cases). Mean delay of 
consultation was 9,3 days. Fever noted in 66 cases (94,3%) was isolated 
in 10 cases. Clinic polymorphism was observed. The pneumopathy was 
the predominant clinic entity (50%). Extra-pulomonary manifestations 
were observed in 50% of cases (neurological manifestations: 34 cases, 
cutaneous: 11 cases and hepatitis: 9 cases). Active antibiotic therapy on 
Coxiella burnetii was prescribed in 45 cases (64,3%). Evolution was favor-
able in all cases. Four patients had a residual asthenia.
Conclusions: Coxiella burnetti is responsible for large variety of pulmo-
nary and extra-pulmonary manifestations. We underline the utility of 
serologic investigation in face of all suggestive clinical signs and evoca-
tive epidemiologic context. 

O008  BLOOD CULTURE-NEGATIVE ENDOCARDITIS IN 
MOROCCO: RESULTS FROM A PRELIMINARY STUDY
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Background: Blood Culture-negative endocarditis (BCNE) is a serious 
and frequent infection, in which usual blood cultures remain negative. 
In Morocco, retrospective studies highlighted the high rate of BCNE 
among endocarditis cases, from 58 to 61.2%. We conducted a prospec-
tive study of patients with endocarditis in an attempt to identify the 
current etiologies of BCNE in Morocco. 
Methods: We used a multimodal and comprehensive strategy incorpo-
rating serological, molecular, and histopathological assays to investi-
gate specimens from 19 Moroccan patients with BCNE.
Results: Among 19 patients, a causative microorganism was identified 
in 21% (four patients), including Staphylococcus aureus, Streptococcus 
oralis, Streptococcus equi and Bartonella quintana.
Conclusions: Although Bartonella endocarditis has been reported 
worldwide, notably in Maghreb where B. quintana is a major agent of 
endocarditis, our report is the first description of a Bartonella infection 
in Morocco, and demonstrates that B. quintana should systematically be 
considered as a potential agent of BCNE in this country.

O009  DEVELOPMENT OF A NEW PAN-ChlAmyDiAE REAL-
TIME PCR AND ITS APPLICATION TO RESPIRATORY 
CLINICAL SAMPLES

Julia Lienard,1 Antony Croxatto,1 Sebastien Aeby,1 Katia Jaton,1 
Klara Posfay-Barbe,2 Alain Gervaix,2 Gilbert Greub 1

1 Institute of Microbiology, University Hospital Center and University of Lausanne, 
Lausanne, Switzerland 

2 Children’s Hospital, University Hospitals of Geneva, Geneva, Switzerland

Introduction: Originally composed of the single family Chlamydiaceae, 
the Chlamydiales order has extended considerably in the last decades. 
Chlamydia-related bacteria were added and classified in 5 different new 
families. While several members of the Chlamydiaceae family are known 
pathogens, recent studies showed diverse associations of Chlamydia-
related bacteria with human and animal infections. Some of these latter 
bacteria are preoccupying since, given their ability to replicate in amoe-
bae, they may also resist efficiently in other phagocytic cells, including 
cells of the innate immune system. Due to the intracellular living state 
of Chlamydiae, classical culture methods are ineffective to identify any 
members of the Chlamydiales order. Considering their potential threat 
on human health, it is important to be able to detect these bacteria.
Methods: Thus, a new pan-Chlamydiae real-time PCR targeting the 
conserved 16S rRNA gene was developed. It was validated with 128 clin-
ical samples positive or negative for Chlamydia trachomatis or C. pneu-
moniae and applied to 422 nasopharyngeal swabs taken from children 
with and without pneumonia.
Results: This new molecular tool can detect at least 5 DNA copies and 
no cross-amplification from other bacterial clade DNA was observed. 
The PCR detected 93.8% of the samples during validation test. Fur-
thermore, on 422 nasopharyngeal swabs tested, 11.4% samples were 
positive and the successful sequencing of 93.8% of these samples cor-
responded in majority to Chlamydia-related bacteria.
Conclusions: This work provides a new diagnostic approach to specify 
the biodiversity and pathogenic role of Chlamydia-related bacteria and 
highlights the common exposure of children to Chlamydiae.

O010  RAPID IDENTIFICATION OF RiCkEttsiA SPECIES 
BY MASS SPECTROMETRY

Fadi Bittar, Oleg Mediannikov, Bernard La Scola, Jean-Marc Rolain, 
Didier Raoult

URMITE CNRS-IRD UMR 6236, Faculté de Médecine et de Pharmacie, Université 
de la Méditerranée, Marseille, France

Objective: Rickettsia species are intracellular bacteria that need mam-
malian cells for their growth. These fastidious bacteria are responsible 
for Spotted Fever Group rickettsiosis and Typhus Group rickettsiosis and 
are transmitted to humans via arthropodes. Identification of Rickettsia 
spp. At the species level is mainly achieved using molecular methods 
especially PCR amplification and sequencing of housekeeping genes. 
Recently, Matrix-assisted laser desorption/ionisation time-of-flight 

(MALDI-TOF) mass spectrometry (MS) has emerged as a rapid, inexpen-
sive and reliable method for identification of bacterial species including 
intracellular bacteria. The objective of this study was to evaluate the use 
of MS for correct identification of strictly intracellular slow-growing bac-
teria from the genus Rickettsia that exhibit restricted biochemical reac-
tivity and thus poorly identification by routine phenotypic methods.
Methods: Rickettsial reference strains representing 19 rickettsial spe-
cies from the typhus group (TG), and the spotted fever group (SFG) were 
used in this study. Strains were grown either on Vero or in L929 cells to 
obtain about 80 to 90% of infected cells before being processed for MS. 
Infected cells were harvested and pelleted and used either directly or 
after purification to obtain pure Rickettsia. Four to twelve spectra per 
strain were generated by simple preparation and using Autoflex II MAL-
DI-TOF MS and spectra were analyzed by BioTyper 2.0 software. 
Results: Spectra obtained for all reference strains were unique for each 
species and were used to create a reference database with peaks used 
as tags for identification of isolates. Interestingly, spectra obtained ei-
ther from infected cells or from purified Rickettsia yield similar spectra 
when compared with BioTyper 2.0 tool. These spectra could be added 
to MALDI-TOF MS database and used to identify bacteria within the ge-
nus Rickettsia in real-time in a rapid and inexpensive way. 
Conclusions: Our results demonstrate that MS may be an alternative 
tool as compared to molecular methods for rapid and correct identi-
fication of rickettsial species. Evaluation of this technique on a series 
of isolates recovered from clinical samples and arthropods is currently 
underway to eventually validate this method as a reliable tool for rapid 
identification of Rickettsia strains at the species level.

O011  COMPARISON OF THE PERFORMANCE OF IFA, CFA 
AND ELISA ASSAYS FOR THE SERODIAGNOSIS OF 
ACUTE Q FEVER BY QUALITY ASSESSMENT
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Objectives: Serology is important in diagnosing Q fever. Different tests 
are available and comparability is not always clear. A quality assess-
ment for various Q fever tests was performed by comparing IFA, CFA 
and ELISA, using serum samples from patients from a large outbreak in 
the Netherlands.
Methods: A total of 25 serum samples from negative controls, acute 
Q fever patients, and a serial diluted high positive serum sample were 
included. Thirteen laboratories participated: eight from the Dutch Q fe-
ver endemic area, two Dutch national laboratories and three reference 
laboratories from outside The Netherlands. Six labs performed CFA, nine 
performed IFA, of which three in house assays, and five performed ELISA.
Results: IFA, ELISA and CFA values between laboratories using the 
same methods were within close range and all three methods correctly 
identified the Q fever patients. In-house and commercial IFAs were well 
comparable qualitatively, however, some difference was observed in 
end-point titres. All tests were reasonably specific (92-100%), showing 
an occasional low/borderine titre in IFA (1:32) and CFA (1:10) phase 2 IgG, 
respectively, for the negative samples. The positive samples from acute-
ly infected patients were positive in all phase 2 assays; IgG IFA, IgG ELISA 
and CFA. In the serial diluted samples, ELISA had the lowest sensitivity, 
and IFA the highest.
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Discussion: All three methods were highly comparable in identifying Q 
fever patients in the acute phase. The serial dilution suggests a higher 
sensitivity of the IFA; however, this is based on a limited number of tests 
and should be refined using a larger set of sera. Within each method, 
except for the three different in-house manufactured IFAs, assays were 
from the same manufacturer, which may have played a part in the high 
level of agreement. The IFA appears the method of choice when high 
sensitivity is required (e.g., early phase of illness). IgG-ELISA can be an 
alternative for screening of large sample numbers.

O012  A MODEL OF AnAplAsmA phAgOCytOphilum 
INFECTION-INDUCED MACROPHAGE ACTIVATION 
(MAS) AND HEMOPHAGOCYTIC SYNDROME (HPS)

DG. Scorpio, KS. Choi, JS. Dumler

Johns Hopkins Medical Institutions, School of Medicine

Objectives: Human granulocytic anaplasmosis, caused by the tick-borne 
pathogen Anaplasma phagocytophilum (Ap), is an immunopathogenetic 
disease. Inflammatory lesions are triggered by innate immune induction 
and IFNγ production unrelated to bacterial load. We showed that cyto-
kine and inflammatory effector production associate with NK, NKT and to 
a lesser extent with CD8 T cell expansion. Human disease has biochemical 
marks of a macrophage activation syndrome (MAS), and human disease 
severity is linked to evidence of increased macrophage activation. These 
findings suggest that the disease with Ap infection results from MAS or 
the related hemophagocytic syndrome (HPS). Genetic and acquired 
MAS/HPS result from inadequate delivery of perforin and/or granzyme 
from activated cytotoxic cells and the inability to restore immunological 
homeostasis by lysis of either effector-producing macrophages or an-
tigen presenting cells (APC). Our objective was to demonstrate that Ap 
infection abrogates NK, NKT and CD8 T lymphocyte cytotoxicity in vivo. 
Methods: Mice were infected with either Ap-infectedHL-60 cells or HL-
60 cells (as inducers of cellular cytotoxicity) alone. Splenocytes were 
examined by flow cytometry for evidence of cellular cytotoxicity with 
CD107a expression on NKT and CD8 T lymphocytes after ionophore 
stimulation of vesicle release at 4 h, 4, 7, 10, and 14 days post-infection. 
Results: CD107a-expressing NKT cells from Ap infected mice demon-
strated a 2-3 fold decrease among harvested splenocytes compared 
to mock-infected animals on days 0-10 (p<.005). The results are less 
dramatic but significant for CD107a-expressing CD8 T cells with a 1.3 
fold decrease on day 10 among Ap-infected mice compared to mock-
infected animals (p<.020). 
Conclusions: Ap infection impaired NKT and CD8-mediated cellular 
cytotoxicity responses supporting the concept that HGA results from a 
MAS- or HPS-like process. The implications of this defect include unre-
strained lymphoproliferation, overproduction of macrophage activat-
ing cytokines such as IFNγ, and eventual inflammatory tissue injury.

O013  DEVELOPMENT OF THREE QUANTITATIVE REAL-TIME 
PCR ASSAYS FOR THE DETECTION OF RiCkEttsiA 
RAOultii, RiCkEttsiA slOvACA AnD RiCkEttsiA 
AEsChlimAnnii AND THEIR VALIDATION WITH TICKS 
COLLECTED FROM THE COUNTRY OF GEORGIA AND 
THE REPUBLIC OF AzERBAIJAN
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Objectives: Develop, optimize, validate and use three new qPCR as-
says to detect Rickettsia aeschlimannii, Rickettsia raoultii, and Rickettsia 
slovaca. 
Methods: A previous surveillance study of human pathogens within 
ticks collected in the country of Georgia showed a relatively high in-
fection rate for R. raoultii, R. slovaca and R. aeschlimannii. These three 
spotted fever group rickettsiae are human pathogens: R. raoultii and 
R. slovaca cause tick-borne lymphadenopathy (TIBOLA), and R. aeschli-
mannii causes an infection characterized by fever and maculopapular 
rash. Three quantitative real-time polymerase chain reaction (qPCR) as-
says, Rraoul, Rslov, and Raesch were developed and optimized to de-
tect R. raoultii, R. slovaca, and R. aeschlimannii, respectively, by targeting 
fragments of the outer membrane protein B gene (ompB) using species-
specific molecular beacon or TaqMan probes. 
Results: The three qPCR assays showed 100% specificity when tested 
against a rickettsiae DNA panel (n=20) and a bacteria DNA panel (n=12). 
The limit-of-detection was found to be 10 copies per reaction for all 
three assays. Validation of the assays using previously investigated tick 
nucleic acid preparations, which included Rickettsia free tick samples, 
tick samples that contain R. raoultii, R. slovaca, R. aeschlimannii and other 
Rickettsia spp, confirmed the specificity of all three qPCR assays. In ad-
dition a total of 104 tick nucleic acid preparations (representing 586 in-
dividual ticks) collected from Georgia and the Republic of Azerbaijan 
in 2008 and 2009 were tested using the three qPCR assays. R. raoultii, 
R. slovaca and R. aeschlimannii were not detected in any ticks (n = 30) 
from the Republic of Azerbaijan, but in the ticks from Georgia there was 
a positive rate of 14.44, 10.00 and 27.78% for pooled samples, respec-
tively. 
Conclusions: These results show the utility of the Raeschl, Rraoul and 
Rslov qPCR assays to assess the prevalence of R. aeschlimannii, R. raoultii, 
and R. slovaca in environmental samples and could be used to detect 
these agents in clinical and research samples.

O014  DIFFERENTIAL PROTEOMIC STUDY OF TWO COxiEllA 
BuRnEtii STRAINS AND OF THEIR SECRETION 
MOLECULES
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Objectives: To study differentially two Coxiella burnetii reference 
strains, Nine Mile and Q212, phase II, first at the level of the bacterium 
itself and second at the level of bacterial secreted proteins in the host 
cell cytoplasm. To accomplish these goals a semi-quantitative peptide 
centered proteomics technique, MS-driven COmbined FRactional DI-
agonal Chromoatography (COFRADIC), was used. 
Methods: In order to study differential protein expression, the biologi-
cal samples were set in pairs: a) total bacterial proteins Nine Mile vs. 
Q212, b) cytoplasmic proteins from infected Vero host cells with Nine 
Mile vs. Q212. Each sample Nine Mile was labeled with the light isotope 
(12C4-butyl) and each sample Q212 with the heavy isotope (13C4-butyl). 
Equal protein amounts of samples Nine Mile and Q212 were mixed and 
then it was followed isolation, identification and quantification of dif-
ferentially labeled N-terminal peptides by COFRADIC. Peptides with a 
ratio outside a 95% confidence interval of the population distribution 
were considered significantly altered. Information about identified pro-
teins was obtained from Expasy Proteomics Server (http://au.expasy.
org), PSORTB v.2.0 (www.psort.org) and SMART (http://smart.emble-
heidelberg.de/). 
Results: a) Forty-four proteins were differentially expressed between 
the two C. burnetii strains. Thirty-four proteins were increased in Nine 
Mile, including 9 proteins with unique expression, while 10 proteins 
were increased in Q212. Classification of these proteins according to 
their function showed the predominance of Nine Mile in almost all func-
tional categories and notably in those of virulence, of protein synthesis 
and of unknown function. b) Three proteins were uniquely expressed 
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in Nine Mile infected Vero host cytosol, while one protein was up-reg-
ulated in Q212 infected Vero host cytosol. Phosphoserine phosphatase, 
a predicted effector molecule, was uniquely expressed in Nine Mile in-
fected Vero host cytoplasm and to our knowledge this is the first report 
of detecting this effector molecule at protein level. 
Conclusions: In an in vitro designed experiment, we report the biologi-
cal distinction of two C. burnetii strains, Nine Mile and Q212, at protein 
level and we further support a differentiated host cell-bacterium inter-
action between the two C. burnetii strains.

O015  RiCkEttsiAl DISEASE DIAGNOSTIC IGG TITRES IN 
RELATION TO DURATION OF ILLNESS IN AN ENDEMIC 
SETTING IN SRI LANKA
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Objectives: Rickettsioses comprise a significant portion of acute febrile 
illness and pyrexia of uncertain origin in Sri Lanka as it is the 5th most 
common infectious disease. At present most laboratories consider an 
IgG titre of ≥ 1:128 acceptable in the presumptive diagnosis of rickettsial 
diseases in patients with a compatible clinical illness. However, since the 
establishment of our diagnostic laboratory (RDDRL) in June 2008, high 
initial IgG titers for both spotted fever (SFG) and scrub typhus (ST) in-
fections have been apparent in many patients who often present late in 
the course of illness. Our goal is to develop a more effective diagnostic 
algorithm for interpreting IgG titers based on the date of illness at pre-
sentation.
Methods: Our database of RDDRL IgG results for clinical cases of sus-
pected rickettsioses was retrospectively analyzed in relation to the 
known duration of illness at the time of sampling and whether the pa-
tients responded to doxycycline.
Results: Of the 146 suspected SFG infections, only 3 responders of 25 
patients had titers ≤1:128 with less than 7 days of illness while all 9 with 
titers ≥1:256 responded (false negative with 1:256 cutoff was 12%, false 
positive was 0%). For illness that was greater than 7 days, the false nega-
tive and positive rates were 4.3% (3/69) and 11.3% (6/53). For the 115 
suspected ST infections false negative and positive rates with ≥1:256 
cutoff at less than 7 days of illness were (2/15) and 0% (8) respectively 
while with illness greater than 7 days, false negative and positive rates 
were 2% (1/51) and 0% (42).
Conclusions: These observations suggest that the duration of illness 
at the time the initial serum sample was obtained is important for the 
interpretation of serology results in an endemic setting. For either SFG 
or ST if the sample is obtained ≤7 day of illness, an IgG titre of ≤1:128 
requires a follow up sample in the diagnosis. However, when the sample 
is obtained >7 days of illness, a single ≥1:256 titre is diagnostic for all ST 
infections and 90% of SFG infections.

O016  MICROFLUIDICS AND RETROREFLECTOR 
TECHNOLOGY FOR DIAGNOSIS OF RiCkEttsiAl 
INFECTIONS

Olano Juan P., Ruchhoeft Paul, Wilson Richrad

Background: The gold standard for the diagnosis of rickettsioses is the 
evidence of seroconversion on serum samples taken during the acute 
and convalescent phases. Diagnosis during the acute phase of the dis-
ease is challenging. The goal of this project is to develop a fast, accu-
rate, reproducible, highly sensitive and specific, low cost alternatives 
based on antigen capture. Towards that end, we are in the process of 
developing an antigen-capture system with a detection module based 
on micron-scale retroreflectors and brightness modulation by gold 
nanoparticles or magnetic particles.

Material and Methods: Retroreflectors were fabricated on silicon wa-
fers lithographically and coated with a 5 µm layer of optically clear SU-8 
followed by a 10 nm transparent layer of gold. The surface was func-
tionalized and coated with rabbit polyclonal anti-R. conorii antibodies. 
Suspensions of R. conorii ranging from 103/mL to 108/mL were incubated 
with 1 µm-seradyne particles also coated with rabbit polyclonal anti-
R. conorii antibodies. Experiments performed to date have focused on 
optimization of the retroreflector shape (cube vs. rectangular) to opiti-
mize analyte flow on the functional surface of the retroreflectors, fluidic 
force stringency or discrimination to determine flow speed within the 
microfluidic system, and digitization of the images generated by the 
retroreflectors. 
Results: Planarized rectangular retroreflectors have provided better 
flow conditions when compared to cube-shaped retroreflectors ar-
ranged in tetrads. Moderate flow rates of 20-40 µL/min increased the 
assay specificity by discriminating against non-specific binding of parti-
cles on the functionalized retroreflector surface as opposed to low flow 
rates (0.2 µL/min). Digitization of the images followed by difference im-
age analysis showed that the system is capable of locating one-micron 
beads on the functionalized surface. Detection of R. conorii at a concen-
tration of 103 organisms/ml was possible. 
Conclusions: We are in the early stages of developing a novel ap-
proach for detection of rickettsial pathogens based on antigen-cap-
ture sandwich immunoassays coupled with a detection system based 
on retroreflector technology. To date we have been able to detect 103 
organisms/mL and we are currently working on detection of lower 
concentrations.

O017  EhRliChiA ChAFFEEnsis TRP32 INTERACTS WITH 
HOST CELL TARGETS ASSOCIATED WITH PROTEIN 
SYNTHESIS, IRON ACQUISITION, IMMUNE SIGNALING 
AND TRANSCRIPTIONAL REGULATION

Tian Luo, Jere W. McBride
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Objectives: Ehrlichia chaffeensis is an obligately intracellular bacterium 
that exhibits tropism for human mononuclear phagocytes and survives 
by evading host defense mechanisms. Recently molecular interac-
tions between E. chaffeensis tandem repeat protein 47 (TRP47) and 120 
(TRP120) and multiple host proteins involved in diverse processes have 
been described, but interactions with other TRPs, including major im-
munoreactive protein TRP32 have not been defined. The objective of 
this investigation was to determine the TRP32-host interactions in order 
to understand the molecular mechanisms and pathogen effectors in-
volved in host cell modulation by Ehrlichia.
Methods: Yeast two-hybrid assay using C-terminal domain of TRP32 
was used as bait to screen human bone marrow derived cDNA library. 
Clones representing interaction host proteins were sequenced and 
strength of the interaction determined by a reporter assay.
Results: Twenty-one unique interacting human targets were identi-
fied from 42 yeast colonies. Target proteins with the high frequency of 
interaction with TRP32 included human eukaryotic translation elon-
gation factor 1 alpha 1 (EEF1A1), DAZ associated protein 2 (DAZAP2), 
ferritin light polypeptide (FTL), immunoglobulin heavy chain variable 
domain (IGHV). Interestingly, previously defined interactions between 
host proteins EEF1A1, IGHV, IGLL (immunoglobulin lambda-like poly-
peptide), and SLC (solute carrier family) and E. chaffeensis TRP47 or 
TRP120 were also associated with TRP32, suggesting a convergence 
of TRP effector-host interactions on specific host cell targets and pro-
cesses.
Conclusions: E. chaffeensis TRP32 interacts with multiple host pro-
teins associated with the protein synthesis, iron metabolism, immune 
signaling, transmembrane transportation, and transcription regula-
tion, and these results suggest that ehrlichial TRPs converge on specif-
ic targets that affect important cellular networks. Thus, E. chaffeensis 
TRPs appear to be effectors that modulate host cell processes through 
protein-protein interactions in a molecular reprogramming strategy 
of the host cell.
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O018  ASSESSING BARtOnEllA hEnsElAE DIVERSITY 
USING WHOLE-GENOME SEQUENCING AND SINGLE-
NUCLEOTIDE POLYMORPHISM ANALYSIS

Gemma Chaloner,1 Fan Zhao,2 Tim Harrison,3 Qiyong Liu,2 Alistair Darby,4 
Richard Birtles 1,5

1 Department for Infection Biology, Institute for Infection and Global Health 
and School of Veterinary Science, University of Liverpool, CH64 7TE, United 
Kingdom

2 State Key Laboratory for Infectious Diseases Prevention and Control, National 
Institute for Communicable Disease Control and Prevention, Chinese Center for 
Disease Control and Prevention, Beijing 102206, China

3 Respiratory and Systemic Infection Laboratory (RSIL), Health Protection Agency 
Centre for Infections, London NW9 5HT

4 Centre for Genomic Research, University of Liverpool, L69 7ZB, United Kingdom
5 School of Environment and Life Sciences, University of Salford, M5 4WT, United 
Kingdom

Bartonella henselae is one of the most common zoonotic agents ac-
quired from companion animals (cats) in industrialised countries. Nu-
merous approaches to genotyping B. henselae, including multi-locus 
sequence typing (MLST), multi-locus variable number tandem repeat 
analysis and multispacer typing, have been described and used to de-
termine the population structure of the species. The results of these 
studies have indicated that there is marked geographic variation in the 
B. henselae population structure and, in certain regions of the world at 
least, some genotypes have greater zoonotic importance than others. 
Although currently available approaches to genotyping are useful, the 
increasing availability of next-generation sequencing technology pro-
vides the opportunity to develop new approaches that have distinct 
benefits over those which are currently extant. In this study we ex-
ploited SOLiD sequencing technology to generate extensive sequence 
data (typically representing about 81% of the genome) for 16 B. henselae 
isolates. These isolates were selected on the basis of MLST data to allow 
analysis of genome diversity on three different scales, (i) global diversity 
across the species, (ii) diversity within the three well-defined clonal lin-
eages of the species, and (iii) diversity within a specific MLST sequence 
type. SNP analysis was performed and after excluding SNPs in bad cov-
erage regions, repeats and paralogs we identified 7165 SNPs in genes, 
hence an average 1 SNP every 269 bp. These SNPs traced the same phy-
logeny as the MLST data but with greatly improved branch lengths. The 
SNP analysis also revealed a new level of diversity within MLST-clonal 
complex 1 and that diversity within certain ST is more pronounced than 
others. Among the 7165 SNPs examined, 65 were ST1 specific, 354 were 
ST 8 specific and 2138 were ST7 specific. The variation in gene content 
was modest and confined to the prophage and the genomic islands. 
The results suggest SNP analysis will provide an ultra-sensitive, reliable 
means of exploring B. henselae population structure and molecular epi-
demiology in the future. 

O019  FUNCTIONAL CHARACTERIzATION AND MOLECULAR 
CLONING OF MUTANT GENES IN TWO AnAplAsmA 
phAgOCytOphilum TRANSFORMANTS

Oliva Chávez A.S., Felsheim R.F., Herron M., Nelson C., Kurtti T.J., 
Munderloh U.G.

University of Minnesota, Department of Entomology, St. Paul, MN, 55108

Objectives: Anaplasma phagocytophilum (Ap), an obligate intracel-
lular bacterium, is the causative agent of Human Granulocytic Ana-
plasmosis, the second most commonly diagnosed tick-borne disease 
in USA. Ap differentially expresses certain proteins during infection of 
a specific host to survive in different environments from neutrophils 
in mammals to salivary gland cells in ticks. Therefore, differentially 
expressed proteins may be key for the infection of specific cell types. 
We previously reported the use of the Himar1-transposase system to 
randomly generate Apmutants (Abstract #120, 23rd ASR meeting). An 
o-methyltransferase (OMT) family 3 mutant demonstrated significantly 
reduced adhesion to and growth in tick cells, whereas insertion of the 
transposon into the hypothetical gene APH_0906 impaired replication 
in HL-60 cells. Nonetheless, these mutants still were able to infect mice. 

In order to facilitate tracking of these proteins during the course of in-
tracellular development, I have cloned and generated recombinant pro-
teins for immunization of mice.
Methods: Adherence of APH_0906 mutants to host cells was compared 
to wildtype bacteria using binding assays. Gene expression at different 
times was determined using qRT-PCR, using rpoB and msp5 genes as 
normalizers. Recombinant proteins were produced using the pET29b 
vector in BL21(D3) and Rosetta E. coli, and injected into mice to produce 
antiserum for immuno-fluorescence assays to determine the intracel-
lular localization of the proteins by confocal microscopy.
Results: Binding of APH0906 mutants to HL60 was slightly reduced 
compared to wildtype bacteria, however these mutants were not af-
fected to the same extend as reported for the OMT mutant. Expres-
sion of OMT in wild-type Ap increased 32 fold in ISE6 compared to 
HL60 cells at 2 hr pi and dropped to zero by 4 hrs. Transcription of 
APH_0906 in wild-type Ap was minimal during growth in ISE6 but 
up-regulated in HL60 cells, as reported earlier (Nelson et al. 2008). 
Recombinant proteins were successfully produced for both proteins. 
Localization experiments are in progress, and data will be presented 
at the meeting.
Conclusions: We propose that the disruption of infection in the OMT 
mutant is due to reduction in binding, while APH0906 may affect bacte-
rial replication within the vacuole.
Supported by NIH grant R01AI042792 to UGM.

O020  THE COxiEllA BuRnEtii DOT/ICM SYSTEM DELIVERS 
A UNIQUE REPERTOIRE OF TYPE IV EFFECTORS INTO 
HOST CELLS AND IS REQUIRED FOR INTRACELLULAR 
REPLICATION

Hayley Newton, Kim Carey, Craig Roy

Objectives: Coxiella burnetii, the causative agent of human Q fever, is 
an intracellular pathogen that replicates in an acidified vacuole derived 
from the host lysosomal network. This pathogen encodes a Dot/Icm 
type IV secretion system that delivers bacterial proteins called effectors 
to the host cytosol. This study aimed to identify novel C. burnetii Dot/
Icm effector proteins and address the importance of this secretion sys-
tem for intracellular replication.
Methods: To identify new effector proteins, the functionally analogous 
Legionella pneumophila Dot/Icm system was used in a genetic screen 
to identify fragments of C. burnetii genomic DNA that when fused ran-
domly to an adenylate cyclase reporter were capable of directing Dot/
Icm-dependent translocation of the fusion protein into mammalian 
host cells. Newly developed techniques of axenic culture and genetic 
manipulation were employed to isolate a transposon insertion muta-
tion in the dot/icm locus.
Results: The effector screen identified Dot/Icm effectors that were 
proteins unique to C. burnetii, having no overall sequence homology 
with L. pneumophila Dot/Icm effectors. Several of the effectors identi-
fied were categorized as pseudogenes in the genome of the reference 
strain C. burnetii RSA493 Nine Mile (NM). The pseudogene designation 
was based on the observation that these genes encode proteins that 
are predicted to be truncated prematurely in NM when compared 
to other strains of C. burnetii. Studies examining the localization and 
function of effectors in eukaryotic cells provided evidence that several 
of these proteins have an affinity for specific host organelles and can 
disrupt cellular functions. The identification of a transposon insertion 
mutation that disrupts the dot/icm locus was used to validate that this 
apparatus was essential for translocation of effectors. Importantly, 
this C. burnetii Dot/Icm deficient mutant was found to be defective for 
intracellular replication. Dot/Icm dependent translocation of several 
identified effector proteins was validated using a BlaM reporter assay 
during C. burnetii replication.
Conclusions: These data indicate that C. burnetii encodes a unique sub-
set of bacterial effector proteins translocated into host cells by the Dot/
Icm apparatus, and that the cumulative activities exerted by these ef-
fectors enables C. burnetii to successfully establish a niche inside mam-
malian cells that supports intracellular replication.
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O021  UTILITY OF FIVE PCR TARGETS FOR MOLECULAR 
DIAGNOSIS OF HUMAN RICKETTSIOSES

Santibáñez S., Portillo A., Santibáñez P., Ibarra V., Palomar A., Oteo JA.

Infectious Diseases Area, Hospital San Pedro-CIBIR, Logroño, Spain

Molecular methods based on PCR have enabled the development of 
sensitive, specific and rapid tools to detect rickettsiae in clinical sam-
ples. However, sensitivity and specificity of PCR assays frequently used 
for diagnosis in laboratory routine have not been previously evaluated.
Objective: To determine the sensitivity and specificity of rickettsial 16S 
rRNA, gltA, ompA, ompB and 17 kDa genes as PCR targets for molecu-
lar diagnosis of human rickettsioses in clinical samples (including ticks 
from patients who had developed illness).
Methods: We included 72 clinical samples (EDTA blood, skin biopsies 
and ticks) corresponding to 52 patients with molecular confirmed rick-
ettsioses. Single PCRs for 16S rRNA, gltA (5´end) and 17 kDa genes as well 
as nested PCRs for ompB and gltA (central region) and semi-nested PCR 
for ompA, were performed.
Results: Rickettsiae were detected in 13 (18.0%), 24 and 8 (33.3 and 
11.1%), 10 (13.8%), 17 (23.6%) and 10 samples (13.8%) when single-stage 
PCRs for 16S rRNA, gltA (5´end and central region), 17 kDa, ompB, and 
ompA were used, respectively. A total of 35 (48.6%) positive samples 
were obtained when semi-nested ompA PCRs were performed. Nested 
PCR assays using ompB and gltA (central region) as targets gave positive 
results for 60 (83.3%) and 42 samples (58.3%). The highest sensitivity 
(100%) was achieved using the three sequential PCRs (nested assays for 
ompB and gltA and semi-nested for ompA). According to the clinical syn-
drome of the patient, ompA was the most specific target for diagnosis.
Conclusions: ompB is the most sensitive target to detect Rickettsia spp. 
in clinical samples. The combination of three sequential PCRs for ompB, 
ompA and gltA represent a useful tool for the molecular diagnosis of hu-
man rickettsioses. The semi-nested ompA PCR is the most specific assay 
to detect rickettsiae in clinical samples, according to the clinical syn-
drome of the patient in the studied area. 16S rRNA and 17 kDa antigen 
genes are not good targets to detect Rickettsia spp. causing DEBONEL/
TIBOLA due to the lack of specificity.
Acknowledgements: Financial support was provided in part by a grant from 
“Instituto de Salud Carlos III” (EMER 07/033), Ministerio de Sanidad y Con-
sumo (Spain).

O022  GENOME ASSEMBLY, ANNOTATION AND 
COMPARISON OF THE SPOTTED FEVER RiCkEttsiA 
siBiRiCA COMPLEx

Erwin Sentausa, Khalid El Karkouri, Catherine Robert, Didier Raoult, 
Pierre-Edouard Fournier

Objectives: Rickettsia sibirica consists of two subspecies, R. sibirica 
subsp. sibirica, the causative agent of North Asian tick typhus in Siberia 
and western China, and R. sibirica subsp. mongolitimonae that causes 
lymphangitis-associated rickettsiosis in southern Europe and Africa. We 
sequenced and compared the genomes of R. sibirica sibirica BJ-90 and R. 
sibirica mongolitimonae to R. sibirica sibirica 246.
Methods: Genome sequencing was performed using the 454 GS FLX 
platform. Assembly was performed using the Newbler software. Con-
tigs were mapped against the R. conorii Malish 7 genome using Mauve. 
The protein-coding genes (CDS) were predicted using AMIGene. Func-
tional annotation of CDS was obtained by BLASTP comparison against 
the UniProt, NCBI/CDD, and SMART databases. RNA genes were iden-
tified by using tRNAScan-SE. Orthologous gene relationships among 
Rickettsia species were estimated by best reciprocal BLAST.
Results: The genomes of R. sibirica sibirica BJ-90 and R. sibirica mon-
golitimonae consist of 1,253,563 bases and 1,252,356 bases, coding for 
1,539 and 1,742 ORFs, respectively. The BJ-90 genome had 852 genes 
with known functions and 108 genes with unknown function. Of these, 
177 are split into 2 to 13 CDS. The genome also encodes 39 RNAs. We 
also included in the comparison the genome of R. sibirica sibirica 246 
(GenBank accession NZ_AABW00000000). This genome encodes 1,507 
CDS (850 genes with known functions and 260 with unknown functions, 
including 169 split into 2 to 14 CDS). The R. sibirica sibirica chromosomes 
exhibited an almost perfect colinearity with the R. conorii genome, with 

the exception of 81,449-bp and 83,311-bp inversions for strains BJ-90 
and 246, respectively. R. sibirica mongolitimonae was also colinear with 
R. conorii, with two inverted insertions of 3,773 bp and 15,857 bp.
Conclusions: Our results show a great genomic conservation within the 
R. sibirica species. These whole-genome draft sequences will facilitate 
additional bioinformatic and phylogenetic analyses.

O023  CLOSE ENCOUNTERS OF THE 4TH KIND: FINE-TUNING 
OF TYPE IV SECRETION SYSTEM DEFINES VIRULENCE 
OF EhRliChiA RuminAntium

Damien F. Meyer, Catherine Carasco-Lacombe, Remi Piquemal, 
Ludovic Pruneau, Loic Emboule, Valerie Pinarello, Dominique Martinez, 
Nathalie Vachiery, Thierry Lefrancois

Objectives: Ehrlichia ruminantium is an obligate intracellular bacterial 
pathogen responsible for heartwater, a fatal disease of ruminants. This 
bacterium harbors a type IV secretion system (T4SS) of the Dot/Icm fam-
ily that is believed to be essential for its virulence. Known protein sub-
strates of T4SS in the family Anaplasmataceae are secreted in the host 
cytoplasm and hijack host cell processes to facilitate infection. In order 
to better comprehend the host cell-bacterial interaction, we investigat-
ed the role of E. ruminantium T4SS at the molecular level.
Methods: In this study, we used qRT-PCR to determine the temporal 
expression pattern of genes encoding the T4SS of E. ruminantium. We 
further monitored the expression of the T4SS master regulatory gene 
and of some T4SS effectors (T4Es) coding genes. To mimic the different 
stages of infectivity, we performed our analyses on virulent and attenu-
ated strains all along E. ruminantium development cycle in-vitro and on 
the infectious form of the bacterium in-vivo.
Results: Despite the fact that attenuated strain of E. ruminantium is 
avirulent on animal, it grows faster than the virulent strain in-vitro. We 
reported a differential temporal expression of T4SS genes between 
virulent and attenuated strains in-vitro. We observed a constitutive 
transcription of T4SS regulatory gene in attenuated strain whereas it 
appears regulated in the virulent one. We showed differences in the 
transcription of T4Es between virulent and attenuated strains. In-vivo, 
we showed a strong expression of T4SS genes in the virulent strain 
associated with a strong bacteremia in the corresponding animals. 
We hypothesize that T4SS could promote intracellular growth of E. 
ruminantium attenuated strain in-vitro whereas it could impair its vir-
ulence by non-manipulating host immunity once inside the animal.
Conclusions: Our results are paradoxical and challenged the concept of 
attenuation built from laboratory bacterial strains. However, we begin 
to understand functional issues as E. ruminantium adapts to growth in 
the cytoplasm of bovine endothelial cells. Important puzzles remain to 
be solved before we fully grasp the function of T4SS and its effectors 
in the disease development. Further studies will help identifying E. ru-
minantium T4Es and understanding how they could collectively disable 
host innate immunity. 

O024  TICK CELL CULTURE ISOLATION AND GROWTH OF 
A RiCkEttsiA SP FROM DUTCH DERmACEntOR 
REtiCulAtus TICKS

MP. Alberdi,1 AM. Nijhof,2 F. Jongejan,2,3 L. Bell-Sakyi 1

1 The Roslin Institute and Royal (Dick) School of Veterinary Studies, University of 
Edinburgh, Easter Bush, Roslin, Midlothian EH25 9RG, UK

2 Utrecht Centre for Tick-borne Diseases, Faculty of Veterinary Medicine, Utrecht 
University, Yalelaan 1, 3584 CL Utrecht, The Netherlands

3 Department of Veterinary Tropical Diseases, Faculty of Veterinary Science, 
University of Pretoria, Private Bag X04, Onderstepoort 0110, South Africa

Objectives: Tick cell lines play an important role in research on ticks 
and tick-borne pathogenic and symbiotic microorganisms. In an at-
tempt to derive continuous Dermacentor reticulatus cell lines, primary 
cell cultures were set up from eggs laid by field ticks originally collected 
as unfed adults in The Netherlands. After several months, it became evi-
dent that cells in the primary cultures were infected with a Rickettsia-
like organism. The present study aimed to identify this bacterium and 
culture it continuously in one or more tick cell lines.
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Methods: D. reticulatus embryo-derived primary cell cultures were set 
up and maintained for up to 16 months. Supernatant medium containing 
some D. reticulatus cells was inoculated into cultures of two Rhipicephalus 
(Boophilus) microplus cell lines, BME/CTVM2 and BME/CTVM23. Bacterial 
growth was monitored by light (live inverted microscope, Giemsa-stained 
cytocentrifuge smears) and transmission electron microscopy. DNA was 
extracted from bacteria-infected and uninfected control cultures, and 
primers specific for Rickettsia 16S rRNA, ompB and sca4 genes were used 
to generate PCR products that were subsequently sequenced.
Results: At 7 months, Rickettsia-like intracellular bacteria were noticed 
in D. reticulatus primary cells. Abundant growth of the bacteria occurred 
intracellularly on transfer to both R. (B.) microplus cell lines at 14 months; 
the tick cells were destroyed by the infection, necessitating subculture 
onto fresh cells at 4-5 week intervals. Electron microscopy revealed 
heavy infection with typical intracytoplasmic Rickettsia-like bacteria, 
not present in uninfected cultures. Uninfected BME/CTVM2 and BME/
CTVM23 cells were negative by PCR with all three primer sets, while the 
D. reticulatus primary cultures and both infected tick cell lines were posi-
tive for all three Rickettsia genes. Sequencing of PCR products revealed 
98-100% identity with published Rickettsia raoultii sequences.
Conclusions: Primary tick cell cultures and cell lines are useful systems 
for isolation and propagation of fastidious tick-borne microorganisms. 
In vitro isolation of R. raoultii from Dutch D. reticulatus confirms previous 
PCR-based detection in field ticks, and presence of the bacteria in the 
tick eggs used to initiate the primary cultures confirms that transovarial 
transmission of this Rickettsia occurs. 

O025  IDENTIFICATION OF BARtOnEllA LIGANDS AND 
THEIR ERYTHROCYTIC RECEPTORS 

H. Deng, D. Le Rhun, E. Le Naour, M. Vayssier-Taussat

USC INRA Bartonella et tiques, ANSES, 94 700 Maisons-Alfort, France

Context: Bartonella species are small, fastidious, hemotropic gram-
negative vector borne bacteria. To date, at least 23 different species 
have been identified. Each species appears to be highly adapted to one 
or a limited number of reservoir hosts, in which Bartonella establishes a 
long-lasting intraerythrocytic bacteremia as the hallmark of infection. 
At least 13 species or subspecies of Bartonella have been associated 
with human disease such as cat scratch disease, endocarditis, fever, an-
giomatosis, and other varous symptoms. Recently, we have shown that 
host specificity was directly link to the capacity of one Bartonella sp. to 
recognize erythrocytes according to their animal origin. We identifed 
the Type IV SS Trw as the bacterial system involved in this recognition. 
The T4SS Trw loci contains 20 genes, among them, TrwJ, I, H and trwL are 
present in variable copy numbers in the different species and the mul-
tiple copies of trwL and trwJ in the Bartonella trw locus encode variant 
forms of surface-exposed pilus components.
Objectives: The aim of this study was to identify among trw genes, the 
ones involved in adhesion to erythrocyte and their erythrocytic receptor. 
Methods: Using different technologies allowing to identify protein in-
teractions (phage display experiments, recombinant protein binding 
assay, Western blot and FACS), we characterize which of the potential li-
gand candidates are able to bind to erythrocytes and their correspond-
ing erythrocyte receptors. 
Results: We found that TrwJ2 is able to bind to one of the major outer-
membrane protein of erythrocyte, Band3 (anion exchanger).
Conclusions: According to these results, we propose that initial anchor-
ing between Bartonella sp. and erythrocytes is mediated through at-
tachment between TrwJ2 and Band 3.

O026  COMPARISON OF RiCkEttsiAl SPECIES MOTILITY IN 
VERO CELLS USING LIVE CELL IMAGING

Michael J. Herron, Timothy J. Kurtti, Roderick F. Felsheim, 
Gerald D. Baldridge, Chan C. Heu, Nicole Y. Burkhardt, Ulrike G. Munderloh

Department of Entomology, University of Minnesota, St. Paul, Minnesota 55108

Objectives: Many cytosolic intracellular organisms such as Listeria, 
Shigella, and Rickettsia utilize cellular actin and ATP pools to provide 

propulsive structures for their impressive motility within the cytosol. 
While the molecular basis of this motility has been examined in detail, 
the role(s) of this phenomenon in rickettsial lifecycle and the patho-
genesis of infectious strains are poorly understood. We felt that an 
improved understanding of these aspects would be gained by com-
parison of the widely differing characteristics of rickettsial motility in 
related species.
Methods: We performed live cell imaging of a variety of rickettsial spe-
cies growing within the green monkey kidney epithelial Vero cell line. A 
stable Vero cell line expressing a mCherry-LifeAct fusion protein (Vero-
ChLA) was produced using a Sleeping Beauty transposon system. Vari-
ous rickettsia species were transformed to express GFPuv or mCherry 
using either the Himar transposon system or the newer high efficiency 
plasmid constructs based on pRAM18 of C. Rickettsia amblyommii. 
VeroChLA were seeded in MatTek glass bottom dishes and infected 
with cell free preparations of these bacteria. Motility was imaged us-
ing a widefield fluorescence timelapse imaging system. Parameters of 
motility were measured with the open source ImageJ image processing 
software.
Results: The mCherry-LifeAct fusion protein allowed visualization of 
the actin tails of the motile species. The expression of fluorescent pro-
tein in the rickettsia allowed visualization of nonmotile organisms and 
examination of the spatial relationship between bacteria and their actin 
tails. There were a wide variety of behaviors observed from immobile (R. 
felis), to strongly motile (R. parkeri). R. ambylomii frequently spin in one 
place, and R. bellii often formed clusters of bacteria. Actin tail(s) mor-
phology was also diverse. 
Conclusions: The diverse modes of observed rickettsial motility sug-
gest that actin based motility may serve differing roles in the lifecycles 
of these organisms.
Supported by NIH grants R01AI049424 and R01AI081690.

O027  ANTIBODIES AGAINST EhRliChiA ChAFFEEnsis 
TANDEM REPEAT PROTEINS LINEAR EPITOPES ARE 
PROTECTIVE

Jeeba A. Kuriakose, Xiaofeng Zhang, Tian Luo, Jere W. McBride

Department of Pathology, Center for Biodefense and Emerging Infectious 
Diseases, University of Texas Medical Branch, Galveston, TX-77555

Objectives: Passive transfer of antibodies against major outer mem-
brane protein (Omp-1) is protective against E. chaffeensis infection. 
However, the protective role of antibodies directed at other major 
immunoreactive proteins is unknown. We have previously identified, 
characterized and mapped the epitopes in a small subset of secreted 
ehrlichial tandem repeat proteins (TRP) that elicit a strong host anti-
body response. TRP32, TRP47 and TRP120 have a single major species-
specific continuous epitopes located in the tandem repeat regions. 
The objective of this study was to determine the protective capacity 
of antibodies directed at the major antibody epitopes within these 
TRPs. 
Methods: The prophylactic and therapeutic antibody protection was 
determined in vitro by treating DH82 cells with monospecific poly-
clonal rabbit IgG directed at TRP epitopes or control rabbit IgG prior 
to E. chaffeensis infection. To determine protection of TRP antisera dur-
ing infection, epitope specific immune mouse sera was administered 
to E. chaffeensis infected SCID mice at 10 day intervals. Bacterial loads 
were determined by quantitative realtime PCR of the dsb gene in DNA 
extracted from cells and tissue. 
Results: DH82 cells treated with purified TRP IgG prior to E. chaffeen-
sis infection had lower ehrlichial burden than cells treated with control 
rabbit IgG. Similarly, a significant reduction in the bacterial load was 
observed in the mice treated with TRP antisera when compared to PBS 
treated mice. Of the three antisera, TRP32 sera was the most protective 
in mice. In the TRP mouse sera used in these studies, IgG1 is the predom-
inant IgG subclass. It was also the predominant TRP epitope specific IgG 
subclass in the convalescent human sera that were tested.
Conclusions: These results demonstrate that TRP32, TRP47 and 
TRP120 antibodies are protective against E. chaffeensis infection. The 
identification of protective ehrlichial targets and their prophylactic 
and therapeutic properties is essential for understanding the molecu-
lar basis of immunity to Ehrlichia spp. and development of effective 
vaccines.
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O028  IMMUNE RESPONSE OF NON-HUMAN PRIMATES TO 
SCRUB TYPHUS VACCINE CANDIDATE, PKARP47

Suchismita Chattopadhyay, Ju Jiang, Esterlina Tan, Guillerma Lim, 
Eduardo dela Cruz, Jasmin Burgos, Rodolfo Abalos, Daniel Paris, 
Allen L. Richards

Naval Medical Research Center, Silver Spring, Maryland, USA
Leonard Wood Memorial Institute, Cebu, Philippines
Mahidol-Oxford Research Unit, Bangkok, Thailand

Objective: To determine if the DNA vaccine candidate-pKarp47 was im-
munogenic to Non-human primates.
Methods: pKarp47, a scrub typhus DNA plasmid vaccine encoding 
the Orientia tsutsugamushi Karp 47kDa/HtrA protein, has been shown 
to be immunogenic in CD-1 outbred mice. In addition, immunization 
with pKarp47 provides immunoprotection to CD-1 mice from challenge 
with Orientia tsutsugamushi. To determine if the DNA vaccine-pKarp47 
in the presence of the molecular adjuvant pGM-CSF (a plasmid encod-
ing Rhesus GM-CSF) would also be recognized in a non-human primate 
(NHP) model for scrub typhus, we immunized cynomolgous NHPs. In-
tramuscular immunizations with three doses of pKarp47 (2, 1 or 0.5 mg) 
and pGM-CSF at one-tenth the pKarp47 dose (i.e. 0.2, 0.1 or 0.05 mg) 
were given at three-week intervals and blood was obtained weekly to 
assess antigen-specific antibody levels and induced cytokine release by 
PBMCs using ELISA and ELISpot assays, respectively.
Results: Antibody levels to Kp r47 recombinant protein increased from 
non-detectable levels to titers of 1600 and 6400, as the number of im-
munizations increased. Kp r47 stimulated PBMCs from immunized NHPs 
released IFNg but not IL-4 or IL-13 in a dose dependent manner. Maxi-
mum levels of 69, 93, 152 spot forming units/106 PBMCs were detected 
after the third immunization with pKarp47 doses of 0.5, 1.0 and 2.0 mg/
NHP, respectively.
Conclusion: Immunization of cynomolgus NHPs similar to CD-1 out-
bred mice resulted in a strong immune response to the scrub typhus 
DNA vaccine candidate, pKarp47, producing both antigen-specific an-
tibodies and IFNg secreting PBMC in a dose dependent manner. This 
is the first evidence of the successful immunization of NHPs by a scrub 
typhus DNA vaccine.

O029  RESULTS OF FOUR YEARS OF VACCINATION 
WITH PHASE I COxiEllA BuRnEtii VACCINE IN A 
NATURALLY INFECTED DAIRY SHEEP FLOCK

Astobiza I., Barandika J.F., Ruiz-Fons F., Hurtado A., Povedano I., Juste R.A., 
García-Pérez A.L.

NEIKER- Instituto Vasco de Investigación y Desarrollo Agrario, Department of 
Animal health, 48160 Derio, Bizkaia, Spain

Objectives: This study was aimed at assessing the efficacy of phase I 
vaccine (Coxevac, phase I, CEVA Santé Animale) against Coxiella excre-
tion in a naturally infected dairy sheep flock in a four year period of vac-
cination.
Methods: A dairy sheep flock with history of abortions and with 
DNA of C. burnetii detected by PCR in BTM was analysed for antibod-
ies using ELISA test (LSI, France). A vaccination programme was then 
planned as follows: in the first year of vaccination, 75% of the flock 
was vaccinated leaving the remaining 25% as a control group. In the 
second year, all ewes were vaccinated and 50% of the yearlings were 
left as a control group. In the two following years, the whole flock was 
vaccinated. During the first and second year of vaccination, vaginal 
swabs, milk and faeces from 50-70 ewes were collected at monthly 
intervals from lambing until the end of milking. In the following re-
productive seasons (3rd and 4th year of vaccination), vaginal swabs and 
milk samples were collected from 50-70 ewes within 30 days post-
lambing. Air samples were taken from lambing until the end of lacta-
tion during all the reproductive seasons to monitor the presence of C. 
burnetii in aerosols indoors and outdoor animal premises. All samples 
(vaginal swabs, milk, faeces, and gelatine filters with aerosols) were 
analysed by PCR. In addition, serum samples from unvaccinated ewes 
were collected and analysed by ELISA to study seroconversion against 
C. burnetii.

Results: Flock seroprevalence was 56.6% (231/408) at the beginning 
of the experiment. The first season C. burnetii DNA shedding was high 
in vaginal fluids (43/55, 78.2%) and faeces (36/55, 65.5%), but lower in 
milk (14/55, 25.5%). No significant differences were observed between 
vaccinated and control ewes in terms of percentage of shedders. In 
the second reproductive season, only 3.4% of the ewes shed Coxiella 
by vaginal mucus and no seroconversion was observed in replacement 
ewe-lambs. Shedding was not detected in the last two reproductive 
seasons and, in the last year of vaccination, C. burnetii disappeared also 
from the environment.
Conclusions: At least four years of vaccination are needed to eliminate 
shedding of C. burnetii in a naturally infected dairy sheep flock.
Funding: INIA, FAU2006-00002-C04-01.

O030  ORiEntiA tsutsugAmushi EFFICIENTLY ESCAPES 
FROM MAMMALIAN AUTOPHAGY SYSTEM

Youngho Ko, Nam-Hyuk Cho, Myung-Sik Choi

Department of Microbiology and Immunology, Seoul National University 
College of Medicine, Seoul 110-799, Republic of Korea

Objectives: The degradation of undesirable cellular organelles or in-
vading microbes by autophagy is crucial for cell survival. In addition, 
autophagic degradation of intracellular bacteria could be linked to an-
tigen presentation to T cells and is important for eliminating the patho-
gens by innate and adaptive immunity. Here, we examine the interac-
tion of Orientia tsutsugamushi with autophagy in the non-phagocytic 
host cells. 
Methods: Non-phagocytic host cells including fibroblast, epithelial cell, 
and endothelial cells were infected with O. tsutsugamushi and examined 
for autophgy formation under the confocal microscopy. In addition, we 
also tested whether the enforced induction of autophagy by rapamycin 
could affect the bacterial survival within the host cells.
Results: O. tsutsugamushi was found to be able to escape au-
tophagy in various non-myeloid cells even though the intracellular 
pathogen could induce activation of autophagy system as early as 
0.5 h after infection. Autophagic responses after infection showed 
peak responses at 4 h after infection and returned to basal level 
after 6 h of infection. Interestingly, the intracellular bacteria were 
never colocalized with the activated autophagosomes through-
out the infection process. Furthermore, O. tsutsugamushi were 
not sequestered within autophagies even after the host cells were 
treated with rapamycin, a pharmacological inducer of autophagy 
formation. 
Conclusions: These results indicate that O. tsutsugamushi could ac-
tively escape from the autophagy system within non-phagocytic host 
cells and suggest that the intracellular pathogen may be equipped with 
bacterial machinery to evade the host autophagic recognition. 

O031  INTRACELLULAR LOCALIzATION AND ANTIBIOTIC 
SUSCEPTIBILITY OF DiplORiCkEttsiA mAssiliEnsis

Subramanian G., Barry A.O., Ghigo E., Raoult D., Mediannikov O.

Research Unit on Emerging Infectious and Tropical Diseases (URMITE), UMR 6236 
(CNRS-IRD UMR 198), Medicine Faculty, Marseille, France

Objectives: D. massiliensis is an obligate intracellular bacterium from 
the Coxiellaceae family recently isolated from Ixodes ricinus ticks. Our ob-
jective was to characterize its intracellular localization and to evaluate in 
vitro antibiotic susceptibilities. 
Methods: In our study, the inhibitory effects of antimicrobial agents 
were assessed by two different methods, Immunofluorescence and 
Gimenez staining assay. Different markers (EEA1, Lamp-1, capthepsin D 
and LysoTracker Red DND99) were used to reveal the nature of the vacu-
ole containing the bacterium. 
Results: Ciprofloxacin, levofloxacin and rifampin had MIC values of 2 
µg/ml. We found that 4 µg/ml of Doxycycline inhibited the growth of 
D. massiliensis strain. Surprisingly, D. massilensis was resistant to chlor-
amphenicol up to the concentration of 64 µg/ml. We found that Peni-
cillin G, Ammonium chloride, Gentamycin, Omeprazole, Bafilomycin 
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A1 and Chloroquine were not active against D. massilliensis. Studies 
performed with markers EEA1, Lamp-1, capthepsin D and LysoTracker 
Red DND99 showed that D. massiliensis is localized within an acidic 
compartment that is not an early phagosome, but a late phagosome 
or a phagolysosome. 
Conclusions: Gimenez staining stays a good method that will work 
with a very low number of bacteria and can be used to determine 
the MICs of new therapeutic antibiotics precisely. The resistance 
profile of D. massiliensis was found to be quite unusual for intracel-
lular Gram-negetive bacterium with marked resistance to chloram-
phenicol. Despite of localization in acidic compartment, pH-neu-
tralizing agents do not significantly inhibit intracellular growth of 
bacterium. The results of these studies prove that antibiotic resis-
tance does not depend on pH of vacuole. This pH- related mecha-
nism seems not to play a contributing role in the overall resistance 
of D. massiliensis. 

O032  SYSTEMIC CELLULAR IMMUNE RESPONSES TO 
RiCkEttsiA COnORii DIFFER BETWEEN DERMAL VS. 
INTRAVENOUS ROUTES OF INOCULATION AND ARE 
SUPPRESSED BY TLR4 IN INTRADERMAL INOCULATED 
MICE 

Claudio Mafra,1,2 Emily C. Crossley,1 Rong Fang,1 Thomas R. Shelite,1 
Donald Bouyer,1 David Walker 1

1 Center for Biodefense and Emerging Infectious Diseases, University of Texas 
Medical Branch, Galveston, TX, USA

2 Biochemistry and Molecular Biology Department, Federal University of Vicosa, 
MG, Brazil

Mediterranean spotted fever, also known as Boutonneuse fever, is 
caused by Rickettsia conorii; a Gram-negative bacterium transmitted 
by the dog tick Rhipicephalus sanguineus. This disease is characterized 
by disseminated endothelial infection and injury, cellular immune ac-
tivation, vascular lesions, which often cause meningoencephalitis and 
interstitial pneumonia. Although the natural transmission route of rick-
ettsial diseases is via skin, most of the previous animal models were es-
tablished by using intravenous (IV) inoculation. Until now the murine 
immune response to R. conorii by intradermal (ID) inoculation remains 
unknown. 
Objectives: In this study, we aimed to investigate the pathogenesis of 
rickettsial diseases by analyzing the murine adaptive T cell immune re-
sponse to R. conorii initiated by ID inoculation. 
Methods: Lymphocytes surface markers and intracellular molecules 
were measured by flow citometry in cells obtained from spleen, blood, 
axilar, submandibular and inguinal lymph nodes collected from C3H/
HeN and C3H/HeJ mice inoculated with R. conorii israelensis strain by 
ID or IV route. 
Results: We found that the bacterial burdens in tissues in R. conorii-
infected mice by ID inoculation were significantly lower compared to 
those by IV inoculation. The levels of TNF-α, IFN-g, and IL-4 secretion by 
CD4+ and CD8+ T cells in R. conorii infected mice by ID inoculation were 
significantly lower than those initiated by the same dose of rickettsiae 
via IV infection. Surprisingly, the frequency of TNF-α-producing-CD8+ T 
cells initiated by ID infection with R. conorii on day 9 post-inoculation 
was significantly reduced or suppressed in the draining lymph nodes of 
C3H/HeN mice compared to uninfected mice in response to polyclonal 
stimulation. Interestingly, this phenomenon was not observed in TLR4-
deficient mice infected with R. conorii in the same dose and route, which 
suggested TLR4 signaling mediated the suppressed production of TNF-α 
by CD8+ T cells. 
Conclusions: In conclusion, this study for the first time reported that 
ID inoculation of R. conorii in mice, which mimics the natural infection 
route of rickettsial diseases, induced a different quantity and quality of 
T cell cytokine profile from that of IV inoculated mice, and that TLR4 
plays a critical role in T cell suppression following dermal inoculation. 
Our findings suggested the design strategies of vaccine against rickett-
sial infection should avoid ID inoculation.
This work was supported by NIH (Project number 5R01AI021242-26). Dr. C. 
Mafra was recipient of a post-doctorate fellowship from Coordenadoria de 
Apoio ao Ensino Superior (CAPES) from Brazil.

O033  SPOTTED FEVER GROUP RiCkEttsiAE IN TICKS AND 
FLEAS FROM DEMOCRATIC REPUBLIC OF THE CONGO

Bernard Davoust,1,2 Cristina Socolovschi,2 Oleg Mediannikov,2 Léon Tshilolo,3 
Didier Raoult,2 Philippe Parola 2

1 Working Group on Animal Epidemiology, French Forces Health Service, 
Marseille, France

2 Research Unit on Emerging Infectious and Tropical Diseases (URMITE), UMR 
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3 Hospital Center Monkole, Kinshasa, Democratic Republic of the Congo

Objectives: Rickettsiae of spotted fever group (SFG) are known to be 
endemic in sub-Saharan African. In Democratic Republic of the Congo 
— virtually nothing is known of the prevalence of SFG Rickettsiae in 
ticks and fleas. The results of a molecular survey on ticks and fleas col-
lected from mammals and human in this country are presented here.
Methods and Results: In 2008, twelve ticks Aponomma exornatum were 
collected from three pangolins (Manis gigantea). Two Haemaphyalis 
punctaleachi ticks were collected on two African civet (Civettictis civetta 
congica), and one from one antelope (Onotragus leche). From 19 dogs, 111 
Rhipicephalus sanguineus ticks, 23 Ctenocephalides canis fleas, 39 Cteno-
cephalides felis fleas and five Trichodectes canis lice were sampled. One 
Ctenocephalides canis flea was collected from human. Total DNA sam-
ples were extracted from all ticks, fleas and lice. Each DNA samples was 
screened by gltA-based quantitative (q) PCR system for the detection 
of all rickettsial species. Tick DNA samples that tested positive by qPCR 
were confirmed using a standard PCR using primers which amplify a 
629–632-bp the OmpA gene. Amplified fragments were sequenced and 
compared to GenBank. Six of twelve A. exornatum ticks were positive for 
Rickettsial genus-specific qPCR. The following sequencing of PCR ompA 
gene amplicons from positive samples showed 100% homology with R. 
africae (Genbank accession number CP001612). A total nine Ct. canis fleas 
(39%, 9/23), 37 Ct. felis fleas (94.9%, 37/39) collected from dogs, and one 
Ct. canis flea collected from human were found to harbor R. felis. 
Conclusions: This study reports the first detection of rickettsioses of spot-
ted fever group in ticks and fleas collected in RDC. R. africae, the agent of 
African tick bite fever, is transmitted by Amblyomma genus ticks in rural 
sub-Saharan Africa and the French West Indies. It is the first time that R. 
africae is detected I tick of the genus Aponomma, and in ticks removed from 
Pangolin. A. exornatum is distributed in savannah, forest savannah and 
rainforest habitats throughout Africa. Principle hosts are reptiles, primar-
ily monitor lizards (genus Varanus), although records of collection from 
mammal and bird hosts do exist. Very little is known about the life cycle of 
this species. More works need to study the role of vector and/or reservoir 
of these ticks. In Africa, Human infection with R. felis, the ubiquitous infec-
tious agent of flea-borne spotted fever, was recently described in Senegal 
and Kenya. The prevalence of R. felis in fleas collected in dog in DRC is 
very high; moreover the flea collected in human was also positive. Future 
studies of rickettsioses should be done to assess the epidemiologic and 
clinical relevance of these diseases in this region.

O034  TIDEWATER SPOTTED FEVER: DETECTION OF 
RiCkEttsiA PARKERI IN GULF COAST TICKS, 
SOUTHEASTERN VIRGINIA 

Holly Gaff, Wayne Hynes, Ju Jiang, Robyn Nadolny, Allen Richards, 
Daniel Sonenshine, Chelsea Wright

Objectives: The purpose of this ongoing research is to collect data on 
tick and tick-borne pathogen populations in southeastern Virginia to 
use for creating mathematical models of tick-borne pathogens and the 
diseases they cause. This information will allow us to better understand 
tick-borne pathogen dynamics and to assess risk of tick-borne disease. 
Methods: Questing A. maculatum ticks were collected from May to 
August 2010 at three separate locations in the southeastern portion of 
Virginia by dragging a cloth flag through vegetated areas. DNA from 
individual ticks was extracted and tested by real-time PCR for Rickettsia 
parkeri and Rickettsia spp. DNA. Representative samples positive for R. 
parkeri were confirmed by sequencing. 
Results: We report for the first time evidence of an established popula-
tion of A. maculatum in southeastern Virginia. We found that 43.1% of 
the adult and 66.7% of the nymphal Gulf Coast ticks collected in the 
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summer of 2010 carried R. parkeri. Additionally, we found one adult A. 
maculatum to be infected with Candidatus Rickettsia andeanae, a rick-
ettsia of unknown pathogenicity previously found in Peru. 
Conclusion: The presence of such high numbers of A. maculatum sug-
gests that this tick is now established in Virginia. Additionally, the in-
fection rate of R. parkeri in adult Gulf Coast ticks collected in this study 
(43.1%) is higher than any previous reports of R. parkeri from the United 
States. The newfound presence of A. maculatum coupled with the high 
infectivity rate of R. parkeri suggests that people living in or visiting 
southeastern Virginia are at risk of contracting Tidewater spotted fever.

O035  RiCkEttsiA OF ETHIOPIAN ARgAs pERsiCus 
ETHIOPIAN SOFT TICKS

Sally Cutler,1 Vera Pader,1 Ron Cutler,2 Haileyesus Adamu,3 
Alemseged Abdissa,3 Tadele Tolosa,3 Abebaw Gashaw 3

1 University of East London, London, UK
2 Queen Mary’s University of London, London, UK
3Jimma University, Jimma, Ethiopia

Objective: To investigate the role of Argas persicus as a vector for Rick-
ettsia species.
Background: Argas persicus have a worldwide distribution, particularly 
effecting warmer regions. They are known vectors of avian spirochaet-
osis caused by Borrelia anserina and more recently, have been described 
as harbouring other potential pathogens ranging from Mycobacteria, 
Mycoplasma, Pasteurella, Salmonella and West Nile virus. Primarily feed-
ing from poultry, they result in anaemia, anorexia and decreased egg 
productivity, thus economically important where poultry are important 
as a source of protein. We describe a village in Ethiopia where an over-
whelming abundance of A. persicus was evident. 
Methods: Ticks were recovered from cracks and crevices around the vil-
lage particularly under the bark or trees in areas where livestock were 
kept, but also within traditional human dwellings were the occupants 
reported regular bites during the night. These were stored in guani-
dine hydrochloride and transported under license to the UK. DNA was 
extracted using DNeasy kits. Preliminary screening used a real-time 
PCR for citrate synthase. A human-specific PCR for mitochondrial cy-
tochrome b was used to detect human blood. To further characterise 
these, we applied a multi-gene sequencing approach.
Results: Among 40 DNA extracted pools, 28 (70%) were positive for 
Rickettsia citrate synthase gene. PCR for human-specific mitochondrial 
cytochrome b confirmed presence of human blood in two pools. Am-
plicons were successfully produced from dnaK and sequence analysis 
revealed a homogeneous sequence distinct from those existing in Gen-
Bank. Blast searches showed closest homology with R. felis and R. akari 
suggesting the rickettsial species present is likely to belong to the tran-
sitional rickettsial group. 
Conclusions: Soft ticks have previously been reported to harbour R. 
hoogstraalii and related species, however little sequence data currently 
exists. Whether these have a pathogenic or endosymbiont role remains 
to be elucidated. The regular exposure of the human population to Rick-
ettsial antigens is likely to complicate use of conventional serological 
diagnostics in this population.

O036  RiCkEttsiA slOvACA IN DERmACEntOR mARginAtus 
TICKS, ALGERIA

Tahar Kernif,1,2 Philippe Parola,2 Didier Raoult,2 Idir Bitam 1

1 Service d’Ecologie et des Systèmes Vectoriels, Institut Pasteur d’Algérie, Algiers, 
Algeria

2 URMITE, UMR CNRS-IRD 6236, WHO Collaborative Centre for Rickettsial Diseases 
and Other Arthropod-borne Bacterial Diseases, Faculté de Médecine, Marseille, 
France

Background: Rickettsia slovaca, is member of the spotted fever 
group (SFG) rickettsiae which was first isolated from D. marginatus 
ticks in Slovakia in 1968, and was described as a causative agent of 
tick-borne lymphadenopathy (TIBOLA) of human in 1997. It has never 

been identified in Algeria although potential vetors are prevalent in 
some areas of the country. 
Methods: We used the flag technique on the vegetation close to the 
road in order to capture ticks in the mountains of Blida region (Chréa 
Mountain), Northern Algeria. A total of nine Dermacentor marginatus 
were collected in February 2006. These specimens were tested by 7900 
HT Fast quantitative Real-Time PCR (qPCR) System for the presence of 
Rickettsia spp. DNA using primers and Taqman probes targeting a par-
tial sequence of the citrate synthase gltA (RKND03). Positive samples 
obtained by qPCR were confirmed using standard PCR and sequencing 
of gene gltA and OmpA. 
Results: Four ticks out of 9 (44.44%) were tested positive by qPCR and 
the sequence analyses identified them as R. slovaca. 
Conclusions: The mountain of Chréa (Blida - Algeria) is visited through 
over the year for skiing in winter and hiking by tourist and a risk to be 
bitten by D. marginatus ticks carrying R. slovaca is possible. The present 
study gave evidence of the existence of R. slovaca in ticks from Algeria. 
Therefore, clinicians should made attention with the number of rickett-
siosis cases accompanied by lymphadenopathy from Algeria. 

O037  RiCkEttsiA RAOultii IN DERmACEntOR REtiCulAtus 
TICKS FROM CROATIA

Cristina Socolovschi,1 Dragutin Golubic,2 Boris Dzelalija,3 Didier Raoult,1 
Philippe Parola 1

1 Unité de Recherche en Maladies Infectieuses et Tropicales Emergentes 
(URMITE), UMR CNRS-IRD 6236, WHO Collaborative Center for Rickettsial 
Diseases and Other Arthropod-borne Bacterial Diseases, Marseille, France

2 Department of Infectology and Allergology, County Hospital Cakovec, 
I.G.Kovacica 1e, 40000 Cakovec, Croatia

3 Department of Infectology, Zadar General Hospital, B. Pericica 5, 23000 Zadar, 
Croatia

Objective: In Croatia, R. helvetica and R. slovaca have been recently de-
tected in D. reticulatus ticks. Also R. hoogstraalii has been detected in 
Haemaphysalis sulcata in this country. The aim of this study was to de-
tect rickettsial agents in Croatian ticks and establish laboratory colonies 
of infected ticks. 
Methods: Using the cloth-dragging method, during April–May 2007, 
159 adult D. reticulatus ticks and 9 Ixodes sp. ticks were collected from 
meadows in 2 different locations near Cakovec, in the central part of 
Medjimurje County. Alive ticks were sent to Unité des Rickettsies, Mar-
seille, France. Ticks were stored in environmental incubators at 20°C 
and 85% RH with a day/night photoperiod of 16:8 (L:D) h. Ten females 
and ten males were placed on a New Zealand White rabbit (Oryctola-
gus cuniculus), that was used as the host for the blood meal. After they 
laid eggs, DNA was extracted from each engorged female tick and all 
other tick samples. DNA samples were tested by quantitative (q)PCR for 
rickettsial gltA. DNA of positive samples was tested by standard PCR as-
says incorporating the primers of ompA gene. Larvae and subsequently 
nymphs of one infected and non-infected tick were placed on rab-
bits. The next generation of infected female ticks (larvae, nymphs and 
adults) were tested by PCR and sequencing.
Results: A total of 39 of 89 D. reticulatus ticks (44%) were positive by 
qPCR for gltA gene, presented in all Rickettsiae. R. raoultii was identified 
on the basis of a 99.84% similarity (630/631) in ompA nucleotide se-
quence (HM161789). Four successive generations were obtained from 
aD. reticulatus infected female. Non-infected tick colonies were also 
maintained.
Conclusions: Our data showed the presence of R. raoultii for the first 
time in D. reticulatus collected in Croatia. This infectious agent was de-
tected in several European countries: France, Russia, Poland, Slovakia, 
Spain, Portugal, Germany, UK, Italy and the Netherlands. R. raoultii has 
been found in D. marginatus, D. reticulatus, D. silvarum, and D. nuttalii. 
This agent causes a SENLAT syndrome: scalp eschar and nech lymph-
adenopathy after tick bite. The Croatian physicians need to be aware of 
presence of this disease in this area.
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P001� �SEROLOGICAL SURVEYS AND GENETIC DIVERSITIES 
OF A. phAgCytOphium IN FARMER POPULATION 
AND DOMESTIC ANIMALS IN ANHUI PROVINCE

Shi-wen WANG,1 Yong-gen ZHANG,2 Hui-lan YU,1 Yong-lin SHI,2 
Li-xia ZHANG,1 Ming-hua CAO,2 Ling MEI,3 Gao-rong HUA,4 Ling-fu YAO,5 
Li-juan ZHANG 1

1 National Institute of Communicable Disease Control and Prevention, China CDC, 
Beijing 102206, China

2 Centers for Disease Control and Prevention of Anhui Province, Hefei 650022, 
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3 Guangde County Centers for Disease Control and Prevention, Guangde 242200, 
Anhui, China

4 Huaiyuan County Centers for Disease Control and Prevention, Huaiyuan 233400, 
Anhui, China

5 Mingguang Centers for Disease Control and Prevention, Mingguang 239400, 
Anhui, China

Objective: In 2006, an unusual nosocomial human to human transmis-
sion of human granulocytic anaplasmosis (HGA) occurred in Anhui prov-
ince. In this event, a cluster of cases including 4 health care workers and 
5 family members were infected with HGA because of contacting with 
the index patient’s blood and respiratory secretions. As a result of these 
events, an investigation to assess the seroepidemiologic status of Ana-
plasmosis among farmers and domestic animals and molecular epidemi-
ological characterize of 16SrRNA gene of A. phagcytophium in Guangde 
County where the index patient lived and Huaiyuan County and Ming-
guang city in Anhui Province was undertaken from April to May, 2009.
Methods: Seroprevalence of IgG antibody against A. phagcytophium for 
farmers and goats, dogs and ox were assayed by IFA. 16SrRNA genes of A. 
phagcytophium in blood samples of domestic animals were amplified by 
using nested PCR and genetic diversities of 16SrRNA genes were analyzed. 
Results: The total positive rates of IgG antibody against A. phagcy-
tophium for farmers in 3 survey Counties were 34.9% and the positive 
rates in Guangde County, Mingguang Ccity and Huanyuan County were 
77.4%, 54.9% and 10.3% respectively. For domestic animals, the total 
seroprevalence in dogs, goats and ox were 33.3%, 0.76% and 0. Posi-
tive rates of amplifying 16SrRNA gene of A. phagcytophium for blood 
samples from of goat, dogs and ox were 33.33%, 25.00% and 0 respec-
tively. Genetic diversity analyzed showed there were two genotypes of 
A. phagcytophium in the study. One was classified in Guangde County 
located in the southeast of Anhui Province, in which the Nosocomial 
human granulocytic outbreak of Anaplasmosis in 2006 existed and the 
other was gathered in the north Huaiyuan County. The genotypes of A. 
phagcytophium in Mingguang City located in Mideast of Anhui Province 
were mixed of above two groups.
Conclusions: Prevalence of A. phagcytophium in farmers and domes-
tic animals in Anhui Province were common and there are two genetic 
groups of A. phagcytophium in these areas. Diagnose and differential 
diagnose of zoonotic “rickettsial” infection should be emphysized in 
clinical practice.
This study was supported by the National Basic Research Program of China 
(973 Program) 2010CB530200(2010CB530206).

P002  SEROLOGICAL INVESTIGATION OF R. typhi ON 
FARMERS AND DOMESTIC ANIMALS IN YUNNAN 
PROVINCE, CHINA

Juan LI,1 Xiao-Feng ZENG,2 Wen XU,1 Chang-Wei LIANG,3 Hui-Lan YU,3 
Li-Juan ZHANG 3
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Objectives: Epidemic typhus caused by R. prowazekii and endemic typhus 
caused by R. typhi have been listed the second degree infectious diseases 
according to the law of control and prevention for infectious diseases since 

the new People’s Republic of China in 1949. Local outbreaks of endemic 
typhus have not been suspended although outbreaks of epidemic typhus 
are rare in China. Total three larger outbreaks of endemic typhus, which 
involved in ten thousand peoples, happened since new China was estab-
lished and each involved in Yunnan Province because of high density of 
wild mouse in this areas. However, systemic epidemic data on endemic ty-
phus are very limited. In order to investigate the seroprevalence of R. typhi, 
we conducted a broad serological survey of R. typhi on farmer population 
and domestic animals in Yunnan Province in March, 2009.
Methods: A total of 237 adult farmer sera (aged from 14 to 82), 81 chil-
dren sera (aged from 4 to 6 years old ) and 270 animal sera (90 dogs, 90 
ox and 90 goats) were collected from Xundian Country, Yulong Country 
and Simao Country. IgM and IgG antibodies of R. typhi were examined 
by using immunofluorescence assays (IFA). Samples reactive above the 
1:80 and 1:40 screening dilution were deemed positive.
Results: The total IgG seroepidemiologic rates of R. typhi for adult farm-
ers was 16.46% and that of children was 12.35%. The total IgG positive 
rate of R. typhi for 3 species of animals was 61.48%. Among these ani-
mals, the goats shared the highest IgG positive rates of R. typhi (75.76%). 
Similar seroepidemiologic features were found in the results of IgM an-
tibodies assays.
Conclusions: R. typhi infection of farm population and domestic ani-
mals are common in Yunnan Province, and active surveillance of rickett-
siosis and differential diagnosis of unknown febrile patients in clinical 
practice should be enforced. 

P003  SEROEPIDEMIOLOGY OF E. ChAFFEEnsis AND 
A. phAgOCytOphilum AMONG FARM WORKER 
POPULATIONS AND DIVERGENCE OF  
A. phAgOCytOphilum AMONG DOMESTIC ANIMALS 
IN THE BEIJING AREA, CHINA

Xiu-chun ZHANG,1 Li-xia ZHANG,2 Wei-hong LI,1 Shi-wen WANG,2 
Yu-lan SUN,1 Yuan-yuan WANG,2 Zeng-zhi GUAN,1 Xiu-jun LIU,3 
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Objective: Human granulocytic anaplasmosis (HGA) and monocytic 
ehrlichiosis (HME) are emerging tick-borne rickettsial diseases (TBRD) 
caused by the obligate intracellular bacteria Anaplasma phagocytophi-
lum and Ehrlichia chaffeensis respectively. To investigation of seroepide-
miology of E. chaffeensis and A. phagocytophilum among farm worker 
populations and divergence of A. phagocytophilum among domestic 
animals in the Beijing suburb area, China, filed epidemiological surveys 
were performed during April to May, 2009. 
Methods: Yanqing County, Miyun County and Tongzhou district, which 
located in the northwest, northeast and southeast of Beijing respec-
tively, were selected because of special geographic characterize with 
mountains and forests and famous traveling areas. 562 farmers and 
their domestic animals including 90 goats, 73 ox and 2 dogs were ran-
domly recruited based on the registered residences and blood samples 
of farmer population and animals were collected. Specificity antibody 
against E. chaffeensis and A. phagocytophilum were assayed by micro-
indirect immumofluorescent assay (IFA). Blood DNA from domestic 
animals were extracted and 16SrRNA genes of A. phagocytophilum were 
amplified by nested PCR and their genetic divergences were analyzed. 
Results: The total positive rates of IgG antibodies against E. chaffeensis 
and A. phagocytophilum in farmer’s population were 16.48% and 13.98% 
respectively. The total positive rates of IgG antibodies against A. phago-
cytophilum in goats, ox and dogs were 2.3%,0 and 0 respectively. The 
positive rates of amplifying 16SrRNA genes of A. phagocytophilum from 
blood samples of goats and ox were 48.89% and 23.94%. 3 major epide-
miological strains of A. phagocytophilum were detected in goats and ox, 
and these genotypes were broadly distributed other regions of China 
and other Asian countries including Japan and Korea. 
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Conclusions: Farmers infection with E. chaffeensis and A. phagocyto-
philum and domestic animals infection with A. phagocytophilum were 
common in Beijing suburb areas. Diagnose and differential diagnose of 
Anaplasmosis and Ehrichiosis should be emphasized on clinics and fur-
ther ecology investigation of vectors and hosts of E. chaffeensis and A. 
phagocytophilum in Beijing areas and study on the divergence of these 
emerging bacteria should be performed.
This study was supported by the National Basic Research Program of 
China (973 Program) 2010CB530200(2010CB530206) and National Key Sci-
ence and Technology Projects of China (Project no.2008ZX10004-008 and 
2009ZX10004-203).

P004  SEROLOGICAL INVESTIGATION OF RiCkEttsiA typhi, 
BARtOnEllA hEnsElAE, ORiEntiA tsutsugAmushi 
OF FARMERS IN TIANJIN RURAL AREAS DURING 2007 
TO 2009

ZHANG Ying,1 YU Hui-lan,2 ZHANG Zhi-lun,1 WANG Shi-Wen,2 YIN Jie-ying,1 
LIANG Chang-wei,2,3 LU Jie,1 ZHAO Jing-bo,3 ZHANG Li-juan2

1 Center for Disease Control and Prevention, Tianjin 300011, China
2 National Institute of Communicable Disease Control and Prevention, China CDC
3School of Public Health, Harbin Medical University 

Objective: Recently, unknown febrile farmer patients increase in hospi-
tals in Tianjin suburb areas during spring and summer seasons. In 2006, 
we performed a serosurveys for Anaplasma phagocytophilum, Coxiella 
burnetii, Bartonella henselae and Rickettsia typhi in 365 high-risk individ-
uals from eight rural communities of Tianjin city, China. The seropreva-
lences of R. typhi (18.75%) and B. henselae (22.92%) in Tanggu were sig-
nificant higher than other rickettsia. We proposed this was related with 
high density of mouse. To investigate seroepidemiological situation of 
Rickettsia (R.) typhi, Bartonella (B.) henselae, Orientia (O.) tsutsugamushi of 
farmers in Tianjin rural areas and provide scientific data for prevention 
and control of rickettsial diseases, we continuous to investigate sero-
epidemiology situation of R. typhi, B. henselae and O. tsutsugamushi in 
Tianjin suburb areas during 2007 to 2009. 
Methods: Field epidemiological surveys were performed in 8 districts 
and 1 County of Tianjin city from 2007 to 2009. 886 farmers were ran-
domly recruited and their serum samples were collected for detecting 
specific antibodies of R. typhi, B. henselae and O. tsutsugamushi by micro-
indirect immunoflorescence (IFA). 
Results: The total antibody positive rates of R. typhi increased from 5% 
to 58.2%, B. henselae increased from 2.6% to 14.5%, O. tsutsugamushi 
increased 1.8% to 39.8%. Geographic distribution analysis showed that 
seroepimiological rates of farmer’s population in central and southeast 
areas in which altitude is lower were higher than that of other areas. 
Conclusions: Infection of R. typhi, B. henselae and O. tsutsugamushi of 
farmers in Tianjin suburb areas were popular and the seroprevalence of 
R. typhi, B. henselae and O. tsutsugamushi increased year by year. These 
trends might be involved endemic outbreaks of these rickettsial diseas-
es in these areas and especially transmission to aboard by international 
freight Transport in Tianjin Port. Differential diagnosis for ricketssial dis-
eases should be emphasized in clinical practice and active investigation 
of these ricketssioses and take effective measures for prevention and 
control of Rickettsioses in Tianjin areas should be performed. 
This work was supported by grants from the National Key Science and Tech-
nology Projects of China (No. 2009ZX10004-203) and (No. 2008ZX10004-
008); the National Basic Research Program of China (973 Program) 
2010CB530200(2010CB530206).

P005  EPIDEMIOLOGICAL SURVEYS OF Q FEVER IN YILI 
REGIONS OF xINJIANG PROVINCE 

De-sheng FAN,* Qi-yi XU, Hui-lan YU, Yong PENG, Shi-wen WANG, 
Li-juan ZHANG

* YiLi Prefecture Center for Disease Control and Prevention, YiLi 835000, China

Objective: Q Fever is a worldwide zoonoses caused by Coxiella burneti. 
YiLi regions locate in the northwest of Xinjiang Province which is the 
biggest province of China. The local residences are mainly composed 

of several minority nationalities including Kazakhs, Uyghur and Muslim 
and the livelihood of farmers and nomads also live on raising livestock 
and digging herbs and moving about in search of pasture are their life-
styles, which increase livelihood vulnerability and sensitive to various 
infectious diseases especially zoonoses. Previously data indicated that 
there were prevalence of Q fever in the south regions of Xinjiang Prov-
ince. In order to understand seroepidemiological situation of Coxiella 
burneti in farmers and domestic animals in YiLi regions of Xinjiang Prov-
ince, a field epidemiological investigation was performed during May 
15 to 21, 2009. 
Methods: Twenty four sera from patients with unknown febrile and 
eighty five from domestic animals including fifty eight goats, sixteen 
ox and eleven horse were obtained and IgM and IgG antibodies against 
Coxiella burneti were detected by micro-indirect immunofluorescence 
assays (IFA). Diagnose reagents were purchased from Focus Company.
Results: Four cases of acute Q fever and two cases with chronic Q fever 
or convalescence were diagnosed. For animals, 75.44% goats were posi-
tive for IgM I phase antibody and 57.89% goats were positive for I phase 
IgG antibody. Ten goats with acute infection by Coxiella burneti and two 
goats with chronic infection were identified.
Coclusions: Prevalence of Q fever in farmers and nomads and domes-
tic animals were demonstrated in YiLi regions of Xinjiang Province. 
Further and broad epidemiological surveys and necessary prevention 
and control methods should be conducted in these regions. Differen-
tial diagnose of unknown febrile patients in clinics should be empha-
sized. 

P006  IS MURINE TYPHUS REEMERGING IN HOMELESS 
POPULATION IN MARSEILLES? 

H. Hajji, S. Badiaga, S. Benkouiten, D. Raoult, P. Brouqui

URMITE, CNRS-IRD, UMR 6236-198 Marseilles, France

Urban homeless can be exposed to various infectious diseases 
due to their poor living conditions. The lack of hygiene enables 
the spread of ectoparasites and arthropods such as rat flea, Xeno-
psylla cheopis the agent of murine typhus. In previous studies con-
ducted between 2000 and 2004, 5 over 930 Marseille’s homeless 
(0.54%) had significant antibody titers against Rickettsia typhi. In 
February 2010 in a new snapshot intervention, 170 homeless peo-
ple from 2 shelters in Marseille were enrolled. Volunteers were 
interviewed, examined and sampled for blood and sera. 149 sera 
samples were tested by immunofluorescence for typhus group 
Rickettsia and positives were confirmed by Western blot and cross 
adsorption. A Polymerase Chain Reaction (PCR) was performed on 
those positive for IgM. Among the tested homeless, 14% (21/149) 
had positive micro fluorescence antibodies for murine typhus 
rickettsia confirmed by Western blot and by cross adsorption for 
3 of them. Serological tests related that 20 were positive in IgG 
antibodies and 1 for IgM antibodies for which the rickettsia PCR 
was negative in the early phase serum. On the 21 positive people, 
7 (33.3%) were native from metropolitan France, 6 (28.6%) from 
North Africa, 5 from Eastern Europe and 3 from black Africa. Only 
5/21 certified returning in their native country. Seroprevalence of 
murine typhus had significantly increased in homeless people in 
2010 (14.1%) comparing to 2005 (0.54%) and might be the sign of 
previously not recorded small outbreaks in the homeless popula-
tion of Marseille.

P007   Q FEVER IN PREGNANCY - TWO OUTBREAKS IN 
GERMANY 

K. Boden, A. Brückmann, C. Wagner-Wiening, K. Henning, E. Straube, 
D. Theegarten

Objectives: The objectives of this study were to evaluate the mater-
nofetal consequences of Coxiella burnetii infection during pregnancy 
and the performance of comprehensive screening of pregnant women 
during an outbreak.
Methods: Active case finding was carried out in pregnant women 
during two big Q fever outbreaks in Germany. The first outbreak 
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happened in 2003 in a farmers’ market in Soest with 299 reported 
cases and the second in 2005 in a densely populated area of Jena 
with 331 reported cases. Screening was performed by indirect im-
munofluorescent antibody detection (Bios/Focus) in serum. Placen-
tal tissue, amniotic fluid and colostrum/milk were screened by PCR 
in antibody-positive women. Placentas from the women engaged in 
the outbreak in Soest were additionally tested by cell culture. Data of 
reported deliveries from women resident in the outbreak area Jena 
within nine months after exposure were provided by the local reg-
istration office.
Results: 93 pregnant women were screened in total (Soest: 11, Jena: 
82) and 52 deliveries were reported from the outbreak area Jena within 
nine months. Only 14 of them (27%) were screened for Q fever. In elev-
en women antibodies consistent with an acute infection were found. 
Ten of them were included in the study with time of infection between 
the 9th week and the 38th week of pregnancy. One woman received the 
recommended long-term cotrimoxazole therapy and another woman 
clarithromycin until delivery. Only one woman became symptomatic 
(10%). With the exception of one premature delivery at the 35th week of 
gestation (3250 g) all pregnancies were normal. PCR on seven accessible 
placentas were all negative.
Conclusions: Despite optimal conditions for screening in the Jena out-
break situation with a well defined geographical area, known time of 
exposure, fast recognition of the problem and information of the public 
and free testing, a very low rate of pregnant women were accessible 
for screening. In the pregnant women accessible for testing we could 
confirm the low rate of clinically manifest infection reported in the lit-
erature. The high complication rate of Q fever in pregnancy could not 
be observed.
Support by Grant 01KI0730 from the Federal Ministry of Education and Re-
search.

P008  TARGETED CASE-FINDING PROGRAM FOR PATIENTS 
WITH AN AORTIC ANEURYSM, VASCULAR AND/
OR HEART VALVE PROSTHESES DURING Q FEVER 
EPIDEMIC

Rutger Stokmans, Joep Teijink, Jeroen Tjhie, Marjolijn Wegdam Blans

Objectives: In the region of Southeast Brabant of the Netherlands 
about 500 patients are diagnosed with acute Q fever during the Q 
fever epidemic. Clinical symptoms only occur in 40% of the patients. 
Therefore the actual number of infections will be much higher. Both 
asymptomatic as symptomatic acute Q fever cases are at risk for 
chronic infection. Morbidity and mortality are related to the time of 
diagnosis. Known risk factors for developing chronic infections are 
heartvalve prostheses, vascular prostheses and aortic aneurysm. 
Until September 2010, 17 patients were diagnosed with chronic Q 
fever in our region, mostly vascular infections. 5 patients died on 
treatment. 15 patients were not known with a previous acute Q fever 
syndrome. Given the seriousness of this disease and lack seropreva-
lence data, a screening program was started for patients at risk for 
chronic Q fever. 
Methods: From September 2010 patients with an aortic aneurysm, 
heart valve or vascular prosthesis were asked to donate blood for sero-
logical testing for Coxiella burnetii antibodies. IgG antibodies were mea-
sured using immunofluorescence assay (Focus Diagnostics). Patients 
were classified as negative (IgG I and II <1:32), past infection (IgG I and/
or IgG II ≥1:32 but <1:1024) or chronic infection (IgG I ≥1:1024). Acquisi-
tion of patients took place in four hospitals in the region. 
Results: After 4 months 432 patients were screened (322 surgical and 
110 cardiological patients). Antibodies against Coxiella burnetii were 
measured in 40 patients (9,3%). Past infection was found in 34 and 
chronic infection was diagnosed in 6 patients. These were all male with 
a vascular prosthesis (n = 4) or a heart valve prosthesis (n = 2). Clinical 
and biological abnormalities of the infected patients were summarily. 
Patients with past infection are serological monitored three monthly 
since. 
Conclusions: These first results show that the seroprevalence in the 
tested patient population at risk for chronic Q fever in Southeast Bra-
bant is 9,3%. Further serological monitoring should reveal whether pa-
tients with an aneurysm, a vascular or heart valve prosthesis are at risk 
for reactivation after a past infection. All six chronic patients found by 
screening were asymptomatic.

P009  COxiEllA BuRnEtii VAGINAL SHEDDING AND 
ANTIBODY RESPONSES IN DAIRY GOAT HERDS IN  
A CONTExT OF CLINICAL Q FEVER OUTBREAKS

De Cremoux R., Rousset E., Touratier A., Audusseau G., Nicollet Ph., David V., 
Le Pape M.

Objectives: Given the lack of reliable data on numbers of Coxiella bur-
netii (Cb) discharges by ruminants, this study was aimed at describing 
goats responses to Q fever infection in an abortive context, in terms of 
both antibody and especially shedding levels.
Material and Methods: A follow-up study was conducted on 1083 
dairy goats (589 kids and 494 does) distributed in three herds experi-
encing Q fever abortion waves. Seroprevalence of Cb infection and vagi-
nal bacterial shedding were investigated using ELISA (cut-off >40% OD) 
and real-time qPCR assays (LSI), respectively.
Results: At the end of the outbreaks, a global seroprevalence of 45.0% was 
found. Vaginal shedding levels above 104 Cb/swab were showed in 42.3% 
of the whole population. Frequency of seronegative non-shedder animals 
was low (31.2%), this susceptible status being predominantly amongst kids 
(94.7%). Shedding level rose above 106 Cb/swab for 90.9% and 30.8% of 
aborted and normally delivered goats, respectively. Most of non-shedder 
females (78.8%) were also seronegative and 91.2% of shedders exceeding 
106 Cb/swab were seropositive. Nevertheless, at least 43.3% of seronega-
tive goats shed bacteria. Moreover, statistical relationship between quan-
titative serological and shedding results was not observed among non-
susceptible animals. The subsequent farrowing period was characterized 
by a significant reduction in the number of clinical cases. Females that had 
already aborted were more likely than others to present new clinical signs 
(abortion, neonatal mortality, birth of weak kids) attributed or not to Q fe-
ver. According to initially non-susceptible and susceptible status, the shed-
ding levels means among primiparous and multiparous females were 4.5 
versus 6.5 and 3.2 versus 3.5 log10 Cb/swab, respectively.
Conclusions: In an abortive context in goats, antibody response is not 
an indicator for shedding at individual level. These results suggest that 
diagnosis should be based on qPCR analysis, serology being helpful 
solely at group level. Q fever outbreaks were associated with massive 
shedding. At the subsequent kidding season, despite a reduced number 
of clinical signs, shedding was still high, particularly for primiparous does 
comprising mostly the newly infected animals. Shedding dynamics and 
magnitude highlighted the importance of prevention measures directed 
to control the pre-herd status and the environmental contamination.

P010  NO EVIDENCE OF BARtOnEllA quintAnA BUT 
DETECTION OF ACinEtOBACtER BAumAnnii FROM 
HEAD LICE OF ELEMENTARY SCHOOLCHILDREN IN PARIS

Sophie Bouvresse,1* Cristina Socolovshi,2* Zohra Berdjane,3 Rémy Durand,3 
Arezki Izri,3 Didier Raoult,2 Olivier Chosidow,1# Philippe Brouqui 2#

1 Université Paris-Est Créteil Val de Marne and Assistance Publique - Hôpitaux de 
Paris, Department of Dermatology, Hôpital Henri Mondor, 94010 Créteil, France

2 Unité des Rickettsies, CNRS UMR 6020, IFR 48, WHO Collaborative Center for 
Rickettsial Reference and Research, Faculté de Médecine, Marseille, France

3 Department of Parasitology and Mycology, Hôpital Avicenne, 93009 Bobigny 
Cedex, France

*Equally contributed
#Equally contributed

Objectives: Human body louse is currently recognized as a vector of 
Rickettsia prowazekii, Borrelia recurrentis, and Bartonella quintana. Previ-
ous studies also reported the isolation of Acinetobacter baumannii from 
the body lice of homeless patients. Recently, the presence of Bartonella 
quintana has been demonstrated in head lice of homeless and in Nepal-
ese slum children. The aim of the study was to investigate the presence 
of Bartonella quintana and Acinetobacter baumannii in head lice isolated 
from schooolchildren in Paris.
Methods: An epidemiological survey was conducted between 2008 and 
2009 in order to study the prevalence of insecticide-resistant head lice in 
Paris. Among 345 elementary schools in Paris, 74 schools distributed in the 
20 districts of Paris were visited. After a first visual examination, children 
with suspected pediculosis were systematically combed with fine-tooth 
comb to collect live lice. A maximum of 30 lice per infested child was frozen 
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at -80°C. Some lice were randomly selected and their DNA was individu-
ally extracted. Randomly selected DNA samples were sent to the Unité des 
Rickettsies where molecular studies were performed in order to detect Bar-
tonella quintana and Acinetobacter baumannii by specific quantitative real-
time PCR targeting a fragment of yopP gene and rpoB gene, respectively. 
Results: During the study, 754 infested children were identified. Among 
more than 6300 head lice stored, 670 had undergone DNA extraction. A 
collection of 288 DNA samples were studied in the Unité des Rickettsies. 
Bartonella quintana was not detected in any lice. Acinetobacter bauman-
nii was detected in 95 DNA samples (95/288, 33%).
Conclusions: The analysis of 287 DNA samples extracted from head lice 
of Parisian schoolchildren showed no evidence of Bartonella quintana. 
The presence of Acinetobacter baumannii in head lice collected from Pa-
risians pupils raises the question of its pathogenicity and transmission 
to schoolchildren.
Supported by grants from Société Française de dermatologie (2006) and 
Mairie de Paris (2007).

P011  SEROLOGICAL SURVEY OF TICK BORNE DISEASES IN 
DOGS AND HORSES OF RURAL AND URBAN AREAS OF 
SOUTHERN BRAzIL – PRELIMINARY DATA

Rafael F.C. Vieira,1 Thállitha S.W.J. Vieira,1 Denise A.G. Nascimento,1 
Kátia Tamekuni,1 Roberta S. Toledo,1 Marcela R. Gasparini,1 
Adriana L. M. Coelho,1 Mary Marcondes,2 Alexander W. Biondo,3 
Ramaswamy Chandrashekar,4 Odilon Vidotto 1

1 Universidade Estadual de Londrina
2 Universidade Estadual Paulista Aracatuba
3 Universidade Federal do Parana, Brazil
4Idexx Laboratories Inc., USA

Objectives: Domestic animals may be used as sentinels for evidence of 
current or past infection in a given geographic area, helping to deter-
mine the local risk level of tick-borne diseases (TBDs) agents for human 
beings. Accordingly, the aim was to determine the seroprevalence of 
TBDs in dogs and horses from a rural settlement and an urban area of 
Paraná State, Southern Brazil. 
Methods: Blood samples from a total of 70 dogs and 19 horses from a 
settlement located on the rural area (RA) and 68 dogs and 26 horses from 
the urban area (UA) of Londrina city were analyzed for the presence of 
anti-E. canis, anti-A. phagocytophilum and anti-B. burgdorferi antibodies, 
using a commercial rapid ELISA test (SNAP 4Dx, IDEXX Laboratories). 
Results: Dogs from the RA and UA were respectively seropositive for: E. 
canis in 18/70 (25.7%) and 44/68 (64.7%), and A. phagocytophilum in 2/70 
(2.9%) and 17/68 (25%). B. burgdorferi antibodies were not found in dogs 
of both locations. There were 16/19 (84.2%) and 19/26 (73.1%) horses 
seropositive for E. canis in the RA and UA, respectively. Only 1/19 (5.3%) 
horse was seropositive for B. burgdorferi at the UA. A. phagocytophilum 
antibodies were not found in horses of both locations. Rhipicephalus 
sanguineus and Amblyomma cajennense were the most common ticks 
found in dogs and horses of the RA and UA, respectively. Dogs living in 
the UA were 5.2 times more likely to be serologically positive for E. canis 
(95% CI = 2.5-11.0) and 11.3 times more likely to be serologically positive 
for A. phagocytophilum (95% CI = 2.5-51.2) than those living in the RA.
Conclusions: The results for E. canis infection found in horses may be due 
to other Ehrlichia species as result of kit cross-reactivity between E. canis and 
E. chaffeensis, and A. phagocytophilum and A. platys. Our group is currently 
performing a molecular approach to better characterize the TBDs agents in 
the studied population to fully establish these preliminary serological find-
ings. The commercial kit successfully screened dog and horse populations.

P012  RiCkEttsiA slOvACA IN DOMESTIC RUMINANTS: 
A SEROLOGICAL SURVEY

Ortuño A.,1 Pons I.,2,3 Anton E.,2,3 Gil A.,4 Castellà J.,1 Segura F.2,3 

1  Departament de Sanitat i Anatomia Animals, Facultat de Veterinària, Universitat 
Autònoma de Barcelona, Barcelona, Spain

2 Corporació Sanitària Parc Taulí, Sabadell, Spain 
3 Departament de Medicina, Universitat Autònoma de Barcelona, Barcelona, Spain
4 Departament d’Agricultura, Alimentació i Acció Rural, Generalitat de Catalunya 

Objectives: Rickettsia slovaca causes tick-borne lymphadenopathy, a rela-
tively mild rickettsiosis. The eco-epidemiology of this rickettsiosis is still not 
clarified. In our area, Dermacentor marginatus constitutes the most impor-
tant tick vector. This tick specie fed on mammals, especially ungulates, such 
as wild boar and domestic ungulates (small ruminants and cows). Although 
wild boar could play a role as a tick-infected carrier, to our knowledge, it’s 
unkown which epidemiologic role could play domestic ungulates. 
Methods: Sera sample were collected from sheeps, goats and bullfight-
ing cattle in March, 2008. Just grazing livestock was selected for sam-
pling since this condition ensures a close contact to the environment 
and increases the risk to tick contact. Immunoglobulin G was measured 
by indirect immunofluorescence assay. Titers ≥1/40 were considered. 
Results: Seroprevalence of R. slovaca was 15.7% (n=95) in sheeps, 20.8% 
(n=91) in goats and 65% (n=100) in bullfighting cattle. Just 2 sheeps, 3 
goats and 4 bullfighting cattle showed antibody titers ≥1: 320. Results 
will be discussed. 
Conclusions: Seroprevalence to R. slovaca in bullfighting cattle was high-
er than in sheeps and goats. It could be suggested that habitat may be 
an important factor to take into account; sheeps and goats live in grazing 
land which is not a proper habitat for D. marginatus while bullfighting cat-
tle live in the forest and share the same areas than wild boar, considered a 
tick trophic support for D. marginatus and an infected-tick carrier.

P013  SEROLOGICAL DETECTION AND MOLECULAR 
CHARACTERIzATION OF ANAPLASMATACEAE 
AGENTS IN BRAzILIAN MARSH DEER (BlAstOCERus 
DiChOtOmus)

Sacchi A.B.V., André M.R., Duarte J.M.B., Machado R.Z.

Anaplasmataceae organisms comprise a group of obligately intracellular 
gram-negative bacteria that can infect both animals and humans. The 
present work aimed to characterize the presence of Anaplasmataceae 
agents DNA (Ehrlichia, Anaplasma and Neorickettsia species) in marsh deer 
(B. dichotomus) blood samples, using molecular techniques (PCR and phy-
logenetic analysis based on 16SrRNA, dsb, and groESL genes), as well as 
studying the prevalence of antibodies to E. chaffeensis and A. phagocyto-
philum using the Indirect Immunofluorescence Assay (IFA). Deers (n=143) 
were captured during the development of the Marsh Deer Project (1998 to 
2002) in the flood area of the Porto Primavera Hydroelectric Power Plant, 
in Parana River, and divided in four sub-populations according to the lo-
cal and moment of the capture, in areas denominated MS01, MS02 (Mato 
Grosso do Sul, before and after flood respectively), PX (Peixe’s River, after 
flood) and AGUA (Aguapeí River, after flood). The frequency of antibod-
ies to E. chaffeensis and A. phagocytophilum were 76.76% and 20.2% in 
MS01, 88.88% and 22.22% in PX, 88.88% and 5.55% in MS02, and 94.12% 
and 5.88% in AGUA, respectively. Sixty-one animals (42.65%) were posi-
tive for E. chaffeensis PCR, 38 (38.38%) from MS01, 4 (44.44%) from PX, 12 
from MS02 (66.66%) and 7 (41.18%) from AGUA. Amplicons showed 100% 
of similarity with E. chaffeensis from Argentina and United States (Gen-
bank access EU826516 and AF416764, respectively), and was in the same 
clade than E. chaffeensis in phylogenetic analysis based on rrs, dsb and 
groESL genes. Seventy deers (48.95%) were positive for Anaplasma sp.: 51 
(51.51%) from MS01, 12 (66.66%) from MS02, 7 (41.18%) from AGUA, and 0 
from PX. Amplicons showed 99% of similarity to A. platys (Genbank access 
EU439943) and were in the same clade than A. phagocytophilum, A. bovis 
and A. platys on rrs phylogenetic analysis. Phylogenetic analysis of 550 bp 
of rrs was not sufficiently robust to differentiate among Anaplasma spp. 
in sampled deers. The results demonstrated that the Brazilian marsh deer 
has been exposed to E. chaffeensis and Anaplasma sp. More studies should 
be done aiming to verify if Brazilian marsh deers may act as reservoirs for 
these both agents.

P014  MOLECULAR CHARACTERIzATION OF BARtOnEllA 
SPP. IN CATS FROM SÃO PAULO AND MARANHÃO 
STATES, BRAzIL

De Bortoli C.P., André M.R., Diniz P.P.V.P., Seki M.C., Braga M.S.C.O., 
Pinto A.A., Machado R.Z.

Bartonella spp. are small, vector-transmitted Gram-negative bacteria, 
that appear to be well-adapted to survival in mammalian reservoir hosts. 
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Prolonged bacteremia in clinically normal reservoir hosts is considered 
common. Cats are the primary mammalian reservoirs for important zoo-
notic species, named B. henselae, B. clarridgeiae and possibly B. koehlerae. 
Few reports of molecular characterization of Bartonella species found in 
domestic cats have been done in from Brazil. The present work aimed to 
characterize the presence of Bartonella DNA in domestic cat blood sam-
ples from Jaboticabal, SP, and São Luís, MA, Brazil. EDTA-blood samples 
were collected from 46 domestic cats during a castration campaign in 
Jaboticabal, SP, and from 200 cats with outdoor access in São Luís, MA, 
Brazil. DNA was extracted from 200 µL of whole blood using a commer-
cial kit, according to the manufacturer’s instructions. PCR assays were 
performed based on ITS (16S-23S ribosomal RNA intergenic space), and 
pap31 and rpoB genes. Purified amplified DNA fragments from positive 
samples were submitted for sequence confirmation in an automatic se-
quencer. Comparisons with sequences deposited in GenBank were done 
using the basic local alignment search tool (BLAST). Six cats (3%) from São 
Luís and two (4.3%) from Jaboticabal were positive for Bartonella hense-
lae. Only one cat (0.5%) from São Luís was positive for B. clarridgeiae. Do-
mestic felines in Brazil may act as reservoirs for, at least, two Bartonella 
zoonotic species, and may play an important role on the bartonellosis’s 
epidemiology.

P015  RiCkEttsiA AND COxiEllA INFECTION AS CAUSATIVE 
AGENTS OF FEVER OF INTERMEDIATE DURATION

Fernández-Muro M., Metola L., Ibarra V., Sanz M., Blanco JR., Oteo JA.

Área de Enfermedades Infecciosas, Hospital San Pedro-CIBIR, Logroño, Spain

Background: Fever of Intermediate Duration (FID) is a well defined clin-
ical entity differenced from other conditions and characterized by fever 
higher than 38°C lasting 7 to 28 days, which remains without diagnosis 
after diagnostic procedure consisted in anamnesis, physical examina-
tion, hemogram, serum creatinine, urine analysis and chest X-ray. 
Objective: To evaluate the etiologies of FID in a prospective study car-
ried out between January 2005 to August 2008 and January to July 2010 
in an Infectious Diseases (ID) Service in Spain.
Inclusion Criteria: All patients older than 14 years with the following 
FID criteria were included: a) fever higher than 38ºC, without focal ori-
gin, with a duration between 1 and 4 weeks, b) no previous hospital 
admission or health care-related attention, c) no underlying immuno-
deficiency or any chronic disease which could cause fever, d) no diag-
nosis after an initial clinical evaluation, hemogram, urinary sediment, 
serum creatinine levels and chest X-ray. Patients with previously known 
HIV infection, intravenous drug users (IDU), immigrants with less than a 
year of residence in Spain or people who had travelled abroad in previ-
ous 6 months, were excluded.
Study Protocol and Variables: A basic evaluation was performed includ-
ing demographic data, full anamnesis, clinical signs, symptoms and micro-
biological studies (blood and urine cultures, Brucella spp, Coxiella burnetti, 
Anaplasma phagocytophilum, Rickettsia typhi, R. conorii, Epstein-Barr virus, 
Parvovirus B-19, CMV and VIH serological assays). Besides, we performed 
an universal 16sPCR in blood and other specific analyses when suspected. 
Results: 103 patients were included (average age 42.8). Male 62%. We 
attributed an ID cause in 73% of the FDI (70.7% bacteria and 29.3% viral), 
5% were non infectious (neoplasm, conectivopathy) and 22% unknown. 
Among the bacterial etiologies the most frequent diagnose were Medi-
terranean spotted fever (33%) and Q fever (14.66%). Other bacterial in-
fections were tularemia and murine typhus with 1 case. CMV disease 
(13.33%) and Epstein-Barr (9.33%) were the most frequent viral infec-
tions, followed by parvovirus B-19 and HIV acute infection.
Conclusions: Rickettsia and Coxiella infections are the most important 
etiological agents of FID in our study. A strategy using empirical doxyci-
cline could be appropriate since it is effective in most patients. 

P016  CO-INFECTION OF BANK VOLES (myODEs 
glAREOlus) BY BARtOnEllA SPP. AND BORREliA 
BuRgDORFERi SL IN FRANCE

E. Vaumourin,1,2 JP. Buffet,1 S. Masséglia,2 E. Marcheteau,1 M. Marsot,2,3 
JL. Chapuis,3 B. Pisanu,3 E. Ferquel,4 L. Halos,5 P. Gasqui,2 G. Vourc’h,2 
M. Vayssier-Taussat 1

1 USC INRA, Bartonella and Ticks, Anses, 94 700 Maisons-Alfort
2 Unité d’Epidémiologie Animale (UR346), INRA, 63122 Saint Genès Champanelle
3 Muséum National d’Histoire Naturelle, Département Ecologie et Gestion de la 
Biodiversité, UMR 7204 MNHN-CNRS-P6, CP 53, 75231 Paris Cedex 05, France

4 Institut Pasteur, Centre National de Référence des Borrelia, 75724 Paris Cedex 
15, France

5 Mérial, Lyon

Background: Co-infection by several pathogens is the rule rather than 
the exception in nature. These co-infections can result from interac-
tion between pathogens, either direct (via infection of the same tissue 
or cells) or indirect (via the immune response). Describing and under-
standing the factors that influence pathogen association is therefore 
crucial to explain the epidemiology of diseases. Rodents are reservoirs 
for numerous pathogens. Among those, two vector borne pathogens 
are important either because of their prevalence or of their impact on 
human health: Bartonella spp, that are transmitted mainly by fleas and 
probably by ticks, and the tick-borne Borrelia burdgorferi sl that are re-
sponsible of Lyme disease in humans. 
Objective: The objective of our research is to study co-infections of 
Bartonella spp. and B. burgdorferi sl in one of their common hosts, the 
bank voles (Myodes glareolus), to (1) identify whether any associations 
exist between them and (2) identify factors influencing the association.
Methods: Between 2006 et 2009, 650 bank voles were captured in a for-
est near Paris, France (Sénart forest). B. burgdorferi sl and Bartonella spp 
were detected by PCR from ears and spleen respectively, and bacterial 
species identified by sequencing. Data were analysed using general lin-
ear models. We estimated the infection prevalence and tested the fac-
tors influencing the prevalence using Generalized Linear Models (GLM).
Results: B. burgdorferi sl and Bartonella spp. were detected respectively 
in 20% and 63% of individuals. Co-infections rates, factors influencing 
infections and co-infections are currently analysed.
Conclusions: This study will demonstrate whether interactions between 
Bartonella and B. burgdorferi sl exists in their natural hosts and whether 
these interactions could have an impact on human infection risks.

P017  THE ROLE OF WILDLIFE IN MAINTENANCE OF THE 
RiCkEttsiA hElvEtiCA LIFE CYCLE

S. Speck,1 P. Scheid,2 L. Perseke,3 C.A. Szentiks,4 G. Dobler 1

1 Department of Virology and Rickettsiology, Bundeswehr Institute of 
Microbiology, Munich, Germany

2 Laboratory of Medical Parasitology, Central Institute of the Bundeswehr Medical 
Service Koblenz, Koblenz, Germany

3 Department of Ecology and Parasitology, Zoological Institute 1, University of 
Karlsruhe, Karlsruhe, Germany

4 Leibniz Institute for Zoo and Wildlife Research, 10315 Berlin, Germany

Objectives: So far, the role of vertebrate hosts in the maintenance of 
Rickettsia spp. in nature is not completely known. To gain more informa-
tion about native wildlife putatively involved in the Rickettsia life cycle, 
we collected and investigated (ecto)parasites from European hedge-
hog, roe deer, red deer, red fox, raccoon, raccoon dog, mink, badger, 
European brown hare, and wild boar.
Methods: Ticks (I. ricinus, n=1306; I. hexagonus, n=555), fleas (n=53), lice 
(n=134), louse flies (n=40), and deer botfly larva (n=38) were investigat-
ed for the presence of Rickettsia by real-time PCR targeting the citrate 
synthase gene (gltA). DNA was extracted using the MagNA Pure System 
(Roche). Collected ticks included all developmental stages. Adult ticks 
and fleas were processed individually, other samples were treated in 
pools of up to 10. DNA from collective tissue samples of deceased hedge-
hogs were investigated in addition whenever possible. Rickettsia species 
determination was carried out by sequence analysis of the ompB gene. 
Results: Rickettsia-DNA was detected in ticks, fleas, and deer botfly lar-
va. 67% of the hedgehogs, 58% of the roe deer, and 40% of the raccoon 
dogs harboured Rickettsia PCR-positive ticks. Rickettsia helvetica was the 
only rickettisal species detected. The minimum infection rates differed 
between developmental stages of ticks and between ticks from different 
hosts. Tissue samples from European hedgehogs also tested positive. 
Conclusions: These results indicate that R. helvetica is maintained in 
selected parasites from small mammals and wild ungulates and that Eu-
ropean hedgehogs seem to play an important role as maintenance or 
amplifying hosts indicated by Rickettsia-positive tissue samples. 
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P018  RiCkEttsiA typhi AND RiCkEttsiA FElis IN CATS 
FROM NORTHEAST OF SPAIN

MªMercedes Nogueras,1 Immaculada Pons,1,2 Júlia Pla,3 Ana Ortuño,4 
Jaime Miret,5 Ferran Segura 1,2
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Objectives: Rickettsia typhi is the etiological agent of Murine Typhus 
(MT). Rickettsia felis produces flea-borne spotted fever, a clinical syn-
drome indistinguishable from MT. Evidences of both infections in hu-
mans have been observed in Spain. Both microorganisms are trans-
mitted to humans from an animal reservoir by fleas. In Spain, R. typhi 
infection has been showed in rodents, dogs, sheep, and fleas; and R. felis 
have been found in dogs and fleas. The aim of this study was to deter-
mine the prevalence of both in cat population from Northeast of Spain.
Methods: Samples (serum, EDTA-blood) of 221 cats were collected 
from Veterinary clinics, shelter, and street (January 2001 to March 2009). 
Age, sex, municipality, living place, healthy status, contact with animals, 
and ectoparasites infestation were surveyed. IgG was measured by IFA 
in sera. Titers ≥1/64 were considered positive. Statistical analysis was 
performed using Chi-square, and Fisher exact test. A p<0.05 was con-
sidered significant. Molecular detection was carried out by quantitative 
real-time PCR using ompB gene (R. typhi-specific PCR assay and R. felis-
specific PCR assay) in EDTA-blood. PCR products were sequenced. 
Results: 31 (14.03%) samples only had antibodies against Rickettsia ty-
phi (titers, 27: 1/64; 3: 1/128). 10 (4.6%) samples were found with antibod-
ies reactive with Rickettsia felis (titers, 9: 1/64; 1: 1/256). 5 (2.3%) cats pre-
sented antibodies against both microorganism (titers, 5: 1/64 vs. 1/64). 
There were no significant association between seropositivity and any 
of the items studied. ompB R. typhi-specific PCR assay was performed 
in 23 seropositive cats and 23 seronegative cats. 5 seropositive cats 
presented positive results. Two of them corresponded to cats with anti-
bodies against both R. typhi and R. felis. Sequenced obtained were equal 
among them and those of R. typhi in Genbank. ompB R. felis-specific PCR 
assay was conducted in 15 seropositive cats and 19 seronegative cats. 
No sample was positive. Considering serological and molecular results, 
33 (14.9%) cats were positive to R. typhi and 10 (4.6%) were positive to R. 
felis. In three cases, specie could not be known.
Conclusions: We present evidence of R. typhi and R. felis among cats 
from Northeast of Spain.

P019  A NEW CASE OF Q FEVER OSTEOMYELITIS

Merhej Vicky,1,2 Tattevin Pierre,3 Revest Matthieu,3 Le Touvet Bastien,3 
Raoult Didier1,2

1 URMITE CNRS-IRD UMR 6236 IFR48, Faculty of Medicine, University of the 
Mediterranean, Marseille, France

2 Department of Infectious Disease, La Timone Hospital, Marseille, France
3 Infectious Diseases and Intensive Care Unit, Pontchaillou University Hospital, 
Rennes, France

Background: Q fever is a worldwide zoonosis caused by Coxiella bur-
netii. The clinical manifestations of Q fever include endocarditis, pneu-
monitis and hepatitis. Awareness of the disease and evolving diagnostic 
tests have enabled the recognition of unusual manifestations. We re-
port a case of Q fever osteomyelitis.
Case Presentation: A 51-year-old patient was admitted for osteo-
myelitis. His past medical story included surgery and bone-grafting 
for the treatment of a giant cell tumor of the distal part of the fe-
mur. On admission, he reported a one-year history of asthenia, leg 
weakness, and fever. Blood sedimentation rate and C reactive pro-
tein were elevated. Blood cultures and culture of bone biopsy were 
negative. Bone histological examination was consistent with a sub-
acute or chronic inflammatory reaction with foci of epitheloid and 

gigantocellular infiltrates and necrosis. Serology testings revealed 
high antibody titers to C. burnetii antigens (phase I: IgG 6,400; IgA 
200; phase II: IgG 800; IgA 400), indicative of chronic Q fever. The 
specific Polymerase Chain Reaction (PCR) in bone biopsy was posi-
tive for C. burnetii. The patient was treated for chronic Q fever by 
doxycycline and hydrochloroquine during 18 months and recovered 
gradually without recurrence of pain or functional impairment (3 
months follow-up).
Conclusions: Q fever osteomyelitis is a rare and likely underestimated 
disease. Histological analysis and culture-negative of bone specimens 
should raise suspicion of Q fever. Serological screening, specific PCR and 
cell culture provide evidence of C. burnetii infection. Although bone dif-
fusion may be an issue, currently recommended treatment of Q fever 
was effective in this observation.

P020  PREVALENCE OF TICK-BORNE PATHOGENS IN 
HEALTHY DOGS FROM FRANCE

JP. Buffet,1 S. Le Poder,2 F. Fauquet,1 E. Marcheteau,1 M. Vayssier-Taussat,1 
L. Halos 3

1 UMR BIPAR-USC INRA Bartonella et Tiques, ANSES, 94700 Maisons-Alfort, France
2 UMR Virologie, INRA-ANSES-ENVA, 94700 Maisons-Alfort, France
3 MERIAL, Lyon, France

Background: Canine tick-borne diseases comprise a group of infec-
tious diseases caused by diverse pathogens (mainly bacteria and proto-
zoa), which constitute an emerging public health concern for pet dogs 
and their owners worldwide. Here, we assess the prevalence of 4 groups 
of tick-borne pathogens, ie, Rickettsia sp. Babesia-Theileria sp., Ehrlichia/
Anaplasma sp. and Bartonella spp., in healthy dogs from a suburban 
area, Paris and its environs where ticks are known to be present. 
Method: One hundred and thirty nine healthy dogs visiting vaccination 
service of National Veterinary School of Alfort from February to June 
2010 have been enrolled in this study. After giving their consent, the 
dog owners responded to a questionnaire concerning tick and flea bites 
history of their dogs, ectoparasiticide treatments and walking frequen-
cy in woods. Dog blood was then sampled, blood DNA was extracted 
and specific DNA from the 4 groups of pathogens have been amplified 
by PCR using specific primers and species has been further identified 
by sequencing. 
Results: Half of the dogs have been found to be infested by ticks or fleas 
at least ones in their life and 84% of dogs received a regular ectopara-
siticide treatment. No DNA from Bartonella spp., Borrelia burgdorferi s.l., 
Anaplasma spp., and Babesia-Theileria spp. was detected in the blood 
of the dogs, while Rickettsia spp. specific DNA was detected in 2 dogs 
(1.43%), Species are being currently identified by sequencing. These 2 
infected dogs both received regular ectoparasiticide treatments and 
were 4 and 7 years old respectively. Their owners did not remember to 
have found ticks in these 2 dogs recently.
Conclusions: Data generated in this study demonstrate that Rickettsia 
spp. are present in 1,43% of French dogs even if they received regular 
ectoparasiticide treatment while none of the other tick-borne patho-
gens has been detected in the same cohort. Considering the growing 
impact of tick-borne rickettsial pathogens on human health, our study 
enlightens the need for renewed vigilance in monitoring human and 
canine populations.

P021  SEROLOGICAL STUDY OF PATIENTS WITH 
PERSISTENCE FEVER FROM SRI LANKA

Emmanouil Angelakis,1 Anne Bregliano,1 Veranja Liyanapathirana, 
Vasanthi Thevanesam, Christina Socolovschi,1 Pierre Edouard Fournier,1 
Philippe Parola,1 Didier Raoult 1

1 Université de la Méditerranée, URMITE UMR 6236, CNRS-IRD, Faculté de 
Médecine et de Pharmacie, 13385 Marseille cedex 05, France

Background: In Sri Lanka several outbreaks of suspected rickettsial 
infections have been described the last years. Scrub typhus is widely 
distributed in Asia and Sri Lanka is described as one risk area for local 
population and travelers. Moreover, although cases of Q fever have 
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not been described in people from Sri Lanka, sero-epidemiological 
study in dogs, crows and goats identified the presence of antibodies 
against Coxiella burnetii. The objective of this study was to analyze a 
large number of patients with persistent fever from the southern Sri 
Lanka and to identify based on serological assays the responsible 
causing agents. 
Material: The sera of patients from Matara (southern Sri Lanka) with 
persistent fever collected from Mars till September 2009 were tested 
by immunofluorescence (IF) for spotted fever group (SFG) rickettsial an-
tigens (R. conorii subsp. conorii, R. india, R. japonica, R. felis and R. honei, 
R. heilongjiangensis), typhus group rickettsiae (Rickettsia typhi), Orientia 
tsutsugamushi (Gilliam, Kuroki, Sennetsu and Kawazaki serotypes), C. 
burnetii Phase I and II antigens and Francisella tularensis. An IF test was 
considered positive when there was a four-fold rise in antibody titre or a 
single antibody titre in IgG ≥1/128 and an IgM titre ≥1/64 to one or more 
antigens of the tested species. 
Results: We tested 232 sera (178 acute and 54 convalescent-phase se-
rum samples) from 178 patients. All patients were febrile (ranged from 
38.2 to 40.1oC), 155 (87%) were suffering by headache, 11 (6.1%) present-
ed an eschar and 13 (7.3%) had a rash. The duration of fever on presen-
tation to the hospital ranged from 4 to 15 days. Thirty six acute sera (7 
Rickettsia sp., 1 F. tularensis, 4 C. burnetii and 24 O. tsutsugamushi) were 
positive by IF assay. Of 54 patients in whom paired sera were available, 
4 were confirmed positive for SFG, 1 for C. burnetii and 4 for O. tsutsuga-
mushi. None of the tested sera were positive for scrub typhus serotype 
Sennetsu.
Conclusions: Our results clearly indicate that SFG rickettsiosis, scrub ty-
phys and Q fever are present in the southern province of Sri Lanka and 
may be a cause of fever.

P022  COxiEllA BuRnEtii DNA BUT NOT LIVING BACTERIA 
IS COMMON IN DAIRY PRODUCTS IN FRANCE

Carole Eldin, Emmanouil Angelakis, Aurélie Renvoise, Didier Raoult

URMITE-UMR CNRS 6236 IRD 198, Marseille, France

Background: Aerosol route is the first mode of human contamination 
by Coxiella burnetii and the occurrence of transmission via oral route is 
controversial. Our objective was to test dairy products collected from 
different areas in France for C. burnetii, and evaluate their eventual im-
plication in the transmission of Q fever. 
Material: Pasteurized, unpasteurized and thermized commercially 
available dairy products were tested for the presence of C. burnetii us-
ing quantitative real time PCR (qPCR) targeting IS111 and IS30A spacers. 
Positive samples were inoculated in human embryonic lung fibroblasts 
(HEL) cells for culture, and inoculated in mice.
Results: By qPCR we tested 201 dairy products and the 76% of cow milk 
products (n=96), the 63% of goat milk products (n=26) and the 38% of 
ewe milk products (n=10) were positive for C. burnetii. Unpasteurized 
food was less frequent positive than pasteurized food (p=0.05) but pre-
sented higher concentrations of DNA copies (p=0.02). Industrial food 
was more frequent positive than artisanal food (p=0.0003). Cow milk 
products were more frequent positive than ewe milk and goat milk 
products (p=0.001) and presented higher DNA copies (p=0.02). None 
of 14 highly positive samples by qPCR was culture positive and none of 
the 9 Balb/C mice that were inoculated by C. burnetii positive products, 
showed sign of illness.
Conclusions: Our results show that positive PCR does not predict infec-
tivity of C. burnetii and suggest that Q fever transmission via oral route 
by consuming commercially available dairy products may be extremely 
rare. We also found that C. burnetii is present at a high rate in cow milk 
in France which may reflects an endemic distribution in cattle. All these 
data underline that the significant presence of C. burnetii in dairy prod-
ucts in France is not a threat for consumer’s health.

P023  FAMILY CASES OF SPOTTED FEVER GROUP 
RICKETTSIOSIS TRANSMITTED BY RhipiCEphAlus 
sAnguinEus IN SOUTH FRANCE
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Objective: We report a cluster of cases of spotted fever group (SFG) 
rickettsiosis with epidemiological and entomological investigation in 
southern France. 
Methods: A 50 year-old man was hospitalized in August 2010 with high 
fever associated with generalized rash and inoculation eschar on the 
leg. His wife presented one week later a fever associated with a single in-
oculation eschar. His son presented two weeks later with erythematous 
lesions on leg without inoculation eschar and without rash. A SFG rick-
ettsiosis was suspected. They received 200 mg doxycycline treatment 
for seven days. Serum samples were tested by immunofluoresence as-
say for antibodies reactive to SFG Rickettsiae and by Western blot with 
cross-adsorption studies. The patient’s house was investigated. A total 
of 23 ticks were collected on soil and were morphologically identified as 
Rh. sanguineus. All ticks were tested by quantitative (q)PCR using 1029 
system for detection of all SFG rickettsiae. Two new molecular systems 
were designed for specific detection R. conorii targeting rec2 gene 
(491bp) and R. massiliae targeting ORF0253 gene (500bp), respectively. 
All positive products were sequenced.
Results: For two patients, the immunofluorescence assay for the second 
serum showed increased levels of immunoglobulin (Ig)M (1:32) and IgG 
(1:128) for SFG Rickettsiae. 22/23 of Rh. sanguineus ticks (95.7%) were posi-
tive by genus-specific qPCR systems. A total 16/23 ticks (70%) were posi-
tive for specific R. conorii PCR; 19/23ticks (82.6%) were positive for spe-
cific R. massiliae PCR; 13/23 ticks (56.5%) were positive for both systems. 
Conclusions: Cluster of cases with SFG Rickettsiae, either for R. conorii, 
the agent of Mediteranean spotted fever, or R. massiliae, an emerging 
pathogen of spotted fever are becoming more frequently described 
and highlights the necessity of epidemiological investigation. Recently, 
the impact of climate on the behaviour of tick vectors Rh. sanguineus 
and cluster of cases of SFG Rickettsiae was reported.

P024  OUTBREAKS OF Q FEVER IN EUROPE IN THE LAST 20 
YEARS

Camille Aubry, Diane Frankel, Didier Raoult

1 URMITE UMR 6236, CNRS-IRD, Faculté de Médecine, 13385 Marseille cedex 05, 
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Objective: Q fever is a worldwide zoonosis, caused by Coxiella burnetii. 
Domestic ruminants are considered to be the main reservoir for Q fe-
ver in humans. Transmission to humans is mainly due to inhalation of 
aerosol or dust contaminated by animal’s products. The current Q fever 
epidemic in the Netherlands motivated us to investigate various out-
breaks of Q fever in Europe in the past 20 years; highlighting the identi-
fied sources of contaminations and the sanitary measures performed 
thereafter.
Results: In Europe 31 outbreaks were identified in following countries: 
8 in France (1987, 1996, 2000, 2002, 2007, 2008, 2009), 4 in Germany 
(1994, 1996, 2003, 2005), 3 in Italy (1996, 2003), 4 in UK (2002, 2007, 2006), 
Spain (2003, 2004) and Poland (1992, 1994), 1 in Slovenia (2007), Bulgaria 
(2003), Slovakia (1993), Croatia (2004), and Bosnia (1997). The current 
and the most important is the Dutch Q fever outbreak, with 3523 cases 
since 2007. The source of contamination was identified in the 19 Q fe-
ver outbreaks: sheep (11), goat (6), pigeon (1) and straw board (1). In the 
Q fever outbreak France (Chamonix), measures taken were prohibiting 
gathering of flocks and moving them by trucks, screening of pregnant 
women, patients with immunosuppression or valvular disease, and 
blocking the distribution of blood products collected in the area. In the 
last UK Q fever outbreak, Health Protection Agency organizes an infor-
mation campaign to farmers to reduce the risks of transmitting Q fever 
to humans. In the current Dutch Q fever outbreak, sanitary measures 
were taken by the government like vaccination of dairy goats, prohibit-
ing from removing manure, or transporting dairy sheep or dairy goats 
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from a positive farm. In response to the increasing number of human 
cases, vaccination became mandatory and the government decided to 
cull all pregnant animals on Q fever positive farms.
Conclusions: Q fever is an emerging disease in Europe. It is important 
to identify the source of contamination, and to take sanitary measures 
in the beginning of the outbreak. The current Dutch Q fever outbreak, 
due to its magnitude and importance, will be an example in the resort 
for the eventual outbreak of Q fever.

P025  MEDITERRANEAN SPOTTED FEVER IN MOROCCO: 
FOLLOW UP BY MOLECULAR TOOLS DURING THE 
LAST THREE YEARS

Boudebouch Najma,1,4 Sarih Mhammed,1 Chakib Abdelfattah,2 
Sedrati Omar,3 Oulad Lahsen Ahd,2 Boudad Hanane,2 Hassar Mohammed,1 
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Background: Eight rickettsiae of the spotted fever group (SFG) have 
been identified in ticks from Morocco, including 6 pathogens: Rickettsia 
conorii in Rhipicephalus sanguineus, R. aeschlimannii in Hyalomma mar-
ginatum marginatum, R. massiliae in Rh. sanguineus, R. slovaca R. raoultii 
in Dermacentor marginatus, and R. monacensis in Ixodes ricinus. Also, R. 
helvetica has been detected in I. ricinus and an incompletely described 
Rickettsia sp. has been detected in Haemaphysalis spp. ticks. The aim of 
this study was to characterize other rickettsioses in Morocco in human 
samples in a prospective study.
Methods: From August 2008 to October 2010, patients with fever asso-
ciated with inoculation eschar and skin rash were included in this study. 
Clinical and epidemiological data, treatments and outcomes of the pa-
tients were collected on a standardized questionnaire. A serum sample 
and a skin biopsy from eschar lesion were realized for each patient. All 
samples were transferred to Unité des Rickettsies, Marseille, France. 
Serum samples were tested by immunofluorescene for SFG rickettsiae 
antigens. DNA was exctrated from all skin biopsies and tested by quan-
titative (q)PCR targeting gltA gene. Positive samples were tested by R. 
conorii specific qPCR.
Results: Eighty seven patients were included in this study. All patients 
presented fever, generalized skin rash and inoculation eschar. A total 
of 20 of 31 skin biopsy (64%) were positive for R. conorii. The average 
age of patients was 46.1 years, 60% of the cases were in contact with 
parasitated animals. 
Conclusions: In Morocco even though several new rickettsial agents 
have been detected in ticks, R. conorii the agent of Mediterranean spot-
ted fever remains still the main agent identified in patients. This disease is 
endemic in the Mediterranean area where most of the cases are encoun-
tered in summer, when the tick vector, Rh. sanguineus are highly active. 
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Pennisi M.G.,1 Caprì A.,1 Lombardo G.,1 Solano Gallego L.2 Torina A.,3 
Masucci M.1

1 Dip.to Sanità Pubblica Veterinaria, Facoltà di Medicina Veterinaria, Polo 
Universitario Annunziata, Messina, Italy

2 Dep. Pathology and Infectious Diseases, Royal Veterinary College, London
3 C.R.A.BA.R.T., Istituto Zooprofilattico Sperimentale della Sicilia “A. Mirri”, 
Palermo, Italy

Objectives: Southern Italy has a typical Mediterranean ecosystem 
where several tick borne diseases (TBD) are prevalent. The Strait of Mes-
sina is the narrow passage between Sicily and Calabria in the South of 

Italy. The aim of this study was to investigate the presence of Rickettsia 
conorii, Babesia canis, Ehrlichia canis and Anaplasma phagocytophilum 
antibodies in kennelled dogs from this area.
Methods: Two hundred and forty-nine sera were studied from dogs liv-
ing in six kennels in Messina-Sicily (n=114) and Reggio-Calabria (n=135) 
during February 2009. Dog sera were tested for IgG antibodies against 
R. conorii, B. canis, E. canis and A. phagocytophilum by immunofluores-
cence assay. Ehrlichia and Rickettsia antibody titers were considered 
positive at ≥1:50. Babesia and Anaplasma antibody titers were consid-
ered positive at ≥1:20 and 1:80, respectively.
Results: The total seroprevalence rate for R. conorii, B. canis, E. canis and 
A. phagocytophilum was 71.8%, 70.2%, 46.5% and 37.7 %, respectively. 
The seroprevalence rate for R. conorii, B. canis, E. canis, A. phagocytophi-
lum in Messina was 89.4%, 71.9%, 47.3% and 38.5%, respectively. The 
seroprevalence rate for R. conorii, B. canis, E. canis, A. phagocytophilum 
in Reggio-Calabria was 57%, 68.8%, 45.9% and 53.1% respectively. A 
significantly higher R. conorii seropositive rate was found in Messina 
when compared with Reggio-Calabria. In kennels where tick preven-
tive treatment was only environmental, the seroprevalence rates for 
R. conorii, B. canis, E. canis and A. phagocytophilum were 82.4%, 69.3%, 
82.1% and 42.7%, respectively. In kennels where tick preventive treat-
ment was done topically on dogs, the seroprevalence rates for R. conorii, 
B. canis, E. canis and A. phagocytophilum were 30%, 74%, 14% and 18%, 
respectively. Significantly lower seropositive rates for R. conorii, E. canis 
and A. phagocytophilum were found in kennels where individual topical 
preventive treatment was applied periodically. No statistical association 
was found between breed, sex and age.
Conclusions: This study demonstrated high seroprevalence rates of R. 
conorii, B. canis, E. canis and A. phagocytophilum in both coastal sites of 
Strait of Messina. This study highlights the importance of tick preven-
tion for decreasing the rate of infection of TBD.

P027  IS FEBRILE ILLNESS ASSOCIATED WITH RiCkEttsiA 
INFECTION IN DOGS?

Laia Solano-Gallego,1 Alessandra Capri,2 Maria Grazia Pennisi,2 
Marco Caldin,3 Tommaso Furlanello,3 Michele Trotta 3

1 Dep. Pathology and Infectious Diseases, Royal Veterinary College, University of 
London, UK

2 Dip.to Sanità Pubblica Veterinaria, Facoltà di Medicina Veterinaria, Polo 
Universitario Annunziata, Messina, Italy

3Laboratorio Privato Veterinario San Marco, Padova, Italy

Objectives: Rickettsia conorii is a bacterial pathogen that is transmit-
ted by Rhipicephalus sanguineus ticks and causes Mediterranean spot-
ted fever (MSF) in people. Although dogs are considered the normal 
host of the vector, the clinical and epidemiological significance of R. 
conorii infection in dogs remains unclear. The aim of this prospective 
matched case-control study was to investigate whether Rickettsia infec-
tion causes febrile illness and clinicopathological abnormalities in dogs 
living in areas endemic for human MSF. 
Methods: Dogs from Sicily with fever (n=98) were compared with 
matched case-control dogs with normal body temperatures (n=70). 
Clinical history, physical examination and baseline laboratory tests were 
evaluated. Serology and real-time PCR were performed for Rickettsia, 
Ehrlichia canis, Anaplasma phagocytophilum/A. platys and Leishmania in-
fantum. Acute and convalescent antibodies to R. conorii, E. canis and A. 
phagocytophilum were determined.
Results: The total seroprevalence rates for R. conorii, E. canis, A. phago-
cytophilum and L. infantum were 48.7%, 48.7%, 36.4% and 18.1%, re-
spectively. The total seroconversion rates for R. conorii, E. canis and A. 
phagocytophilum were 23.8%, 15.4% and 9.5%, respectively. The total 
PCR-positive rates for Rickettsia, E. canis, A. phagocytophilum, A. platys 
and L. infantum were 1.7%, 4.1%, 0%, 2.3% and 11.3%, respectively. 
Positive PCR for E. canis (7%) and Rickettsia (3%) were only found in 
febrile dogs. The DNA sequence obtained from one Rickettsia PCR 
positive sample was 99% identical to the R. conorii sequences pres-
ent in GenBank®. Febrile illness was statistically associated with initial 
positive R. conorii antibodies, seroconversion to R. conorii antibodies 
and E. canis positive PCR. Fifteen febrile dogs (36.5%) were diagnosed 
with Rickettsia infection based on seroconversion and/or PCR while 
only six non-febrile dogs (13.9%) seroconverted (P=0.02). Rickettsia 
spp. was the sole tick-vector pathogen diagnosed in eleven febrile 
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dogs (26.8%) and in four non-febrile dogs (9.35%) (P=0.04). The most 
common clinical signs and laboratory abnormalities of dogs with Rick-
ettsia infection were fever, lethargy, myalgia, lameness, thrombocy-
topenia, hypoalbuminemia, elevation of C-reactive protein and liver 
enzymes. Dogs with rickettsiosis rapidly improved after treatment 
with doxycycline.
Conclusions: This study demonstrates acute febrile illness associ-
ated with Rickettsia infection in dogs living in endemic areas of hu-
man MSF.

P028  PAY ATTENTION TO DIFFERENTIAL 
DIAGNOSIS BETWEEN ANAPLASMOSIS AND 
THROMBOCYTOPENIC SYNDROME

Qing-hui LIU 

Intensive Care Unit of Laizhou People’s Hospital, Laizhou City 261400, Shandong 
Province, China

Objective: Human granulocytic anaplasmosis (HGA) is a emerging 
tick-borne rickettsial diseases (TBRD) caused by the obligate intracel-
lular bacteria Anaplasma phagocytophilum. An unusual nosocomial 
human to human transmission of human granulocytic anaplasmosis 
(HGA) occurred in Anhui province in 2006. Subsequently, a pilot ret-
rospective laboratory survey of suspected HGA cases in Shandong 
Provinces over 2004 to 2005 identified several cases by serology and 
blood PCR. In a recent investigation, a natural focus of Anaplasmosis 
has been confirmed in Yiyuan County, Shandong Province in 2008. 
Laizhou is located in the northwest of Jiaozhou peninsula, Shandong 
Province and its special geographic characterize including lower alti-
tude and wet climate suit outbreak of various vector born infectious 
diseases. In recent years, patients with fever and thrombocytope-
nic syndrome increased during April to October every year. Hemor-
rhagic fever has been confirmed in these regions. In order to ensure 
if there’re some HGA cases in the patients with fever and thromobo-
cytopenic syndrome, we conducted clinical analysis and laboratory 
differential diagnoses on 42 patients with unknown febrile from Apr 
to Oct in 2011.
Methods: Summarize clinical features of 42 patients and collected 
blood samples in acute stage and recovery stage respectively. Detec-
tion of serum IgM and IgG antibodies to A. phagocytophilum and nested 
PCR amplifying 16SrRNA gene of A. phagocytophilum were conducted 
in Shandong Province CDC and China ICDC respectively. 
Results: 7 cases (3 male and 4 female, age arranged from 58-80 years 
old) of HGA had been confirmed. Typical clinical features for all pa-
tients were high fever (38.5ºC~39.8ºC), weakness, myalgia, anorexia. 
No rash was observed. The WBC and platelet accounts decreased pro-
gressively after being hospitalized. Blood biochemical assay including 
AST and ALT showed 2-10 times elevated. 5 cases had been confirmed 
by serum 4 fold change. 2 cases were diagnosed through PCR. 1 pa-
tient was confirmed to be co-infection with Bunia virus. All patients 
were recovered by oral administration doxycline and symptomatic 
treatment. 
Conclusions: There are some HGA cases in the patients with fever and 
thrombocytopenic syndrome. Differential diagnosis of HGA with other 
unknown febrile patients should be noticed in clinical practice. 

P029  OCCURENCE OF COxiEllA BuRnEtii IN DAIRY CATTLE 
IN INTENSIVE SYSTEMS IN NORTHERN SPAIN

Astobiza I., Ruiz-Fons F., Piñero A., Povedano I., Barandika J.F., Juste R.A., 
Hurtado A., García-Pérez A.L.

NEIKER- Instituto Vasco de Investigación y Desarrollo Agrario, Department of 
Animal Health, 48160 Derio, Bizkaia, Spain

Objectives: A large-scale investigation on C. burnetii in dairy-cattle 
herds from an endemic region of Q fever was carried out to evaluate 
their degree of exposure to C. burnetii and to estimate prevalences. 
Methods: This study included most of the dairy herds from the prov-
ince of Bizkaia (Northern Spain) (n=178). Herds were visited between 
September 2009 and February 2010, and 100 ml of BTM per farm were 

collected into sterile containers to be analysed by ELISA (LSI, France) 
and PCR. Blood samples were also taken from 15 animals randomly se-
lected (5 calves >6 months, 5 heifers 1-2 years old, 5 cows >2 years) from 
each herd. 
Results: 119 of the 178 studied herds were positive to the presence 
of anti-C. burnetii antibodies (66.9±6.9%). Fifty-six herds (31.5±6.8%) 
showed slightly positive results in ELISA and 63 were positive (++) 
(35.4±7.0%). None of the herds was classified as highly positive (+++). 
Serum samples from 1306 cows, 654 heifers and 502 calves were an-
alysed by ELISA, and antibodies against C. burnetii were observed in 
6.7±1.0% of them. Cows showed a statistically significantly higher se-
roprevalence (12.3±1.8%) compared to heifers (1.1±0.8%) and calves 
(0.0±0.0%). Eighty-nine herds (50.0±7.3%) had at least one seroposi-
tive animal, but prevalences higher than 20% were only observed 
in 24 herds (13.5±5.0%). A significant correlation was observed be-
tween BTM ELISA S/P values and within herd seroprevalence, being 
higher when considering only cows (R2=0.213, p<0.001). Animals from 
herds with negative BTM by ELISA showed a mean seroprevalence of 
2.5±0.8%, whereas animals from herds with positive BTM samples had 
a statistically significantly (F=19.7, df=1, p<0.001) higher seroprevalence 
of 8.9±0.9% (range 0-66.7%). When only cows were considered mean 
seroprevalence increased up to 3.5±1.2%, 11.7±1.8% and 22.9±2.9% 
in herds with negative, slightly positive and positive BTM samples, 
respectively. The proportion of herds in which DNA of C. burnetii in 
BTM was detected was 51.7±7.3% (92/178). Herds with positive results 
by both PCR and ELISA showed a higher within-herd seroprevalence 
(9.1±1.2%) than negative herds (2.5±0.8%) and these difference were 
statistically significant (F=16.7, df=1, p<0.001). 
Conclusions: The widespread distribution of C. burnetii in cattle advo-
cates for the implementation of Q fever control strategies.
Funding: INIA, RTA2009-00017-00-00.

P030  GENOTYPING REVEALS THE PRESENCE OF ONE 
PREDOMINANT C. BuRnEtii GENOTYPE IN MILK 
THROUGHOUT EUROPE

Alphons M. Horrevorts, Corne H.W. Klaassen, Marrigje M.H. Nabuurs-
Franssen, Hendrik Jan I.J. Roest, Jeroen J.H.C. Tilburg

Objectives: Ruminants are often asymptomatic carriers of Coxiella bur-
netii and considered to be an important source of infection to humans. 
Infection in ruminants with C. burnetii may become manifested by abor-
tion in sheep and goats and reproductive disorders in cattle. Huge num-
bers of C. burnetii are released into the environment by birth products 
and smaller numbers by milk. Previous studies on the prevalence of C. 
burnetii in diary cattle and goats are mainly based on serological meth-
ods or PCR. The aim of this study was to identify the prevalence of C. 
burnetii genotypes in milk and milk products throughout Europe.
Methods: The presence of C. burnetii DNA in a broad range of commer-
cially available pasteurized semi-skimmed milk from cows, goats and 
horses and milk products such as coffee creamer from different Euro-
pean and a small selection of non-European countries was determined 
using a real-time PCR targeting the IS1111a insertion element of C. bur-
netii. We applied Multispacer Sequence Typing (MST) and Multiple Lo-
cus Variable number tandem-repeat Analysis (MLVA) to determine the 
C. burnetii genotypes that are present in these samples.
Results: Both MST and MLVA genotyping reveals the presence of one 
predominant C. burnetii genotype in almost all real-time PCR positive 
milk samples bought at several large supermarket chains. Genotype 
MST20 and one MLVA genotype were identified in almost all samples 
indicating a wide spread of this genotype in the European dairy cattle 
population. This MST and MLVA genotype has also been found in non-
European countries and in incidental human clinical samples but is not 
responsible for the Q fever outbreak in the Netherlands. 
Conclusions: Real-time PCR reveals the presence of C. burnetii DNA in 
a broad range of commercially available milk products throughout Eu-
rope. Furthermore, this is the first report demonstrating the presence 
of one predominantly C. burnetii genotype among the European dairy 
cattle population. Although consumption of raw or insufficiently pas-
teurized milk is very rarely identified as a source of Q fever infection, 
asymptomatic cattle herds must be considered potential C. burnetii res-
ervoirs capable of transmitting the disease to humans. However, it must 
also be considered that C. burnetii MST20 may be specifically adapted to 
the ruminant host.
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P031  SEROLOGIC STUDY OF BARtOnEllA hEnsElAE 
AND B. quintAnA INFECTION AMONG HUMAN 
POPULATION OF SOUTHERN SPAIN

Santibáñez S.,2 Rodríguez-Liébana J.J.,1 Villa-Real R.,3 Caruz A.,4 
Cámara J.A.,3 Oteo J.A.,2 Márquez F.J.1

1 Dpto. Biología Animal, Biología Vegetal y Ecología, Univ. Jaén, Campus Las 
Lagunillas s/n, Jaén, 23071, Jaén, Spain

2 Area de Enfermedades Infecciosas, Hospital San Pedro-Centro de Investigación 
Biomédica de La Rioja (CIBIR), Logroño, Spain

3 Hospital SAS “San Juan de la Cruz”, Úbeda, 23400, Jaén, Spain
4 Biología Experimental, Univ. Jaén, Campus Las Lagunillas s/n, Jaén, 23071, Jaén, 
Spain

Objetives: To evaluate the prevalence of past infection due to B. hense-
lae in Jaén province (Andalusia, Spain).
Methods: Serum samples from 605 individuals (222 men, 383 women) 
from North Sanitary District of Jaén province (Andalusia) were tested 
for the presence of IgG antibodies against bartonellae by indirect im-
munofluorescence assay (IFA) using commercially available antigen for 
B. henselae and B. quintana (Focus Technologies). Endpoint titters were 
obtained by serial dilution on positive specimens, with titers 1/128 or 
higher considered indicative of past infection to Bartonella. 
Results: We found a global prevalence of past infection of 13.55% (82 
positives) and 11.07% (67 positives) to B. henselae and B. quintana re-
spectively, corresponding with 63 (51), 12 (12) and 7 (4) positive samples 
with titer 1/128, 1/256 and 1/512 respectively for B. henselae (and B. quin-
tana) (Table 1). 
Table 1. Pattern of IgG antibody titers to B. henselae and B. quintana in the 
study population (N= 605).

B. quintana titers

B. henselae titers ≤1/64 1/128 1/256 1/512 ΣBh

≤1/64 517 4 0 2 523

1/128 18 45 0 0 63

1/256 1 1 10 0 12

1/512 2 1 2 2 7

ΣBq 538 51 12 4 605

Conclusions: Our study confirms the widespread distribution of B. 
henselae and B. quintana in Jaén province, as reflected by moderate 
prevalence of past infection due to these agents in a representa-
tive sample of general population. This is an elevated frequency of 
asymptomatic carriers of antibodies against both Bartonella species 
among healthy population of studied area. Our results suggest that 
most of the infections by those Bartonella are subclinical or misdiag-
nosed.

P032  SEROPREVALENCE OF HUMAN RiCkEttsiAl 
ANTIBODIES IN DOGS OF SRI LANKA

DM. Nanayakkara,1 SAM. Kularatne,2 GA. Dasch,3 RPVJ. Rajapakse 1

1 Department of Veterinary Pathobiology, Faculty of Veterinary Medicine and 
Animal Science, University, Peradeniya 

2 Deparment of Medicine, Faculty of Medicine, University, Peradeniya, Sri Lanka
3 Rickettsial Zoonoses Branch, Centre for Disease control and Prevention, Atlanta, 
USA

Objectives: Rickettsioses, zoonotic febrile illnesses, cause by intracel-
lular coccobacilli living in eukaryotic cells and are vectored by arthro-
pods such as ticks, flies and mites. Antigenically they divided into three 
pathogenically different groups; spotted fever group, scrub typhus 
group and typhus group. Among the animal studies carried out in else-
where in the world, many have been conducted with dogs. Dogs have 
been considered as an important domestic vertebrate living in close 
proximity to humans possibly playing an eminent role in disease trans-
mission. It is also used in determining areas of potential risk to man. This 
report presents the serosurvey of human rickettsiae in dogs in arbitrary 
sites of Sri Lanka. 

Methods: One hundred twenty-three dog sera collected from four 
different sites were tested for rickettsial antibodies against the three 
antigenic groups of rickettsia, Spotted fever group (SFG), typhus 
group (TG) and scrub typhus group by Indirect Fluorescent Antibody 
test (IFA). 
Results: Of the 123 dog samples, 66 (54%) had rickettsiae specific 
antibodies. Most of the dogs (42%) had antibodies against R. conorii 
of SFG. Twenty nine (24%) dogs exhibited antibodies against O. tsu-
tsugamushi of scrub typhus group whereas just 8 (7%) dogs of the 
study group had antibodies specific for R. typhi of murine typhus 
group. Prevalence of antibodies to rickettsiae varied by location. 
All dogs (100%) from central province were positive for rickettsia 
whereas prevalence was least in closer to sea side of southern prov-
ince with just 20% of the study group exhibiting rickettsial specific 
antibodies. 
Conclusions: Spotted fever and scrub typhus group was reported 
from all four study sites but murine typhus was reported just from 
dogs of central province. Cross reactivities between SFG/TG and 
scrub typhus group has not been detected thus dogs with antibodies 
against both could be because of exposure to both the groups. How-
ever due to antigenic similarity, cross reactions between SFG and TG 
have been detected. Thus dogs exhibiting antibodies against murine 
typhus along with antibodies against SFG may be due to serological 
cross reactivity.

P033  BARtOnEllA AND BARtOnEllA INFECTIONS IN 
CHINA: FROM THE LAB TO THE CLINIC

Qiyong Liu,1 Marina E. Eremeeva,2 Dongmei Li 1

1 Department of Vector Biology and Control, State Key Laboratory for Infectious 
Diseases Prevention and Control, National Institute for Communicable Disease 
Control and Prevention, China CDC, P.O.BOX 5, Changping, Beijing

2 Rickettsial Zoonoses Branch, Division of Vector-borne Diseases, National Center 
for Emerging and Zoonotic Infectious Diseases, Centers for Disease Control and 
Prevention, Atlanta, GA 30333

Objectives: The Genus Bartonella is comprised of a large group of fac-
ultative intracellular bacteria, including an increasing number of human 
pathogens which cause diverse acute and chronic diseases. Recent pub-
lications indicate that bartonelloses occur in China but this information 
has not been critically reviewed. We analyzed the current status of clini-
cal diagnosis of Bartonella infection in mainland China in the context of 
existing laboratory and ecological data. 
Methods: We reviewed 31 Chinese clinical articles on Bartonella (for-
merly Rochalimaea) infections from 1980 to 2010. Information regard-
ing the spectrum of Bartonella found in association with pets, wild ani-
mals and arthropods in China was derived from our research projects 
and from searching published reports. 
Results: We identified 15 clinical reports from major hospitals in 9 
provinces describing clinical cases with similar clinical presentations 
and 16 single case reports of cat scratch disease [CSD]. Most cases 
were from the East and South-Easternern provinces, the most popu-
lated areas with best access to medical care; they typically manifested 
as febrile illness with lymphadenopathy and/or lymphagitis, fatigue, 
nausea, malaise and myalgia. Most patients reported animal contacts, 
owned pets or experienced scratches and bites. Clinical observations 
and anamnestic data were the primary bases for diagnosis and only 
confirmed by histochemical staining of lymph node biopsy in some 
instances. Limited seroprevalence data determined using Barton-
ella henselae antigen varied from 9.6 to 19.6% of healthy populations; 
however, these findings were very incomplete and not necessarily 
representative of different regions. Detection and isolation of a larger 
spectrum of Bartonella species from arthropods and small wild animals 
suggests frequent human exposure occurs to these bacteria, particu-
larly in rural areas. 
Conclusions: This apparent discordance in Bartonella exposure and B. 
henselae case etiologies suggests a need to define the potential of these 
other Bartonella as agents of human illness as their clinical manifesta-
tions may be similar to those of CSD. The development and implemen-
tation of specific differential diagnostic tests is an essential prerequisite 
for establishing a state-of-the-art surveillance and diagnostic capacity 
for bartonelloses in China.
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P034  COxiEllA BuRnEtii As CAusE OF ABORtiOns in siCily

Torina A., Scimeca S., D’Agostino R., Marineo S., Caracappa S.

National Centre of Reference for Anaplasma, Babesia, Rickettsia and Theileria, 
Istituto Zooprofilattico Sperimentale della Sicilia

Objectives: Coxiella burnetii is an obligate intracellular bacterium, 
spread all over the world, which causes Q-fever in animals and humans. 
The organism is localized in the breast, supramammary lymph nodes, 
uterus and placenta and is excrete through the milk, the foetus and foe-
tal organs. There are two cycles of infection in Q fever: the first in domes-
tic animals (mainly in cattle, sheep and goats), the second in wild animals 
and their ectoparasites, especially in Ixodidae ticks. Aim of this study was 
to test a possible correlation between abortions occurred in ruminants 
and the presence of C. burnetii as a possible agent of abortion. 
Methods: The research was done by examining samples from N. 64 abor-
tions (28 cattle, 34 sheep, 3 goats and 2 alpacas) that occurred from 2003 
to 2010 in Sicily. Were tested a total of 78 samples (32 placentas and 46 foe-
tal organs). DNA was extracted from these samples and was used to detect 
the pathogen C. burnetii by PCR. Microbiological tests were performed to 
exclude the other causes of abortion belonging to genera Brucella, Campy-
lobacter, Listeria, Salmonella, Mycoplasma, Pasteurella and Clostridium.
Results: The analysis conducted on tested samples showed the pres-
ence of pathogen DNA in three placentas (two coming from sheep and 
one from cattle), and in three foetal spleens (two coming from cattle 
and one from sheep) and two brains from cattle foetuses. All the ana-
lyzed samples resulted to be negative for the other pathogens. Since 
from each abortion, many samples are usually delivered to our labo-
ratories. Coxiella was found in three cattle abortions and three sheep 
abortions, and the prevalence values of C. burnetii as cause of abortion 
are 10.7% for cattle and 8.8% for sheep. 
Conclusions: The resulting data, although still preliminary, are interest-
ing since it is possible to detect the presence of the pathogen in cases of 
abortion, proving that the spread of C. burnetii is a reality in the region 
being a risks for animal health and still a risk of zoonosis. 
Aknoledgments: Supported by IZSSi 07/08, Italian Ministry of Health. 
Thanks to Rosa Filippi and Franco Ferraro for their technical support.

P035  ROLE OF MIGRATORY BIRDS AS DISPERSAL FACTOR 
OF RiCkEttsiA SPP. A STUDY FROM SPAIN

Palomar A.,1 Santibáñez P.,1 Mazuelas D.,2 Gutiérrez O.,3 Santibáñez S.,1 
Portillo A.,1 Oteo JA.1

1 Infectious Diseases Area, Hospital San Pedro-CIBIR, Logroño, Spain
2 Abies, Environment Resources Inc, Logroño, Spain
3 Aranzadi Ringing Scheme, Aranzadi Sciences Society, San Sebastián, Spain

Background: There are few studies on ticks of birds from Spain, and 
neither of them raises the search for pathogens of the genus Rickettsia.
Objective: To investigate the presence of Rickettsia spp. in ticks re-
moved from migratory passerine birds in La Rioja, Spain.
Methods: From April to October 2009 passerine birds were weekly col-
lected by mist nets. Ticks were classified by phenotypic and genotypic 
methods (PCR of 16S rRNA gene). PCRs and sequencing for detection 
of Rickettsia spp. using fragments of citrate synthase (gltA), ompA and 
ompB as target genes were carried out.
Results: Among 550 captured passerine birds, 102 specimens were par-
asitized by ticks. A total of 222 ticks were collected and classified within 
Ixodes and Haemaphysalis genera. Rickettsia infection was detected in 
39 out of 222 tick specimens (17.6%). ompA nucleotide sequences cor-
responding to a nymph and a larva of Ixodes ricinus, removed from two 
Sylvia atricapilla specimens, showed highest similarity with Rickettsia 
monacensis and Rickettsia sibirica BJ-90, respectively. gltA sequenc-
ing corresponding to one I. ricinus nymph, obtained from a Garrulus 
glandarius, showed maximum identity with Rickettsia helvetica. Fur-
thermore, Rickettsia spp. (nucleotide sequences analysis did not allow 
to confirm the species) was detected in three nymphs and six larvae of 
I. ricinus removed from two Turdus merula, two Turdus philomelos, four 
Erithacus rubecula and one Troglodytes troglodytes specimens. Lastly, 
according to gltA, ompA and ompB sequence analysis, a possible ‘new 
Rickettsia’ was found in 20 nymphs and five larvae of Ixodes arboricola 

collected from a Cyanistes caeruleus and a Parus major respectively, as 
well as in two larvae of I. ricinus removed from a E. rubecula specimen.
Conclusions: 1. The presence of Rickettsia spp. in ticks removed from 
migratory birds plays an important role in the spread of the rickettsial 
infections. 2. R. sibirica has been detected in ticks in Spain for the first 
time. 3. This is the first record for R. sibirica in I. ricinus. 4. This is the 
first record for the presence of I. arboricola tick in Spain. 5. We have 
detected a new Rickettsia sp. in ticks removed from passerine birds.

P036  PREVALENCE OF ANTIBODIES TO SPOTTED FEVER 
GROUP RiCkEttsiAE, EhRliChiA SPP. AND ORiEntiA 
tsutsugAmushi IN WILD RODENTS IN TAIWAN

Kun-Hsien Tsai,1,2 Wan-Jen Chen,1 Tzai-Hung Wen,2,3 Xue-jie Yu,4 
Shu-Feng Chang,5 Hsi-Chieh Wang,5 Jyh-Hsiung Huang,5 Pei-Yun Shu 5
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3 Departments of Geography, National Taiwan University, Taipei 100, Taiwan
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Health, Taipei 115, Taiwan

Objectives: Reportable rickettsioses in Taiwan include epidemic ty-
phus, murine typhus, and scrub typhus. Except for a human case of 
flea-borne rickettsiosis (caused by R. felis), there are no human cases of 
infections caused by tick-borne spotted fever group (SFG) rickettsiae 
and louse-borne typhus rickettsia in Taiwan. In addition, novel strains 
of SFG rickettsiae have been isolated from ticks and fleas and phylo-
genetic analysis of Orientia tsutsugamushi isolates from humans in Tai-
wan has also been described. However, little is known about tick-borne 
spotted fever group rickettsiae and Ehrlichia spp. in their hosts in Tai-
wan. This study will contributes our understanding of new emerging 
vector-borne rickettsial disease from sentinel rodents in Taiwan.
Methods: In this study, a total number of 1,652 wild rodents from 34 lo-
cal harbors around Taiwan and its offshore islands were included from 
January 2004 to December 2008. Serum was analyzed by indirect im-
munofluorescent antibody (IFA) test to detect IgG against R. japonica, R. 
conorii, Ehrlichia chaffeensis and O. tsutsugamushi as antigens. The cut-
off value for a positive result was considered a titer ≥1:80. A geographic 
information system (GIS) and hotspot analysis methods were applied to 
evaluate the presence of high-risk areas and spatial clustering of rickett-
sial exposure. We also identified the spatial and temporal relationships 
of seropositive rodents to determine the risk factors for human infection.
Results: The seropositivity rate for SFG rickettsiae, Ehrlichia spp., and O. tsutsu-
gamushi was 6.1% (100/1,652), 2.1% (35/1,652) and 3.6% (60/1,652), respectively. 
Dual infections and triple infections with Rickettsia spp., Ehrlichia spp. and O. 
tsutsugamushi were also appeared in this study. Major hot spots of rickettsial 
seropositive appeared in northern and eastern Taiwan. Epidemiologic trend 
showed SFG rickettsiae and O. tsutsugamushi infection were year-round but 
Ehrlichia spp. infection was mainly appeared from October to February.
Conclusion: This study demonstrated the evidence of antibodies to 
SFG rickettsiae and O. tsutsugamushi, and showed the first serologic 
evidence of Ehrlichia spp. in rodents. These results delineated the pos-
sibility of SFG rickettsiae and Ehrlichia spp. infection in humans in Tai-
wan. The pathogens of SFG rickettsioses and Ehrlichioses in Taiwan are 
still unknown and need further investigation.

P037  RiCkEttsiA FElis BACTEREMIA IN RURAL SENEGAL

Florence Fenollar, Cristina Socolovschi, Oleg Mediannikov, Hubert Bassene, 
Georges Diatta, Cheikh Sokhna, Jean-François Trape, Didier Raoult

Unité de Recherche sur les Maladies Infectieuses et Tropicales Emergentes 
(URMITE), UMR IRD 198/CNRS 6236, Université de la Méditerranée, Faculté de 
Médecine, 13385 Marseille, France et Dakar, Sénégal

Objective: Rickettsia felis, an obligate intracellular bacterium, is the 
cause of mild to moderate infection disease, characterized by fever, 
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cutaneous rash, and currently named flea-borne spotted fever. Re-
cently, cases of R. felis infection without rash has been described in 
Africa. The main of this study was to confirm these preliminary data.
Methods: In 2008, 2009 and 2010, we conducted a prospective study in 
rural Senegal in the Sine-Saloum (villages of Dielmo and Ndiop) as well as 
in the Fatick region. Medical examination and blood sampling were con-
ducted for each person who had a fever >37.5°C. DNA extraction of 3–4 
drops of whole blood collected by finger pricks with a lancet stick was 
done in Senegal; elution and quantitative real-time PCR assays (qPCR) 
for R. felis were done in France. Each positive assay was systematically 
confirmed by another. Our study used only samples negative for Plas-
modium spp. DNA quality was controlled by qPCR of the β-actin gene.
Results: We screened 479 samples from 354 patients. The presence of 
R. felis DNA in all tested blood samples was 9.6% (46/479). Among the 
46 samples, 25 were from Dielmo, 12 from the Fatick area and 9 from 
Ndiop. The average age of infected patients with R. felis was 13 years 
(from 1 to 57 years); 29 patients were less of 15 years. The 46 samples 
were obtained from 44 patients (24 females and 20 males). Overall, 
monthly incidence for positive samples was 4.76% (2/42) in January, 0% 
(0/7) in February, 0% (0/25) in March, 16.6% (3/18) in April, 0% (0/16) in 
May, 7.4% (4/54) in June, 4.9% (4/82) in July, 2.3% (1/43) in August, 16.1% 
(5/31) in September, 16.5% (21/127) in October, 41.6% (5/12) in Novem-
ber and 4.76% (1/21) in December. The major clinical signs and symp-
toms in our study were fever associated with weakness and headaches. 
We also noted a lack of cutaneous rash or inoculation eschar.
Conclusions: Our study confirms the high prevalence of R. felis DNA in 
blood samples from febrile Senegalese patients. Infection with R. felis 
can be easily misdiagnosed because its lacks specific signs.

P038  THE DETECTION OF SCRUB TYPHUS SPECIFIC 
ANTIBODIES IN FEBRILE PATIENTS COLLECTED IN 
PERUVIAN AMAzON

Zhang Z.,1,2 Chao C.,1 Kochel T.,1 Ching WM.1,2

1 Viral and Rickettsial Diseases Department, Infectious Diseases Directorate, 
Naval Medical Research Center, Silver Spring, MD, USA

2 Uniformed Services University of the Health Sciences, Bethesda, MD, USA

Orientia tsutsugamushi, an obligate intracellular bacterium, is the causative 
agent of scrub typhus. In the past, the disease has been reported only from 
Eastern Hemisphere, including Pakistan and Afghanistan at the west and 
Siberia at the east, plus northern Australia and islands of southwestern Pa-
cific. The disease has been re-emerging and occurs in new areas in many 
countries including Japan, Korea, Sri Lanka, China, Maldives, India, Palau, Ma-
laysia, Taiwan, and Australia. Previous reports have shown that snails from 
Cuba and Peru can be completely covered with red chigger mites (Acarini: 
Trombiculidae). The chigger, a vector known to transmit the infection of O. 
tsutsugamushi, not only dwell on the shell, but also on the snail. These in-
formation have suggested that scrub typhus may have been emerged in 
Western Hemisphere. We have screened 400 febrile patient sera, plus 85 lo-
cal controls collected in Peruvian Amazon for the presence of scrub typhus 
specific antibodies by ELISA. A mixture of recombinant proteins C1, a chi-
meric protein containing epitopes of both Karp and TA763, along with Ktr56 
and Gmr56 as were used as the scrub typhus specific antigen to represent 
the most four prevalent strains of Orientia reported from Eastern Hemi-
sphere. We found that about 10% of the sera tested exhibited signals above 
background cutoff. For majority of the sera which were positive in ELISA, the 
magnitude of O.D. value above the cutoff correlated with the intensity of 
the band in western blot analysis. This is the first report for the detection 
of scrub typhus specific antibody in febrile patients from Peruvian Amazon. 
Further confirmation for the presence of scrub typhus will be performed by 
nucleic acid amplification for those samples that blood clots are available.

P039  RiCkEttsiA FElis “DOWN UNDER”

Mohammad Yazid Abdad, John Stenos, Sze Fui Hii, Rebecca Traub, 
Steven Kopp, Stephen Graves

Rickettsia felis has recently gained recognition as an emerging rickettsiosis 
with increasing reports of rickettsial disease resulting from its detection 
in patients and invertebrate hosts. Australia has not been exempt from 

the global occurrence of R. felis. The first report of R. felis was in 2006 and 
since then other reports of R. felis in various invertebrate hosts have fol-
lowed. The report of a cluster of human cases of R. felis in the state of Vic-
toria in 2010 has brought the risk of rickettsiosis to the attention of local 
public health authorities. This information was further reinforced by the 
recent detection of R. felis DNA in healthy domestic dog blood (9% preva-
lence) in Brisbane, Queensland. Evidence points to R. felis being endemic 
in Australia and cat flea typhus should be considered as part of the dif-
ferential diagnosis for Australian patients presenting with rash and fever. 

P040  BARtOnEllA SPP. IN CATS AND THEIR 
ECTOPARASITES, IN CYPRUS

Dimosthenis Chohlakis,1,2 Andreas Papaefstathiou,3 Iosif Vranakis,1,2 
Vassilios Sandalakis,1,2 Ioannis Ioannou,3 Georgios Minadakis,1,2 
Yannis Tselentis,1,2 Anna Psaroulaki 1,2 

1 Laboratory of Clinical Bacteriology, Parasitology, Zoonoses and Geographic 
Medicine, Medical School, University of Crete, Heraklion-Crete, Greece

2 WHO Collaborating Center, Medical School, University of Crete, Heraklion-Crete, 
Greece

3Cyprus Veterinary Services, Nicosia, Cyprus

Objectives: The aim of this study was to investigate the presence of 
Bartonella henselae in cats and their ectoparasites in Cyprus. 
Materials: Serum and blood samples were obtained from 72 cats (40 
female-32 male). Twenty out of 72 (27.7%) cats were ≤1 year of age. 
Twenty nine out of 72 (40.2%) were pets, 12/72 (16.66%) were stray cats 
and 31/72 (43.05%) originated from farms in stockbreeding areas. Sev-
enty two serum samples were tested for the detection of IgG antibod-
ies against B. henselae antigen by indirect immunofluorescence method 
(Focus Diagnostics, USA). Sixty four (64) whole blood samples from the 
above animals and 127 fleas removed from them, were tested by PCR 
for the detection of Bartonella sp., using primers targeting the region 
16S-23S rRNA. 
Results: IgG antibodies against B. henselae were detected in 30 out of 
72 cats (41.6%) (cut-off titre value of ≥1/64) with titres ranging from 1/64 
to 1/1024. The observed seropositivity (58.3%) in stray cats was remark-
ably higher compared to pet cats, probably reflecting higher exposure 
to cat fleas. Bartonella spp. DNA was detected in 10 (15.6%) of the blood 
samples. Factors such as age, sex, origin of animal parasitism and se-
ropositivity, did not show any statistical correlation whereas the pres-
ence of antibodies against B. henselae and flea presence associated with 
bacteremia (P<0.0001). Thirty eight out of 72 cats (52.7%) tested, were 
infested by ectoparasites. A total of 155 ectoparasites were removed 
from the infested animals of which, 127 were fleas (96 Ctenocephalides 
felis and 31 C. canis) and the remaining 28 were ticks. DNA was detected 
only in C. felis 14/96 (14.6%). Sequencing analysis of the PCR products 
identified Bartonella spp. related to B. henselae and B. clarridgeiae both 
in cats and fleas. 
Conclusions: This is the first study to describe the presence of Bartonella 
spp. in cats and their fleas. The presence of two Bartonella spp. (B. henselae 
και B. clarridgeiae) is described for the first time in Cyprus. Further research 
is necessary to determine their contribution as potentially contributing 
etiological agents of the disease in humans and animals, in Cyprus.

P041  AN 8-YEAR SEROEPIDEMIOLOGICAL STUDY OF Q 
FEVER IN CYPRUS

Anna Psaroulaki,1,2 Ioannis Ioannou,3 Leonidas Georgalis,1,2 
Dimosthenis Chochlakis,1,2 Andreas Tsatsaris,4 Vasilis Sandalakis,1,2 
Yannis Tselentis 1,2 

1 Laboratory of Clinical Bacteriology, Parasitology, Zoonoses and Geographical 
Medicine, Medical School, University of Crete, Heraklion-Crete, Greece

2 WHO Collaborating Center, Medical School, University of Crete, Heraklion-Crete, 
Greece

3 Veterinary Services, Nicosia, Cyprus
4 Geoinformatics Laboratory, Technological Educational Institution, Athens, Greece 

Objectives: During a cross-sectional study of Q fever conducted in 
1997-1998 in a representative stratified sample of healthy human and 
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animal population, the prevalence of IgG antibodies against Coxiella 
burnetii phase II antigen had been estimated and related to Q fever 
epidemiological factors had been determined. The present follow-up 
study monitors the course of Q fever, through time and space, in Cyprus.
Methods: The present follow-up study took place in 2005-2006. A rep-
resentative sample of ruminant animals (347 goats, 337 sheep and 338 
bovines) from 98 farming units was determined using stratified random 
sampling. Two groups of human populations participated in the study: 
the 1st consisted of farm owners and their family members who had con-
tact with the animals (n=127) and the 2nd of 124 participants with no ani-
mal contact (simulated for age, gender and province, in order to calcu-
late odds ratio). Animal and human samples were tested for the presence 
of IgG phase II antibodies against C. burnetii using the indirect immuno-
fluorescent assay (IFA). Sera with IgG phase II antibodies ≥ 1/120 were 
considered positive. Results were depicted on maps using mapping 
software and relate to Q fever epidemiological factors were determined.
Results: In the previous study (1997-1998) the seroprevalence had been 
estimated at 52.7% for humans (in a sample consisting of 583 human 
healthy individuals), 48.2% for goats, 18.9% for sheep, and 24% for bo-
vines (in a sample of 974 ruminants). In the present study, the overall se-
roprevalence for all ruminant animals was 68.5%, differing in the 5 coun-
ties (p-value=0.038). The highest seropositivity was observed in goats 
(84.1%), followed by sheep (81%) and bovine (40%). Of the human serum 
samples, 67% of the 1st and 63% of the 2nd group revealed C. burnetii an-
tibodies (with antibody titers ranging from 1/120 to 1/1920). Odds ratio 
for both groups, regarding the exposure to ruminant animals and posi-
tive C. burnetii phase II IgG antibodies were calculated (OR=1.194, 95%; 
CI: 0.710, 2.006). 
Conclusions: The results confirm the presence of the C. burnetii 
through the island. The pathogen closely relates to cattle rather than 
bovine. The human population still remains at a high of infection from 
the pathogen. 

P042  THE ROLE OF WILDLIFE IN THE EPIDEMIOLOGY OF 
COxiEllA BuRnEtii. THE PARADIGM OF CYPRUS, AN 
ISLAND ECOSYSTEM

Anna Psaroulaki,1,2 Dimosthenis Chochlakis,1,2 Ioannis Ioannou,3 
Leonidas Georgalis,1,2 Nikos Kassinis,4 Petros Anayiotos,3 Andreas Lyssandrou,3 
Byron Papadopoulos,1,2 Andreas Tsatsaris,5 Yannis Tselentis 1,2 

1 Laboratory of Clinical Bacteriology, Parasitology, Zoonoses and Geographical 
Medicine, Medical School, University of Crete, Heraklion-Crete, Greece

2 WHO Collaborating Center, Medical School, University of Crete, Heraklion-Crete, 
Greece

3Veterinary Services, Nicosia, Cyprus
4Game Fund, Ministry of the Interior, Nicosia, Cyprus
5Geoinformatics Laboratory, Technological Educational Institution, Athens, Greece 

Objectives: Domestic ruminants represent the most frequent source 
of human Coxiella burnetii infection but reservoir species can also be 
found among wildlife and arthropods. Few studies have been carried 
out on the distribution and incidence of C. burnetii infection in wildlife. 
The aim of this study was to investigate the distribution of C. burnetii in 
the main wild species and their ectoparasites in Cyprus.
Methods: A total of 1046 wild animals, 247 hares, 74 mouflons, 32 fox-
es, 136 rats (Rattus rattus and Rattus norvegicus) and 557 endemic and 
migratory birds (belonging to 51 species) and their 2462 ectoparasites 
(1315 ticks belonging to 10 species: Rhipicephalus turanicus, R. sanguin-
eus, R. bursa, R. pusillus, Hyalomma anatolicum excavatum, H. margin-
atum marginatum, Haemaphysalis sulcata, H. punctata, Ixodes ventalloi, I. 
gibosus and 1147 fleas belonging to 3 species: Xenopsylla cheopis, Cteno-
cephalides felis, C. canis) were collected. Ectoparasites were pooled (193 
tick and 153 flea pools), each pool containing one to eight samples, ac-
cording to species animal origin and geographic site. All samples were 
tested by PCR-sequencing analysis for the detection of C. burnetii.
Results: Coxiella burnetii RSA strain was detected in 31,1%, 28,1%, 
23,5%, 48% and 31.2% of the mouflons, foxes, rats, hares and birds, 
respectively. The pathogen was also detected in 28.7% of tick and 
16.3% of flea pools. C. burnetii was not detected in any of the birds’ 
ectoparasites.
Conclusions: The results of this study extend the knowledge on the 
dispersal and prevalence of C. burnetii in wild animals and their ec-
toparasites and indicate the importance of the wild life cycle in the 

maintenance of the pathogen in nature. Further studies are in process, 
to prove a possible interaction of the wild cycle with the cycle of ru-
minants and the potential risk of wildlife for the transmission of the 
pathogen.

P043  SEROLOGICAL SURVEY OF Q FEVER IN CRETE, 
SOUTHERN GREECE

Dimosthenis Chochlakis,1,2,3 Sofia Kokkini,1,2,3 Iosif Vranakis,1,2,3 
Eirini Pasparaki,1,2,3 Vassilios Sandalakis,1,2,3 Georgios Minadakis,1,2,3 
Achilleas Gikas,4 Anna Psaroulaki,1,2,3 Yannis Tselentis 1,2,3

1 Laboratory of Clinical Bacteriology, Parasitology, Zoonoses and Geographical 
Medicine. Medical School, University of Crete, Greece

2 Regional Laboratory of Public Health, Heraklion-Crete, Greece
3 WHO Collaborating Center, Medical School, University of Crete, Heraklion-Crete, 
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4 Clinic of Pathology, University Hospital of Heraklion, Heraklion-Crete, Greece

Objectives: The prevalence of Coxiella burnetii phase II antibodies in 
two different groups of healthy human population in the island of Crete 
(southern Greece) was determined. 
Methods: The first group (“high risk”) consisted of inhabitants of a Cretan 
farming village, where most individuals of the community work exclusive-
ly with stock farming. One hundred and ninety (119) sera from inhabitants 
of the village were collected (February-July 2008). The second group, con-
sisting of healthy blood donors, was representative of the general Cretan 
population and was considered as the “low risk” group. Of those, 493 se-
rum samples were randomly selected from the blood banks of 5 hospitals 
of the 4 prefectures of the island (Chania, Rethimno, Heraklion, Lassithi) 
(August 2005-August 2006). All serum samples were collected from peo-
ple aged from 20-65, in such a way that a minimum of 20 samples from 
each 10-year age group was obtained. Sera were tested for the presence 
of IgG and IgM phase II antibodies against C. burnetii, by indirect immu-
nofluorescence assay (IFA) using a commercial kit (Biomerieux, France). 
Sera were considered positive at titers ≥1/120 and ≥1/50 for IgG and IgM 
antibodies, respectively.
Results: The overall seroprevalence for the blood donors was 48.7% 
(240/493), with IgG antibody titers ranging from 1/120 to 1/480. A sta-
tistically significant higher prevalence (p=0.008) was revealed at the 
prefecture of Heraklion compared to Lassithi. No statistically significant 
difference was calculated on the basis of age groups, gender, region (ur-
ban, rural areas) or season. Of the 240 seropositive sera, 42 (17.5%) also 
revealed IgM antibodies at titers ≥1/50. The seroprevalence among the 
119 participants of the high risk group was 64.7% (77/119); of those, 15 
(19.5%) were also positive for IgM antibodies. Seroprevalence in ages 
groups 51-60 compared to 31-40 differed statistically (p=0.036). No sta-
tistically significant difference was calculated between the two groups. 
Conclusions: The results make apparent the endemicity of C. bur-
netii in Crete. Factors other than just animal contact may contribute 
to C. burnetii widespread in the environment. The high IgM sero-
positivity may suggest a high rate of asymptomatic cases of Q fever. 

P044  MURINE TYPHUS IN CYPRUS: A 9 YEAR SURVEY 

Anna Psaroulaki,1,2 Christos Christou,3 Leonidas Georgalis,1,2 
Ioanna Tsiligianni,1,2 Ioannis Ioannou,4 Dimosthenis Chochlakis,1,2 
Giorgos Giorgalas,3 Yannis Tselentis 1,2

1 Laboratory of Clinical Bacteriology, Parasitology, Zoonoses and Geographical 
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2 WHO Collaborating Center, Medical School, University of Crete, Heraklion-Crete, 
Greece

3Public Health Services, Nicosia, Cyprus
4Veterinary Services, Nicosia, Cyprus

Objectives: This study summarizes data of Murine Typhus (MT) cases 
obtained through a surveillance system over 9 years (2000-2008) in Cy-
prus. The results of an environmental investigation are also presented.
Methods: Of the suspected cases of MT, which had been reported from 
health-care providers, 193 MT cases were laboratory confirmed. Epide-
miological and clinical data of the above case-patients were analyzed. 
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In order to determine source infection and potential risk factors, an 
environmental investigation and resident sites assessments was con-
ducted by Health Inspectors for all case-patients. 
Results: The incidence rate of MT was estimated at 0.57 cases/100,000 
population/year. A high incidence of MT was observed in 2000 followed 
by a decline in the following years. 65.8% of the patients were male, 
with an average age of 37.3 years (range 3-89 years, 24.4% <18 years). 
The geographical distribution of the disease varied between the five 
counties with the highest average annual incidence rates in Nicosia and 
Larnaka counties (4.2 and 2.7 cases per 100.000 residents, respectively). 
Famagusta had the greatest cumulative incidence (0.15%) for the nine 
studied years. The incidence rate varied considerably between rural and 
urban-, semi-urban areas, with residents in rural areas accounting for 
79.3% of the total cases. The predominant clinical manifestations of the 
disease included malaise (99.5%), fever (97.9%) and headache (75.6%). 
MT was characterized by a marked seasonality with 72.5% of the cases 
occurring in late summer and early autumn. Potential factors associated 
with infection sources included: the presence of rats in the surround-
ing environment; evidence of fleas or ideal conditions for their survival; 
residence in rural area (especially locations near the “green line”); keep-
ing domestic animals, combined with food and water sources outside; 
outdoor piles of firewood; unsecured garbage outside garden; compost 
heap, all significantly affected the likelihood of disease. Clusters of cas-
es, attributed to a favorable ecosystem for flea and rodent populations 
were observed. 
Conclusions: MT poses a serious public health threat in Cyprus. A well 
established rat-flea cycle of R. typhi occurs, especially in certain regions, 
in the island. 

P045  INDIVIDUAL BACTERIAL SHEDDING AND 
SEROPREVALENCE IN DAIRY CATTLE HERDS WITH 
COxiEllA BuRnEtii POSITIVE BULK-TANK MILK

Piñero A., Astobiza I., Barandika J.F., Juste R.A., Hurtado A., García-Pérez A.L.

NEIKER- Instituto Vasco de Investigación y Desarrollo Agrario, Department of 
Animal Health, 48160 Derio, Bizkaia, Spain

Objectives: Previous studies on 178 dairy cattle herds from Northern 
Spain revealed a high prevalence of Coxiella burnetii in bulk-tank milk 
(BTM) samples (see presentation from Astobiza et al.). The present study 
is aimed at assessing the value of BTM samples analysis as an indication 
of the C. burnetii status in cattle dairy herds. 
Methods: Two herds that had tested positive to C. burnetii by ELISA 
and PCR in BTM the previous year (2009) were selected for individual 
analyses. In October-November 2010, BTM samples as well as indi-
vidual milk from lactating cows, faeces and blood samples were col-
lected from all the animals. Presence of C. burnetii antibodies in sera 
and BTM was assessed by ELISA (LSIVET Ruminant Milk/Serum Q fever, 
Lissieu, France) and results were categorized according to manufac-
turer’s instructions into 4 different ascendant categories based on 
the S/P index: negative, slightly positive (+), positive (++) and highly 
positive (+++). Individual milk and faecal samples were subjected to 
DNA extraction using BioSprint 96 DNA Blood Kit (Qiagen) and PCR 
was performed as described elsewhere (Willems et al., 1994; Berri et 
al., 2000).
Results: Herd 1 (N=48) was BTM positive by PCR and serology catego-
rized it as highly positive (+++). The previous year (2009) it had been 
also positive, both by PCR and serology (++), with an estimated sero-
prevalence of 26.7% (4/15 animals tested). Surprisingly, one year later 
(2010), serological analysis of the whole herd revealed that only 10.4% 
(5/48) of the animals had antibodies, all of them older than 3 years. 
Similarly, the excretion of bacteria through milk was low, with 14.8% 
of shedders (4/27) among lactating cows older than 2 years. C. burnetii 
DNA was absent from faeces. Herd 2 (N=112) presented in 2010 similar 
results to those obtained in 2009. Thus, seroprevalence was 11.6% vs. 
13.3% in 2009). C. burnetii shedding was low, with only 3.0% of shed-
ders among lactating cows (2/66). Again, no C. burnetii DNA was de-
tected in faeces.
Conclusions: The study of BTM samples is a good epidemiological tool 
at population level, but at herd level additional studies are necessary to 
evaluate if Q fever is a potential problem.
Funding: INIA, RTA2009-00017-00-00.

P046  COxiEllA BuRnEtii pERiCARDitis AnD myOCARDitis

Frédérique Gouriet, Camille Aubry, Pierre-Edouard Fournier, Didier Raoult

Unité des Rickettsies, CNRS UMR 6020, IFR 48, Faculté de Médecine, Université de 
la Méditerranée, 13385 Marseille Cedex 05, France

Objective: As the French national reference center for rickettsial diseas-
es, we annually receive a mean 13,729 serum samples from France and 
other countries. Q fever is a polymorphic infection caused by Coxiella 
burnetii. The infection may be acute or chronic. Myocarditis and pericar-
ditis are rare in Q fever. 
Methods: A total of 2,730 cases of Q fever were recorded during 2003–
2010, including 2,016 acute and 721 chronic infections. Epidemiological 
and clinical information was collected for most patients by means of a 
standardized questionnaire. Patients were considered to have Q fever 
when they exhibited an anti–C. burnetii antibody titer consistent with 
either acute (phase II IgG ≥1:200 and/or IgM ≥1:50) or chronic (phase I 
IgG ≥1:800) Q fever. We conducted a retrospective study among these 
patients to identify those with pericarditis and myocarditis. 
Results: Pericarditis was diagnosed in 22 patients, and myocarditis was 
diagnosed in 10 including 3 who had myopericarditis. Three patients 
(13%) developed cardiac symptoms during the course of interstitial 
pneumonia, 18 (81.0%) initially presented with fever, and 10 (45%) pre-
sented with hepatitis. One patient with myocarditis had an inaugural 
heart failure and died before therapy. Only one patient had an immu-
nosuppressive therapy. No specific epidemiological or clinical features 
were associated with this disease. 
Conclusions: Myocarditis and pericarditis have rarely been described 
as a manifestation of acute Q fever. As with other forms of Q fever, myo-
carditis has a nonspecific clinical presentation, and its incidence may 
therefore be underestimated. Given the potential severity of Q fever 
pericarditis and myocarditis. We suggest that C. burnetii should system-
atically be considered in the differential diagnosis of acute pericarditis 
and myocarditis, since a reliable therapy is available.

P047  PRELIMINARY RESULTS OF BARtOnEllA DNA 
DETECTION FROM HUMAN CLINICAL SAMPLES IN 
PIEDMONT REGION, ITALY

Laura Franzin,1 Claudio Avanzini,1 Valerio Demarie,1 Lorenzo Ciceroni 2 

1 Specialist Microbiology Research Laboratory, Ospedale Amedeo di Savoia, 
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2 CRIVIB, Istituto Superiore di Sanità, Roma, Italy

Objectives: Bartonella henselae is the main causative agent of cat-
scratch disease (CSD). Endocarditis is now associated to height species, 
but Bartonella quintana is the most important cause. The incidence of 
infections in Piedmont Region, Italy is unknown. The aim of the study 
is to investigate the presence of Bartonella in human clinical samples. 
Preliminary results are reported.
Methods: Samples from 31 patients with suspected Bartonella infec-
tions were examined. Clinical suspicion was: 18 endocarditis, 6 cat-
scratch disease, 2 bacillary angiomatosis, 1 pericarditis, 1 meningitis, 3 
anemia and fever. A total of 97 samples were examined and 84 for Bar-
tonella PCR: 3 lymph node biopsies or needle aspirates, 2 osteomedullar 
biopsies, 3 cutaneous tissue biopsies, 2 liquor, 74 blood samples (blood 
EDTA, plasma, buffy coat, serum). DNA extracts were prepared from 
crushed tissues and blood samples by QIAamp DNA tissue and QIAamp 
DNA blood kit. DNA was amplified by PCR (ITS). Culture was performed 
for 21 patients. Tissue samples, previously triturated in brain heart in-
fusion (BHI) broth, and blood samples were inoculated onto fresh BHI 
agar containing 5% sheep blood and Columbia 5% sheep blood agar 
plates. Incubation was performed at 37°C at 5% CO2 for four weeks and 
at high humidity. Samples from patients with suspected endocarditis 
were also examined for Coxiella PCR (Trans-PCR), Legionella real-time 
PCR (5SrRNA) and Tropheryma whipplei PCR (16SrRNA). 
Results: Bartonella DNA was detected by PCR from tissue samples 
(lymph node) of two patients with CSD (B. henselae) and blood sample 
of one patient with endocarditis (B. quintana). Culture of tissue and 
blood samples was negative after one month of incubation of the agar 
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plates. One patient with suspected endocarditis showed a positive sig-
nal for Coxiella DNA. Legionella and Tropheryma PCR were negative.
Conclusions: Little is known about Bartonella infection in Italy. How-
ever the data presented here, despite limited number of samples exam-
ined, suggest that greater attention and awareness should be given to 
Bartonella infections in Piedmont Region, in both immunocompetent 
and immunocompromised patients.
Acknowledgments: We thank Dr D.Raoult for help and providing Bar-
tonella reference strains, Dr R.Birtles, and Compagnia di San Paolo, Tu-
rin, Italy for financial support.

P048  RESULTS FROM TICK SURVEY IN SOUTHEASTERN 
VIRGINIA, USA, AND APPLICATION TO 
MATHEMATICAL MODELING

Holly Gaff

Objectives: The purpose of this tick survey is to collect data on ticks and 
their tick-borne pathogens in southeastern Virginia to use for building 
mathematical models. The models can then be used to explore tick-
borne pathogen dynamics, quantify risk of tick-borne disease and iden-
tify optimal strategies to reduce that risk.
Methods: Questing ticks were collected from May 2009 to December 
2010 at ten separate locations in the southeastern portion of Virginia by 
dragging a cloth flag through vegetated areas. Within each area, unique 
habitats were identified and sampled. Additionally, ticks were collected 
from small mammals and at deer harvests. The mathematical model 
used is an agent-based model.
Results: More than 20,000 ticks were collected over the two years 
consisting of seven species. The dominant species is the Lone Star tick 
(Amblyomma americanum). The model results show that the predicted 
prevalence of any pathogen will vary greatly depending on the host 
species present. Results are shown for a subset of hosts related to the 
sites sampled.
Conclusions: Mathematical models are useful for exploring the dynam-
ics and seeking answers for the variations often found with tick popula-
tions and the prevalence of pathogens. This on-going study will further 
explore this model and help identify control measures to reduce risk 
of rickettsial diseases to humans. Survey results from future years will 
provide additional refinement of the model.

P049  EPIDEMIOLOGY OF RiCkEttsiAl AND AnAplAsmA 
TICK-BORNE PATHOGENS IN MONGOLIAN REINDEER 
AND DOMESTIC UNGULATES

Gonchigoo Battsetseg, Janet Foley, Sophia Papageorgiou

Objectives: There is a dearth of information about the role domesticat-
ed animals, landscape, and pastoral agricultural practices play in epide-
miology and ecology of tick-borne pathogens in Mongolia. Mongolian 
reindeer are the southern-most reindeer herded in the world, migrat-
ing within the Mongolian taiga, adjacent to the grassland-forest steppe 
(GFS) where domestic horses, cattle, goats, and sheep range. This isolat-
ed population of reindeer appears compromised in health. The objec-
tives of this cross-sectional investigation were to measure prevalence of 
tick-borne pathogens in animals within the taiga and GFS, identify fac-
tors contributing to tick-borne infections in these species, reveal spatial 
patterns of tick-borne infections in these landscapes, and ascertain if 
these pathogens are affecting reindeer health.
Methods: Field sampling was done in 2007-2008. Ticks, serum and 
whole blood samples were collected from animals in the taiga and GFS. 
DNA extractions and serum samples were analyzed for A. phagycytophi-
lum, A. ovis, and Rickettsia spp. using IFA and PCR. PCR positive A. ovis 
reindeer samples were sequenced.
Results: Prevalence values for pathogens ranged from 30-100% for 
A. phagocytophilum and Rickettsia spp., and 20-80% for A. ovis. Fe-
male reindeer and small ruminants had the highest prevalence of 
tick-borne pathogens. Reindeer and livestock migrating near the 
ecotone between the taiga and GFS had higher tick-borne pathogen 
prevalence than animals managed further from this area. Sheep and 
goats in the western steppe landscape had higher infection of A. ovis 
than reindeer in the taiga. Horses, ridden in taiga and GFS areas, were 

exposed to ticks and may play a role in distribution of infected ticks 
across these landscapes. 
Conclusions: High prevalence of tick-borne pathogens and PCR posi-
tive results for A. ovis suggest an enzootic tick-borne disease cycle in 
this region of Khuvsgul province. A. ovis may have been introduced 
to west taiga reindeer from GFS goats translocated into the taiga. 
Impacts on the environment, such as climate change or animal trans-
location, may be altering the diversity and richness of tick reservoir 
host species and modifying the regional disease ecology of tick-borne 
pathogens with subsequent adverse effects on Mongolian reindeer 
health. 

P050  isRAEli spOttED FEvER in tunisiA

Abir Znazen,1 Boussayma Hammami,2 Dorra Lahiani,2 Mounir Ben Jemaa,2 
Adnene Hammami 1

1 Laboratory of Microbiology, Habib Bourguiba University Hospital, Sfax, Tunisia
2 Infectious Diseases Department, Hedi Chaker University Hospital, Sfax, Tunisia

In Tunisia, Mediterranean spotted fever (MSF) caused by Rickettsia cono-
rii is the most frequent rickettsiosis described. In Sfax, a town situated 
in the south of Tunisia, physicians noted cases with sever forms of MSF 
and suspected the presence of other species or a virulent strain. We re-
port for the first time two cases from Sfax with Isreali spotted fever (ISF) 
confirmed by PCR on skin biopsies. Two previously healthy men were 
hospitalized in the infectious disease department on September 2009. 
They originated from suburban areas that are 30 Km distant from town 
centre. The two patients were admitted with few day history of fever, 
cutaneous maculopapular rash. No eschar of inoculation was found in 
the two cases. One patient presented with a fever at 41°C and a cardio-
vascular collapsus for what he was hospitalized in an intensive care unit 
for one day. This patient with severe form developed his illness 5 days 
after returning from a 2-week trip to Libya. Skin biopsies from the rash 
and hole blood samples were obtained from the two patients. PCRs 
targeting ompA and ompB genes were performed. Amplicon sequenc-
ing confirmed the presence of R. conorii subsp israelensis DNA in skin 
biopsies of the two patients and in blood sample of one of them. In this 
report, we demonstrate for the first time the presence of ISF caused by 
R. conorii subsp. israelensis in Tunisia. Physicians should be alert to the 
possibility of ISF in febrile patients in our region; essentially that fatal 
outcome was reported with this infection.

P051  BARtOnEllA DIVERSITY IN RODENTS AND 
INSECTIVORES FROM JAéN PROVINCE (ANDALUSIA, 
SPAIN) 

Márquez F.J.,1 Rodríguez-Liébana J.J., Martínez-Cañas J.L., Muñoz-Cobo J.

1 Dpto. Biología Animal, Biología Vegetal y Ecología, Univ. Jaén, Campus Las 
Lagunillas s/n, Jaén, 23071 Jaén, Spain

Objetives: To determine the Bartonella sp. that circulates among popu-
lations of rodents and insectivores in Jaén province (Andalusia, South of 
Iberian Peninsula).
Methods: The presence of Bartonella in rodents and insectivores was 
evaluated using molecular techniques [PCR amplification and sequenc-
ing of intergenic transcribed spacer (ITS) 16S-23S rRNA and RNA poly-
merase beta subunit (rpoB) genes] over a sample of 47 wood mouse 
(Apodemus sylvaticus), 34 Algerian mouse (Mus spretus), 2 house mouse 
(Mus musculus), 1 garden dormouse (Eliomys quercinus), 3 Mediterra-
nean pine vole (Microtus duodecimcostatus), 3 Cabrera vole (Microtus 
cabrerae) and 7 common shrew (Crocidura russula). 
Results: We have detected B. taylorii in wood mouse and Cabrera vole 
(100% of similarity with GenBank accession AJ269796, and 99% with acces-
sion AJ269788, respectively). B. grahamii (99% with accession AJ269785) 
and a species near to B. doshiae (99% with AJ269792) appeared in wood 
mouse. Bartonella close to strain BN-40 (AJ269787) has been found in both 
Mediterranean pine vole and wood mouse (97% of similarity in both cas-
es). Two Bartonella sp. related with B. elizabethae has been found in Algeri-
an mice (98 and 97% similarity with EU218552 and AY877424 respectively). 
No bartonellae has been detected in common shrew.
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Conclusions: Our study confirms the widespread distribution of at 
least 7 Bartonella sp. or genotypes in rodents in Jaén province. Wood 
mice and Algerian mice are infected with more than one genoespecies 
that, for each host species, can share the same spatial and temporal 
patterns.

P052  SEROLOGICAL DETECTION OF SPOTTED FEVER 
GROUP RiCkEttsiA IN SMALL RODENTS FROM 
TWO AREAS OF LOW ENDEMICITY FOR BRAzILIAN 
SPOTTED FEVER IN EASTERN MINAS GERAIS STATE

Bruno S. Milagres,1 Amanda F. Padilha,2 Carlos Montandon,1 
Rafael M. Barcelos,1 Gabriel Guimarães,2 Cláudio L. Mafra,1,4 
Renata N. Freitas,2 Marcelo B. Labruna,3 Richard Pacheco,3 
David H. Walker,4 Márcio A.M. Galvão 2,4

1 Federal University of Viçosa, Brazil
2Federal University of Ouro Preto, Brazil
3University of São Paulo, Brazil
4 Center for Biodefense and Emerging Infectious Diseases, University of Texas 
Medical Branch, USA

This work investigated the occurrence of antibodies against different 
species of Rickettsia in sera from wild rodents captured in two areas of 
silent focus from Brazilian spotted fever in the eastern part of Minas 
Gerais state, Brazil, between the years of 2005 and 2007. The serum 
samples species of identified captured animals were analyzed by in-
direct immunofluorescence assay (IFA) using antigens of different 
species of Rickettsia from the spotted fever Group (Rickettsia rickettsii, 
Rickettsia parkeri, Rickettsia rhiphicephali and Rickettsia amblyommii), 
ancestral Group (Rickettsia belli) and transitional Group (Rickettsia fe-
lis). The titers equal to or greater than 1:64 were considered positive. In 
the municipality of Pingo D’Água, 84% (26/31) of serum samples from 
Rattus rattus, 86% (6/7) from Oryzomys subflavus, 86% (6/7) from Nec-
tomys squamipes, and 100% from Bolomys sp. (1/1) contained antibod-
ies against spotted fever group (SFG) Rickettsia. IFA reactivity of sera 
in Santa Cruz do Escalvado demonstrated the presence of antibodies 
against SFG Rickettsia in 94% (30/32) of serum samples from R. rattus, 
22% (5/23) from N. squamipes, and 80% (4/5) from Akodon sp. None of 
the sera from O. subflavus (0/2) had antibodies to the antigens tested. 
These results indicate the exposure of small rodents to SFG Rickettsia 
and suggest possible participation of the rodents in the epidemiologi-
cal cycle of rickettsial diseases in the areas studied in Brazil. Further 
studies will be necessary for understand the real importance of these 
animals in the wild and domestic cycles of Brazilian spotted fever. 

P053  FIRST DETECTION OF RiCkEttsiA RiCkEttsii IN 
HORSES AND DOGS IN A BRAzILIAN SPOTTED FEVER 
FOCUS IN THE STATE OF RIO DE JANEIRO, BRAzIL

Gehrke FS.,1 Gazeta GS.,2 Rodrigues ES.,1 Marrelli MT.,3 Schumaker TTS.1

1 Departamento de Parasitologia, Universidade de São Paulo
2 Laboratório de Referência Nacional em Vetores das Riquetsioses, Fundação 
Oswaldo Cruz/Rio de Janeiro, RJ, Brazil

3 Departamento de Epidemiologia, Faculdade de Saúde Pública, Universidade de 
São Paulo Brasil

Background: In Brazil, several seroepidemiological studies have shown 
the presence of rickettsial antibodies in domestic and wild animals, 
but few studies have demonstrated the presence of the Spotted Fever 
Group of bacteria in these animals. 
Objective: Detection and characterization of riquettsial genes in bio-
logical samples of horses and dogs in a Brazilian Spotted Fever focus. 
Methods: This study analyzed samples (blood clots and/or sera) from 
Canis familiares (4) and Equus cabalus (2) from endemic areas of the 
state of Rio de Janeiro using the following molecular techniques: DNAg 
extraction, Polymerase Chain Reaction, sequencing reaction and se-
quence analysis. 
Results: The sequences obtained for the gltA gene fragment accessed 
in all the samples tested were compared with sequences available in 
the GenBank and showed 99% or 100% identity with Rickettsia rickettsii. 

Conclusions: In Brazil, R. rickettsii has previously been diagnosed in a 
few dogs of the states of Rio de Janeiro (1) and São Paulo (2). The rel-
evant literature has no reports verifying R. rickettsii infecting horses us-
ing sequencing analysis of the rickettsial gene. It has long been known, 
through seroepidemiological studies, that domestic animals play an 
important role in the epidemiology of Brazilian Spotted Fever. The find-
ings confirm the involvement of these animals in the enzootic cycle of 
the disease.

P054  TERRITORIAL AND TEMPORAL STRUCTURE OF MAIN 
TICK-BORNE INFECTIONS IN NATURAL FOCI IN RUSSIA

Rudakov N.V., Rudakova S.А., Kolomeets А.N., Shpynov S.N., Samoylenko I.E.

Omsk Research Institute of Natural Foci Infections, Omsk Medical Academy, 
Russia, 644080, prospect Mira, 7 

Objectives and Methods: Comparative epidemiological analysis of 
main tick-borne infections (TBI) morbidity - tick-borne encephalitis 
(TBE), tick-borne borreliosis (TBB) and tick-borne rickettsiosis (TBR) in 
Russia and results of study of its natural foci was given. 
Results: Decrease of TBE and TBR morbidity and stable level of TBB 
was detected. Differences in structure of tick-borne infections in fed-
eral regions of Russia and its dynamics were detected. Prevalence of 
TBB in European part of Russia, TBE in Ural and West Siberia, TBR on 
the Russian Far East was detected. TBB is from 94.8% in Central region 
till 26.1% in Siberian region and 27.7% in Far East region in structure 
of TBI. TBE is of 5.2% in Central region, 68.5% в Ural region, 26.1% in 
Siberian region and 6.4% in Far East region in TBI morbidity. Shares 
of TBR are of 0.6% in Ural, 41.3% in Siberian and 65.8% in Far East 
regions. 
Share of TBE was 25.0%, TBB -58.0%, TBR –17.0% in TBI structure in Rus-
sian Federation. Siberian region is dominated in TBE morbidity. TBR is 
spread widely in Asiatic part of Russia and neighboring territories of 
Kazakhstan, Mongolia and China. Natural foci of TBR were detected 
in 18 administrative districts of southern territories of Siberia and Rus-
sian Far East. More than 80% of morbidity was registered in Altay and 
Krasnoyarsk districts. Mixed foci of three or more TBI are prevalence 
in areal of Ixodes persulcatus ticks in taiga zone. Human granulocytic 
anaplasmosis is prevalence among “new’ TBI. Differences in territorial 
structure of TBI are caused with regional structure and the number of 
ticks –TBI vectors. The main vectors of TBE virus and TBB borreliae are 
Ixodes ticks. Genera Dermacentor and Haemaphysalis are vectors of 
pathogenic rickettsiae.
Conclusions: Spectrum of TBI agents and representatives of Rickettsi-
ales with unknown pathogenicy was discussed.

P055  SEROPREVALENCE OF RiCkEttsiAE, BARtOnEllA 
AND HANTAVIRUS IN BRAzILIAN INDIAN 
COMMUNITY

Tatiana Rozental,1 Alexsandra R.M. Favacho,1 Renata Carvalho de Oliveira,1 
Raphael Gomes,1 Maria Angélica Mares-Guia,1 Lívia de Barros Lopes,1 
José Ferreira Figueredo,2 Inês Anschau,2 Sebastião de Jesus,2 
Ana Beatriz M.V. Almeida,2 Valéria Cristina da Silva,3 
Alba Valéria Gomes de Melo Via,3 Elba Regina Sampaio de Lemos 1

1 Laboratório de Hantaviroses e Ricketsioses, Instituto Oswaldo Cruz, Fiocruz, 
Rio de Janeiro, Brazil

2 Fundação Nacional de Saúde, FUNASA-DSEI, Mato Grosso, Brazil
3Secretaria Estadual de Saúde, SES, Mato Grosso, Brazil

Objective: The purpose of this study was to investigate the Rickettsiae, 
Bartonella and Hantavirus seroprevalence in the Halataikwa Indian Re-
serve, an Indian community located at Brazilian Amazon, Mato Grosso 
State, Brazil. 
Methods: The inquiry was conducted, in September 2009, among 
the Indians community of ethnic group Enawene Nawe, composed 
by 530 subjects. The Halataikwa Indian Reserve is located in the 
municipality of Brasnorte, Northwest of Mato Grosso, which is 
isolated from human contact. Blood samples from 59 (11%) Indi-
ans were collected as part of a collaborative agreement with the 
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National Foundation of Indians and were screened for Rickettsia 
rickettsii, Ehrlichia chaffeensis and Bartonella henselae antibodies 
using a commercial indirect immunofluorescence assay for IgG 
(PANBIO™/BION™) considering a cut-off titer at 64. A total of 11 ticks 
and 56 fleas were also collected. For Hantavirus investigation, the 
samples were tested using an immunosorbent assay for IgG anti-
bodies against Araraquara recombinant virus antigen.
Results: Seroprevalence to R. rickettsii was 20.34% (12/59, 06 M/06 F), 
B. henselae was 8.5% (5/59, 03 M/02 F) and E. chaffeensis 6.8% (4/59, 01 
M/03 F). Seropositivity to both R. rickettsii/B. henselae and R. rickettsii/E. 
chaffeensis was detected in 02 and 01 Indian, respectively. Another one 
was seropositive to R. rickettsii, E. chaffeensis and B. henselae. One sero-
positive Indian to R. rickettsii had reported malaria infection. Among 
the ticks collected, 05 nymphs belonged to Amblyomma genus and 06 
adults belonged to Amblyomma cajennense specie. All fleas were identi-
fied as Pediculus humanus. The analysis of the arthropods is in develop-
ment phase. Five individuals had anti-hantavirus antibodies (8%) and 
two of them were also seroreactive for R. rickettsii and E. chaffeensis 
(each one).
Conclusions: The data indicates that Rickettsiae and Hantavirus se-
roprevalence is higher in this Brazilian Indian Community than that 
in the general community. Due to the information that in the Indian 
reserve there is a large amount of wild rodents, ectoparasites and the 
individuals have the habit of eating them, these results reinforce the 
importance and necessity of continuing with these studies, including 
the analysis of wild rodents and arthropod vectors such as ticks, fleas 
and lice. 

P056  BARtOnEllAE IN ANIMALS AND VECTORS IN NEW 
CALEDONIA

Oleg Mediannikov,1 Bernard Davoust,1,2 Olivier Cabre,1,2 Jean-Marc Rolain,1 
Didier Raoult 1

1 Research Unit on Emerging Infectious and Tropical Diseases (URMITE), UMR 
6236 (CNRS-IRD UMR 198), Medicine Faculty, Marseille, France

2 Working Group on Animal Epidemiology, French Forces Health Service, 
Marseille, France

Objectives: Only several cases of B. henselae human infections (endo-
carditis, hepatitis) were reported from New Caledonia; one epidemio-
logical study revealed B. clarridgeiae in cat fleas. Our study was aimed 
to reveal the sources and reservoirs of Bartonella infection in animals 
and vectors. 
Methods: We collected the blood samples of 156 mammalians (64 
dogs, 8 cats, 30 bovines, 25 horses and 29 wild deer Cervus timorensis 
russa) and 308 associated blood-sucking parasites: 14 keds Hyppobosca 
equina, 258 ticks (22 Rhipicephalus (Boophilus) microplus, 235 Rhipiceph-
alus sanguineus, and 1 Haemaphysalis longicornis), 12 fleas Ctenocephali-
des felis and 24 dog lice Trichodectes canis in Noumea and in the eastern 
region of the New Caledonia in 2009. The blood of animals was sub-
jected to a culture; the arthropods were studied by molecular biology. 
Results: We have isolated 10 strains of Bartonella: 4 B. henselae from 
cats and 6 Bartonella aff. schoenbuchensis. The strains were charac-
terized by sequencing of 5 genes (16S, ITS, rpoB, gltA and ftsZ). We 
found 2 genetic variants of B. henselae and 4 variants of Bartonella 
aff. schoenbuchensis. qPCR showed that 35% of keds from deer were 
infected by Bartonella, all other arthropods were negative. B. aff. 
schoenbuchensis was found in 31% of deer blood samples. Sequenc-
ing of gltA and rpoB from deer and keds were not identical to barton-
ellae from bovines. rpoB gene was closer to B. capreoli then to Barton-
ella schoenbuchensis. 
Conclusions: We have identified the sources of B. henselae infection 
in New Caledonia and showed that 50% cats may be culture-positive. 
Analysis of sequenced genes showed that one of four strains may be 
of Oceanian origin (found previously in Australia) and three are ubiqui-
tous. Bartonellae from big ruminants (deer and bovines) form the solid 
cluster within the group of B. schoenbuchensis. However, the genetic 
proximity among three officially recognised species (B. schoenbuchen-
sis, B. chomelii, and B. capreoli) and Candidatus Bartonella melophagi 
does not allow to contribute our isolates to one of them. We confirmed 
that grand ruminants in New Caledonia are reservoirs of Bartonellae be-
longing to the group of B. schoenbuchensis and that keds are probable 
vectors.

P057  PREVALENCE OF ANTIBODIES AGAINST SPOTTED 
FEVER GROUP RiCkEttsiA (SFGR) AND BARtOnEllA 
AMONG HEALTH PROFESSIONALS WHO HANDLE 
WILD ANIMAL IN BRAzIL

Alexsandra R.M. Favacho,1 Tatiana Rozental,1 Renata Carvalho de Oliveira,1 
Felipe Moliterno,1 Monique Queiroz Lima,2 Cristiane Lamas,1 
Raphael Gomes,1 Maria Angélica Mares-Guia,1 Marcio Bóia,1 
Elba Regina Sampaio de Lemos 1

1 Laboratório de Hantaviroses e Rickettsioses, Instituto Oswaldo Cruz, Fiocruz, 
Rio de Janeiro, Brazil

2 Laboratório de Flavivírus, Instituto Oswaldo Cruz, Fiocruz, Rio de Janeiro, Brazil

Objective: To investigate the prevalence of anti-Rickettsia rickettsii and 
anti-Bartonella henselae antibodies in health professionals who handle 
wild animals and propose preventive measures related to field activities.
Methods: The survey was conducted in professionals who handle wild 
animals in different states of Brazil, whose epidemiological data and 
blood samples were obtained during the IV Brazilian Congress of Mas-
tozoology in August 2008. After signining an informed consent, the pro-
fessionals were submitted to a questionnaire which included detailed 
questions on previous exposure to wild animals and history of arthro-
pods bite (tick, lice and louse), use of personal protective equipment and 
previous occurrence of a febrile disease. Peripheral blood was collected 
and serum samples were tested using an indirect immunofluorescence 
assay for IgG for the detection of antibodies anti-R. rickettsii (PANBIOTM) 
and anti-B. henselae (BIONTM), considering a cut-off titer at 64.
Results: There were 342 participants included in the study; 126 males 
and 216 females. Two hundred eighty two of these 342 participants 
(82.7%) were between 18 and 30 years. Among professionals who pro-
vided information, 62.8% (201/320) reported less than 4 years of work-
ing with animals, and 91 of these, less than 2 years. Fifty-one subjects 
(15.9%) reported history of contact and handling animals for over 10 
years. All 342 professionals gave a past history of arthropod bite. Thirty-
six (10.5%) samples showed antibodies anti-R. rickettsii in a higher titer 
than that observed in the general population. Eighty six (25.1%) samples 
presented serological evidence of Bartonella previous infection. 
Conclusions: The preliminary results of this study suggest a high risk 
for infection with SFGR in professionals whose occupations entail close 
physical contact with wild mammals and ectoparasites as lice and ticks. 
In relation to prevalence of anti-Bartonella antibodies, a high and com-
parable rate of seropositivity has been reported in the Brazilian HIV 
positive and in the blood donors groups in the State of Rio de Janeiro, 
confirming its wide dispersion in this Brazilian area.

P058  A SEROLOGICAL STUDY OF ANTIBODY PREVALENCE 
FOR RiCkEttsiA AND BORREliA ORGANISMS IN WILD 
AND DOMESTIC ANIMALS IN MINAS GERAIS, BRAzIL

Bruno S. Milagres,1 Carlos Montandon,1 Rafael M. Barcelos,1 
Elenice Mantovani,2 Natalino H. Yoshinari,2 Amanda F. Padilha,3 
Gabriel Guimarães,3 Renata N. Freitas,3 Marcio A.M. Galvao,3 
Marcelo B. Labruna,4 Richard Pacheco,4 Cláudio L. Mafra 1

1 Parasitology and Molecular Epidemiology, Biochemistry and Molecular Biology 
Department, Federal University of Vicosa, Minas Gerais State

2 Reumatological Medical Investigation Laboratory, Hospital of Medicine Faculty, 
University of São Paulo

3 Pharmacy and Medicine School, Federal University of Ouro Preto
4 Veterinary Medicine and Zoothecnic School, University of São Paulo, Brazil

Background: In Minas Gerais State, Brazil, a known endemic area for 
spotted fever group rickettsiosis, many unanswered questions remain, 
particularly in relation to the co-infection and the natural history of tick-
borne agents that may be contributing to the occurrence of diagnostic 
mistakes amongst these diseases. Some of the causative factors may be 
the similar symptoms of these diseases, particularly Brazilian spotted 
fever rickettsiosis and Brazilian borreliosis known as Baggio Yoshinari 
Syndrome (BYS) that most of Brazilian physicians are not prepared to rec-
ognize and distinguish as emerging infectious entities. To study the hy-
pothesis of mistaken diagnosis between spotted fever rickettsiosis and 
borreliosis, two municipalities were selected; Santa Cruz do Escalvado 
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and Pingo D’Agua. These regions are characterized as areas of low ende-
micity for BSF and are currently under intense anthropic pressure, which 
has consequently forced the immigration of wild animals into urban and 
peri-urban regions. 
Methods: Blood samples were collected from dogs, horses, opossums 
(Didelphis aurita), and rodents (Rattus rattus) for serological evaluation 
for antibodies against spotted fever group Rickettsia and Borrelia burg-
dorferi organisms. 
Results: In Santa Cruz do Escalvado municipality, ELISAs revealed that 
the seroprevalence of antibodies against Borrelia was 7.5% (9/120), 
10.9% (13/119), and 6.45% (4/62) in dogs, horses, and opossums, respec-
tively. Seroprevalence of antibodies against spotted fever group Rickett-
sia was evaluated by IFA. All animal species tested had individuals that 
antibodies to SFG Rickettsia; dogs 20.89% (14/42); horses 15.15% (10/66); 
opossums: 42.1% (16/38); and rodents: 93.75% (30/32). In Pingo D’Água 
municipality, the seroprevalence for Borrelia was 16.6% (4/24) and 25.5% 
(11/43) in dogs and horses, respectively. By IFA, 8.33% (2/24), 38.09% 
(16/42); and 83.88% (26/31) of dogs, horses, and rodents, respectively, 
had antibodies to SFG Rickettsia. 
Conclusions: Considering these results, it is imperative that more epi-
demiological studies be performed and increases the awareness for the 
possibility of misdiagnosis in regions that are endemic for these patho-
gens.
This work was supported by Fundação de Apoio a Pesquisa do Estado de 
Minas Gerais (FAPEMIG), Brazil. Dr. B. Milagres was recipient of a post-doc-
torate fellowship from FAPEMIG.

P059  SEROPREVALENCE OF SPOTTED FEVER GROUP 
RICKETTSIOSES IN WESTERN UKRAINE AND 
PROSPECTIVES FOR THE FUTURE 

Kurhanova I., Loginov Ju., Tarasyuk O., Chipak N., Kitsara M., Bek N., 
Lukjanchuk V., Kushnir Z., Sagajdakovskyj M., Vsjaka I., Lutsyk T., Kogut Ol., 
Moroz G., Shnyr V., Jmurko B., Antonyshyn M., Nicholson, W.L., Richards A.L. 

Lviv Scientific Research Institute of Hygiene and Epidemiology of Health Ministry 
of Ukraine
Centers for Disease Control and Prevention, USA
Naval Medical Research Center, USA 

Background: Spotted fever group (SFG) rickettsioses are found world-
wide, throughout different landscapes and natural areas. Increasing 
numbers of known and newly identified pathogens, vertebrate res-
ervoirs and arthropod vectors enhance the possibility of SFG infec-
tions. This rise in number of known and new rickettsial pathogens is of 
concern to individuals living in different regions of Ukraine. It is known 
that Rickettsia conorii, the causative agent of Mediterranean spotted 
fever (MSF), is endemic to the area around the Mediterranean Sea, as 
well as the Crimea area on the coast of the Black Sea. This study was 
aimed to estimate the seroprevalence of antibodies to SFG rickettsiae 
among people in one selected area of western Ukraine living in a for-
est-steppe zone. 
Methods: This seroprevalence study was conducted to perform the se-
rologic screening at a 1:100 dilution by a SFG rickettsia-specific IgG ELI-
SA and was used to assess evidence of SFG rickettsial infections among 
non-fever, non-infected patients (n=1000) enrolled at two hospitals in 
the Lviv Oblast. 
Results: Of the 1000 serum samples, 51 samples reacted positively in 
the screening ELISA. Of those that tested positive, 4.25% were obtained 
from volunteers in the Novoyavorivsk hospital and 5.66% in Yavoriv 
hospital. We found a difference between seroprevalence among males 
and females of 6.08% and 4.05%, respectively. The presence of IgG to 
SFG rickettsiae was similar between villages, donors and non febrile 
patients, and between people who had cows/dogs or dealt with them 
and people who did not have any contact with animals. Positive results 
were found in all age groups of people assessed, from 18 years old to 
60 and older. 
Conclusions: This study showed evidence of SFG rickettsial infections 
(5.1%) among two local populations in the Lviv Oblast. Due to this im-
portant discovery, we are going to study the etiology of SFG rickettsio-
ses among acute febrile illness patients in the Lviv Oblast. In addition, 
we are going to investigate the presence of rickettsial pathogens in ticks 
and reservoir hosts to determine how they contribute to human rickett-
sial disease in western Ukraine.

P060  DIAGNOSTIC DILEMMAS OF CHRONIC Q FEVER:  
DATA FROM PORTUGUESE CASES

Santos AS.,1 Sousa R.,1 Baltazar N.,1 Núncio MS.,1 André E.,2 Costa A.,3 
Tintaneiro C.,4 Pais MJ.,5 Branco V.,6 Vieira D.,7 Pinheiro I.,8 Rego F.,8 
Almeida M.,9 Escoto V.,10 Magalhães M.,11 Banazol N.,11 Sá J.,12 Brito AP.,12 
Proença P.,13 Poças J.12

1National Institute of Health Dr. Ricardo Jorge (INSA), Águas de Moura, Portugal
2Amato Lusitano Hospital, Castelo Branco, Portugal
3Torres Vedras District Hospital, Torres Vedras, Portugal
4Figueira da Foz District Hospital, Figueira da Foz, Portugal
5Espírito Santo Hospital, Évora, Portugal
6Cova da Beira Hospital, Covilhã, Portugal
7Coimbra University Hospitals, Coimbra, Portugal
8Santa Maria Hospital, Lisbon, Portugal
9Santa Cruz Hospital, Lisbon, Portugal
10Santa Luzia Hospital, Elvas, Portugal
11Santa Marta Hospital, Lisbon, Portugal
12São Bernardo Hospital, Setúbal, Portugal
13Faro District Hospital, Faro, Portugal

Objectives: Q fever is endemic in Portugal but most of the available 
information refers to acute cases of infection. The aim of this study is to 
describe the epidemiological, clinical and laboratory features of Portu-
guese chronic Q fever patients.
Methods: The present work includes patients that presented at least 
one biological sample for Coxiella burnetii testing at INSA’s Centre for 
Vectors and Infectious Diseases Research Dr. Francisco Cambournac 
during 2004-2010 and who have met the laboratory diagnosis criteria 
currently used to define potential chronic infection (IFA phase I G≥800). 
Results: From a total of 42 patients, 13 were identified as chronic Q 
fever cases, including two previously diagnosed situations that have 
been followed-up for years and nine new cases. Endocarditis was the 
main disease presentation. Clinical and biological features included fe-
ver with valvular heart disease, hepatomegaly, splenomegaly, hepatic 
and renal abnormalities, inflammatory syndrome, hypergammaglobu-
linemia, and anemia. High IFA phase I titers were commonly found with 
values up to 102.400. PCR positive results were obtained in three cases 
and C. burnetii isolation was achieved from four patients so far. Valvular 
replacement was performed in a few cases, but there were also patients 
that recovered following antibiotic therapeutic intervention solely.
Conclusions: This study indicates that C. burnetii phase I antibodies ti-
ters vary greatly between individuals making it difficult in some situa-
tions to distinguish from acute, sub-acute and chronic disease. A higher 
IFA phase I cut-off it is therefore recommended to better predict chronic 
disease evolution. The report of endocarditis as the dominant form of 
chronic Q fever in Portugal points to the importance of C. burnetii inves-
tigation in culture-negative endocarditis patient.

P061  SAME ETIOLOGICAL AGENT, DIFFERENT CLINICAL 
AND EPIDEMIOLOGICAL FEATURES. A COMPARATIVE 
STUDY BETWEEN BRAzILIAN SPOTTED FEVER AND 
ROCKY MOUNTAIN SPOTTED FEVER

Angerami RN.,1 Silva LJ.2

1 Núcleo de Vigilância Epidemiológica, Universidade Estadual de Campinas, 
São Paulo, Brazil

2 Dengue Vaccine Initiative, International Vaccine Institute, Seoul, Korea

Objectives: Since its first description in the early 1900’s, Rickettsia 
rickettsii infection has been considered a potential severe disease and 
remains a clinical challenge in all countries where it is described. De-
spite sharing the same etiological agent, Rocky Mountain spotted fever 
(RMSF) and Brazilian spotted fever (BSF), the aim of present study is to 
describe the differences involving epidemiological and clinical aspects 
between both diseases. 
Methods: A comparative study of clinical and epidemiological features 
and evolution of RMSF and BSF confirmed cases, using scientific publi-
cations (for RMSF and BSF) and institutional data (BSF). 
Results: When compared predominant age-segment, in BSF higher in-
cidence is observed in 30-49 y [33%], while in RMSF the most affected 
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population is under 10 y. Tick exposure frequency is similar (60% in 
RMSF; 68% in BSF). Focal occurrence of transmission was observed in 
both diseases: 56% of RMSF cases in only five American States; in Brazil, 
80% of BSF cases were detected in the four Southeastern States. Classi-
cal non-specific clinical features (fever, headache, myalgia) have similar 
highest frequency. However, some clinical features suggesting a more 
severe disease has been observed in BSF patients: severe hypotension/
shock [26%-33%], hemorrhagic manifestations [23%-69%], renal func-
tion impairment [35%], jaundice [22%-52%], respiratory distress [21%-
37%], coma [20%], and fatality rate [21%-38%, excluding Santa Catarina 
cases]; in RMSF observed lethality rate varies 5% to 20%. As observed in 
RMSF, BSF lethality rate varies according specific areas, but a not com-
pletely understood situation occurs in Santa Catarina, a Southern Brazil-
ian State, where no deaths have been reported, and for this reason it 
has been considered other Rickettsia species than R. rickettsii explaining 
a mild disease. 
Conclusions: The differences about vector enrolled in transmission 
of R. rickettsii (Amblyomma cajennense and A. aureolatum in BSF; Der-
macentor variabilis, D. andersoni, and lesser Rhipicephalus sanguineus 
in RMSF) may explain some epidemiological aspects. Regarding some 
differences in clinical features, including more severe complications 
and higher lethality rate in BSF (resembling the fulminant RMSF cases), 
possible explanations could be the unavailability of doxycicline for 
parenteral use in Brazil and/or a more virulent strain in some Brazilian 
endemic areas.

P062  EPIDEMIOLOGICAL FEATURES OF BRAzILIAN 
SPOTTED FEVER IN SÃO PAULO STATE, BRAzIL

Angerami RN.,1 Camargo Neves VLF.,2 Nascimento EMM.,3 Colombo S.,3 
Santos FCP.,3 Leite RM.,4 Silva LJ.,5 Katz G.3

1 Núcleo de Vigilância Epidemiológica, Universidade Estadual de Campinas, 
São Paulo, Brazil

2 Superintendência de Endemias, Secretaria de Estado de Saúde, São Paulo, Brazil
3 Instituto Adolfo Lutz, Secretaria de Estado de Saúde, São Paulo, Brazil
4 Centro de Vigilância Epidemiológica, Secretaria de Estado de Saúde, São Paulo, 
Brazil

5 Dengue Vaccine Initiative, International Vaccine Institute, Seoul, Korea

Objectives: Brazilian spotted fever (BSF) is an acute febrile disease 
caused by Rickettsia risckettsii and transmitted by the Amblyomma gen-
era ticks. Despite its description in 1929 in São Paulo State, Southeastern 
Brazil, only in 2001 BSF became a noticeable disease. The aim of this 
study is to describe the main epidemiological characteristics and fac-
tors associated to risk of infection.
Methods: Retrospective study based on analysis of epidemiological 
data of all BSF confirmed cases notified State epidemiological system 
during the 2003-2008 period.
Results: In the study period there were notified 240 confirmed cases of 
BSF; of them 71 fatal cases (mean lethality 29.6% [25.6%-40%]). Trans-
mission of BSF was observed in 61 municipalities (9.5% of all São Paulo 
State municipalities). There were observed two different patterns of sea-
sonality: June to September in the inner region (A. cajannense) and all 
year transmission in metropolitan region (A. aureolatum) of São Paulo. 
Of all confirmed cases, 72% were male; however, in the 0-9 years old (yo) 
age segment there was no gender frequency difference. Almost half of 
cases was detected in the 20-49 yo segment. Tick exposure, presence of 
animals, ambient of risk was observed as isolated risk factor for infection 
in 68.8%, 7.9%, and 5.8% of patients, respectively. Highest (34.8%) and 
lowest (24.7%) lethality-rates were respectively observed in 50-older 
yo and 0-19 yo. Five significant clusters with high related lethality (50-
100%) were documented. 
Conclusion: According to Brazilian Ministry of Health data and based 
on present study, during the studied period, 44.9% of all BSF confirmed 
cases in Brazil occurred in São Paulo state. As observed, despite the sig-
nificant reduced number of cases when compared with other endemic 
diseases in Brazil, as dengue fever and malaria, the elevated lethality 
and the continuing increasing of new municipalities with transmission 
put BSF as one of the most important public health challenge in the 
state. Continuous improvement on knowledge of distinct epidemiolog-
ical aspects and risks of transmission, including vector and seasonality 
characteristics, is essential to improve measures to disease control and 
to reduce morbid-morbidity.

P063  COxiEllA BuRnEtii: A GENUINELY NOVEL CAUSATIVE 
AGENT OF PNEUMONIA IN THE NETHERLANDS

G.J.M. Limonard,1 M.H. Nabuurs-Franssen,2,3 G. Weers-Potthof,4 
C. Wijkmans,5 R. Besselink,6 A.M. Horrevorts,2 P.M. Schneeberger,4 
P.N.R. Dekhuijzen,3 C.A.R. Groot 7

1 Diakonessenhuis, Utrecht, The Netherlands
2 Canisius-Wilhelmina Hospital, Nijmegen, The Netherlands
3 Radboud University Nijmegen Medical Centre, Nijmegen, The Netherlands
4 Jeroen Bosch Hospital, ‘s-Hertogenbosch, The Netherlands
5 Municipal Health Service ‘Hart voor Brabant’, ‘s-Hertogenbosch, The Netherlands
6 Huisartsenpraktijk Herpen, Herpen, The Netherlands
7 Bernhoven Hospital, Oss, The Netherlands 

Objectives: Q fever is considered a new and emerging zoonosis in 
the Netherlands since the first reported outbreak, which started 
in late spring 2007. A clustering of pneumonia cases admitted to 
the Bernhoven Hospital (Oss, The Netherlands), a community hos-
pital in the middle of the epidemic area, signalled the start of the 
epidemic. However, unfamiliarity with Coxiella burnetii as the caus-
ative agent of pneumonie could have led to an underreporting of 
Q fever cases in the period leading up to the supposed start of the 
epidemic. Aim of this retrospective cohort study was to determine 
the incidence of Coxiella burnetii infection as a cause of pneumonia 
in patients admitted to the Bernhoven Hospital, in the period Janu-
ary to July 2007.
Methods: All patients admitted with a pneumonia diagnosis in Bern-
hoven Hospital in the period January to July 2007 were included. If no 
causative agent was identified using standard cultures and serology, 
available sera were serologically tested retrospectively for Coxiella bur-
netii antibodies, using a complement fixation test and PCR.
Results: Of the total of 95 clinical pneumonia cases identified, C. bur-
netii was the causative agent in 21 patients (22%), in 7 cases (7%) a 
pathogen other than C. burnetii was found, in 23 cases (24%) no cause 
was found after serological testing. In the remaining 44 cases (47%) se-
rology could not be obtained (Figure 1). Mean number of pneumonia 
cases was 13 per month (range 5-13). The number of Q fever pneumo-
nia cases in May was significantly higher than any other month in the 
study period (p<0.05). For all other groups (other pathogen, unknown 
etiology, no serology available), the number of cases did not differ sig-
nificantly between months in the study period (p>0.05 for all groups). 
Q fever pneumonia incidence in the period leading up to the outbreak 
(Jan-Apr) was 0.6% (1/42) per month compared to 38% (20/52) in the 
following period (May-Jul).
Conclusions: The incidence of Coxiella burnetii as a causative agent of 
clinically treated pneumonia sharply increased in May 2007. There was 
no evidence of underreporting of Q fever pneumonia in the period 
leading up to the outbreak.

Figure 1.
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P064  NEUROLOGICAL SYNDROME WITH PREDOMINANT 
ExTRAPYRAMIDAL MANIFESTATIONS IN SPOTTED 
FEVER RiCkEttsiAl INFECTION IN SRI LANKA

S.A.M. Kularatne,1 R.P.V.J. Rajapakse,2 S.C. Madagedara,1 
D.M. Nanayakkara,2 K.G.A.D. Weerakoon,1 R. Premaratna,3 G.A. Dasch 4

1 Department of Medicine, Faculty of Medicine, University of Peradeniya, Kandy, 
Sri Lanka

2 Department of Parasitology, Faculty of Veterinary Medicine, University of 
Peradeniya, Kandy, Sri Lanka

3 Department of Medicine, Faculty of Medicine, University of Kelaniya, Ragama, 
Sri Lanka

4 Rickettsial Zoonoses Branch, Centers for Disease Control and Prevention, 
Atlanta, GA, USA

Objectives: Spotted fever rickettsial infections are being increasingly 
detected in the hilly Central Province of Sri Lanka. The common mani-
festations of the infection include vasculitic skin rashes and arthritis. 
However, since 2008, we detected diverse neurological manifestations 
among some spotted fever patients. The objective of this study was to 
summarize these manifestations in a series of 17 patients. 
Methods: A prospective data base has been collected on all rickettsial 
infections admitted to the Teaching Hospital at Peradeniya since 1999. 
Confirmation of the clinical diagnosis has been made with therapeutic 
responsiveness and serologically by indirect fluorescent antibody assay 
(IFA) since its establishment in 2008. 
Results: Ten patients (60%) had presentation IgG titers for Rickettsia 
conorii antigen ranging from 1/64 to 1/1024 whilst 7 patients (40%) 
had titers of 1/2048 to1/4096. All were non-reactive to Rickettsia ty-
phi and Orientia tsutsugamushi antigens. The median age was 62 years 
(range 26-82) and comprised 10 males and 7 females. The total median 
duration of fever was 11 days (range 5-35 days). Other manifestations 
were headache 16 (94%), skin rash 17 (100%), fern leaf skin necrosis 7 
(40%), conjunctival injection 11 (65%), arthritis 6 (35%) and icterus 6 
(35%). Fourteen patients (82%) were either drowsy or confused and 
3 (16%) patients were in semi-comatose state on admission. Thirteen 
patients (76%) had extrapyramidal manifestations such as rigidity, 
bradykinesia and resting tremors which persisted even after deferves-
cence. Other neurological manifestations were neck stiffness 5 (30%), 
weakness of limbs 4 (24%), deafness 2 (12%) and stupor in 1 (6%). 
Electroencephalograms were done in four (24%) patients and all had 
generalized irregular slow waves suggestive of encephalitis. Of the 7 
cerebrospinal fluid examinations, 3 had cellular reaction. Two patients 
died (death rate 12%) and others made slow recovery with treatments 
such as doxycyclin, chloramphenicol and steroids. 
Conclusions: Greater age patients seem more susceptible to neuro-
logical involvement in spotted fever occurring in Sri Lanka. The patients 
developed predominant extrapyramidal manifestations carrying stag-
gering recovery and a significant fatality rate. At least four spotted fever 
rickettsiae are present in Sri Lanka but it is unknown if they vary in their 
causation of these severe symptoms.

P065  BARtOnEllA AlsAtiCA IN EUROPEAN WILD RABBIT 
FLEAS (ANDALUSIA, SPAIN) 

Márquez F.J.,1 Muñoz-Cobo J.

1 Dpto. Biología Animal, Biología Vegetal y Ecología, Univ. Jaén, Campus Las 
Lagunillas s/n, Jaén, 23071 – Jaén, Spain

Objetives: To determine the potential vector role of European wild rab-
bit (Oryctolagus cuniculus) habitual fleas in the transmission of Barton-
ella alsatica in Andalusia (South of Iberian Peninsula).
Methods: We have tested the presence of Bartonella alsatica in 24 
European wild rabbit specimens and the fleas that they carrying at 
the moment of capture. Together to rabbits, captured from different 
localities of Andalusia (Jaen, Granada and Cordoba provinces), we 
evaluated three of fleas species that parasitize it usually (Spilopsyllus 
cuniculi, Xenopsylla cunicularis and Odontopsyllus quirosi) using mo-
lecular techniques [PCR amplification and sequencing of intergenic 
transcribed spacer (ITS) 16S-23S rRNA and RNA polymerase beta sub-
unit (rpoB) genes]. 

Results: We have detected B. alsatica in 8 mammal host and 6/22 lots 
of S. cuniculi and 5/14 lots of X. cunicularis. The 7 lots of O. quirosi tested 
were negatives. All fleas lots positive against B. alsatica has been col-
lected from positive rabbits.
Conclusions: Our study confirms the possible implication in the trans-
mission cycle of Bartonella alsatica in European wild rabbit fleas. Euro-
pean wild rabbit has been found parasitized by 3 of 4 species of flea de-
scribed for this host in Andalusia. These preliminary data indicate that 
at least 2 of these species (S. cuniculi and X. cunicularis) can contribute to 
maintain the transmission cycle of B. alsatica in nature.

P066  SYSTEMATIC STUDY OF BLOOD CULTURE NEGATIVE 
ENDOCARDITIS HIGHLIGHTS THE ROLE OF zOONOTIC 
AGENTS IN THAILAND 

Orathai Pachirat, Michael Kosoy, Buradha Pussadhamma, 
Sompop Prathani, Viraphong Lulitanond, Anucha Puapairoj, 
Christopher Paddock, Nordin Zeidner, Leonard Peruski, Sumalee Boonmar, 
Henry Baggett, Somsak Thamthitiwat, Susan Maloney, George Watt, 
Pierre-Edouard Fournier

Objective: Blood culture negative endocarditis (BCNE) is responsible 
for up to 62% of cases of endocarditis in Thailand. Consequences are 
that antibiotic therapy might not be appropriate, especially in case of 
endocarditis caused by intracellular bacteria. 
Methods: Patients presenting with BCNE in Khon Kaen, Tailand, were 
systematically tested for any bacterium and any fungus by PCR, for En-
terococcus sp., Streptococcus sp., Mycoplasma sp., and T. whipplei by PCR, 
and C. burnetii and Bartonella sp. by PCR and serology.
Results: Seventy-three patients were included in the study. In fourteen 
patients (19.1%), an aetiological agent was identified, including C. burnetii 
in four, B. henselae in 2, one of which was also found to be infected with 
Aspergillus flavus, Streptococcus sanguinis in 2, and S. mitis, S. suis, S. sinensis, 
Staphylococcus aureus, Enterobacter sp. and E. cloacae in one patient each. 
Conclusions: Our comprehensive study permitted the identifica-
tion of a causative agent in 19% of patients, including 5 (Q fever and 
aspergillosis) who required a specific therapy. In addition, the prev-
alence of zoonotic agents was high, as 7 patients (9.6%) were in-
fected with such microorganisms. Q fever and Bartonella infections 
should systematically be investigated in cases of BCNE in Thailand.

P067   EVALUATION OF COxiEllA BuRnEtii TRANSMISSION 
RISK LEVELS IN GOAT HERDS WITHOUT APPARENT Q 
FEVER INFECTION

Dubuc-Forfait C., Prigent M., Delcont A., Champion J-L., Marois M., 
Kouji M., Dufour P., Sidi-Boumedine K., Rousset E.

Objectives: The objectives were to describe the Q fever infection pres-
sure of apparently healthy herds and to propose an approach for defini-
tion of a risky status in a given herd.
Methods: A survey was carried out on dairy goat herds without event 
of Q fever abortions during the last 5 years. A cross-sectional study on 
14 herds was performed using serology at first. The study was contin-
ued by investigating also bacterial shedding. Two years later, 28 herds 
were recruited, including 5 previously selected. The subsequent year, 
10 herds were designated to be tested again. All animals were sampled 
about one month after kidding season. Sera were obtained from goats 
randomly selected in proportion to herds sizes and stratified by 3 age 
classes. Vaginal swabs were concomitantly collected among 18 of these 
goats per herd applying again a stratified random sampling (6 per age 
classes). A total of 1819 sera and 711 vaginal swabs were analysed using 
ELISA and real-time qPCR assays (LSI), respectively.
Results: More than 30% of seropositive goats were found in 43% of herds 
(6/14 and 12/28). Among 28 PCR-tested herds, 9% and 20% of goats excret-
ed more than 104 and between 102 and 104 log10 bacteria/swab, respective-
ly. Seroprevalence as well as antibodies rates were significantly highest in 
heavy shedding herds and reciprocally. Considering that infected animal 
ages are likely to indicate the moment(s) of infection, a Principal Compo-
nent Analysis (PCA) was elaborated on 4 criteria combining age and sero-
logical data. Five groups were identified. The latters were representative 
for different stages of the within-herds infection kinetic. Additionally, the 
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shedding intensity patterns supported the hypothesis of different levels 
of bacterial circulation. Finally, data collected at 1 and 2 years intervalls en-
abled the characterization of within-herds Q fever dynamic trends. 
Conclusions: High asymptomatic carriage frequency was shown. Bacte-
rial shedding occured even in the absence of current or past abortions 
and could be considered as a subclinical or chronic process. Moreover, the 
herd status determined by the presented PCA method should be useful 
for recognizing and predicting the risk levels of herds, and thus, improve 
herds status monitoring and evaluation of management strategies.

P068  FRAnCisEllA tulAREnsis INFECTIONS IN ITALY

Lorenzo Ciceroni,1 Laura Franzin,2 Antonella Pinto,1 Massimo Fabbi3

1 CRIVIB, Istituto Superiore di Sanità, Rome
2 Ospedale Amedeo di Savoia, Torino
3 National Laboratory Reference for Tularemia, Department of Pavia, Istituto 
Zooprofilattico Sperimentale della Lombardia e dell’Emilia Romagna, Pavia, Italy

Objectives and Methods: In this work, an epidemiological review of 
tularemia in Italy is made in order to contribute to the better knowledge 
of this disease.
Results: In Italy, tularemia was first recognized in 1964 in Pavia prov-
ince in hares most probably imported from Eastern Europe for restock-
ing while the first cases of disease in human were reported two years 
later by Bianchi in Pavia province too. Until the seventies, only sporadic 
cases of human disease have been reported. Since 1980 some out-
breaks of tularemia have been reported. The last outbreak, involving 
43 cases and linked to a natural spring water, occurred in the province 
of Pistoia (Tuscany region) between 2007-2008. The presence of Fran-
cisella tularensis subsp. holarctica (type B) was demonstrated in sam-
ples of the spring water by PCR and mouse inoculation. This outbreak 
occurred about two decades after other two important waterborne 
outbreaks: the first occurred in the province of Arezzo (Tuscany region) 
in 1982 and the second one in Val di Vara in the Ligurian Appenines of 
La Spezia province in 1988. A family outbreak of tularemia with three 
different forms of disease involving three members of the same family 
exposed to a sick wild hare was also described in the province of Arez-
zo in 1982, after the establishment of a local surveillance system that 
had been set up after the above mentioned waterborne outbreak. In 
Italy, tularemia is a notifiable disease. On the basis of Ministry of Health 
data, 128 cases of human disease have been observed in the fourteen-
year period 1996-2009. Tuscany and Lombardy are the main regions 
involved; only two cases of the illness have been notified in Southern 
Italy and in the Islands. The 128 cases observed in the study period 
were equally distributed between males and females. Cases occurred 
in all age groups, but were more common (60/128) in the working age 
population (25-64 years).
Conclusions: In conclusion, the most significant observation of this re-
view is that tularemia does not appear a frequent disease in Italy, but 
the risk of Francisella tularensis infection should not be underestimated. 
The recent recognition of tularemia in hares imported from Eastern Eu-
ropean countries such as Hungary, Slovakia and Romania stresses the 
need to perform more effective controls, in imported animals suscep-
tible to Francisella tularensis infection in Italy.

P069  SUDDEN IMPAIRMENT OF VISION DUE TO 
CHORIORETINITIS AFTER INFECTION BY BARtOnEllA 
hEnsElAE

Georgios Minadakis,1 Pavlos Koutentakis,2 Michael Koukoulakis,2 
Xrysa Vassilokonstantaki,1 Emmanouel Angelakis,1 
Dimosthenis Chochlakis,1,3 Yannis Tselentis,1,3 Anna Psaroulaki1,3
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3 Regional Laboratory of Public Health, Heraklion-Crete, Greece

Objectives: Ocular manifestations like neuroretinitis, optic nerve mass-
es, vascular-occlusive events, choroidal masses, retinitis, choroiditis, and 

intermediate uveitis can be observed in atypical cat-scratch disease 
(CSD) caused by Bartonella henselae. We describe herein a case of an 
immuno-competent patient infected by B. henselae with sudden loss of 
vision.
Methods: A 30 year-old woman presented suffering from sudden 
alleviation of sight without coexistence of other symptoms. She 
owned parrots, canaries and cats. Alleviation of visual acuity (1/10) 
of the left eye, along with edema and exudates at the region of the 
macula were recorded at fluorescein angiography and tomography. 
Slightly reduced response potentials were recorded at photopic 
conditions (57 and 71μV for the right and left eye respectively) fol-
lowing electroretinography (ERG). An initial intravitreal injection of 
0.5 mg INN-ranibizumab was performed, followed by administration 
of doxycycline for 21 days, together with cortisone for one week re-
duced in dosage by ¼ every week for the next 2½ months. Fluores-
cein angiography was repeated at one and three months later, each 
time revealing slow healing of the edema. Despite the persistence 
of antibody titers against B. henselae, vision progressively returned 
to optimal levels. Sera and whole blood samples were drawn at pre-
sentation, one month and three months later and were tested for 
Chlamydia psittaci, Toxoplasma, Bartonella henselase and Treponema 
pallidum by indirect immunofluorescence antibody test (IFA) and 
PCR, respectively.
Results: Positive antibody titers against B. henselae were revealed (1st 
sample: IgM 1/80, IgG 1/256; IgM 1/80, IgG 1/64 at one month and IgM 
1/160, IgG 1/128 at three months). Sera were negative for the rest of the 
pathogens. The PCR performed on the whole blood sample was nega-
tive for Bartonella spp. 
Conclusions: The presence of chorioretinitis in patients with atypical 
cat scratch disease is recorded to 1%-2% of cases. It occurs mainly in 
children and young adults, mainly with unilateral reduction in vision, 
swelling of the optic disc, macular star and opacity limits of papilloe-
dema. Although the role of corticosteroids is unclear, administration 
of systemic antibiotics and anti-angiogenic factors is necessary for the 
treatment of chorioretinitis in B. henselae infection.

P070  ENzOOTIC AnAplAsmA phAgOCytOphilum IN 
BIOLOGICALLY DIVERSE ECOSYSTEMS

Janet Foley

Department of Medicine and Epidemiology, School of Veterinary Medicine, 
University of California, Davis CA 95616, U.S.A. 

Objectives: Biological diversity has been proposed as an inherently 
beneficial characteristic of ecosystems, tending to reduce force of in-
fection and risk of disease in humans, domestic animals, and wildlife. 
Tick-borne disease ecologies by definition encompass at least three tro-
phic levels (pathogen, tick, and host). An important theory to account 
for low tick-borne disease prevalence is that there are “diluting” host 
species such as lizards in western North America and small carnivores 
and low reservoir-competence small mammals in the east. We examine 
enzootic A. phagocytophilum in communities comprising chipmunks, 
squirrels, and woodrats with Ixodes pacificus, I. angustus, I. spinipalpis, 
and I. ochotonae ticks in order to understand how community biodiver-
sity contributes to A. phagocytophilum persistence. 
Methods: Our study compiles data from 10 different study sites in 
northern California. Data include results of ongoing surveillance 
for A. phagocytophilum DNA in small mammals, tick infestation, and 
small mammal abundance measures. Further, A. phagocytophilum 
strains are classified using DNA sequencing in an intergenic spacer 
region. 
Results: California has enzootic A. phagocytophilum in low coast range, 
Klamath, and Sierra Nevada mountains, where there is high tick, small 
mammal, and pathogen biological diversity. The various A. phagocyto-
philum strains that circulate in wildlife are maintained by relatively spe-
cialist ticks-host cycles. 
Conclusions: Data highlight the importance of “dilution effects”, “res-
cue effects”, and biocomplexity prolonging infection in reservoir popu-
lations in nature. We show that biological diversity can serve to prolong 
enzootic infection in nature. Such an understanding will help guide 
surveillance and management and could help clarify possible beneficial 
influences of biodiversity for disease reduction in other disease systems 
as well.
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P071  HUMAN GRANULOCYTIC ANAPLASMOSIS IN FRANCE

Sophie Edouard,1 Cristina Socolovschi,1 Philippe Brouqui

URMITE CNRS-IRD UMR 6236 Marseille, France

Human Granulocytic Anaplasmosis (HGA) is a tick-borne zoonotic infec-
tion caused by Anaplasma phagocytophylum. First case in Europe was 
described in 1997 in Slovenia, only one case was described in France in 
2003. To date, 70 human cases are reported in Europe. As a national refer-
ence center for Rickettsioses, Bartonelloses and Anaplasmoses, we rou-
tinely receive blood and serum specimens from patients from all part of 
France bitten by ticks. Since 2000, we have systematically searched for A. 
phagocytophilum antibodies in sera. We reported five new cases of HGA, 
which raises the concern of its emergence in France. All five patients lived 
in Northeastern France, a region where I. ricinus is highly prevalent. They 
presented undifferentiated febrile illnesses associated with bicytopenia. 
Most of them reported tick bites and had risk activities for tick bites. Five 
patients had significant A. phagocytophilum antibody titers, and serocon-
version was observed in two patients. Real-time PCR using specific prim-
ers and probes for A. phagocytophilum was positive for three patients in 
the acute phase of illness. During 10 years, a total of 126,995 patients were 
tested for serology and 342 samples were tested for molecular diagno-
sis. The total number of samples in our laboratory significantly increased 
every year for 10 years particularly samples received from Northeastern 
France, from Alsace. HGA is considered as an emerging disease because of 
its relatively recent description. Various factors seem to be contributing 
to the emergence of HGA, principally including improvement of diagnos-
tic tools, increased awareness and greater physician interest and changes 
of environmental conditions. The prevalence and incidence of this tick-
borne disease are probably underestimated due to the lack of specific 
clinical symptoms, allowing the disease to pass unnoticed. 

P072  ISOLATION AND PARTIAL CHARACTERIzATION OF A 
NOVEL ORiEntiA SPECIES (O. ChutO SP. NOV.) FROM 
A PATIENT INFECTED IN DUBAI

John Stenos, Leonard Izzard, Andrew Fuller, Stuart Blacksell, Daniel Paris, 
Allen Richards, Nuntipa Aukkanit, Chelsea Nguyen, Ju Jiang, Stan Fenwick, 
Nicholas Day, Stephen Graves

The Australian Rickettsial Reference Laboratory, Barwon Biomedical Research, 
The Geelong Hospital, Bellarine Street, Geelong, Victoria, Australia 3221

An Australian tourist returning from Dubai developed acute scrub ty-
phus. Her signs and symptoms included fever, myalgia, headache, rash, 
and eschar. Orientia tsutsugamushi serology demonstrated a 4-fold rise 
in antibody titers in paired serum collections (1:512 to 1:8,192), with the 
sera reacting strongest against the Gilliam strain antigen. An Orientia 
species was isolated by the in vitro cell culture from the patient’s blood. 
Gene sequencing of the 16S rRNA gene (rrs), partial 56-kDa gene, and 
the full open reading frame 47-kDa gene was performed. The closest 
homology to the rrs sequence of the new Orientia sp. isolate was with 
three strains of O. tsutsugamushi (Ikeda, Kato, and Karp), with a nucleo-
tide sequence similarity of 98.5%. The closest 47-kDa gene sequence 
homology was 82.3% with O. tsutsugamushi strain Gilliam and for the 
56-kDa gene sequence homology was 53.1% with O. tsutsugamushi 
strain TA686. Due to the molecular divergence and the geographically 
unique origin of this organism we propose that this organism be consid-
ered a novel species. Therefore, we have proposed the name ‘Orientia 
chuto,’ chuto, being the Japanese word for ‘middle east’. The prototype 
strain of this species is strain Dubai.

P073  APPLICATION OF LIPOSOME-ENTRAPPED EhRliChiA 
CAnis ANTIGEN ON PREVENTION AND TREATMENT 
OF THE DISEASE

Tomoko Tajima, Makoto Wada, Shinobu Watarai

Objectives: Canine monocytic ehrlichiosis, caused by Ehrlichia canis, is a 
persistent infection that continues for a long period even after treatment 

with antibiotics. We previously reported that growth of E. canis was inhib-
ited by adding interferon-gamma (IFN-γ) in culture. It is well known that 
immunization with liposome-entrapped antigen can induce the produc-
tion of IFN-γ. In the present study, we examined the efficacy of liposome-
entrapped E. canis antigen for prevention and treatment of E. canis infec-
tion in dogs.
Methods: For prevention experiment, three groups of female beagle 
dogs, two dogs for each group, were used. Group1; dogs inoculated sub-
cutaneously with liposome-entrapped E. canis antigen, Group2;dogs in-
oculated subcutaneously with disrupted antigen, Group3; dogs inocu-
lated with PBS. After booster immunization, all dogs were challenged 
intravenously with E. canis. Serum antibody against E. canis were exam-
ined by ELISA and expression of mRNA for IFN-γ was examined by real-
time PCR using RNA isolated from peripheral blood mononuclear cells 
(PBMC). Infection was demonstrated by PCR using DNA from PBMC and 
isolation of E. canis using DH 82 cells. For treatment experiment, two 
E. canis-infected dogs were subcutaneously inoculated with liposome-
entrapped antigen four times and expressions of mRNA for IFN-γ and E. 
canis gene was examined.
Results: After immunization, dogs in Group1 showed earlier and 
higher antibody response than Group2. Relative expression ratio of 
mRNA for IFN-γ was higher in Group1 dogs than dogs in other two 
groups. After challenge, Group3 dogs were all positive for E. canis 
while Group1 and 2 were negative in PCR. However E. canis was isolat-
ed from one of the dogs in Group2, suggesting liposome-entrapped 
antigen was more effective for prevention. When E. canis-infected 
dogs were treated with liposome-entrapped antigen, comparative 
expression ratio of mRNA for IFN-γ was higher than untreated dogs. 
Furthermore, expression of E. canis gene turned negative in these 
treated dogs.
Conclusions: Liposome-entrapped E. canis antigen could induce pro-
duction of IFN-γ and was effective for prevention and treatment of E. 
canis infection. Such liposome-entrapped antigen may be useful for 
not only vaccination but also treatment for infections with intracellular 
pathogens.

P074  HYPOGALACTIA IN DAIRY SHEEP ATTRIBUTED TO 
AnAplAsmA Ovis

Nectarios Giadinis,1 Dimosthenis Chochlakis,2,3 Yannis Tselentis,2,3 
Εuanthia Petridou,4 Harilaos Karatzias,1 Anna Psaroulaki 2,3

1 Clinic of Farm Animals, School of Veterinary Medicine, Aristotle University of 
Thessaloniki, Greece

2 Laboratory of Clinical Bacteriology, Parasitology, Zoonoses and Geographical 
Medicine, University of Crete, Greece

3 Regional Laboratory of Public Health of Crete, Heraklion, Greece
4 Laboratory of Microbiology and Infectious Diseases, School of Veterinary 
Medicine, Aristotle University of Thessaloniki, Greece

Objectives: To date, most studies on Anaplasma ovis in sheep have 
been conducted in healthy animals therefore, the existing knowledge 
on the clinical aspects of this infection is limited. 
Methods: In a dairy sheep flock consisting of 400 sheep, the owner 
complained that every day some sheep were inappetent, depressed and 
had reduced milk production. These symptoms were recorded in three 
febrile sheep from the flock that were submitted to the Clinic of Farm 
Animals. Whole blood samples, milk, urine and sera were drawn from 7 
animals before antibiotic administration and a month later. Treatment 
with long acting oxytetracycline was effective. Sera were tested using a 
commercial ELISA kit modified to detect IgG antibodies against A. ovis. 
Paired sera confirmed infection by A. ovis. Whole blood samples drawn 
before the antibiotic treatment were tested by PCR for the presence of 
A. ovis, Babesia spp. and Theileria spp. Urine samples were also tested by 
PCR for the presence of Leptospira spp. 
Results: In all samples A. ovis infection was confirmed by serology. Four 
of those were also positive by PCR for Anaplasma spp. Anaplasma ovis 
infection was confirmed using a published RFLP protocol prepared in 
the laboratory. All blood samples were negative for the rest of the bac-
teria. Milk samples were tested negative for Mycoplasma spp. and other 
causes of udder infection. 
Conclusions: Anaplasma ovis infection in dairy sheep causes a febrile 
reaction and hypogalactia. This is the first report of this clinical aspect 
of the disease in sheep in Greece. 



Heraklion, Crete, Greece | 5-7 June 2011

67

P075  EMERGENCE OF A NOVEL EhRliChiA sp. AGENT 
PATHOGENIC FOR HUMANS IN THE MIDWESTERN 
UNITED STATES

Bobbi S. Pritt,1 Jevon D. McFadden,2 Ellen Stromdahl,3 David F. Neitzel,4 
Diep K. Hoang Johnson,5 Lynne M. Sloan,6 Liu Gongping,4 Uli Munderloh,7 
Susan M. Paskewitz,8 Melissa Kemperman,4 Caroline A. Grady,6 
David Boxrud,4 Kristina M. McElroy,2 Jennifer McQuiston,2 
David M. Warshauer,9 Jeffrey P. Davis,5 Christopher R. Steward,5 
William E. Irwin,10 Joni J. Franson,11 Matthew J. Binnicker,6 Robin Patel,6 
Curtis M. Nelson,7 Tracy K. Miller,12 Michelle A. Feist,12 Xia Lee,8 
Stefan Tongdean,10 Jay Brezinka,13 Marty Skoglund,13 Scott A. Martin,11 
Kay Bogumill,14 Mary E. Bjorgaard,15 Scott Cunningham,6 Jennifer Cope,2 
Marina M. Eremeeva 2

1Mayo Clinic, Rochester, MN, United States
2Centers for Disease Control and Prevention, Atlanta, GA, United States
3US Army Public Health Command, Aberdeen Proving Ground, MD
4Minnesota Department of Health, St. Paul, MN, United States
5Wisconsin Division of Public Health, Madison, WI, United States
6Mayo Clinic, Rochester, MN, United States
7University of MN, St. Paul, MN, United States
8UW Madison Department of Entomology
9Wisconsin State Laboratory of Hygiene, Madison, WI
10US Army Public Health Command Region-West, Joint Base Lewis-McCord, WA
11Luther Midelfort Mayo Health System, Eau Claire, WI, United States
12North Dakota Department of Health, Bismarck, ND
13Department of Military Affairs, Environmental Office, Camp Ripley, MN
14Eau Claire City County Health Department, Eau Claire, WI
15Burnett County Health and Human Services, Siren, WI

Objectives: We report the preliminary characterization of a novel Eh-
rlichia organism in the midwestern United States (Minnesota [MN] and 
Wisconsin [WI]). 
Methods: Whole blood from patients with suspected ehrlichiosis/
anaplasmosis was tested by real-time PCR for the Ehrlichia/Anaplasma 
Heat Shock Operon gene (groEL) with species discrimination by melting 
temperature (Tm) analysis. PCR was also performed on field-collected 
rodent blood and ticks from MN and WI and on ticks found on military 
personnel at 132 military bases nationwide (2007-2010). Positive speci-
mens were further characterized by culture and DNA sequencing of 
groEL and 16S rRNA (rrs) genes. Human sera were tested for antibodies 
to E. chaffeensis and A. phagocytophilum.
Results: From 6/2009 to 12/2010, DNA samples from 14 of 4,492 
MN and WI patients (0.31%) tested PCR positive for an Ehrlichia spe-
cies exhibiting atypical Tm, but it was not noticed in 6,355 patient 
specimens tested from other states. Patients comprised 8 man and 6 
women, aged 23-76 years. An Ehrlichia sp. isolate Wisconsin was also 
cultured from blood of one patient. The rrs nucleotide sequences 
showed 98% amplicon sequence similarity to E. muris. In the 12 pa-
tients for whom data was available, the disease manifested with fever 
(11) and headache (10), lymphopenia (10) and thrombocytopenia (8). 
Four were taking immunosuppressive medications. All were treated 
with doxycycline and recovered. Serum from 1 patient showed an el-
evated antibody titer (1024) against E. chaffeensis antigen at 51 days 
following PCR. Twenty-five (2.3%) of 1,065 I. scapularis ticks from MN 
and WI were PCR positive for Ehrlichia sp. Wisconsin; however, it was 
not detected in I. scapularis from other states (n=997) nor in other tick 
species (n=6426). Two Peromyscus leucopus of 147 rodents tested were 
PCR positive.
Conclusions: A novel human Ehrlichia sp. pathogen was discov-
ered in the U.S. and appears to be clustered in a region where eh-
rlichiae have not historically been considered endemic. Preliminary 
evidence suggests that I. scapularis is a possible vector. The clinical 
and epidemiologic characteristics of the Ehrlichia sp. Wisconsin ap-
pear similar to E. chaffeensis and A. phagocytophilum. These find-
ings should be taken into consideration for diagnosis and surveil-
lance.

P076  THE FREQUENCY OF INFECTION WITH TICK-BORNE 
ENCEPHALITIS VIRUS, BORREliA BuRgDORFERi 
SENSU LATO AND EhRliChiA ChAFFEEnsis IN 
SLOVENIAN PATIENTS WITH CONFIRMED HUMAN 
GRANULOCYTIC ANAPLASMOSIS: LABORATORY AND 
CLINICAL EVALUATION

Stanka Lotrič-Furlan,1 Tereza Rojko,1 Miroslav Petrovec,2 
Tatjana Avšič Županc,2 Franc Strle 1

1 Department of Infectious Diseases, University Medical Centre Ljubljana, Slovenia 
2 Institute of Microbiology and Immunology Ljubljana, Slovenia

Objectives: To assess the frequency of infection with other tick-borne 
pathogens in 50 adult patients with confirmed human granulocytic 
anaplasmosis (HGA). 
Methods: The study was performed in the period from 1996 to 2010, 
using combined clinical and laboratory evaluation. Patients with con-
firmed HGA (febrile illness associated with seroconversion to Anaplas-
ma phogocytophilum and/or the presence of A. phagocytophilum DNA 
in blood) were tested for antibodies to tick-borne encephalitis (TBE) vi-
rus, Borrelia burgdorferi sensu lato and Ehrlichia chaffeensis; in addition, 
blood specimens were examined for the presence of ehrlichial DNA. 
Clinical significance of the microbiologic findings was assessed using 
strict case definition criteria for each disease. 
Results: 23/50 (46 %) patients with HGA were seropositive to one or two 
of the tested pathogens: 

Agent (in addition to A. phagocytophilum) No. of seropositive patients (%)
TBE virus 1 (4.3)

TBE virus, E. chaffeensis 1 (4.3)

B. burgdorferi s. l. 6 (26.1)

B. burgdorferi s. l, E. chaffeensis 2 (8.7)*

E. chaffeensis 13 (66.5)

* In one of the two patients serum and cerebrospinal fluid (CSF) borrelial IgM and 
IgG antibodies were negative but Borrelia garinii was isolated from CSF. 

2/23 (8.7%) patients had laboratory evidence of TBE virus infection, 
8 (34.8%) had evidence of infection with B. burgdorferi s.l., while in 16 
(69.6%) antibodies to E. chaffeensis were detected (in none of them 
PCR revealed the presence of ehrlichial DNA). Corresponding ratios 
of patients fulfilling criteria for proven disease were 2/2 (100%), 1/8 
(12.5%), and 6/16 (37.5%) for TBE, Lyme borreliosis (LB), and human 
monocytic ehrlichiosis (HME), respectively. The most frequent com-
binations of proven diseases were HGA - HME (5 patients; HME was 
established by seroconversion), HGA - TBE (2 patients), and HGA - LB 
(1 patient). 
Conclusions: Nearly half patients with confirmed HGA had serological 
indications for coinfection with one or two other tick-borne pathogens, 
most commonly with E. chaffeensis and B. burgdorferi s.l. Of 23 patients 
with serological indication of coinfection 8 (34.8%) fulfilled criteria for 
the presence of the corresponding disease.

P077  ACUTE AND CHRONIC ANAPLASMOSIS DUE TO 
AnAplAsmA Ovis INFECTION IN DAIRY GOATS

Nectarios Giadinis,1 Dimosthenis Chochlakis,2,3 Yannis Tselentis,2,3 
Εuanthia Petridou,1 Harilaos Karatzias,1 Anna Psaroulaki 2,3

1 School of Veterinary Medicine, Aristotle University of Thessaloniki, Greece
2 Laboratory of Clinical Bacteriology, Parasitology, Zoonoses and Geographical 
Medicine, University of Crete, Greece

3 WHO Collaborating Center, Medical School, University of Crete, Heraklion, Crete, 
Greece

Objectives: To date, most studies for Anaplasma ovis in sheep and goats 
have been conducted in healthy animals therefore the existing knowl-
edge for the clinical aspects of this infection is limited. 
Methods: Acute cases: In the region of Katerini (Northern Greece), own-
ers in four dairy goat herds with common grazing place complained that 
the last three years many animals became were suddenly inappetent 
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and depressed, while their milk production was minimized. Examination 
of some goats from these herds revealed fever, while their milk was nor-
mal macroscopically. The animals were parasitized by ticks. Treatment 
with long-acting oxytetracycline improved their conditions. Chronic 
cases: A chronic form of the disease was recorded in Chalkidiki (North-
ern Greece), as the owner of the farm complained for ill-thrift and poor 
milk production in goats, while some of them died. Clinical examination 
revealed anaemia and poor body condition. Other possible causes of 
anemia were excluded. Treatment with long-acting oxytetracycline im-
proved these cases. In either case, milk, whole blood samples and sera 
were drawn on first visit. Sera were tested for the presence of IgG anti-
bodies against A. ovis using an ELISA commercial kit, modified to detect 
A. ovis. Whole blood samples were tested for the detection of the patho-
gen by PCR.
Results: Milk cultures were negative for common bacteria and myco-
plasmas. A pair of sera tested, for both cases, revealed specific antibod-
ies to A. ovis. A. ovis was identified in whole blood samples by PCR-RFLP 
in both cases. 
Conclusions: The cases reported herein are the first reported clinical 
ones describing acute and chronic A. ovis infection in goats, in Greece. 
Discrimination between acute and chronic forms of the disease is based 
on clinical examination and standard haematology laboratory tests. 
Molecular or serological techniques do not seem to be very helpful in 
distinguishing between the two conditions. 

P078  MURINE TYPHUS IN RETURNED TRAVELERS:  
A REPORT OF THIRTY TWO CASES

Gaëlle Walter, Elisabeth Botelho-Nevers, Cristina Socolovschi, 
Didier Raoult, Philippe Parola

Unité de Recherche en Maladies Infectieuses et Tropicales Emergentes (URMITE), 
UMR CNRS-IRD 6236, WHO Collaborative Center for Rickettsial Diseases and 
Other Arthropod-borne Bacterial Diseases, Marseille, France

Objectives: Murine typhus is a flea-borne infectious disease caused by 
Rickettsia typhi. The disease is endemic in tropical and subtropical coun-
tries where it has been shown as a frequent agent of fever of unknown 
origin. In the recent years, murine typhus has been identified as a cause 
of fever in returned travelers. 
Methods: We reviewed all cases of murine typhus diagnosed at the 
WHO collaborative center for rickettsioses in Marseilles, France between 
January 2008 and December 2010 and defined as imported cases. Di-
agnosis was based on serology using microimmunofluorescence (MIF) 
assay on acute-phase serum. Western blot (WB) assay with cross adsorp-
tion and specific quantitative (q)PCR targeting a fragment of RTO269 
gene coding for hypothetical protein were performed in the early sera.
Results: Thirty two cases of murine typhus were recorded. All cases 
occurred in returned travelers to France. Forty seven percent of cases 
(n=15) occurred between August and September. The majority of cases 
returned from Africa (13/32, 40.6%) -with 8 of these cases returning from 
Tunisia- and South East Asia (12/32, 37.5%). The remaining cases were 
acquired in India (n=3), Indian Ocean islands (n=2), Canaries islands and 
Greek islands (n=1) respectively. The mean age of patients was 42 year-
old (range, 1-69 years). Clinical presentation included fever (100%) and 
rash (47%). Only 12% (n=4) had the classic triad: fever, rash and head-
ache. Hepatic cytolysis was the main laboratory abnormality observed. 
Serology with WB analyses and cross-adsorption studies strongly sup-
ported that the infection for all cases was due to R. typhi. Only for one 
patient, specific qPCR on serum sample was positive. An increasing 
number of cases were observed with 8, 10 and 14 cases in respectively 
2008, 2009 and 2010.
Conclusions: Murine typhus has emerged in the field of travel medi-
cine and may be misdiagnosed because it frequently includes unspe-
cific symptoms. As we reported in this large series of imported cases, it 
could be the cause of fever in returned travelers from areas where the 
disease is endemic (mainly Africa, notably Tunisia and South East Asia) 
and should be then considered as an etiologic agent of febrile illness in 
returned travelers.

P079  SEROLOGICAL DIAGNOSIS OF ENDOCARDITIS DUE 
TO COxiEllA BuRnEtii – FIRST CASE REPORT FROM 
NORTHERN GREECE 

M. Pape, K. Mandraveli, S. Dionysopoulou, P. Nikolaidis,
M. Arvanitidou-Vagiona, E. Diza

Laboratory of Infectious Diseases, Department of Microbiology, School of 
Medicine, AHEPA University Hospital of Thessaloniki, Greece

Objective: Endocarditis is a rare but severe complication of Q fever. A 
case of chronic Q fever endocarditis is described in a patient with pros-
thetic aortic valve, successfully treated with doxycycline.
Method: A 67 year-old man was admitted to the cardiologic depart-
ment due to persistent high grade of fever and onset of chest pain and 
shortness of breath. Seven years before last admission the patient had 
been hospitalized because of severe aortic insufficiency leading to a 
valve replacement. A few days later fever and chills were noted and em-
piric antibacterial therapy was initiated. During the last years 4 more 
incidents of endocarditis were reported. In all cases conventional blood 
cultures were characteristically negative and transthoracic echocardio-
grams showed large vegetations on the aortic valve. Medical treatment 
did not control cardiac failure and surgical resection became a necessity 
in all cases. Blood cultures obtained before antimicrobial drugs were 
negative. Serologic tests for Mycoplasma, Chlamydia, Rickettsia and 
Bardonella were negative. Although exposure to cattle, sheep or goats 
was not reported, Q fever endocarditis was suspected on the basic of 
his clinical manifestations and the absence of positive blood cultures. 
The diagnosis in our patient was confirmed by serologic methods. Se-
rum samples were tested initially by ELISA (DiaSorin, kit) and its positive 
result was confirmed by indirect immunofluorescene (Focus, kit) assay. 
Results: The serology results were: [2nd after admission Elisa: IgG phase I 
3,9xcut off, IgG phase II 94 IU/ml, IgM phase I/II (negative), IFA IgG phase 
I: 1:8152, IFA IgG phase II: 1:1024, IFA IgM phase I/II (negative)], [15th after 
admission Elisa: IgG phase I 3,8xcut off, IgG phase II 88 IU/ml, IgM phase 
I/II (negative), IFA IgG phase I: 1:8152, IFA IgG phase II: 1:1024, IFA IgM 
phase I/II (negative)], [21st after admission Elisa: IgG phase I 3,6xcut off, 
IgG phase II 69 IU/ml, IgM phase I/II (negative), IFA IgG phase I: 1:8152, 
IFA IgG phase II: 1:512, IFA IgM phase I/II (negative)]. Combination of 
doxycycline and hydroxychlorocine was given with a recommended 
duration of at least three years. 
Conclusions: In patients with unexplained fever, negative blood cul-
tures, and a history of underlying vascular disease, Q fever should be 
considered.

P080  DIAGNOSIS OF COMMUNITY-ACQUIRED 
RESPIRATORY INFECTION CAUSED BY COxiEllA 
BuRnEtii IN PATIENTS FROM NORTHERN GREECE

M. Pape, K. Mandraveli, S. Dionysopoulou, P. Nikolaidis,
M. Arvanitidou-Vagiona, E. Diza 

Laboratory of Infectious Diseases, Department of Microbiology, School of 
Medicine, AHEPA University Hospital of Thessaloniki, Greece

Objective: The aim of this study was to determine the proportion of 
Coxiella burnetii infection among patients with community-acquired 
pneumonia in northern Greece.
Methods: Between 2006-2010, 650 patients admitted to AHEPA Univer-
sity hospital of Thessaloniki for a community-acquired respiratory infec-
tion, were included in the study. The study population was composed 
of people 3-70 old years, living in the rural and urban areas of the 16 
perfectures in northern Greece. Characteristics of the patients were col-
lected including age, sex, underlying disease, occupation, contact with 
animals, consumption of unpasteurized products. In all of them paired 
sera were collected at an interval of two weeks or more and microbi-
logical diagnosis for the atypical agents (Coxiella burnetii, Mycoplasma 
pneumoniae, Chlamydia pneumoniae, Legionella pneumophila, respira-
tory syncytial virus) was performed using serology means (ELISA and 
IFA methods). 
Results: Acute Q fever was diagnosed in 114 (17.5%) patients, based on 
the detection of IgM antibodies 1-2 weeks after the onset of the symp-
toms. Seroconversion was considered a diagnostic of Q fever and was 
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determined in almost all cases. Most cases, 76%, were diagnosed from 
January through May. The male to female ratio was 2:1. The mean age 
of the patients was 45 +/- 5 yr. Acute Q fever was diagnosed in none 
of the patients younger than 17 years of age. 65 patients had a history 
of contact with animals, mainly with sheep. Most patients were treated 
with doxycycline or tetracycline and recovered completely. Only two 
patients who were significantly older and more immunocompromised 
died eventually. 
Conclusions: Our data indicates that Q fever is not an exception in the 
development of community-acquired pneumonia in our area. Guide-
lines based ypo local epidemiology must therefore developed. 

P081  COxiEllA BuRnEtii, RiCkEttsiA typhi/COnORi, AND 
BARtOnEllA hEnsElAE/quintAnA AS CAUSATIVE 
AGENTS OF LYMPHADENOPATHY 

M. Pape, K. Mandraveli, S. Dionysopoulou, E. Diza

Laboratory of Infectious Diseases, Department of Microbiology, School of 
Medicine, AHEPA University Hospital of Thessaloniki, Greece

Objectives: Although the finding of lymphadenopathy sometimes rais-
es fears about serious illness such as lymphoma, acquired immunode-
ficiency syndrome, metastatic cancer, or mononucleosis syndrome it is, 
usually a result of benign infectious causes. The aim of this study was to 
investigate whether there is an association between lymphadenopathy 
and infection with Coxiella burnetii, Rickettsia conori/typhi, and Barton-
ella henselae/quintana. 
Methods: 280 patients who were diagnosed with lymphadenopathy 
(the typical causes were excuded by clinical evaluation and confirma-
tory laboratory tests) in AHEPA University Hospital, from 2005 to 2009, 
were prospectively studied. Characteristics of the patients were col-
lected including age, sex, underlying disease, occupation, contact with 
animals, consumption of unpasteurized products and the histopatho-
logical results in the cases where a lymph node biopsy had been per-
formed. Paired serum specimens were obtained from all patients and 
IgG/IgM antibody titers against Coxiella burnetii, Rickettsia conori/typhi 
and Bartonella henselae/quintana were assessed by immunofluores-
cence assay (Focus, kit). A serological diagnosis was made on the ba-
sis of either evaluated titers of IgM antibodies >1:20 or IgG antibodies 
>1:256, or the presence of a fourfold rise in the serum IgG titer between 
acute and convalescent phase. 
Results: The patients tested negative for the presence of Rickettsia 
conori or typhi infection. In 70 patients (29 adults/41 children) the di-
agnosis of Bartonella henselae infection was confirmed. In 15 out of 29 
adults and in 18 out of 41 children contact with cats was reported. In 
two cases a contact with dogs was also reported. In five patients the 
histological examination of lymph nodes pointed out histopathological 
findings compatible with cat scratch disease. Acute Q fever was identi-
fied in four cases. Two patients had a history of recent exposure to pos-
sible sources of C. burnetii.
Conclusions: Bartonella henselae infection is a common cause of 
lymphadenopathy. A definitive diagnosis should be made by laboratory 
examination, while history and physical examination and clinical evalu-
ation may strongly suggest a particular cause. 

P082  ANTIBODIES AGAINST COxiEllA BuRnEtii AND 
BARtOnEllA SP. IN PATIENTS WITH INFECTIVE 
ENDOCARDITIS RESIDENTS IN RURAL AND URBAN 
AREAS FROM NORTHERN GREECE

M. Pape, K. Mandraveli, S. Dionysopoulou, P. Nikolaidis,
M. Arvanitidou-Vagiona, E. Diza

Laboratory of Infectious Diseases, Department of Microbiology, School of 
Medicine, AHEPA University Hospital of Thessaloniki, Greece

Objective: Infective endocarditis is a serious, life-threatening disease 
with variable clinical sings that make the condition a diagnostic chal-
lenge. The aim of this study was to analyze blood culture negative en-
docarditis due to Coxiella burnetii and Bartonella sp.

Methods: Serum samples from 155 patients with infective endocardi-
tis (IE) diagnosed between 2006-2010 were collected. 105 cases were 
aortic and/or mitral valve prostheses, and the rest mitral-aortic and/or 
tricuspid failure of diverse etiology. All sera were tested for the pres-
ence of IgG/IgM antibody titers against Coxiella burnetii and Bartonella 
henselae/quintana by immunofluorescence assay (Focus, kit). Serologic 
tests for Mycoplasma, Chlamydia and Rickettsia were negative. Blood 
cultures obtained before antimicrobial drugs were administrated, failed 
to grow routine aerobic or anaerobic bacteria, mycobacteria or fungi. 
Results: The immunofluorescence assay revealed IgG antibodies to 
Bartonella henselae in 3 of the culture-negative episodes. Two of the 
patients had IgG antibodies 1:128 and one 1:256. Noone had a titer > 
or = 512. Coxiella burnetii phase I IgG antibodies were determined in 
10 patients. Titers of 1:512, 1:256 and 1:128 of Coxiella burnetii phase 
I IgG antibodies were determined in 6, 4 and 1 patients, respectively. 
One patient had serological criteria for chronic Q-fever (IgG phase I: 
1:8152, IgG phase II: 1:1024, IgM phase I/II (negative). Seven years be-
fore the last admission of this patient, a severe aortic insufficiency was 
reported, leading to a valve replacement. During the last years 4 more 
incidents of endocarditis were reported and in all cases conventional 
blood cultures were negative. The patient was successfully treated 
with doxycycline.
Conclusions: Bartonella and Q-fever endocarditis is rare in northern 
Greece. However, Q fever endocarditis should be considered on the ba-
sic of suspicious clinical manifestations and history (unexplained fever, 
valve replacement) and the absence of positive blood cultures.

P083  NO EVIDENCE OF BARtOnEllA quintAnA BUT 
DETECTION OF ACinEtOBACtER BAumAnnii FROM 
HEAD LICE OF ELEMENTARY SCHOOLCHILDREN IN 
PARIS

Sophie Bouvresse,1* Cristina Socolovshi,2* Zohra Berdjane,3 Rémy Durand,3 
Arezki Izri,3 Didier Raoult,2 Olivier Chosidow,1# Philippe Brouqui 2#

*Equally contributed
#Equally contributed
1 Université Paris-Est Créteil Val de Marne and Assistance Publique - Hôpitaux 
de Paris, Department of Dermatology, Hôpital Henri Mondor, 51, 94010 Créteil, 
France

2 Unité des Rickettsies, CNRS UMR 6020, IFR 48, WHO Collaborative Center for 
Rickettsial Reference and Research, Faculté de Médecine, Marseille, France

3 Department of Parasitology and Mycology, Hôpital Avicenne, 93009 Bobigny 
Cedex, France

Objectives: Human body louse is currently recognized as a vector 
of Rickettsia prowazekii, Borrelia recurrentis, and Bartonella quintana. 
Previous studies also reported the isolation of Acinetobacter bauman-
nii from the body lice of homeless patients. Recently, the presence of 
Bartonella quintana has been demonstrated in head lice of homeless 
and in Nepalese slum children. The aim of the study was to investi-
gate the presence of Bartonella quintana and Acinetobacter bauman-
nii in head lice isolated from schooolchildren in Paris.
Methods: An epidemiological survey was conducted between 2008 
and 2009 in order to study the prevalence of insecticide-resistant 
head lice in Paris. Among 345 elementary schools in Paris, 74 schools 
distributed in the 20 districts of Paris were visited. After a first visual 
examination, children with suspected pediculosis were systemati-
cally combed with fine-tooth comb to collect live lice. A maximum 
of 30 lice per infested child was frozen at -80°C. Some lice were ran-
domly selected and their DNA was individually extracted. Randomly 
selected DNA samples were sent to the Unité des Rickettsies where 
molecular studies were performed in order to detect Bartonella quin-
tana and Acinetobacter baumannii by specific quantitative real-time 
PCR targeting a fragment of yopP gene and rpoB gene, respectively. 
Results: During the study, 754 infested children were identified. Among 
more than 6300 head lice stored, 670 had undergone DNA extraction. A 
collection of 288 DNA samples were studied in the Unité des Rickettsies. 
Bartonella quintana was not detected in any lice. Acinetobacter bauman-
nii was detected in 95 DNA samples (95/288, 33%).
Conclusions: The analysis of 287 DNA samples extracted from head lice 
of Parisian schoolchildren showed no evidence of Bartonella quintana. The 
presence of Acinetobacter baumannii in head lice collected from Parisians 
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pupils raises the question of its pathogenicity and transmission to school-
children.
Supported by grants from Société Française de dermatologie (2006) and 
Mairie de Paris (2007).

P084  MURINE TYPHUS IN GERIATRIC PATIENTS. ANALYSIS 
OF 20 CASES FROM GREECE

Chaliotis George,3 Kokkini Sofia,1,2 Psaroulaki Anna,1 Chochlakis Dimosthenis,1 
Tsioutis Konstantinos,2 Tselentis Yannis,1 Gikas Achilleas2

1 Laboratory of Clinical Bacteriology, Parasitology, Zoonoses and Geographic 
Medicine, Medical School, University of Crete, Heraklion, Crete

2 Department of Internal Medicine, Infectious Diseases Unit, University Hospital 
Heraklion, Crete, Greece

Objectives: To study the clinical and laboratory characteristics of mu-
rine typhus in geriatric patients.
Material and Methods: Ninety (90) patients with clinical and labora-
tory characteristics compatible with murine typhus, were hospitalized 
at the Internal Medicine Department of the Chalkis General Hospital, 
Greece during the period 1998-2002. Of those patients, 20 were over 65 
years-old (range 65-82). All twenty patients had similar comorbidities 
such as hypertension, diabetes, heart failure and coronary artery dis-
ease. Patients with underlying malignancy or autoimmune disease were 
not included. Sera samples were tested at admission and 15 days later. 
Samples were tested for IgG and IgM antibody titers against Rickettsia 
typhi by indirect immunofluorescence antibody (IFA) test. Titers >1/200 
for IgM and/or 1/240 IgG antibodies and/or a fourfold increase in anti-
body titers at the second sample, were considered positive. 
Results: Titers of antibodies against R. typhi ranged from 1/50 to 1/1600 
and from 1/240 to 1/7680 for IgM and IgG, respectively. The most com-
mon presenting symptoms were fever (100%) up to 40oC, frontal head-
ache (90%), and lost of apetite (60%). Other common clinical findings 
were diffuse myalgia (60%), arthralgia (40%) and fatigue (70%). The ma-
jority of patients (70%) had the characteristic maculopapular rash of R. 
typhi. Less common symptoms were conjuctivitis (15%), low back pain 
(15%) and non productive cough (30%). Liver and splenomegaly were 
recorded in 25 and 35% of patients, respectively (none of them had 
underlying liver disease). Complications were observed in 11 patients 
(55%): 5 patients (25%) with stupor, 3 (15%) patients with acute renal 
failure, 2 (10%) patients with coma and one patient with disseminated 
intravascular coagulation (D.I.C). The most common laboratory find-
ings were transaminase elevation (100%), hyponatraemia (30%), anemia 
(45%), thrombocytopenia (40%), WBCs elevation (15%) and leucopenia 
(35%). All patients received doxycycline with a favorable outcome. 
Conclusions: Although clinical and laboratory findings are common in 
geriatric and non-geriatric population, elderly patients tend to present 
with more serious complications such as renal failure, CNS manifesta-
tions. Still, with early diagnosis and treatment all laboratory and clinical 
abnormalities tend to be fully reversible with a favourable outcome for 
all patients.

P085  COxiEllA BuRnEtii: AN UNDERESTIMATED CAUSE OF 
INFECTIVE ENDOCARDITIS (IE).  
A 5 YEAR (2004-2009) SINGLE’S UNIVERSITY 
DEPARTMENT ExPERIENCE IN GREECE

Giannitsioti E.,1 Kokkini S.,2 Symbardi S.,1,3 Baziaka F.,1 Elezoglou A.,1,4 
Panou F.,5 Plachouras D.,1 Pliarchopoulou F.,1 Pontikis K.,1 Rallidis L.,5 
Raftogiannis M.,1 Tsiodras S.,1 Kanellakopoulou K.,1 Psaroulaki A.,2 
Gikas A.,2 Giamarellou H.1,6

1 4th Department of Internal Medicine, Athens Medical School, Attikon University 
General Hospital

2 Department of Clinical Bacteriology, Parasitology, Zoonoses and Geographical 
Medicine

3 Thriassio General Hospital, Athens, Greece
4 Asklipieio General Hospital, Athens, Greece
5 2nd Department of Cardiology, Athens Medical School, Attikon University 
General Hospital

6 Hygeia General Hospital, Athens, Greece

Introduction: Coxiella burnetii IE (COBIE) is a rare but distinguished 
cause of blood culture negative infective endocarditis (BCNIE). Epide-
miological surveys of the disease are lacking.
Material and Methods: COBIE was diagnosed by the DUKE criteria in 
4/50 (8%) patients with IE hospitalized and recorded in our Department 
from 2004 to 2009.
Results: All patients were BCNIE. Case 1: A 80 year-old breeder underwent 
aortic valve replacement as BCNIE. After being transferred to our Depart-
ment, COBIE was confirmed by serology. Doxycycline plus hydroxychlo-
roquine (DH) was successfully given for 2 years. Case 2: A 62-year-old 
truck driver underwent urgent aortic valve replacement because of heart 
failure. He was mistreated by his physician as “bronchitis” because of re-
lapsing fever. Both serology and valve PCR confirmed COBIE. The patient 
completed a successful 3 year DH treatment. Case 3: A 57 year-old woman, 
rural resident with fever, got a working diagnosis of leishmaniasis because 
of pancytopenia and spleen enlargement. However, later on, aortic valve 
regurgitation with vegetations were detected on echocardiography. CO-
BIE was serologically confirmed and the patient successfully completed 
DH therapy for 2.5 years, without valve replacement. Case 4: A 32 year-old 
nurse from Athens -under corticosteroids for lupus erythematosus- pre-
sented fever, heart murmur and mitral valve vegetations. COBIE was sero-
logically confirmed. The patient is still under DH with success.
Conclusions: Despite highly destructive profile and specific medical 
treatment required, COBIE is underestimated in clinical practice. High 
clinical suspicion and relevant laboratory investigation are mandatory 
in all cases of BCNIE.

P086  BOUTONNEUSE FEVER IN BUCHAREST AREA -  
THE LAST 4 YEARS

C.P. Popescu,1 S.A. Florescu,1 R. Popescu,2 E. Ceausu,1 P.I. Calistru 1

1 University of Medicine and Pharmacy “Carol Davila” Bucharest, Romania
2 National Center for Communicable Disease Surveillance and Control, Romania

Background: The number and the behaviour of tick population is 
changing due to global warming; this is followed by an increase of the 
tick bites in human population. The most frequent tick borne diseases 
in Romania are Boutonneuse Fever (BF) and Lyme disease but in the 
climaterical context the risk of emergence of other tick borne diseases 
is increasing, mainly for Crimean Congo Haemorragic Fever and Tick 
Borne Encephalytis (recent outbreaks in Turkey, Greece respectively in 
Central Europe). There was an increasing number of patients bitten by 
ticks in the last years.
Methods: retrospective study of epidemiological, clinical and diagnos-
tic issues of the BF admitted in Clinical Hospital of Infectious and Tropi-
cal Diseases “Dr. V. Babes” Bucharest between 2007- 2010.
Results: There were 51 BF cases (in the Bucharest area were totally 
103 cases). The age interval ranged between 1-75 years for BF (mean 
value 47.8). 28 BF cases were recorded during summer, but cases have 
occurred in the autumn and winter months. 48 of the BF cases had 
epidemiological risk factors; tick exposure has appeared within the 
contact with dogs in 46 cases. The clinical manifestation for BF were 
fever, myalgia, rash (50 cases), tache noire (26) and conjunctival hy-
peremia (1). Laboratory findings in BF cases were increased ALAT val-
ue (41) and neutrophils count (24), thrombocytopenia (33). ELISA test 
for Rickettsia conorii were positive in 45 cases. Patients were treated 
with Cloramphenicol (13 cases), Doxycycline (20), Ciprofloxacin (5), 
Clarithromycin (2) or antibiotic associations (11 cases). 5 BF cases pre-
sented encephalitis. 
Conclusions: BF mantained characteristic summer seasonality, but cas-
es have occurred in the autumn and winter months in the last 2 years. 
88.2% of cases had positive serology for Rickettsia conorii. In 90.1% of 
the cases the reservoir was represented by the dogs.
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P087  BRAzILIAN SPOTTED FEVER: ITS DIFFERENTIAL 
DIAGNOSIS AND CLINICAL SYNDROMES.  
A SYNDROMIC SURVEILLANCE PERSPECTIVE

Angerami RN.,1 Sinkoc VM.,1 Garcia MT.,1 Camargo GJ.,1 Morais EO.,1 
Resende MR.,2 Katz G.,3 Feltrin AFC.,2 Aoki FH.,2 Moretti ML.1,2 

1 Núcleo de Vigilância Epidemiológica/SEH, Hospital das Clínicas, Universidade 
Estadual de Campinas, São Paulo, Brazil

2 Disciplina de Moléstias Infecciosas, Faculdade de Ciências Médicas, 
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Objectives: Brazilian spotted fever (BSF) has been considered one of 
the most relevant public health problem in São Paulo State, Southeast-
ern Brazil, especially because its higher lethality. Common seasonality 
and environmental risks, non-specific clinical signs, and similar clinical 
evolution as observed in other endemic and epidemic diseases, make 
its early clinical suspicion a medical challenge. The aim of present study 
is to describe most important differential diagnosis of BSF and the poly-
morphic clinical presentation in an endemic area. 
Methods: A retrospective study using clinical and epidemiological data 
of all BSF suspect notified cases in the period of 1993-2009, at Hospital 
of Clinics of UNICAMP, a referral center for treatment of BSF in the higher 
endemic area in São Paulo State, Brazil. All BSF suspected cases were 
classified by acute febrile syndromes (ictero-hemorrhagic [AFIHS], ic-
teric [AFIS], hemorrhagic [AFHS], exanthematic [AFES], febrile [AFS]) and 
non-specific syndrome (NSS). 
Results: During the studied period there notified 703 suspected cases 
of BSF; of them, 62 (8.8%) were BSF confirmed, 335 (47.7%) had other 
diagnosis, and for 306 (43.5%) no diagnostic conclusion was possible. 
In the BSF confirmed group it was observed the following clinical 
syndromes: AFHS (37.1%), AFIHS (33.9%), AFES (11.3%), AFS (8%), AFIS 
(6.4%), and NSS (3.3%). Most frequent diseases in other diagnosis group 
were: leptospirosis (27%), dengue fever (16%), meningococcal disease 
(5%), bacterial sepsis (4.8%), flu-like infections (4%), upper respiratory 
infection, thrombocytopenic purpura (3%); other tick-borne diseases 
described in this group were Mediterranean spotted fever (one im-
ported case), borreliosis-like (one case [EIA IgM positive]), and four 
probable cases of ehrlichioses (PCR positive for Ehrlichia sp.). In indeter-
minate diagnosis group, tick exposition was reported in 69.7% and the 
most frequent syndromes were AFS (44%), AFES (22.7%), AFHS (18.8%). 
Conclusions: BSF has been presenting as a polymorphic disease and 
for this reason the knowledge of the most important differential by syn-
drome is a useful strategy for early suspicion and introduction of ap-
propriated empirical treatment. The high sensibility associated to some 
limitations of laboratory tools could explain part the high frequency of 
indeterminate diagnostic group; in this group, a wide-ranging laborato-
rial investigation focusing of other tick-borne is mandatory.

P088  SCRUB TYPHUS IMPORTED TO GERMANY FROM KOH 
SAMUI, THAILAND

Christian Keller

Bernhard-Nocht-Institute for Tropical Medicine, National Reference Center 
for Tropical Pathogens, Dept. of Microbiology/Serology, D-20359 Hamburg, 
Germany

Scrub typhus, an infection with Orientia tsutsugamushi, is endemic in South-
east Asia but is rarely diagnosed in returning travellers. We diagnosed a 
case of scrub typhus in a 15 year-old German who contracted the disease 
on Koh Samui Island, Thailand, regarded so far as free of Orientia. A novel, 
highly sensitive real time PCR targeting a conserved region of the Orien-
tia tsutsugamushi 56 kD gene was developed. We detected Orientia DNA 
in the patient’s blood one week after clinical healing and demonstrated 
bacterial viability by successful growth in cell culture. Our finding indicates 
prolonged presence of viable Orientia in the blood stream during convales-
cence. As untreated scrub typhus infections may cause repeated relapses 
under certain conditions, our observation emphasizes the need of correct 
diagnosis and treatment of scrub typhus in non-endemic areas. Highly sen-
sitive PCR testing of convalescence samples may be a valuable tool to iden-
tify recently subsided Orientia infections that require treatment.

P089  DETECTION OF AnAplAsmA phAgOCytOphilum, 
A. BOvis AND BORREliA SPP. FROM TICKS OF 
MIGRATORY BIRDS IN HONG-DO ISLAND, KOREA

Jun-gu Kang,1 Chang-Yong Choi,2 Hyun-Young Nam,2 Hee-Young Chae,2 
Sung-Tae Chong,3 Heung-Chul Kim,3 Terry A. Klein,4 Joon-seok Chae 1
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Bird migration is a recurring seasonal journey undertaken by many spe-
cies of birds. Bird migrations include those made in response to changes 
in food availability, habitat or weather. The Siberian thrush (Zoothera si-
birica) and Yellow-browed bunting (Emberiza chrysophrys) are migratory 
birds in Hong-do Island. The Siberian thrush breeds in the taiga zone in 
Siberia, and moves to southeastern Asia during the winter. The Yellow-
browed bunting breeds in the taiga zone from eastern Siberia, winters 
in central and southern China. Anaplasma phagocytophilum and A. bovis 
are obligate intracellular tick-borne bacterium in the family Anaplasma-
taceae. The primary vectors of A. phagocytophilum are ticks belonging to 
the genus Ixodes. In Korea, A. phagocytophilum, A. bovis and Borrelia spp. 
was found from wild rodents and ticks by PCR. The two hundreds thirteen 
ticks (41 Haemaphysalis flava, 12 H. longicornis, 146 Ixodes turtus, 13 I. nip-
ponensis, and 1 I. ornithophila) were collected from 143 migratory birds (34 
species) that were captured for studying bird migration during 2008 to 
2009 by Migratory Birds Center in Hong-do Island. Adult ticks were stored 
individually but, the larvae and nymphs were pooled (1~26 and 1~6 ticks 
per pool, respectively) into 109 tick pools. DNA extraction was performed 
by DNeasy Blood & Tissue Kit. The PCR assay was conducted using 5S-23S 
rRNA and heat shock protein (groEL) gene primers to amplify the genus 
of Anapalsma and Borrelia PCR amplicon and was confirmed by gel elec-
trophoresis and DNA sequencing. By 5S-23S rRNA-based nested PCR, A. 
phagocytophilum in ticks of Siberian thrush and A. bovis in ticks of Yellow-
browed bunting were detected in 1 (0.5%, minimum infection rates; MIR) 
of 109 pooled ticks, respectively. By groEL-based nested PCR, A. phagocy-
tophilum was detected in 1 (0.5%) of 109 pooled ticks. Borrelia spp. was 
detected in 7 (6.4%) of 109 pooled ticks. This study is a report of detection 
of A. phagocytophilum, A. bovis and Borrelia spp. from ticks collected in 
migratory birds. This fact suggests that some migratory birds may act as 
transporters for zoonotic pathogens.

P090 MURINE TYPHUS IN BATNA (ALGERIA)
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Université de la Mediterranée, Marseille, France

Objective: Murine typhus, also named endemic typhus, is caused by 
Rickettsia typhi and transmitted by rat fleas. The disease is widely dis-
tributed worldwide, including in northern Africa, currently an endemic 
area, but the disease remains under-diagnosed and thus, underestimat-
ed due to the poor specificity of clinical symptoms. To investigate the 
role of murine typhus in the occurrence of febrile exanthemas in the 
Batna area, we systematically tested patients with such symptoms who 
presented to the Infectious Diseases department of the Batna hospital 
from January to September 2006.
Methods: Patients were tested serology using microimmunofluo-
rescence (MIF) and confirmation was obtained by Western blot (WB). 
Patients were tested for antibodies to R. typhi, R. prowazekii, R. conorii 
conorii, R. conorii israelensis, R. aeschlimannii, R. felis, R. sibirica mongoli-
timonae, R. africae, and R. massiliae. MIF cutoffs were 1:128 for IgGs and 
1:64 for IgMs.
Results: Among the 108 patients included in this study, 64 had positive 
serologies. Of these, four were confirmed as having murine typhus by 
WB. Two were male and two were female, 17- and 23-y-o, and 15- and 
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54-y-o, respectively. Three of the patients were hospitalized in spring or 
summer. The rash was maculopapular in two patients and varicella-like 
in a male military who reported similar cases in his army unit. The fourth 
patient was admitted for interstitial pneumonia that developed in winter 
in a 54-y-o female in whom the rash was fortuitously discovered during 
the physical examination. None of the four patients had inoculation es-
chars and the evolution was favourable in all patients. 
Conclusions: In our study, murine typhus was responsible for 3.7% of 
cases of febrile exanthemas in Batna. Our results highlight the risk of 
rat flea-transmitted infections and the need to systematically include 
murine typhus among differential diagnoses of febrile skin eruptions 
in eastern Algeria.

P091  SPOTTED FEVER RICKETTSIOSESIN BATNA, EASTERN 
ALGERIA

Khamsa Mokrani,1 Soraya Tebbal,1 Didier Raoult,2 Pierre-Edouard Fournier 2
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Université de la Mediterranée, Marseille, France

Objective: In order to investigate the causative role of rickettsioses 
in the development of febrile exanthemas in eastern Algeria, we con-
ducted a prospective serological analysis of all patients presenting with 
this clinical picture at the infectious diseases department in the Batna 
hospital. 
Methods: Patients were tested serology using microimmunofluorescence 
(MIF) and confirmation was obtained by Western blot (WB). Patients were 
tested for antibodies to R. conorii conorii, R. conorii israelensis, R. aeschli-
mannii, R. felis, R. sibirica mongolitimonae, R. africae, R. massiliae, R. typhi, 
and R. prowazekii. MIF cutoffs were 1:128 for IgGs and 1r:64 for IgMs. 
Results: One hundred and eight adult patients were included in the 
study from January 2000 to September 2006. Forty-six % of patients 
were younger than 25-y-o, and 72.5% were admitted between May and 
September. MIF and WB confirmed the diagnoses of Mediterranean 
spotted fever in five patients (4.6%), flea spotted fever in two patients 
(1.8%), and R. aeschlimannii in two patients (1.8%). In addition, four pa-
tients were diagnosed as having murine typhus (3.7%) and one with epi-
demic typhus (0.9%). 
Conclusions: Responsible for 13% of cases of febrile exanthemas, rick-
ettsioses should be considered among major causes of this clinical pic-
ture in eastern Algeria. In addition, we emphasize the high incidence of 
typhus group rickettioses, including epidemic typhus, in this area. 

P092  MURINE TYPHUS IN TUNISIA: A REPORT OF  
43 CASES OCCURRED IN 2006-2008 
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Our aim was to describe epidemiologic and clinic characteristics 
of murine typhus in our region through a series of 43 serologically 
confirmed cases. Over a period of three years (2006-2008), serologic 
testing to detect IgG and IgM reactive to R. typhi was performed to 
1024 patients. Characteristics of patients with positive serology were 
examined retrospectively. 170 sera obtained from blood donors were 
tested to detect IgG reactive to R. typhi to determine the seroprava-
lence of the infection. During the period of the study, 43 patients had 
evidence of R. typhi infection and 3.7% of blood donors had IgG to R. 
typhi. The mean age of patients was 43.1 years and the sex ratio was 
of 1.04. Patients were from rural areas in 58.1%. No patients reported 
exposition to rats or their flea. Cases were more prevalent during sum-
mer and autumn. The most frequent clinical presentation was isolated 
fever (67.5%). The cutaneous rash was noted in 44.1% and headache in 
60.5% of cases. Patients presented with thrombopenia in 44.1% and 
elevated liver enzymes in 47.2%. In our region murine typhus seems 

to be frequent. Since its clinical presentation is non specific, serology 
should be performed systematically in patients with isolated fever.

P093  Q FEVER AT RIO DE JANEIRO STATE, BRAzIL: 
DETECTION OF COxiEllA BuRnEtii DNA IN BLOOD 
AND BRONCHOALVEOLAR LAVAGE SAMPLES IN 
PATIENT WITH PULMONARY ILLNESS AND FEVER 
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Objective: Q fever, caused by Coxiella burnetii, is a worldwide zoonosis 
poorly recognized in Brazil. The objective is to describe a case of acute 
Q fever confirmed by molecular and serological analysis in a patient re-
ceiving immunosuppressive therapy. 
Case Presentation: A 33-year-old Brazilian man was hospitalized with 
symptoms of fever, myalgia and dry cough. The only past medical his-
tory of note was of rheumatologic disease diagnosed 2 months previ-
ously, when started the immunosuppressive therapy (Methotrexate). 
Initial investigation revealed white blood cell count (5,000 cell/mm3), 
with 18% band forms and C-reactive protein of 31 mg/dl (>1 mg/dl). 
Chest radiograph showed down lobe consolidation of the right lung. 
Methotrexate was suspended and treatment with amoxicillin/clavulan-
ic and azithromycin was started. The patient did not respond to antibi-
otics and 05 days later he developed respiratory failure with bilateral 
infiltrates on radiography. He was therefore intubated and mechani-
cally ventilated and transferred to the intensive care unit for further 
care. His transthoracic echocardiography was normal. The antibiotic 
regime was changed to combination therapy of Meropenem, Ampho-
tericin, Ceftriaxone, Vancomycin and Doxycyclin. Blood and bronchoal-
veolar lavage cultures were negatives. Molecular testing for several 
pathogens (viral, bacteria and fungi) was also negative, except for C. 
burnetii. The DNA extracted from serum and bronchoalveolar lavage 
was amplified targeting the htpAB gene. The nucleotide sequence of 
the amplicon generated from the pulmonary material showed 100% 
identity to the homologous sequence of the transposon gene Coxiella 
burnetti deposited at Genebank. The patient recovered and was dis-
charged, followed up as an outpatient. The doxycyclin treatment was 
maintained for more 10 days. Two serum samples were also tested for 
immunoglobulin G using immunofluorescence assay (PANBIOTM) and 
antibody against Coxiella burnetti (phase II) was only detected in the 
second serum sample (collected 20 days after 1st) at dilution 1:256. 
Conclusions: For the first time C. burnetii was detected from bronchoal-
veolar lavage sample in patient with community-acquired pneumonia 
in Brazil. The case of Q fever presented here should serve to alert health 
care providers and the general public to the clinical importance of this 
zoonosis as other possible pathogen responsible for a respiratory illness 
and fever. 

P094  BRAzILIAN SPOTTED FEVER: EPIDEMIOLOGICAL, 
CLINICAL AND LABORATORY ASPECTS OF CASES 
FROM THE STATE OF RIO DE JANEIRO IN THE TIME 
PERIOD OF JANUARY 2004 TO DECEMBER 2008

Felipe Moliterno,1 Cristiane Lamas,1 Tatiana Rozental,1 Raphael Gomes,1 
Maria Angélica Mares-Guia,1 Gualberto Teixeira,2 Itacirema Bezerra,2 
Rosane da Silva Marinelli,2 Alexsandra R.M. Favacho,1 Elba RS. de Lemos 1

1 Laboratório de Hantaviroses e Ricketsioses, Instituto Oswaldo Cruz, Fiocruz, 
Rio de Janeiro, Brazil

2Secretaria Estadual de Saúde, Rio de Janeiro, Brazil

Objective: The aim of the study was to describe the epidemiological, clini-
cal and laboratory data on confirmed and compatible cases of Brazilian 
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Spotted Fever (BSF) which occurred in the State of Rio de Janeiro (RJ) be-
tween January 2004 and December 2008.
Methods: The study design was of a case series report, individualized, 
retrospective, cross-sectional, based on secondary data collected from 
suspected cases of BSF in the State of Rio de Janeiro presenting from 
2004 to 2008. Data was plotted on Excel Microsoft® and analyzed as fre-
quencies, tables and graphs. Qualitative and quantitative variables were 
expressed as frequency and average ± standard deviation. EpiInfo Stat-
calc was used to calculate chi-square test with Fisher’s and Yates’ correc-
tion to compare exposure frequencies between subgroups of patients. 
Results: Of the 850 suspected cases of BSF, 28 were confirmed and 
29 were compatible. BSF was confirmed in 14 municipalities in the 
State of RJ in the last 5 years. Death occurred in 20, of which 18 were 
confirmed and 2 compatible cases. BSF was more frequent in males 
(61%); being more frequent in adults (46.4%). Confirmed cases oc-
curred sporadically or in small outbreaks. Two outbreaks were identi-
fied, one in Itaipava, municipality of Petrópolis, in 2005, and one in 
Resende, in 2006. Clinical manifestations in confirmed cases were: 
fever (100%), headache 19 (73%), myalgia 20 (76%), rash 17 (65%), pe-
techiae 15 (57%), haemorragic phenomena 9 (34%), shock 11 (42%), 
coma 12 (46%), abdominal pain 14 (50%) and seizures 10 (38%). Mor-
tality in confirmed cases (18/28, 64%) was significantly higher than in 
BSF compatible cases (2/29, 7%), with a p value <0.00005 and OR=24.3 
(CI 4.2-185.6). Chloramphenicol treatment showed a protective effect 
for death (OR 0.14, CI 0.02-1.0, p <0,05). 
Conclusions: BSF showed a wide geographical distribution in the State 
of Rio de Janeiro and the clinical features were similar to those seen in 
the literature. Six cases were associated with the travel medicine. The 
64% lethality rate found, based on the diagnostic criteria Ministry of 
Health 2008 diagnostic criteria, was the highest reported in the last 3 
decades in Brazil.

P095  OBSCURE NEUROLOGICAL SYNDROME WITH 
PREDOMINANT ExTRAPYRAMIDAL MANIFESTATIONS 
IN SPOTTED FEVER RiCkEttsiAl INFECTION IN 
SRI LANKA

S.A.M. Kularatne,1 R.P.V.J. Rajapakse,2 S.C. Madagedara,1 D.M. Nanayakkara,2 
K.G.A.D. Weerakoon,1 R. Premaratna,3 M.E. Eremeewa,4 G.A. Dasch 4

1 Department of Medicine, Faculty of Medicine, University of Peradeniya, Kandy, 
Sri Lanka

2 Department of Parasitology, Faculty of Veterinary Medicine, University of 
Peradeniya, Kandy, Sri Lanka

3 Department of Medicine, Faculty of Medicine, University of Kelaniya, Ragama, 
Sri Lanka

4 Rickettsial Zoonosis Branch, Centers for Disease Control and Prevention, 
Atlanta, GA, USA

Background: The spotted fever rickettsial infection is being increasing-
ly detected in the hilly Central Province of Sri Lanka. The common mani-
festations of the infection include vasculitic skin rashes and arthritis. 
However, since 2008, we detected obscure neurological manifestations 
among spotted fever patients. This study elaborates these manifesta-
tions in a series of 17 patients. 
Methods: We have been maintaining a prospective data base of all rick-
ettsial infections admitted to the Teaching Hospital, Peradeniya since 
1999 and the confirmation of the diagnosis is made with indirect fluo-
rescent antibody assays (IFA) since its establishment in 2008. 
Results: Ten patients (60%) had a titer for Rickettsia conorii antigen 
ranging from 1/64 to 1/1024 whilst 7 patients (40%) had titer of 1/2048 
to 1/4096. All were negative for Rickettsia typhi or Orientia tsutsugamushi 
antigens. The median age was 62 years (range 26-82) and comprised 10 
males and 7 females. The total median duration of fever was 11 days 
(range 5-35 days). Other manifestations were headache 16 (94%), skin 
rash 17 (100%), fern leaf skin necrosis 7 (40%), conjunctival injection 
11 (65%), arthritis 6 (35%) and icterus 6 (35%). Fourteen patients (82%) 
were either drowsy or confused and 3 (16%) patients were in semi-co-
matose state on admission. Thirteen patients (76%) had extra pyramidal 
manifestations such as rigidity, bradykinesia and resting tremors which 
persisted even after defervescence. Other neurological manifestations 
were neck stiffness 5 (30%), weakness of limbs 4 (24%), deafness 2 (12%) 
and stupor in 1 (6%). The EEGs were done in four (24%) patients and all 
had generalized irregular slow waves suggestive of encephalitis. Of the 

7 cerebrospinal fluid examinations, 3 had cellular reaction. Two patients 
died (death rate 12%) and others made slow recovery with treatments 
such as doxycyclin, chloramphenicol and steroids. 
Conclusions: The latter ages seems susceptible to neurological in-
volvement in spotted fever. The patients developed predominant ex-
trapyramidal manifestations carrying staggering recovery and a signifi-
cant fatality rate. A high level of suspicion is needed for early diagnosis. 

P096  PRESENCE OF RiCkEttsiA IN THE EASTERN ALPS

Sonnleitner ST.,1,2 Simeoni J.,3 Lang S.,1 Dobler G.,4 Essbauer S.,4 
Lass-Flörl C.,1 Walder G.1,2 

1 Department of Hygiene, Medical Microbiology and Social Medicine, Innsbruck 
Medical University, Innsbruck, Austria

2 Dr. Gernot Walder GmbH, Ausservillgraten, Austria
3 Service for Hygiene and Public Health, Bozen, Italy
4 Department of Microbiology of the German Armed Forces, Munich, Germany

The aim of or study was to assess the occurrence of Rickettsia in the 
inner-alpine valleys of the eastern alps. This was done by investigat-
ing ticks by PCR and by determining the percentage of seropositives 
among local blood donors by an in-house immunofluorescence assay. 
The local cut-off titer for screening was set at 1:128 with a well-char-
acterised low-risk collective according to WHO-guidelines. Positive 
sera were confirmed by independent re-testing. The investigations are 
currently under way, thus only preliminary results can be presented in 
this abstract. (1) Presence of Rickettsia-specific DNA in ticks: Rickettsia 
helvetica has been found in ticks north and south of the continental 
divide. At the moment, about 10% of investigated ticks are positive. (2) 
Seroprevalence: Of 700 donors tested so far, 2.5% bear IgG. 
Conclusions: Rickettsia helvetica is present in ticks in the study area and 
the local population seems to have immunoreactive contact with this 
agent. Including a Rickettsia-specific test in the standard-panel for fever 
following tick-exposure will reveal it’s clinical importance.
The study is supported by the European Union (Interreg IV), the Tyrol (Aus-
tria) and the Autonomous Province of Bozen/South Tyrol (Italy).

P097  FEATURES OF BRAzILIAN SPOTTED FEVER IN TWO 
DIFFERENT ENDEMIC AREAS

Angerami RN.,1 Camara M.,2 Pacola MR.,3 Rezende RCM.,3 Duarte RMR.,3 
Nascimento EMM.,4 Colombo S.,4 Santos FCP.,4 Katz G.,4 Silva LJ.5

1 Núcleo de Vigilância Epidemiológica, Universidade Estadual de Campinas, 
São Paulo, Brazil

2 Coordenadoria de Vigilância em Saúde, Epidemiologia e Controle de Doenças, 
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3 Grupo de Vigilância Epidemiológica XVII, Secretaria de Estado de Saúde, 
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Objectives: Since its first description in 1929, Brazilian spotted fever 
(BSF) has been considered an important public health problem in São 
Paulo State, Southeastern Brazil, because the expansion of transmission 
areas and continuous related case-fatality. Caused by Rickettsia rickettsii, 
BSF transmission in São Paulo State has been attributed to Amblyomma 
cajennense and, lesser, to A. aureolatum tick. The aim of present study 
is to describe possible clinical and epidemiological differences of two 
endemic regions, each of them with distinct incriminated vectors. 
Methods: Retrospective study based on analysis of clinical and epide-
miological characteristics of BSF confirmed cases in two distinct en-
demic areas of São Paulo State: region 1 (Campinas region; inner State 
area; A. cajennense vector) and region 2 (Diadema municipality; São 
Paulo city metropolitan region; A. aureolatum vector).
Results: I) There were observed two different patterns of seasonality in the 
studied areas: higher incidence of BSF in June to September period in re-
gion 1; in region 2, there is no difference in incidence pattern during a year. 
II) While in the region 1 there is a clear predominance of male patients (79%) 
and higher age median (26 y), in region 2 there is a lower age median (19 y) 
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and no difference about gender (50% male). III) Tick exposure was reported 
by 71% and 78%, respectively in regions 1 and 2. IV) Dog (48%), capybaras 
(32%), and horses (24%) were animals reported in transmission region 1; in 
region 2, dog contact was reported by 93% of patients. V) When consider-
ing clinical aspects, frequency of non-specific symptoms (fever, headache, 
myalgia, nausea, abdominal pain), despite some frequency difference, were 
the most frequent signs in both areas; odynophagia was reported in 56% 
of BSF cases in region 2. Jaundice, hemorrhagic manifestations, respiratory 
distress, and neurological impairment frequencies were similarly high in 
both groups. Lethality was 33.3% and 62.5% in region 1 and 2, respectively. 
Conclusions: Despite sharing the same etiological agent and clinical 
pattern, the marked differences in seasonal pattern, animal reservoirs, 
and high risk populations may implies in distinct specific strategies of 
epidemiological surveillance, control measures, and medical approach-
es, including differential diagnosis in each endemic area.

P098  Q FEVER IN THE STATE OF RIO DE JANEIRO, BRAzIL 
(2009)

Daniele N.P. De Almeida,1 Tatiana Rozental,1 Alexsandra R.M. Favacho,1 
Maria Angélica Mares-Guia,1 Raphael Gomes,1 Itacirema Bezerra,2 
Elba R.S. Lemos 1 

1 Laboratório de Hantaviroses e Rickettsioses do Instituto Oswaldo Cruz, Fiocruz, 
Ministério da Saúde

2 Secretaria Estadual de Saúde do Rio de Janeiro

Objectives: Although Q fever is not a notifiable disease in Brazil, since 
2007 the National Reference Laboratory for Rickettsiosis (NRLR) of the 
Oswaldo Cruz Institute (IOC/FIOCRUZ) has investigated cases with clini-
cal and epidemiological evidence of Coxiella burnetii infection. 
Methods: A retrospective analysis was performed based on Q fever 
suspected cases, from Rio de Janeiro State, sent to NRLR in 2009. Sera, 
clots, whole blood, tissue fragments, among others samples, were in-
vestigated by serological and molecular tests. Blood samples were ana-
lyzed using a commercial indirect immunofluorescence assay (IFA) for 
IgG with cutoff titers, suggested by the manufacturer, of 64. Blood and 
tissue samples were submitted to Polymerase Chain Reaction (PCR) us-
ing oligonucleotides that amplify specific region of bacterial DNA.
Results: Among 49 suspected cases of Q fever, 33 were male and 16 
female. All cases were hospitalized in the State of Rio de Janeiro with 
fever (47/49), myalgia (30/49), pulmonary manifestations (28/49), jaun-
dice (15/49), hemorrhagic alterations (04/49) and exanthema (03/49). 
Four patients died on 14 first days of illness. All serum samples were 
IFA negative, except two serum samples from two patients that showed 
antibody anti-C. burnetii (phase II), titer of 128, in the unique serum 
sample collected. The DNA extracted from blood sample was ampli-
fied targeting htpAB gene in two fatal cases. The nucleotide sequence 
of the 687bp amplicon generated from the blood material showed 99 
and 100% identity to the homologous sequence of the transposon 
gene Coxiella burnetti deposited at Genebank. Two Q fever cases were 
confirmed: a 24-year-old man with fever, headache, abdominal pain, 
myalgia, vomiting, diarrhea, jaundice, prostration, pneumony and a 25 
year-old woman with fever, myalgia and respiratory changes. Both pa-
tients died after 7 and 14 days of symptoms, respectively. Serological 
and molecular analysis for other infectious agents was negative.
Conclusions: The infection by Coxiella burnetii is still largely underesti-
mated in Brazil. Although our laboratory could confirm only two cases 
in 2009, this abstract highlights the need for clinicians to consider Q fe-
ver diagnosis in patients with a flu-like disease and atypical pneumonia.

P099  FIRST REPORTED CASES OF Q FEVER ENDOCARDITIS 
IN THAILAND

Orathai Pachirat, Buradha Pussadhamma, Teerasak Srichalerm, 
Viraphong Lulitanond, Anucha Paupairoj, Suthep Taksinachanekij, 
Hubert Lepidi, Christopher Paddock, Leonard Peruski, Henry Baggett, 
Somsak Thamthitiwat, Michael Kosoy, Nordin Zeidner, Didier Raoult, 
Susan Maloney, George Watt, Pierre-Edouard Fournier

Objective: Blood culture-negative endocarditis (BCNE) accounts for 
2.5%-31.0% of all cases of endocarditis in industrialized countries, and 

for up to 76% of cases in the developing world. In Khon Kaen, Thailand, 
BCNE is associated with a mortality of 37% and routine blood cultures 
are negative in 62% of cases. In an attempt to increase the diagnostic 
rate and improve the outcome of BCNE, we started a prospective study 
in Khon Kaen in February 2010. 
Methods: In addition to Q fever serology, blood and cardiac tissue 
specimens taken during heart valve replacement surgery from adult 
patients with infective endocarditis were systematically tested by a spe-
cific molecular assay for C. burnetii. The three patients were male, had 
pre-existing heart valve damage and had contact with cattle.
Results: Three patients were diagnosed as having Q fever endocarditis us-
ing PCR from the resected valve (one patient) or serology (all three patients). 
Conclusions: Our project to identify the causes of blood culture-negative 
endocarditis in Khon Kaen led to the identification of the first three diag-
nosed cases of Q fever endocarditis in Thailand. Heightened awareness 
of Q fever in this country could improve diagnosis and case management 
and stimulate efforts to identify risk factors and preventive measures.

P100  PROTEINS CANDIDATES FOR SERODIAGNOSIS OF 
RICKETTSIOSES

Malgorzata Kowalczewska,1# Manohari Vellaiswamy,1# Claude Nappez,1 
Renaud Vincentelli,2 Didier Raoult 1

1 Unité de Recherche sur les Maladies Infectieuses et Tropicales Emergentes, 
URMITE, CNRS UMR 6236 – IRD 198, Faculté de Médecine, IFR48, Université de la 
Méditerranée, Marseille, France

2 AFMB UMR 6098, CNRS, Universités Aix-Marseille I & II, 13288 Marseille cedex 9, 
France

#Both authors have equally contributed to this work

Rickettsia are Gram-negative obligate intracellular bacteria that cause 
arthropod-borne diseases of humans, including typhys (R. typhi and 
R. prowazekii) and spotted fevers (R. conorii, R. rickettsii). Diagnosis of 
rickettsioses is usually based on diverse serological testing of patient 
serum. The diagnostic antigen used for indirect immunofluorescence 
assay (IFA) considered as reference method is whole purified bacteria. 
Weakness of whole cell antigen include (i) potential of cross-reactivity 
with different rickettsial species, as well with other pathogens, (ii) the 
difficulty to obtain sufficient amount of antigen due to requirement for 
highly specialized in intracellular bacteria culture laboratory platform; 
(iii) finally, discriminate diagnosis of rickettsioses occurs still a great 
challenge, considering the fact that clinical picture is most often non 
specific. There is a need for serodiagnostic tests improvements, espe-
cially the test able to make quite well discrimination between Rickettsia 
from typhus group (TG) from Rickettsia of spotted fever group (SFG). In 
this aim, we have cloned and expressed several proteins of R. prowazekii 
and R. rickettsii using GATEWAY approach. Then, 20 recombinant protein 
targets were screened with sera of patients with rickettsioses in ELISA 
format. We have identified several potential markers which allowed dis-
criminate infection due to R. typhi with those caused by R. conorii. These 
antigens may be useful for detection of Rickettsiae in clinical samples. 

P101  HISTOPATHOLOGICAL DIAGNOSIS OF JAPANESE 
SPOTTED FEVER USING FORMALIN-FIxED, PARAFFIN-
EMBEDDED SKIN BIOPSY SPECIMENS. USEFULNESS 
OF IMMUNOHISTOCHEMISTRY AND REAL-TIME PCR 
ANALYSIS

Keiko Tamakuma,1 Yasuyoshi Mizutani,1 Mai Ito,1 Kazuya Shiogama,1 
Ken-ichi Inada,1 Kazuaki Miyamoto,2 Hirotoshi Utsunomiya,3 
Fumihiko Mahara,4 Yutaka Tsutsumi 1

1 Dept. of Pathology, Fujita Health University School of Medicine, Toyoake
2 Dept. of Microbiology, Wakayama Medical University School of Medicine, Wakayama
3 Div. of Strategic Surveillance for Function Food and Comprehensive Traditional 
Medicine, Wakayama Medical University School of Medicine, Wakayama 

4Mahara Clinic, Anan, Japan

Objectives: Since Japanese spotted fever (JSF), caused by Rickettsia 
japonica, yearly kills the people in southwest Japan, development of 
prompt diagnosis is strongly requested.
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Methods: We evaluated immunohistochemistry (IHC) and real-time PCR 
using formalin-fixed, paraffin-embedded (FFPE) skin biopsy specimens. 
Two monoclonal antibodies were used for IHC, and real-time PCR was 
targeted at 17k genus common antigen gene. We collected skin biopsy 
(n=60), autopsy (n=1), urine (n=23), and blood (n=7) specimens from 52 
patients clinically suspected of JSF.
Results: By IHC, the rickettsial antigens were localized as coarse dots 
in the cytoplasm of endothelial cells and macrophages in the inflamed 
dermis. Thirty-four seropositive cases plus one autopsy case and nine 
seronegative cases but with positive IHC and/or real-time PCR were 
judged as JSF. Eight cases were regarded as non-JSF disorders based on 
negative serology, IHC and real-time PCR. In three urine samples, rick-
ettsial DNA were detected by real-time PCR.
Conclusions: We established prompt diagnostic methodology by us-
ing IHC and real-time PCR for detecting R. japonica in FFPE specimens.

P102  EVALUATION OF THE JBAIDS SCRUB TYPHUS AND 
RiCkEttsiA DETECTION KITS

Kevin M. Bourzac,1 Kim A. Zullo,2 Wanitda Watthanaworawit,3 
Shermalyn Greene,2 Paul Turner,3 Ju Jiang,4 Allen L. Richards,4 
James W. Karaszkiewicz,5 Jennifer C. Dabisch,5 Beth Lingenfelter 1
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3Shoklo Malaria Research Unit, Mae Sot, Thailand
4Naval Medical Research Center, Silver Spring, MD
5 JBAIDS Program Office, JPM Biosurveillance (provisional), Frederick, MD

Objectives: The Joint Biological Agent Identification and Diagnostic 
System (JBAIDS), a real-time PCR-based system, is the United States De-
partment of Defense’s Program of Record for diagnostic testing of infec-
tious diseases of operational concern. The JBAIDS system includes a rug-
gedized real-time PCR machine, custom software, freeze-dried reagents, 
and specialized nucleic acid extraction kits. The JBAIDS Scrub Typhus De-
tection Kit is designed to detect Orientia tsutsugamushi, causative agent 
of scrub typhus, and the JBAIDS Rickettsia Detection Kit is designed to 
detect all Rickettsia species, infectious agents responsible for a variety of 
spotted fever and typhus illnesses. Both kits were evaluated using syn-
thetic and purified nucleic acids as well as specimens from patients with 
serologically confirmed Rocky Mountain spotted fever (RMSF; R. rickett-
sii), murine typhus (R. typhi), and scrub typhus (O. tsutsugamushi). 
Methods: The real-time PCR assays were multiplexed to include an 
internal inhibition control and freeze-dried for use on the JBAIDS plat-
form. Assay inclusivity, exclusivity, and limits of detection were evalu-
ated as well as a pilot study of clinical specificity and sensitivity.
Results: Both target assays were found to have a limit of detection (LoD) 
of at least 25 copies of synthetic template and 25-50 genomic equiva-
lents of purified bacterial DNA per reaction. Following assay character-
ization and optimization, 21 patient specimens that were previously 
confirmed positive by paired serology for RMSF (12 serum specimens) or 
murine typhus (9 buffy coat specimens) were evaluated with the JBAIDS 
Rickettsia Detection Kit. Sensitivity for RMSF was 25% (3/12) and 44.4% 
(4/9) for murine typhus. Seven specimens previously confirmed positive 
by paired serology for scrub typhus were evaluated with the JBAIDS 
Scrub Typhus Detection Kit; sensitivity was 57.1% (4/7).
Conclusions: While a negative PCR result is not definitive for the ab-
sence of Orientia or Rickettsia infection, a positive test result is an excel-
lent indication of infection, particularly early in the course of the disease 
when serology is negative. Further testing (analytical evaluations and a 
full clinical trial) will be undertaken in order to support an application 
for FDA clearance of these kits as in vitro diagnostics.

P103  DETECTING AND MEASURING SMALL NUMBERS OF 
VIABLE COxiEllA BuRnEtii

Stephen Graves, Michelle Lockhart, Aminul Islam, John Stenos

Australian Rickettsial Reference Laboratory, Geelong & Newcasle, Australia

The most sensitive test for detecting Coxiella burnetii is considered to 
be detection of DNA by qPCR. However, this assay does not distinguish 

between viable and non-viable C. burnetii. To detect small numbers of 
C. burnetii we used serial dilutions of highly concentrated suspensions 
of viable C. burnetii [Henzerling & Arandale strains] and compared both 
cell culture and mouse assay systems for detecting viable bacteria. With 
the cell culture assays, two cell lines were compared, DH 82 [dog macro-
phage] and VERO [monkey kidney]. Infectivity was monitored by qPCR. 
With the mouse model, SCID mice infectivity was monitored by mouse 
death as a marker for the presence of viable C. burnetii or SCID mouse 
spleen PCR-positivity, at day 49 post-infection, following pre-terminal 
mouse euthanasia. These assays of viable C. burnetii were also compared 
with our in-house qPCR assay [detecting com 1 and IS 1111a genes]. The 
assays sensitivity differences were marked. The SCID mouse spleen PCR 
positivity assay was the most sensitive, followed by the SCID mouse 
death assay, cell cuture and finally qPCR. For detecting very small num-
bers of viable C. burnetii, we recommend inoculation into SCID mice, 
with euthanasia at day 49, followed by qPCR on the mouse spleen tissue.

P104  POTENTIAL VALUE OF AN ELISPOT INTERFERON 
GAMMA RELEASE ASSAY AS A DIAGNOSTIC TOOL IN 
Q FEVER INFECTION

Limonard GJM.,1 Bouwman JJM.,2 Asscheman A.,2 Thijsen SFT.,2 
Vlaminckx B.,3 Bossink A.1

1 Department of Pulmonary Diseases, Diakonessenhuis Utrecht 
2 Department of Medical Microbiology & Immunology, Diakonessenhuis Utrecht
3 Department of Medical Microbiology & Immunology, St. Antonius Hospital 
Nieuwegein

Objective: Acute Q fever is followed by clinical resolution in the majority 
of cases, 10-20% will exhibit the post-Q fever fatigue syndrome (QFS) and 
1-5% of patients progresses to chronic disease. Current diagnostic tests 
measuring humoral immune response to Coxiella burnetii infection have 
considerable limitations in accurately diagnosing these different clinical 
outcomes. Adverse Q fever outcomes are thought to be the result of a 
dysfunctional host cellular immune response to persistent Coxiella burnetii 
antigens after primary infection. We set out to determine Coxiella burnetii 
specific T cell responsiveness using an ELISPOT interferon gamma release 
assay (Coxiella ELISPOT) in Q fever patients with different clinical outcomes.
Materials and Methods: An in-house developed Coxiella ELISPOT in-
terferon gamma release assay, using both phase I and phase II antigens, 
was performed on fresh whole blood samples of Q fever patients. 
Results: Coxiella ELISPOT was performed on blood samples of 9 Q fever 
patients: patients who reconvalesced after symptomatic acute disease 
(n=7, median time since onset of symptoms 8 months (range 6-22) and 2 
chronic Q fever patients (n=1 newly diagnosed, n=1 after completion of 
treatment). Mean (± SE) spot count for patients who reconvalesced was 
11±5 (range 1-42) for phase I and 31± 15 (range 1-120) for phase II. Mean 
spot count ratio (phase II/phase I) was 3. Of these 7 patients, 1 was diag-
nosed with QFS. This patient had the highest spot count in both phase I 
(42 spots) and phase II (120 spots). One newly diagnosed chronic Q fever 
patient (male, 64 ys) showed a predominant responsiveness to phase I 
antigen: spot count was 209 (phase I) and 177 (phase II), ratio phase II/
phase I = 0.85. The second chronic Q fever patient (male, 67 ys) had fin-
ished a 18 month antibiotic treatment for Q fever endocarditis of a pros-
thetic aortic valve, resulting in a clinical recovery and a 4-fold decline in 
IFA phase I antibody titres. Coxiella ELISPOT showed a marked T cell un-
responsiveness to both phase I (3 spots) and phase II antigens (0 spots).
Conclusions: Different clinical Q fever outcomes are associated with 
marked differences in Coxiella ELISPOT results. 

P105  DEVELOPING A COxiEllA BuRnEtii ELISPOT ASSAY 
MEASURING T-CELL RESPONSES IN Q FEVER

Bouwman JJM.,1 Limonard GJM.,1 Asscheman A.,1 Bossink AW.,1 
Hannen EJ.,2 Thijsen SFT.1

1Diakonessenhuis, Utrecht, The Netherlands
2St Antonius Ziekenhuis, Nieuwegein, The Netherlands

Introduction: Q fever symptoms are a specific and a definite diag-
nosis relies on serology. Currently available serological tests have 
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considerable limitations in accurately defining the various clinical 
outcomes after acute Q fever (asymptomatic recovery, Q fever fatigue 
syndrome (QFS) and chronic Q fever). T-cells have a pivotal role in 
dealing with primary infection and subsequent clearance or control 
of intracellular pathogens like the Coxiella burnetii bacterium. Cellu-
lar immunity/pathogen interaction most likely will influence clinical 
outcome. Aim of our study was to develop a Coxiella burnetii enzyme-
linked immunospot assay (Coxiella ELISPOT) to measure Q fever spe-
cific T-cell response. 
Methods: Whole blood specimens (lithium heparin) were collected 
from 7 healthy individuals and 7 patients who were clinically recov-
ered from symptomatic acute Q fever (median time since diagnosis 8 
months; range 6-22). Mononuclear cells were isolated using Leucosep 
tubes (Greiner). Coxiella burnetii ELISPOT was performed with phase 
I and phase II antigens. Phytohaemagglutinin and CEF-pool (a com-
bination of CMV, EBV and Influenza peptides) were used as positive 
controls.  
Results: Mean (± SE) spot counts in positive control wells of Q-fever 
patients and healthy controls were comparable: 271±29 (range 170-
350) and 255±48 (range 58-350) spots, respectively (p 0.78). Mean spot 
counts in CEF controls were 86±45 spots in the healthy control group 
vs. 121±72 spots in Q-fever patients (p 0.70). Test controls indicated ade-
quate T-cell responses to antigenic stimuli in patients and controls. Cox-
iella specific responses in the control group were marginal: we detected 
less than 2 spots after stimulation with phase I and phase II antigens. 
Whereas in Q-fever patients we found 11±5 spots (phase I; p 0.03) and 
31±15 spots (phase II, p 0.003). Mean T-cell responses to phase II antigen 
in recovered Q-fever patients were 3-fold higher than the response to 
phase I antigen. 
Conclusions: 1. The differential T-cell responses in Q fever patients 
and healthy controls, indicate the diagnostic potential of the Coxiella 
ELISPOT. 2. Anticipating further research, we postulate that determin-
ing T-cell responses to Coxiella burnetii antigens by ELISPOT can aid in 
accurately differentiating Q fever clinical outcomes.

P106  NEW PLAQUE ASSAY TO EVALUATE THE EARLY ROLE 
OF ANTIBIOTICS ON RiCkEttsiA INFECTED CELLS

Sophie Edouard, Didier Raoult

URMITE CNRS-IRD UMR 6236 Marseille, France

R. conorii is an intracellular bacteria causing arthropod-borne infectious 
diseases in humans. The role of chloramphenicol, previously use for 
treatment, cause deleterious effect on some rickettsioses. Until 2008, 
plaque assay adapted to intracellular bacteria was used principally for 
antibiotic susceptibility studies, and only number of plaques was inter-
estingly quantified. We generated an original plaque assay to monitor 
the kinetic of each lytic plaque and determined the effect of chloram-
phenicol addition to infected cells that cause an early cell death. The 
sensitivity and reproducibility of our methods was increased with the 
control and calibration of various parameters influencing the size and 
number of plaques. We monitored microscopically the increase of the 
size of lytic plaques using L929 recipient cells with or without chlor-
amphenicol at H0, H2, H4, H6 and H24 hours. Plaques were analyzed 
with ImageJ software. In a second assay, we improved the sensitivity 
of the method using squared Petri dishes to monitor microscopically, 
and individually, the increase of size of each plaque following antibi-
otic testing. Sizes of lytic plaques of infected cells treated with chlor-
amphenicol were significantly higher than those without after 2 hours 
(p<0.0001) and 4 hours (p=0.0433). After 6 hours, no significant differ-
ence between plaques was observed. In a second assay using squared 
Petri dishes, the chloramphenicol treated cells exhibited an early mor-
tality marked by a significant increase size of plaques at each tested 
times including at 6 hours. After 6 hours, the antibiotic effect slowed 
down the progression of lytic plaques. We suspected that a toxic effect 
of Rickettsiae could be related to the release of intracytoplasmic toxin 
following bacterial death caused by chloramphenicol. To demonstrate 
this, we established an original method for evaluating the dynamic of 
formation of lytic plaque and monitor the dynamic of changes of their 
size with an original computer based analysis. Our model was the first 
to be able to demonstrate a transient variation in order of 30% in the 
size of lytic plaque. 

P107  EVALUATION OF CLINICAL SPECIMENS FOR 
RiCkEttsiA, BARtOnEllA, BORREliA, COxiEllA, 
AnAplAsmA, FRANCISCELLA AND DIPLORICKETTSIA 
POSITIVITY USING SEROLOGICAL AND MOLECULAR 
BIOLOGICAL METHODS

Zuzana Sekeyová, Geetha Santhi, Oleg Mediannikov, Marco Quevedo Diaz, 
Hana Blaškovičová, Didier Raoult 

Background: Proteobacteria including Rickettsioses are one of the 
most important causes of systemic febrile illness of human population 
in Slovakia, even though they are often misdiagnosed. 
Methods: In the present study we have monitored clinical samples 
from patients of different age groups from selected regions in Slo-
vakia. 
Results: Overall seroprevalence evaluated by immunofluorescence 
(IF) using eleven Bartonella, two Borrelia, five rickettsial (spotted fe-
ver and typhus group), two Coxiella, one HGE Anaplasma, Franciscella 
tularensis, and Diplorickettsia massiliensis antigens in rural and city 
populations of Slovak Republic, was found to be 18% for spotted fe-
ver group rickettsiae of samples from seven cities [Komárno, Levice, 
Nové Zámky, Tlmače, Vráble (province of Nitra), Galanta (province of 
Trnava), Lučenec (province of Banská Bystrica)], and villages of the 
corresponding districts, respectively. Only half of the rickettsia posi-
tive cases evaluated by IF were confirmed by polymerase chain reac-
tion (PCR). Furthermore one case of each, Coxiella burnetii, Bartonella 
elisabethae, and Borrelia recurentis, was confirmed by both, IF and PCR. 
These facts explain the mild extent of the investigated epidemic out-
break of these bacteria.
Conclusions: We believe on the prevalence of R. helvetica, R. slovaca, 
and R. raoultii infection in Slovakia. The presented results on the distri-
bution of pathogenic rickettsiae in patient show that the rural popula-
tion is at risk for tick-borne rickettsioses, which are significant causes of 
febrile disease in the studied area.
Acknowledgement: This work was partly supported by the VEGA 2/0031/11 
grant agency of SAS, as well as bilateral Slovak (SAS) – French (CNRS) Re-
search and Developmental Cooperation No. SK-FR-0007-11.

P108  DETECTION AND QUANTIFICATION OF ‘CAnDiDAtus 
NEOEHRLICHIA MIKURENSIS’ DNA IN HUMAN BLOOD 
SAMPLES BY REAL-TIME PCR

Peter M. Keller,1# Claudia Ritter,1 Guido V. Bloemberg 1

1 University of Zurich, Institute of Medical Microbiology, CH-8006 Zurich, 
Switzerland

# Present address: University Hospital Jena, Institute of Medical Microbiology, 
Erlanger Allee 101, D-07747 Jena, Germany

A TaqMan-based real-time PCR assay was developed for the detection of 
‘Candidatus Neoehrlichia mikruensis’ in clinical samples e.g. blood and 
serum. The assay was proven to be highly specific as no species-specific 
beacon hybridization signals was observed with frequently observed 
human pathogens (e.g. Staphylococcus aureus, Streptococcus mitis and 
Escherichia coli) and closely related Anaplasmataceae family members 
(e.g. Anaplasma phagocytophilum, Rickettsia monacensis). The Taqman 
assay is based on a 16S rRNA signature sequence in the hypervariable 
region A of Neoehrlichia. The assay was shown to be highly reproduc-
ible; as demonstrated by low intra-assay and inter-assay coefficient of 
variation. The detection limit of the test was 5 to 10 copies of Neoeh-
rlichia 16S rRNA gene per mL of primary clinical material. The estab-
lished assay could overcome the limitations of the previously described 
methods for the detection of Candidatus N. mikurensis infections (such 
as broad-spectrum 16S rRNA PCR), which require more elevated DNA 
titres than our species-specific assay and a longer work up time. The test 
allows the direct semi-quantification of the pathogen in clinical mate-
rial thus giving important information about therapeutic efficacy and 
course of the infection. 



Heraklion, Crete, Greece | 5-7 June 2011

77

P109  A TENTATIVE VALIDATION OF A SEROLOGICAL 
TEST FOR THE DIAGNOSIS OF CANINE RiCkEttsiAl 
DISEASE

Gabriella Masu,1 Sara Sechi,2 Giovanna Masala,1 Raffaella Cocco,2 
Valentina Chisu,1 Stefano Lollai 1

1 Istituto Zooprofilattico Sperimentale della Sardegna, Sassari, 07100, Italy
2 Dipartimento di Patologia e Clinica Veterinaria, Università di Sassari, Sassari, 
07100, Italy

Objectives: Prevalence of tick-borne infections is very high (49%) in 
Sardinia. Clinical abnormalities are often nonspecific during rickettsial 
infections, and coinfections caused by other tick-transmitted agents 
may be common. The present study is a tentative approach to validate 
a differential serological assay for the diagnosis rickettsial infection by 
IFI, assessing diagnostic indexes, like sensibility, specificity, predictive 
values (Positive and Negative PV) and likelihood ratios, in order to find 
out the post-test probability related to the disease. 
Methods: In order to detect antibodies against Rickettsia spp., a total 
of 209 dog sera (135 with and 74 without clinical signs), were analyzed 
by IFI during 2010 in Sardinia. A titer of at least 1:128 was considered 
positive. Positive sera were titrated serially in twofold increments up to 
a dilution of 1:512. Dogs were also screened for the presence of E. canis 
by IFI and the positive results were not included for calculating diag-
nostic indexes. After a month, the seroconversion was investigated in 
the doubt sera. 
Results: From a total of 209 sera (135 with and 74 without clinical signs) 
98 resulted positive, 70 negative and 41 doubt for Rickettsia spp. 37 sera 
of symptomatic dogs (positive for Eh. canis but negative for Rickettsia 
spp.) were excluded. From 172 elaborated sera: 98, 33 and 41 resulted 
positive, negative, doubt for Rickettsia spp. respectively. 41 sera doubt 
(23 symptomatic and 18 asymptomatic) were retested: 15/23 resulted 
positive and 8/23 remained doubtful. Among 18 asymptomatic: 9 be-
came negative and 9 doubt. Diagnostic sensibility (DSe) and specific-
ity (DSp) showed values of 91.8% and 68.9% respectively. PPV and NPV 
were equivalent to 79.6% and 86.6% respectively. Accuracy was of 
81.9% and positive and negative likelihood was 2.95 and 0.12 respec-
tively. The post test probability of the disease resulted 79%. 
Conclusions: The validation approach proposed in this study, could 
represent a support for the diagnosis of rickettsiosis, helping clinicians 
to adopt the correct therapy. In fact, all positive dogs, regardless of 
stage of the disease, should be subjected to an adequate pharmaco-
logical treatment to reduce the transition to the chronic or severe form 
of the disease and to decrease the animal reservoirs.

P110  RELEVANCE OF THE PET SCANNER IN THE DIAGNOSIS 
OF THE VASCULAR GRAFT INFECTION BY COxiEllA 
BuRnEtii

Merhej Vicky,1,2 Cammilleri Serge,3 Piquet Philippe,4 Casalta Jean-Paul,1,2 
Raoult Didier1,2

1 URMITE CNRS-IRD UMR 6236 IFR48, Faculty of Medicine, University of the 
Mediterranean, Marseille, France

2 Department of infectious disease, La Timone Hospital, Marseille, France
3 Department of Nuclear Medicine, La Timone Hospital, Marseille, France
4 Department of Vascular Surgery, La Timone Hospital, Marseille, France

Background: Coxiella burnetii, the causative agent of Q fever, may cause 
culture-negative vascular graft infections that can be diagnosed by se-
rology and molecular biology. We report a case of C. burnetii vascular 
graft infection diagnosed by serology, molecular biology and positron 
emission tomography (PET) scanner. We discuss the interest of the PET 
scanner in the diagnosis of chronic C. burnetii infection. 
Case Presentation: A 70-year-old man from Corsica underwent endo-
vascular vascular graft due to abdominal aortic aneurysm. Two years 
after surgery, he presented weight loss, abdominal and lumbar pain 
and laboratory signs of inflammation without fever. Computed tomog-
raphy revealed an abscess formation next to the endograft and psoas 
muscles, in continuity with destructive spondylodiscitis. He presented 
a positive PET scanner that is more in favour of an infection rather than 
lymphoma. High phase I and II specific IgG and IgA antibody titers 

against C. burnetii were found. The Polymerase Chain Reaction was 
positive for C. burnetii. The patient was treated for chronic Q fever by 
doxycycline and hydrochloroquine, and improved rapidly. The patient 
subsequently underwent a second vascular surgery replacement.
Conclusions: The present report emphasizes the need to search for Q 
fever in patients with a history of underlying vascular disease. It high-
lights the utility of the PET scanner in the diagnosis of infection with the 
association of Q fever serology and molecular biology for the etiological 
identification of C. burnetii.

P111  OLD AND NEW DIAGNOSTIC APPROACHES FOR 
THE DIAGNOSIS OF Q FEVER: CORRELATION 
AMONG COMPLEMENT FIxATION TEST, ELISA AND 
MOLECULAR ANALYSES

Natale A., Bucci G., Capello K., Barberio A., Tavella A., Nardelli S., 
Marangon S., Ceglie L.

Objective: Q fever is a zoonotic disease considered as emerging or 
re-emerging in many countries. In ruminants, abortion can occur, but 
reproductive disorders are frequently the unique manifestation of the 
disease in a herd/flock. Diagnosis, mainly the shedder status identifica-
tion, is a critical and expensive process, not yet completely standardised. 
Objective of this study is to investigate the performances of Comple-
ment Fixation Test (CFT) with respect to ELISA, and the role of serological 
analyses as a tool for the shedder status identification.
Methods: During two years (2009 and 2010) of diagnostic activity on Q 
fever, 9601 bovine sera and 3973 small ruminant sera (2923 goats and 
1050 sheep) were collected and analysed with a manual CFT (cut-off 
1:10) and an indirect ELISA commercial kit (IDEXX). Moreover, 2256 bo-
vine, 139 goat and 72 ovine samples (milk, organs and placentas) were 
analysed with Real-time PCR commercial kit (ADIAVET). Serological 
results were compared and relative sensitivity (Se) and specificity (Sp) 
of CFT were calculated. In order to evaluate the correlation of the sero-
logical positivity with the shedder status, ELISA, CFT and Real-time PCR 
results are working out. 
Results: Se and Sp of CFT with respect to ELISA observed in bovine and 
small ruminant sera are similar, respectively Se 26.61% and 29.36%, Sp 
99.71% and 99.80%. Data analyses about the correlation between sero-
logical and molecular results are still in progress.
Conclusions: With regard to serological analyses, CFT in all ruminant 
species showed a low Se but a very high Sp with respect to ELISA. As 
well known, the shedder status identification is a critical point of the Q 
fever diagnosis, because of the discontinuity and the different ways of 
shedding, which imply high costs for repeated molecular tests on dif-
ferent kind of samples. Data analyses about the correlation between 
serological and molecular results will provide information about the 
possibility of a practical diagnostic approach based on the combined 
use of the above mentioned tests, in order to decrease the diagnostic 
costs for the shedder status identification.
Acknowledgements: This study was partially funded by the Italian Ministry 
of Health (RC IZSVe 04/08).

P112  DIAGNOSIS OF RiCkEttsiA AFRiCAE INFECTION BY 
ESCHAR SWABBING, PROSPECTIVE STUDY

Cristina Socolovschi, Aurelie Renvoisé, Philippe Brouqui, Philippe Parola, 
Didier Raoult

Unité de Recherche en Maladies Infectieuses et Tropicales Emergentes (URMITE), 
UMR CNRS-IRD 6236, WHO Collaborative Center for Rickettsial Diseases and 
Other Arthropod-borne Bacterial Diseases, Marseille, France

Objective: The purpose of our study is to detect Rickettsia africae, the 
agent of African bite-tick fever (ATBF) by eschar swabbing. Recently, in 
two series with ATBF in travelers the authors suggest that more than 
99% of spotted fever group rickettsioses diagnosed in international 
travelers to sub-Saharan Africa, and particularly in South Africa are 
caused by R. africae.
Methods: Travelers from sub-Saharan Africa with flu-like symptoms as-
sociated with inoculation eschars, regional lymphadenopathy, and/or cu-
taneous rash a dry swab from eschar lesion were prospectively included 
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just after clinical examination. One sterile cotton swab was rotated direct-
ly against the eschar of inoculation. The swab was then placed back in its 
tube and stored at +4oC prior the transportation to the Unité des Rickett-
sies, Marseille, France. Each swab was placed in 1 ml of MEM medium and 
DNA was extracted from 200 µl of solution. The quality of DNA extraction 
was verified by real-time PCR (qPCR) for a house-keeping gene coding for 
beta-actin. The DNA samples was tested by 1029 system based on RC0338 
gene (referenced by R. conorii genome AE006914) coding for hypotheti-
cal protein and present in all tick-borne rickettsiae. The positive samples 
were subsequently tested by specific R. africae qPCR targeting a fragment 
of RAF_ORF0659 gene conding for adenine methylase. For each patient 
a serum sample was tested by immunofluorescence assay for antibodies 
reactive to rickettsiae of the SFG. 
Results: From August 2009 to January 2011, five eschar swabs were 
tested for five patients (3 female, 2 male) returned from South Africa. 
The mean age was 52 years. All patients presented flu-like symptoms 
associated with one or multiple inoculation eschars. Two patients 
presented regional lymphadenitis and only one patient presented 
cutaneous rash on the trunk and abdomen. A total four of five swabs 
(80%) were positive for R. africae by qPCR assay. One serum of five 
tested showed increased levels of immunoglobulin IgG (1:128) and 
IgM negative. 
Conclusions: This prospective study shows the helpfulness of eschar 
swab on diagnosis of R. africae infection in travelers from South Africa. 
Recently, the utility of this test was evaluated on animal model. Cutane-
ous swabs from eschars in guinea pigs were positive for rickettsiae as 
long as lesions were present. Optimal storage temperature for speci-
mens was 4°C.

P113  COMPARISON OF REAL-TIME QUANTITATIVE PCR 
AND CULTURE FOR THE DIAGNOSIS OF EMERGING 
RICKETTSIOSES 

Emmanouil Angelakis, Hervé Richet, Jean-Marc Rolain, Bernard La Scola, 
Didier Raoult

URMITE UMR 6236, CNRS-IRD, Faculté de Médecine et de Pharmacie, 13385 
Marseille cedex 05, France

Introduction: To reduce the delay in diagnosis, quantitative real-time 
PCR (qPCR) in skin biopsies is a convenient and rapid assay for the de-
tection and the identification of Rickettsia species. We evaluated culture 
sensitivity compared to PCR according with sampling delay and previ-
ous antibiotic treatment. 
Material: Skin biopsies and ticks from patients with suspected Rickett-
sia infection were examined. Samples were screened for the presence 
of Rickettsia spp. using a qPCR assay targeting a 109-bp fragment of a 
hypothetical protein and in positive samples PCR amplification and se-
quencing targeting the gltA and ompA genes was done. Samples were 
also cultured in human embryonic lung. 
Results: A Rickettsia infection was found in 44 (25%) of 174 patients 
with 3 isolates to be from biopsies negative by molecular assays. 
Compared to molecular assays culture sensitivity was 4.3% for treat-
ed and 52% for untreated patients. The probability of isolating Rick-
ettsia spp. was 2.9-times higher in untreated than in treated patients 
and 3.9-times higher in patients from Marseille than elsewhere. Bi-
nary logistic regression analysis showed that previous treatment was 
independently associated with negative culture, with a probability 
of having a positive culture of 0.62 (p=0.015). In contrast, specimens 
obtained from Marseille were not significantly associated with a 
positive culture (odds ratio = 4.2, p=0.1). Rickettsia slovaca was the 
most frequently amplified (12%) Rickettsia sp. in ticks and presented 
more DNA copies in Dermacentor marginatus than Rickettsia raoultii 
(p=0.0012).
Conclusions: Skin biopsies can be positive even when molecular tests 
are negative, and a negative result using molecular assays does not 
exclude the diagnosis of Rickettsia spp. infection. To increase the sen-
sitivity of culture, skin biopsies should be sampled before treatment 
early in the course of the disease and should be inoculated as soon as 
possible.

P114  WIDESPREAD USE OF REAL-TIME PCR FOR 
RiCkEttsiAl DIAGNOSIS

Aurélie Renvoisé, Jean-Marc Rolain, Cristina Socolovschi, Didier Raoult

Unité de Recherche sur les Maladies Infectieuses et Tropicales Émergentes 
(URMITE), CNRS-IRD UMR 6236, Faculté de Médecine et de Pharmacie, 13385 
Marseille cedex 05, Assistance Publique des Hôpitaux de Marseille, Université de 
la Méditerranée 

Objectives: Growing number of rickettsial genomes provide ex-
tensive new data and specific sequences that we used to develop 
specific real-time PCR useful to improve the diagnosis of rickettsial 
infections. Here we report a two years experience of rickettsial mo-
lecular diagnosis through real-time PCR at the French National Refer-
ence Center.
Methods: All rickettsial genomes available on Genbank database 
as well as ongoing genome sequences of Rickettsia sp. available in 
our laboratory were compared to find out specific sequences either 
for spotted fever and typhus group (SFG-TG) or for identification of 
Rickettsia spp. at the species level. Specificity of the designed sets 
of primers and probes was verified in silico as well as against a panel 
of 30 rickettsial species. Sensitivity was determined using serial 10-
fold dilutions of a known rickettsial inoculum. Finally, primers and 
probes that were both specific and sensitive were routinely used for 
the diagnosis of rickettsial infections from clinical specimens over a 
2-years period.
Results: Among the obtained primers and probes, two were specific 
and sensitive for detection of SFG Rickettsia, one for TG Rickettsia and 
the following systems for specific detections: R. conorii ssp. conorii, R. 
slovaca, R. raoultii (DNS14), R. africae, R. aeschlimannii, R. akari, R. australis, 
R. bellii, R. felis, R. massiliae, R. rickettsii, R. typhi, R. prowazekii and Orien-
tia tsutsugamushi. From December 2008 to December 2010, 887 clinical 
samples (including 186 cutaneous biopsies, 65 eschar swabs, 100 serum 
and 225 blood samples, 104 lice, 79 ticks, and 67 cerebral fluid samples) 
were screened for the presence of Rickettsial DNA. Overall, 89 positive 
samples were detected including 24 R. africae, 32 R. conorii, 5 R. sibirica 
mongolitimonae, 6 R. slovaca, 2 R. australis, 4 R. massiliae, 1 R. honei, one 
R. typhi and 13 Rickettsia sp. thanks to these new real-time PCR assays 
during the study period.
Conclusions: Widespread use of real-time PCR is costless and reduces 
the delay for the diagnosis of Rickettsial infections. Such real-time PCR 
assays could be easily implemented in laboratories with molecular fa-
cilities and may added to existing molecular tools in a Point Of Care 
strategy.

P115  ASSESMENT OF A Q-REVERSE TRANSCRIPTASE REAL-
TIME PCR DETECTION OF VIABLE C. BuRnEtii AFTER 
HEAT TREATMENT

K. Sidi-Boumedine, V. Duquesne, D. Bassand, S. Marro, M. Prigent, 
E. Rousset, R. Thiéry 

Objectives: Q fever is a zoonosis caused by Coxiella burnetii. The main 
mode of human transmission is by the inhalation of contaminated aero-
sols or dusts. Livestock animals, the main reservoir of the disease, shed 
high numbers of the bacteria, in different excreta, when giving birth 
or aborting. Furthermore, C. burnetii, as a pseudo-spore, is resistant in 
the environment. At present, when an abortion occurs, the detection 
of C. burnetii in various samples is made by the qPCR method. Although 
allowing a good quantitative estimation of the total bacterial popula-
tion, this test does not discriminate between live and dead bacteria. The 
main objective was to find basis for development of a simple and fast 
molecular assay to identify viable C. burnetii. This study enabled us to 
select mRNA targets that responded to heat treatment and implement 
a qRT-PCR test that could be easily transposable to different types of 
samples.
Methods: Nine Mile strain cultures were subjected to different temper-
ature stress experiments. Subsequently, the viability and the response 
to stress temperatures were evaluated both by a cellular growth titra-
tion model and a qRT-PCR approach after total RNA extraction.
Results: Briefly, the cellular viability test allowed the observation of 
the effect of the various heat treatments undergone by C. burnetii. 
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Untreated bacteria or bacteria stressed at 42°C grew normally, while 
those at 80°C did not multiply and seem to have died. These results 
were confirmed at the molecular level. The comparison of qRT-PCR Ct 
values between treated and untreated samples allowed the evalua-
tion of the relative proportion of living bacteria in a given sample.
Conclusions: It is believed, that the availability of such a fast viability 
test, which can be used to investigate the infectious risk of a sample, 
would represent an important improvement in Q fever diagnostics and 
epidemiology. It should, especially, provide a better tool for an effective 
management of Q fever abortive episodes and an efficient control of C. 
burnetii dissemination.

P116  E-TEST AS A RELIABLE METHOD FOR TESTING 
ANTIBIOTIC SUSCEPTIBILITY IN RiCkEttsiAE 
FORMING PLAQUE

E. Botelho-Nevers, D. Raoult

URMITE UMR 6236, CNRS-IRD, Faculté de Médecine, 13385 Marseille cedex 05, 
France

Objectives: Antibiotic susceptibility testing remains difficult and te-
dious for strict intracellular bacteria growing only in cell culture sys-
tems. Currently there is no axenic culture system for Rickettsiae. In order 
to improve and facilitate antibiotic testing in Rickettsiae we used E-test 
method associated with plaque assay.
Material and Methods: L929 cell monolayers were seeded in 100-mm 
Petri dishes 24 hours before infection with Rickettsia conorii or Rickettsia 
rickettsii. After infection, cells were overlaid with medium culture and 
0.5% agar. E-tests of different antibiotics were deposited on agar and 
the dishes were incubated for 7 days at 37°C in a 5% CO2 incubator. After 
fixation, colouration with crystal violet or neutral red and visualisation 
was performed as previously described. Antibiotics used were tigecy-
cline, erythromycin, co-trimoxazole, ciprofloxacin, ofloxacin, amoxicil-
lin, rifampicin and vancomycin. Experiments were performed in tripli-
cates and repeated at least two times.
Results: Plaque assay associated with E-test method allow obtaining a 
clear inhibition ellipse. When Rickettsiae were susceptible to the antibi-
otic tested, inside the whole area of the discernable ellipse, there was 
no formation plaque whereas outside, there were many plaques visible. 
Both species of Rickettsiae tested showed the following MIC to antibiot-
ics: tigecycline: <0.016 µg/mL, erythromycin: 0.125-0.19 µg/mL, rifampi-
cin 0.004 µg/mL, co-trimoxazole: >32 µg/mL, ciprofloxacin: 0.023-0.032 
µg/mL, ofloxacin: 0.064-0.094 µg/mL, amoxicillin and vancomycin both 
>256 µg/mL. The MIC values found for each antibiotic and each spe-
cies were reproducible. The method was as reliable with crystal violet 
as with neutral red.
Conclusions: E-test is a reliable and reproducible method for testing 
antibiotic susceptibility in Rickettsiae forming plaque. Compared to 
gold standard methods of antibiotic susceptibilities testing for rick-
ettsiae found in literature, rickettsiae show the same profiles of sus-
ceptibilities with E-test method. MIC values found with E-test method 
were lower than those found with other methods (dye-uptake assay, 
plaque assay). This method is more useful and easy to perform than 
gold standard methods. It may be used in routine conditions to test 
susceptibilities for Rickettsiae, notably to confirm susceptibilities to 
others antibiotics when doxycycline, the reference treatment could 
not be used.

P117  LIMITS OF IFA-IGG BASED DIAGNOSTICS IN 
RiCkEttsiAl DISEASES IN AN ENDEMIC SETTING

Premaratna R.,1 Bandara NKBKRGW.,2 Dasch GA.,3 de Silva HJ.1

1 Department of Medicine, Faculty of Medicine, University of Kelaniya, Sri Lanka 
2 Department of Microbiology, Faculty of Medicine, University of Kelaniya, 
Sri Lanka 

3Rickettsial Zoonoses Branch, CDC, Atlanta, USA

Objectives: Rickettsial diseases are re-emerging in Sri Lanka although 
scrub typhus has been known since the 1940s. Now both scrub typhus 
and spotted fever group rickettsioses (SFGR) are the most frequently 

identified rickettsioses in the country. We present here six patients with 
febrile illness with acute high IFA-IgG titres against SFGR but later had 
alternative final diagnoses. 
Methods: 48 patients who were admitted with clinical illness sugges-
tive of rickettsioses (febrile illness associated with lymphadenopathy 
and or splenomegaly), and with high SFGR IFA-IgG titres, presumptive 
SFGR diagnosis of six of these patients could not be confirmed.
Results: Six patients age 42 yrs (36-55) mode (range) presented with fe-
ver for 21 days (12-62) mode (range) duration. Three had splenomegaly 
and lymphadenopathy, while the other 3 had either generalized or lo-
calized lymphadenopathy. They had normal or a moderate elevation of 
WBC 6.2 (4 -12) x 106 mode (range), ESR 58 mm 1st Hr (45-110) and CRP 48 
(12-96 mg/dl). All 6 patients had high admission titres against SFG rick-
ettsioses; 3 patients- 1: 512; one patient - 1: 1024; 2 patients -1: 2048 IFA-
IgG against R. conorii antigen. None of them responded to doxycycline 
or doxycycline and azithromicin in combination. Five had solid alterna-
tive final diagnoses; 2- systemic lupus erythematosis, 2- lymphoma, 1- 
myelodysplastic syndrome which later evolved into acute myeloid leu-
kemia. Two weeks after treatment, 5 patients had a static IFA-IgG titre 
while the one who had no final alternative diagnosis (Leishmaniasis?) 
had a non significant titre declining from 1:2048 (?).
Conclusions: SFGR rickettsioses in countries with high rates of expo-
sure to ticks present specific dilemmas for the clinician, especially when 
patients may delay seeking treatment and thus have high levels of SFGR 
antibodies and symptoms compatible with rickettsioses. Whether other 
diseases can stimulate concomitant increased levels of antibodies against 
SFGR (anamnestic responses) or they may present cross-reactive antibod-
ies is unknown. Consequently, alternative diagnoses should be considered 
when such patients are non-responsive to effective therapeutics for rick-
ettsioses. 

P118  IDENTIFICATION OF OREntiA tsutsugAmushi USING 
POLYMERASE CHAIN REACTION

Pattama Ekpo,1 Wichittra Anukool,2 Yupin Suputtamongkol,3 
Patimaporn Wongprompitak 1

1 Department of Immunology, Faculty of Medicine Siriraj Hospital, 
Mahidol University, Bangkok, Thailand

2 Graduate Program in Immunology, Faculty of Medicine Siriraj Hospital, 
Mahidol University, Bangkok, Thailand

3 Department of Medicine, Faculty of Medicine Siriraj Hospital, 
Mahidol University, Bangkok, Thailand

Objective: To identify the Orientia tsutsugamushi genotypes from.
Methods: Chromosomal DNAs in buffy coat samples taken from scrub 
typhus patients were extracted. Two pairs of primers were designed 
to ampltfy the 56-kDa protein encoding gene. DNA sequencing of the 
positive samples were performed. The nucleotide sequences from the 
clinical samples and from 15 reference strains obtained from GenBank 
database were aligned using computer software, Clustal W. Then, a 
dendrogram was generated using MEGA4 software. The strain-specific 
primers for direct identification in clinical samples were further devel-
oped based on the 56-kDa protein encoding gene.
Results: There were 106 samples of scrub typhus suspected patients 
amplified by PCR technique using specific primers for 56-kDa protein 
encoding gene and 4 clusters were derived from dendrogram which 
were Karp (44.7%), Kato (3.9%), Gilliam (40.8%) and TA763 (10.5%). Two 
samples could not be grouped in any clusters. The geographical dis-
tribution of O. tsutsugamushi strain in Thailand was also studied. Karp 
was the predominant strain in Northeastern region while Gilliam was 
the dominant strain in Central region as well as in the Southern. How-
ever, there was a limitation in this study because there was no sample 
from Northern and Eastern regions. For direct strain identification in 
clinical samples using PCR technique, Karp and Gilliam-specific primers 
generated the satisfied sensitivity and specificity values with approxi-
mately 95% whereas Kato- and TA763-specific primers required further 
improvement.
Conclusions: The genotypic strain of O. tsutsugamushi was identi-
fied based on 56-kDa protein encoding gene. Karp, Kato, Gilliam, 
and TA763 were the common strains isolated from Thai patients. The 
information obtained from Orientia strain identification might be 
useful for epidemiological study and also for further vaccine devel-
opment.
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P119  MEDITTERANEAN SPOTTED FEVER DIAGNOSED BY 
ESCHAR SWABBING

Nadjet Mouffok,1 Cristina Socolovschi,2 Anwar Benabdellah,1 
Aurelie Renvoisé,2 Philippe Parola,2 Didier Raoult 2

1 Service des Maladies Infectieuses, Centre Hospitalier Universitaire d’Oran, 
Algeria 

2 Université de la Méditerranée, URMITE UMR 6236, CNRS-IRD, Faculté de 
Médecine et de Pharmacie, 13385 Marseille cedex 05, France

Objectives: The utility of skin swab for diagnosis of rickettsial diseases 
was evaluated in a prospective study realized in Algeria, an endemic 
region for rickettsioses with four tick-borne rickettsioses and one flea-
borne spotted fever. 
Methods: For each patient presented a picture of spotted fever with in-
oculation eschar, a dry sterile swab was realized. All eschar swabs were 
transported to Unité des Rickettsies, Marseille, France. DNA samples 
extracted from 200 µl solution of echar swab were tested by genus-spe-
cific quantitative (q)PCR for spotted fever group Rickettsiae, Bartonella, 
Coxiella burnetii, Borrelia, for universal 16S rRNA and β-actin gene. 
Results: Clinical pictures and outcome for 39 patients are detailed. The 
mean duration of treatment was 3.5±1.4 days; 97.4% patients recovered 
after antibiotic treatment. 26 eschar swabs were positive for Rickett-
sial DNA by qPCR (26/41, 63.4%). The prevalence of R. conorii was 64%. 
The mean Ct value of β-actin gene was significantly lower for R. conorii 
negative samples (p=0.0003). Four patients had swab and skin biopsy 
samples. Three of four patients were tested positive for R. conorii conorii 
specific qPCR on both swab and skin biopsy samples. The mean Ct value 
[±SD] of R. conorii conorii amplification by qPCR of three positive swab 
samples was 34.5±3.56 and for three biopsy samples: 31.25±4.59. Analy-
sis of questionnaire sent to health professions and patients showed that 
they proffered to have an eschar swab to skin biopsy (p=0.0001). qPCR 
for Bartonella, Coxiella burnetii, Borrelia, and for universal 16S rRNA was 
negative for all tested samples. 
Conclusions: The eschar swabbing can be competently an easy meth-
od to diagnosis of rickettsioses and a helpful tool for future epidemio-
logic and clinical studies. The detection of Mediterranean spotted fever 
using eschar swab is in accordance with those from other study realized 
on skin biopsy samples, as gold standard.

P120  “REAL TIME” PCR-DETECTION OF COxiEllA BuRnEtii 
USING CONVENTIONAL TECHNIQUES

D. Frangoulidis, WD. Splettstoesser, H. Meyer, C. Kahlhofer

Bundeswehr Institute of Microbiology, Munich, Germany

Objectives: Diagnosis of Q fever, caused by the gram-negative bacteria Cox-
iella burnetii, relies normally on serological detection of specific antibodies. 
During recent years the application of PCR-based methods, detecting differ-
ent specific targets, has been introduced in diagnostic laboratories. Besides 
usage in veterinary medicine, where abortion derived materials, milk and 
faeces were routinely screened by PCR, this method becomes widely used 
in clinical medicine as a supplement to serological techniques, especially in 
early stages of acute Q fever. PCR in general requires a specific instrumenta-
tion and especially for the very fast and reliable “real-time” detection variant, 
expensive devices and consumables are needed. Therefore application of 
PCR technology has also to consider economic aspects. Here we present a 
simple and smart method which combines the simplicity of conventional 
PCR with new technical and methodical enhancements resulting in fast, 
specific and easy molecular detection of C. burnetii.
Methods: A collection of Coxiella burnetii reference strains were test-
ed with a very fast, modified conventional gel-based PCR approach. 
For this method a special PCR-buffer (QIAGEN® Fast Cycling PCR 
Kit) was applied and visualization of specific PCR products was per-
formed in a closed, ready-to-use gel-cassette-system (FlashGel®, Fa. 
Lonza). For comparison, a LightCyler® HybProbe realtime-PCR-assay 
(Fa. Roche), which detects the IS1111-repetitive elements of Coxiella 
burnetii (Primers: CB_S4k: GAAACGGGTGTTGAATTGTTTG and CB_
A2k: TCACATTGCCGCGTTTACT, Probes: CB_LCR: LC Red640-TAATCAC-
CAATCGCTTCGTCCCGGT and CB_Flu: GCCACCGCTTTTAATTCCTCCTC-
FL, Fa. TIB MOLBIOL). 

Results: These modifications of the conventional PCR-method reached 
nearly the speed of the real-time PCR assay (120 min vs. 90 min) and 
showed equal sensitivity and specificity. The general costs per PCR run 
were 25% less than for the LightCycler® method. 
Conclusions: This modified fast method is especially suitable for small 
laboratories with limited resources or for deployable PCR diagnostics 
in field laboratories. But it may also represent an interesting model for 
developing countries establishing modern molecular techniques in 
laboratory diagnosis.

P121  LOOP MEDIATED ISOTHERMAL AMPLIFICATION 
(LAMP) TARGETING MULTI-COPY GENES PROVIDES 
A RAPID AND SENSITIVE ASSAY FOR DETECTION OF 
ORiEntiA tsutsugAmushi 

Chien-Chung Chao, Zhiwen Zhang, Erin S. Huber, Lee Howell, 
Wei-Mei Ching

Viral and Rickettsial Diseases Department, Infectious Diseases Directorate, Naval 
Medical Research Center, Silver Spring, MD 20910, USA

Orientia tsutsugamushi, an obligate intracellular bacterium, is the caus-
ative agent of scrub typhus. Diagnosis of scrub typhus is generally 
based on the clinical presentation and the history of a patient. How-
ever, differentiating scrub typhus from other acute tropical febrile ill-
nesses such as leptospirosis, murine typhus, malaria, dengue fever, and 
viral hemorrhagic fevers can be difficult because of the similarities in 
these signs and symptoms. Besides the isolation of Orientia from patient 
blood as the confirmatory test, diagnostic assays detecting antibody in 
blood or serum have been developed in different assay format, such as 
the gold standard IFA assay, immunochromatographic test (ICT) and 
ELISA. ELISA using recombinant antigens has shown similar sensitivity 
and specificity as IFA. Additionally, Real-time PCR assay has also been 
developed to detect DNA isolated from suspected patients. Real-time 
PCR provides excellent sensitivity but requires sophisticated instrument 
limiting the application in rural areas. Recently, the LAMP assay for de-
tection of Orientia using the conserved 47 kDa gene was developed. The 
assay has sensitivity that is almost identical to that of either LAMP using 
GroEL as the target gene or real-time PCR targeting 47 kDa gene. LAMP 
reaction does not require a thermal cycler, can be easily performed in 
a heating block, and the results can be read with naked eyes, provid-
ing advantage over real-time PCR in rural and resources-limited areas. 
To further improve the sensitivity, several genes with multiple copies in 
the Orientia genome were selected as the target genes for LAMP reac-
tion. Preliminary results showed that targeting these genes provides a 
stronger signal than targeting 47 kDa gene when comparing the same 
number of bacteria. The application of this approach to provide a spe-
cific and sensitive alternative to current real-time PCR assay is evaluated 
using various strains of Orientia and other close-neighboring rickett-
siae. The results suggest that LAMP assay using multi-copy genes is an 
alternative to real-time PCR for sensitive and rapid detection of Orientia, 
particularly in rural area where resources are limited.

P122  DEVELOPMENT OF NEW BROADLY REACTIVE RAPID 
IMMUNOGLOBULIN G AND IMMUNOGLOBULIN M  
LATERAL FLOW ASSAYS FOR THE DIAGNOSIS OF 
SCRUB TYPHUS

Yupin Suputtamongkol,1 Nujorn Srisamut,2 Pattama Ekpo,2 
Saowaluk Silpasakorn,1 Zhiwen Zhang,3,4 Chien-Chung Chao,3 Wei-Mei Ching3,4

1 Department of Medicine, Faculty of Medicine Siriraj Hospital, 
Mahidol University, Bangkok, Thailand

2 Department of Immunology, Faculty of Medicine Siriraj Hospital, 
Mahidol University, Bangkok, Thailand

3 Viral and Rickettsial Diseases Department, Infectious Diseases Directorate, 
Naval Medical Research Center, Silver Spring, MD, USA

4 Uniformed Services University of the Health Sciences, Bethesda, MD, USA

Objectives: To determine the diagnostic accuracy of two new broadly 
reactive rapid lateral flow assays for the detection O. tsutsugamushi IgM 
and IgG antibodies. 
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Methods: Two broadly reactive lateral flow assays, using a mixture of 
recombinant proteins C1, a chimeric protein containing epitopes of 
both Karp and TA763, along with Ktr56 and Gmr56 as the antigen, were 
constructed by striping the mixed recombinant proteins onto nitrocel-
lulose membranes. The membranes were assembled in a conventional 
lateral flow process using conjugated pad onto which gold conjugated 
anti-human IgG or IgM was dried. The performance of tests were evalu-
ated using archived serum samples from acute phase of 104 patients 
with scrub typhus (66 males and 38 females), aged 15-84 years (mean 
age 45 years), and from a controlled group of 62 patients with other 
causes of fever. 
Results: The diagnosis of scrub typhus was made by the detection 
of either 16S or 56kDa protein encoding gene from blood in 40 pa-
tients (38.5%), a four-four rising in either IgM or IgG antibody titer, 
using indirect immunofluorescent assay (IFA) in 44 patients (42.3%) 
and a high antibody titer on admission in 20 patients (19.2%). The 
sensitivities of the lateral flow tests for the detection of IgM and IgG 
were 88.5% (95% CI, 80.3 to 93.6%), and 86.5% (95% CI 78.1 to 92.2%) 
respectively. The specificities were 85.5% (95% CI, 73.7% to 92.7%), 
and 96.8% (95% CI, 87.8 to 99.4%) for the detection of IgM and IgG 
respectively. False positive IgM was found in 9 patients (in 5 patients 
with dengue infection, in 1 patient with falciparum malaria, in 1 
patient with influenza A infection, and in 2 patients with unknown 
diagnosis). False positive IgG was found in 2 patients with dengue 
infection. Compared to IFA, 39 out of 50 patients (78%) with IFA titer 
<1: 200 had positive IgM, and 55 out of 69 patients (79.7%) with IFA 
titer <1:200 had positive IgG. 
Conclusions: Both of the new broadly reactive rapid lateral flow assays 
were found to be more sensitive and specific than the standard IFA for 
the early diagnosis of scrub typhus.

P123  A COMPARISON OF THE RAPID DETECTION OF 
COxiEllA BuRnEtii BY REAL-TIME PCR AND IF IN A 
COHORT OF AUSTRALIAN Q FEVER PATIENTS

Mohammad Yazid Abdad, John Stenos, Sean Phipps, Cynthia Andjelic, 
Cynthia Phillips, Beth Lingenfelter, Karen Andrews, Gemma Vincent, 
Stephen Graves

The immunofluorescence assay has long been considered the gold 
standard for the diagnosis of Q fever. With the advent of modern mo-
lecular techniques, the opportunity has arisen to enhance early diag-
nosis with a molecular assay, rather than waiting to collect paired sera 
for diagnosis. DNA was extracted from stored serum samples and PCR 
performed using an IS1111a target. Seventy-two paired sera positive 
samples for Q fever were analysed for Coxiella burnetii DNA by real-time 
PCR. Of these, 47 samples were positive for C. burnetii DNA, including 
all 29 sero-negative acute specimens. The real-time PCR assay could 
diagnose Q fever in only 53% of sero-positive acute specimens (18/43). 
However, the sensitivity improved to 100% in sero-negative acute 
specimens (29/29). This study demonstrates that a real-time PCR assay 
can be utilised as a rapid diagnostic assay early in Q fever infection. 

P124  ANTIBODY KINETICS IN SEROLOGICAL INDICATION 
OF CHRONIC Q FEVER. THE GREEK ExPERIENCE

Sofia Kokkini,1,2,3 Dimosthenis Chochlakis,1,2,3 Anna Psaroulaki,1,2,3 
Iosif Vranakis,1,2,3 Yannis Tselentis,1,2,3 Achilleas Gikas 4

1 Laboratory of Clinical Bacteriology, Parasitology, Zoonoses and Geographical 
Medicine, University of Crete, Heraklion, Crete, Greece

2 Regional Laboratory of Public Health, Heraklion, Crete, Greece
3 WHO Collaborating Center, Medical School, University of Crete, Heraklion, Crete, 
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4 Department of Internal Medicine Infectious diseases Unit, University Hospital of 
Heraklion, Heraklion, Crete, Greece

Objectives: The purpose of this study was to assess the kinetics of anti-
bodies against phase I and II antigens of Coxiella burnetii in 35 patients 
with serological evidence of chronic form of Q fever in an attempt to 
highlight the role of antibody kinetics pattern in terms of serological 
cure and relapse. 

Methods: During a 10-year period (2000-2010), 35 samples from hu-
man-cases with clinical evidence of chronic Q fever infection were fol-
lowed up for at least 1 year, with a minimum of 3 serum samples being 
tested from each one. The serological diagnosis of chronic Q fever was 
based on the presence of phase I IgG antibodies against C. burnetii at a 
titre of ≥1/800. All sera were tested by IFA (FOCUS Diagnostics, Cypress, 
California, USA), testing both for phase I and phase II IgG and IgM anti-
bodies. Serological relapse was defined as a 2-fold increase in phase I 
IgG titre of ≥1/800 after a decrease in titers below 1/800. Statistical anal-
ysis was performed using IBM SPSS v.19 software; level of significance 
was set at p<0.05.
Results: The median titer for IgG phase I was 1/512 (range 0-65.536) 
and 2048 (0-524.288) for IgG phase II antibodies. Antibodies re-
mained detectable for the entire study period in most cases (31/35). 
Eight patients showed serological relapse. IgM antibodies remained 
at low titers throughout the follow up of the patients. The pattern in 
which, phase I and phase II antibodies changed over time was similar. 
Overall, phase II antibodies tended to remain at high titers, however, 
no statistically significant difference (p<0.05) was calculated among 
the phase I and phase II IgG titers during the course of the study.
Conclusions: Both phase II and phase I IgG antibodies remained at high 
levels during the course of the disease. The significance of IgM antibod-
ies in the follow up of chronic Q fever is rather limited. Our findings are 
consistent with former studies who have stated that a long period of 
serological monitoring of patients with chronic Q fever is required.

P125  DEVELOPMENT OF A REAL-TIME PCR FOR THE 
DETECTION OF RiCkEttsiA SPP. AND TYPHUS GROUP 
RiCkEttsiA IN CLINICAL SAMPLES

Stefano Giulieri,1 Katia Jaton,2 Alain Cometta,3 Laurence Trellu,4 
Gilbert Greub 1,2

1 Infectious Diseases Service, Centre Hospitalier Universitaire Vaudois and 
University of Lausanne, Lausanne, Switzerland

2 Institute of Microbiology, Centre Hospitalier Universitaire Vaudois and 
University of Lausanne, Lausanne, Switzerland

3 Service of Internal Medicine, Yverdon Hospital, Yverdon, Switzerland
4 Service of Dermatology, University Hospital, Geneva, Switzerland

Objectives: Diagnosis of rickettsial infection is usually established by 
serology. However, confirmation by seroconversion is retrospective and 
species identification is limited by cross-reactions. Molecular diagnosis 
using real-time polymerase chain reaction (PCR) may allow earlier diag-
nosis and distinction between the spotted fever group and the typhus 
group Rickettsia. We thus developed a real-time duplex PCR that ampli-
fies (i) DNA of any Rickettsia species and (ii) typhus group Rickettsia (R. 
prowazekii and R. typhi).
Methods: Primers and probes were selected to amplify a segment of the 
16S rRNA gene of Rickettsia spp. For the detection of typhus group Rickett-
sia, we targeted the citrate synthase gene (gltA), which is less conserved. 
Reproducibility, analytical sensitivity and analytical specificity were 
tested. The real-time PCR was then prospectively applied on 16 clinical 
samples taken from 13 patients with clinical suspicion of rickettsiosis.
Results: Analytical sensitivity was 10 copies of plasmidic control DNA 
per reaction. The real-time PCR was highly specific, as no cross-amplifi-
cation was observed when testing human DNA and 22 skin pathogens 
or commensals. Real-time PCR was applied to the following clinical 
samples: skin biopsies (n=8), blood (n=4), cerebrospinal fluid (n=3) and 
pericardial fluid (n=1). Rickettsial DNA was detected in the skin biopsies 
of 3 patients. In one of them, the typhus group PCR was also positive. 
This patient had a severe murine typhus with acute renal insufficiency, 
myocarditis and acute lung injury; skin biopsy was performed on a pe-
techial lesion. Seroconversion was later documented, with important 
cross-reaction among rickettsial species. The two other patients with 
negative typhus group PCR suffered from Mediterranean and African 
spotted fever; skin biopsy was performed on the eschar. Follow-up se-
rology was not done. Among 10 patients with negative PCR, serology 
for Rickettsia sp. was performed in 5 cases and was negative.
Conclusions: We developed a real-time duplex PCR for the diagnosis of 
rickettsial infections. The assay was highly specific and showed a good 
analytical sensitivity. When applied to clinical samples, it allowed early 
diagnosis of rickettsiosis among 3 patients with febrile illness and rash, 
and recognition of typhus in one of them.
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P126  EVALUATION OF A NEW SEROLOGICAL TEST FOR THE 
DETECTION OF ANTI-COxiEllA AND ANTI-RiCkEttsiA 
ANTIBODIES

Alain Bizzini,1 Olivier Péter,2 Pascal Meylan,1 Gilbert Greub 1
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Objectives: Coxiella burnetii and members of the genus Rickettsia are 
obligate intracellular bacteria. Since cultivation of these organisms re-
quires dedicated techniques not routinely performed in clinical micro-
biology laboratories, their diagnosis usually relies on serological or mo-
lecular biology methods. Immunofluorescence is considered the gold 
standard to detect antibody-reactivity towards these organisms. Here, 
we assessed the performance of a new automated epifluorescence im-
munoassay (InoDiag) to detect IgM and IgG against C. burnetii, Rickettsia 
typhi and Rickettsia conorii.
Methods: Samples were tested with the InoDiag assay, which consists 
of glass slides spotted with different antigens including C. burnetii, R. 
typhi and R. conorii. The end-point is a fluorescence index. A total of 127 
sera were tested: 69 samples from Q fever, 30 from spotted fever rickett-
siosis, and 5 from a patient with typhus. 31 control samples including 10 
EBV IgM+ sera, 8 sera from pregnant women and 13 samples from other 
unrelated infections. 
Results: In the Q fever group, 50/69 (72%) samples yielded a posi-
tive result. 33/63 (52%) and 11/63 (17%) were positive for C. burnetti 
IgG and IgM, respectively. 6/63 samples (9%) were both IgG and IgM 
positive. Successive sera obtained from a patient treated for chronic 
Q fever demonstrated a progressive reduction of antibody reactivity. 
In the spotted fever rickettsiosis group, 16/31 (52%) samples were 
positive for R. conorii. Of them, 8 were negative for R. typhi and 8 
were positive for R. typhi. Among the 15 sera negative for R. cono-
rii, only one serum was positive for R. typhi. Among the 5 sera taken 
from a patient with typhus, we observed the presence of IgM only 
against R. typhi on the initial serum and the presence of a higher re-
activity against R. typhi (4.62-5.99) versus R. conorii (2.06-2.77) in all 
three convalescent sera. In the control group, 1/31 (3.2%) was posi-
tive for C. burnetti IgG and 2 (6.8%) was positive for Rickettsia IgG. 
All three positive were from EBV IgM positive sera and none were 
positive in specific IgM.
Conclusions: The new automated epifluorescence immunoassay from 
InoDiag is a promising technique for the serological diagnosis of Coxi-
ella and Rickettsia infections.

P127  Q FEVER DIAGNOSTICS IN AN EPIDEMIC SETTING: 
FROM LOCAL ALGORITHMS TO NATIONAL 
CONSENSUS

M.C.A. Wegdam-Blans,* L.M. Kampschreur,* M.H. Nabuurs-Franssen, 
C.E. Delsing, H.A. Bijlmer, on behalf of the Dutch Q fever consensus Group

Q fever is a zoonotic infection, caused by Coxiella burnetii. Before 2007, 
Q fever was a rare disease in the Netherlands; however, since 2007 
more than 4000 cases of acute Q fever have been reported. An increas-
ing number of laboratories are involved in the diagnosis of Q fever. 
Different tests and algorithms are used. Uniformity in the assays and 
interpretation of test results is necessary for good patients’ care and 
outbreak management. Therefore, a national consensus group for Q 
fever was formed and a guideline for the diagnosis of acute Q fever 
was developed. After large outbreaks in 2007-2010, the impact of Q fe-
ver in the Netherlands is changing towards chronic infection. Chronic 
Q fever is often an indolent disease, which may develop months to 
years after initial infection. It is expected that the number of patients 
with chronic infection will increase in the Netherlands the upcoming 
years. However, the diagnosis of chronic Q fever is challenging. Pa-
tients with chronic Q fever infection are identified in different ways: 
by standard serological follow up after symptomatic acute Q fever, by 
screening programs in high risk patients or by manifest clinical pre-
sentation. According to literature, a phase I IgG level >= 1:800 mea-
sured by immunofluorescence assay (IFA) indicates chronic Q fever. 
This cutoff value has been validated for an in house assay and cannot 

be directly translated to the commercial IFA used in Dutch laborato-
ries. High titers have been observed in a substantial part of patients 
following acute Q fever without evidence of chronic infection. There-
fore, clinical presentation and imaging techniques are needed to com-
plete the diagnosis of chronic infection. Uniformity in the laboratory 
diagnosis of chronic Q fever is urgently needed. We present a Dutch 
guideline based on literature and clinical experience with chronic Q 
fever patients in The Netherlands so far. In this guideline diagnosis is 
categorized as proven, probable or possible chronic infection based 
on serology, PCR, clinical symptoms, risk factors and diagnostic imag-
ing. If necessary, this guideline will be adjusted as clinical prospec-
tive data become available from a national chronic Q fever monitoring 
system. 
* Both first and second author have equally contributed to the work pre-

sented in this presentation
Members of the Dutch consensus group for Q fever diagnostics: H.A. 
Bijlmer (chairman), C. Bleeker, C.E. Delsing, J.M.D. Galama, T. Her-
remans, B.M. Hogema, A.M. Horrevorts, L.M. Kampschreur, M. van 
Kasteren, M.P.G. Koopmans, P. Lestrade, I.H.M. van Loo, J. Marcelis, 
M.H. Nabuurs-Franssen, D.W. Notermans, J.J. Oosterheert, N.H.M Ren-
ders, P.M. Schneeberger, T. Sprong, J. van Steenbergen, J.A.W. Teijink, 
B.J. Vlaminckx, J.P. de Vries, M.C.A. Wegdam-Blans, P.C. Wever and H.L. 
Zaaijer.

P128  DETECTION OF Q FEVER SPECIFIC ANTIBODIES WITH 
RECOMBINANT ANTIGEN COM-1 AND ADAA

Hua-Wei Chen,1,2 Didier Raoult,3 Hiep-Hoa Nguyen,4 Wei-Mei Ching 1,2
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4TransMembrane Biosciences, Pasadena, CA

Background: Q fever is a worldwide zoonosis caused by Coxiella bur-
netii bacterium. Current diagnosis of Q fever relies mainly on serological 
methods. Although there are commercially available IFA and ELISA tests 
for Q fever, the serological testing results vary considerably among dif-
ferent laboratories even using the same kit due to the residual egg yolk 
or tissue culture proteins in the whole cell antigen preparation.
Objective: To evaluate the potential usage of recombinant Com-1 and 
AdaA in serological assays to replace Coxiella whole cell antigens for di-
agnosis purpose.
Methods: Many immunodominant antigens of C. burnetii were identi-
fied through immunoproteomics by different laboratories. In this study, 
two recombinant antigens, Com-1 and AdaA have been produced as se-
rological antigen. Com-1 (Coxiella outer membrane protein 1) is an outer 
membrane protein. AdaA (acute disease antigen A) has been shown to 
be immunodominant in the isolates from acute patient. Because of the 
low titer of antibodies in Q fever patient sera, we amplified the signal 
by using anti-human IgG or IgM-biotin plus streptavidin-HRP polymer. 
A panel of 132 IFA characterized patient sera from serial bleeding of 28 
individuals was used to explore the antigen specific antibody responses 
by the amplified ELISA. 
Results: Based on our ELISA results, there are two types of IgM responses: 
Some patients produced AdaA specific antibody only and some patients 
produced both Com-1 and AdaA specific antibody. However, three types 
of IgG responses were observed: along with the two types described pre-
viously, some patients produced Com-1 specific IgG only. One patient 
had detectable IgG against both Com-1 and AdaA even after six years. 
Although majority of the patients had no detectable specific antibody 
against both Com-1 and AdaA in their first sample, several patients had 
detectable IgM and IgG against either Com-1 or AdaA or both in the first 
sample. One patient had a weak IgM response against AdaA from 50 to 
120 days after the first sample; the antibody response was undetectable 
between 200 to 350 days but peaked at 430 days and stayed detectable 
up to 700 days. Some patients had an earlier antibody response against 
AdaA than Com-1. 
Conclusions: These two proteins are promising candidates for the de-
velopment of serodiagnostic assays without using the whole cell anti-
gens for Q fever.
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P129  REAL TIME PCR AS A NEW LABORATORIAL TOOL FOR 
DIAGNOSIS OF BRAzILIAN SPOTTED FEVER IN FATAL 
HUMAN SUSPECTED CASES
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Introduction: Since its reemergence in 1980’s, Brazilian Spotted Fever 
(BSF) has been considered an important differential diagnosis in acute 
febrile icteric hemorrhagic syndromes (AFIHS) in Brazil. However, some 
limitations associated to currently used laboratorial methods (indirect 
immunofluorescence antibody assay [IFA], Rickettsia isolation in cul-
ture cell, and immunohistochemical) make the early diagnosis on acute 
phase a challenge, specially in fatal cases. The aim of the present study 
is to evaluate two protocols of Real Time PCR (RT-PCR) and its the useful-
ness on diagnosis of BSF among lethal cases of AFIHS. 
Methods: We selected 110 fatal BSF suspected cases, investigated 
between 2009-2010. Of them, 24 presented antibody titers (IgG and/
or IgG) for spotted fever group (SFG) ≥128 on IFA and for 86 cases, 
the IFA was considered negative (IgM and/or IgG ≤64). For DNA ex-
traction it was used 200 μL of patient serum (PureLinkTM Viral RNA/
DNA, Invitrogen); extraction quality was verified by amplification of a 
constitutive human gen (RNAse P). First tested RT-PCR protocol used 
OmpA antigen segment as specific target (SYBR Green detection) of 
SFG species. A second protocol, for detection of Rickettsia genera 
species, applied 5´ nuclease (TaqMan) probe for detection of Citrate 
sintase gen. 
Results: Of 24 IFA positive samples, OmpA and Citrate Sintase RT-PCR 
protocols could detect 5 (20.8%) and 9 (37.5%) cases, respectively. In IFA 
negative group (n=86), OmpA and Citrate Sintase protocols detected, 
respectively, 23 (26.7%) and 27 (31.4%) cases. These results implies an 
improving of 1.96 times detection (24 to 47 cases) related to OmpA and 
2,1 times (24 to 51 cases) to Citrate Sintase among previously IFA tested 
cases. There was a 93% result concordance between the two protocols 
[28/110 (+/+) 74/110; (-/-)]. Citrate Sintase sensibility was 28% higher than 
OmpA (36/110 x 28/110). 
Conclusions: Our results show that RT-PCR may be an important tool 
for diagnosis of BSF suspected cases. This new diagnostic method is im-
portant for syndromic surveillance of AFIHS in places like Brazil where 
SF-related lethality is high and diseases like dengue and leptospirosis 
are endemic.
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Objectives: Q fever is worldwide zoonosis that is caused by the in-
tracellular bacteria Coxiella burnetii. Domestic ruminants, the main 
reservoir of the disease, shed high numbers of the bacteria, in dif-
ferent excreta when giving birth or aborting. Human contamination 
mainly occurs by the inhalation of contaminated aerosols or dusts. 
The contamination due to ingestion of raw milk could represent a 
potential source. Several PCR methods can detect C. burnetii DNA 
in biological samples or into the environnment; however positive 
signal could arise from live or/and dead bacteria. The infectious risk 
linked to this positive signal can not be determined. The objective 
of the present study is to investigate the use of flow cytometry as a 
tool to quantify specifically living bacteria in a sample. The approach 
focuses on the combination of a fluorescent marker that is specific 

of C. burnetii and another fluorescent test which allow the detection 
of viable cells.
Methods: A specific rabbit polyclonal antibody to C. burnetii was pro-
duced and labeled with a conjugated R-Phycoerythrin (R-PE) antibody. 
The CyFlow cytometer (AES chemunex, France) was used in all experi-
ments to measure the fluorescence. The Nine Mile strain was cultured in 
vitro. Subsequently, bacteria were dual-labeled by using the antibodies 
mentioned above and a specific fluorescent dye that can fluoresce only 
in the cytoplasm of metabolically active cells (Chemsol, AES Chemunex, 
France). 
Results: The use of viability labeling coupled to the specific immu-
nofluoresence detection could be used to specifically detect living 
C. burnetii bacteria. Less than 0.05% of an inactivated C. burnetii sus-
pension gave a fluorescent signal. 98% of a living bacterial suspen-
sion could be specifically labeled in the range 3.102-3.105 bact./ml. 
Dual labeling could discriminate between dead and living bacteria 
in suspension in PBS, but showed that the technique is 100-fold less 
sensitive than Q-PCR. Preliminary experiments using artificially con-
taminated cow milk were performed to evaluate the method for milk 
samples. 
Conclusions: Preliminary data showed that flow cytometry could suc-
cessfully be used to assess the viability of a C. burnetii suspension. To-
gether with other techniques, flow cytometry may represent an inter-
esting tool in epidemiological studies.
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Objectives: The rickettsial bacterium Ehrlichia ruminantium is the 
causative agent of heartwater of ruminants, a potential zoonotic dis-
ease that is transmitted by ticks of the genus Amblyomma. Since a wide 
diversity of E. ruminantium genotypes with differing cross-protection 
capacities have been reported to be circulating in the same areas, 
proper characterization of field isolates is necessary for the effective 
vaccination strategy. The objective of this study was to develop a novel 
genotyping method that has a high discriminatory power as well as 
being cost-effective. Here, multiple-locus variable-number tandem-
repeat (VNTR) analysis (MLVA) was developed and its utility was evalu-
ated using field isolates in Amblyomma variegatum from heartwater 
endemic areas.
Methods: This study employed 8 VNTR markers identified in our earlier 
study. A multiplex PCR approach combined with capillary electropho-
resis separation was adopted to increase throughput of the assay. A to-
tal of 735 adult A. variegatum ticks collected from 6 districts in Uganda 
were tested for E. ruminantium infection by pCS20 PCR. The positive 
samples were genotyped by MLVA and map1 PCR-restriction fragment 
length polymorphism (PCR-RFLP) analysis. Cluster analysis using MLVA 
profiles was conducted on Ugandan field isolates and a panel of 16 ref-
erence strains from other countries.
Results: In total, 38 ticks were positive for E. ruminantium by pCS20 PCR. 
Among them, MLVA identified 21 different genotypes, while map1 PCR-
RFLP detected only 7 different restriction profiles. Minimum-spanning 
tree analysis of MLVA profiles divided 21 genotypes from Uganda into 4 
main clusters and one distinct genotype. There was no correlation ob-
served between observed clusters and collection sites of the isolates, 
indicating different genotypes were circulating among tested areas. On 
the other hand, since MLVA genotypes of field isolates from Uganda did 
not cluster with any strains from other countries, this method may have 
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potential for use in tracing the bacterial origins as well as for monitoring 
genetic structure of bacterial populations in the field.
Conclusions: MLVA enabled rapid and high-resolution genotyping of 
E. ruminantium isolates. The high-throughput capability and cost-effec-
tive performance of this method will make it an attractive tool for use in 
epidemiological studies.
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Objectives: The rickettsial bacterium Ehrlichia ruminantium causes heart-
water, a major tick-borne disease of ruminants in sub-Saharan Africa and 
some islands of the Caribbean. The availability of complete genome se-
quences of different strains of E. ruminantium makes it feasible to explore 
genetic markers on whole genome scale. The objectives of this study were 
to identify potential variable-number tandem-repeat (VNTR) loci using pub-
lished genome sequences and to evaluate their variability among a panel of 
16 different E. ruminantium strains from geographically diverse origins.
Methods: Three strains of E. ruminantium (Erwo, Erwe, and Erga) ge-
nome sequences were explored for potential VNTR loci using Tandem 
Repeat Finder program. Identified loci were further selected based on 
the following criteria: (i) repeat size is less than 100 bp; (ii) the position 
in the genome is conserved between three strains; (iii) repeat numbers 
are identical between Erwo and Erwe; (vi) the sequences flanking the 
repeat loci are conserved between three strains and have adequate 
GC% to design primers; (v) PCR amplicon size is less than 600 bp. Sub-
sequently, potential VNTRs that fulfilled the above mentioned criteria 
were subjected to PCR and sequencing analysis using a panel of 16 dif-
ferent E. ruminantium strains.
Results: Among 30 repeat loci tested by PCR and sequencing analysis, 12 
had more than one allele among the tested strains. Two were located in 
intergenic regions, while 10 were in open reading frames. The number of 
alleles identified in the tested strains ranged from 2 to 14, and the Simp-
son’s diversity indices varied from 12.5 to 98.3. Cluster analysis based on 
12 VNTR markers showed limited correlation between clusters and geo-
graphic origins of the isolates, which was in agreement with the phylo-
genetic analysis based on multi-locus sequence typing. Thus, this result 
may indicate high levels of genetic diversity within E. ruminantium strains.
Conclusions: This study identified 12 VNTR markers with differing al-
lelic profiles when tested among a panel of 16 E. ruminantium strains. 
These markers may be useful for developing a high-resolution genotyp-
ing assay.
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Objectives: Molecular characterization of C. burnetii by genotyping 
is a prerequisite for surveillance purposes and for epidemiological in-
vestigation in case of a Q fever outbreak. The aim of this study was to 
compare the discriminatory power between Multispacer Sequence typ-
ing (MST) and different Multiple Locus Variable number tandem-repeat 
Analysis panels (MLVA).
Methods: We applied a 10 loci MST panel and 2 MLVA methods con-
sisted of either six different VNTR markers (MLVA-6) or 10 VNTR markers 
(MLVA-10) to a collection of human and animal clinical samples from the 

Q fever outbreak in the Netherlands, supplemented with 81 cultivated 
clinical and animal C. burnetii isolates from different European countries.
Results: Sixteen different MST genotypes, 24 different MLVA-6 geno-
types and at least 23 different MLVA-10 genotypes were identified in a 
total of 59 samples. All samples yielded a full MST and MLVA-6 genotype, 
whereas 16 samples yielded only a partial MLVA-10 genotype lacking a 
result in one of the VNTR markers. Twenty-three different MLVA-6 geno-
types and 12 different MST genotypes were identified in an additional 51 
samples. All of these samples yielded a full MLVA-6 genotype, whereas 
20 samples showed no result in one of the MST loci. Overall, 35 differ-
ent MLVA-6 genotypes, 23 different MLVA-10 genotypes and 21 different 
MST genotypes were identified in 110 clinical samples. The discrimina-
tion indices, based on the Simpson’s index of diversity, yielded 0.95, 0.95 
and 0.90 for the MLVA-6, MLVA-10 and MST method respectively. 
Conclusions: Both MST and MLVA have been shown to be powerful 
tools for the molecular sub typing of C. burnetii. Although the MLVA-6 
method consisted of a limited number of markers, the discrimination 
index however of both MLVA methods is slightly higher than that of the 
MST. The advantage of MLVA above MST, is that MLVA is less laborious.
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Objectives: Anaplasmosis is one of the most common infections of 
grazing animals worldwide. Anaplasma ovis and Anaplasma marginale 
are parasites transmitted by tick vectors that affect respectively ovine 
and cattle, causing severe pathologies. At date no rapid and effective 
test is available for the detection and discrimination of the two bacteria 
species. The aim of the work is the developing of an easy and reliable 
method to identify and distinguish the closely related pathogens Ana-
plasma ovis and Anaplasma marginale, by the amplification of a region 
of their MSP4 genes.
Methods: A. ovis and A. marginale MSP4 gene sequences coming from 
many different strains of the pathogens (15 of A. marginale and 14 of 
A. ovis) were selected from GenBank and aligned using Clustal W. Two 
set of primers were designed in a region with significant difference be-
tween the two species, but completely conserved among strains. The 
PCR was set up and utilized to test the presence of pathogens DNA in 
the following samples: 8 positive for A. marginale, 8 for A. ovis, 8 positive 
for A. phagocitophilum and 8 positive for Anaplasma spp, but negative 
for A. ovis and A. marginale. Furthermore, the specificity of both reac-
tions was analyzed testing samples positive to A. platys and Theileria 
ovis, Theileria annulata and Babesia ovis.
Results: Both reactions resulted to be very specific, since the parasites 
DNA was amplified only in those samples previously selected as positive 
with other techniques. Furthermore, all the samples positive for the oth-
er related pathogens resulted negative. Some amplicons were cloned 
and sequenced to confirm the specificity of PCR products obtained.
Conclusions: The two set of primers designed for the specific amplifica-
tion of A. ovis and A. marginale allow to easily detect and discriminate 
the two pathogens, thus avoiding the time-consuming procedure of se-
quencing or multi-gene amplification. This procedure is very useful for 
the detection of A. ovis and A. marginale especially in ticks, or in other 
animals that can act as reservoirs. 
Acknowledgements: Supported by IZSSi 07/08, Italian Ministry of Health. 
Thanks to Rosa Filippi and Franco Ferraro for their technical support.
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C. burnetii is an obligate intracellular bacterium that may cause acute 
and chronic Q fever infections. The most common clinical presenta-
tion of chronic infection is endocarditis. The most common method 
for the diagnosis of Q fever remains serology and isolation in cell 
culture, polymerase chain reaction or immunohistochemical exami-
nation. The objective of this study was to undertake a retrospective 
analysis of the use of Real Time PCR, cell culture, and immunohisto-
chemical analysis in valvular and vascular surgical samples during 10 
years in the French national reference centre for the diagnosis of Q 
fever endocarditis and to compare sensitivity for these different meth-
ods. The second objective was to determine whether amplification of 
bacterial DNA and bacterial culture were correlated with the duration 
of antibiotic treatment in patients. For ten years, 79 valvular samples 
were positive: 54 (68.35%) by culture and 77 (97.46%) by PCR. Culture 
is positively correlated with the number of DNA copies, as the mean Ct 
values are significantly lower for positive culture. Immunohistochemi-
cal analysis was positive in 18 samples. C. burnetii was detected by cul-
ture and PCR in all valves that were excised before treatment. It can be 
detected as long as 24 months before the beginning of antibiotic ther-
apy. Cycle treshold (ct) values were significantly lower between patient 
with no treatment or a recent treatment and with patient >3 months 
of treatment. Number of positive culture is significantly higher for pa-
tients without treatment before surgery in comparaison with patients 
treated with antibiotic before surgery. The percentages of positive 
detection with culture decreased to 74% and to 20%, respectively for 
patient treated ≤3 months or >3 months before cardiovascular sur-
gery. In conclusion, our results show that culture and DNA detection 
of C. burnetii in cardiovascular tissue are correlated with duration of 
antibiotic treatment.
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Protein microarrays provide a powerful tool for determining the an-
tibody repertoire generated in response to infectious pathogens. 
Utilizing rapid and high-throughput cloning technology we have 
constructed a full-proteome expression library of Bartonella hense-
lae designed against all 1493 ORFs of B. henselae Houston-1 strain. 
In order to profile the antibody repertoire elicited during natural 
infection of B. henselae (the causative agent of cat-scratch fever in 
humans) we probed the arrays with a collection of 62 uninfected, 
62 infected, and 8 ‘‘specific-pathogen free’’ naïve cat sera. We found 
that 7.3% of the B. henselae proteins on the microarray were serore-
active and that seroreactivity was not evenly distributed between 
predicted protein function or subcellular localization. Membrane 
proteins were significantly more likely to be seroreactive, with 23% 
of the membrane proteins being seroreactive. Conversely, we found 
that proteins involved in amino acid transport and metabolism were 
significantly underrepresented, and did not contain any seroreactive 
antigens. Of all seroreactive antigens, 52 proteins were differentially 
reactive with sera from infected cats, 53 proteins were equally re-
active with sera from infected and uninfected cats, and 13 proteins 
were found to be differentially seroreactive between B. henselae 
type I and type II. Based on these results, we developed a classifier 
algorithm that was capable of accurately discerning 93% of the in-
fected animals. The seroreactivity and diagnostic potential of these 
antigens was then validated on an immunostrip platform, which cor-
rectly identified 98% of the infected cats. As such we have found 
that our protein microarray platform provides a high-throughput, 
comprehensive approach to determine the antibody repertoire gen-
erated in response to infection. Furthermore, these results provide 
insight into improved rapid diagnostics, identified of potential sub-
unit vaccine candidates, and provide a novel perspective of host-
pathogen interaction.
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Objectives: A study was carried out in order to assess the efficacy of 
vaccination, using phase I C. burnetii inactivated vaccine, within goat 
herds experiencing series of abortions due to Q fever. Main objectives 
consisted in evaluating the preventive role in animals susceptible to in-
fection and the effect on bacterial shedding quantities in the general 
population. 
Material and Methods: Three clinically affected Q fever dairy goat 
farms were recruited. Abortions associated with Q fever occurred dur-
ing the winter farrowing period. Within these herds, 905 goats were 
monitored until the next kidding season. Blood and vaginal swabs were 
taken in order to determine their infection status. After stratifying the 
population according both to parity and to PCR and serological results, 
control (n=443) and vaccinated (n=462) groups were established in 
each farm. Vaccination was administrated to does before mating and 
to kids after active immunity acquisition (at least 3-4 months old). Ef-
fectiveness of the vaccine was investigated at subsequent farrowing, 
based on the clinical incidence as well as the vaginal shedding at the 
day of delivery.
Results: Before vaccination, 231 animals (25.5%), divided between 
control (n=117) and vaccinated (n=114) groups, were considered as 
susceptible, ie seronegative and non-shedders. The latters were more 
common among kids (47.8%) than adults (1.5%). Of the total popula-
tion, almost all (97.4 %) belonged to kids. About 90% were infected 
whatever the group, showing that vaccination did not prevent infec-
tion in exposed animals. However, vaccination induced an overall de-
crease of vaginal shedding levels. Among primiparous, the average 
difference between groups, estimated to 1.16 log10 bacteria/swab was 
significant. This difference was accentuated to 1.81 log10 when females 
were initially susceptible (6.53 and 4.71 log10 in control and vaccinated 
groups, respectively). 
Conclusions: According to these results, renewal animals were those 
that have best responded to vaccination and, conversely, were those 
that excreted most massively if not vaccinated. Thus the pre-herd ap-
peared as the priority for vaccination strategies in order to decrease 
environmental contamination and exposure, particularly in a clinical 
context. A study would be needed to further assess the impact of vac-
cination after several years of implementation.
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Objectives: During chronic Q fever, cell-mediated immune response 
is associated with lack of granuloma formation and impaired systemic 
response. As regulatory T cells play an important role in long-term per-
sistence of pathogens in infectious diseases such as tuberculosis and 
leishmaniasis, we analyzed the presence of regulatory T cells (Treg) in 
peripheral blood mononuclear cells (PBMCs) from controls and patients 
with acute or chronic Q fever. 
Methods: The diagnosis of Q fever was based on standardized ques-
tionnaires that included pathological evidence of endocarditis, a 
positive echocardiogram, a positive blood culture, and high titers 
of IgG directed against phase I C. burnetii. Seventeen patients were 
diagnosed as acute Q fever, and 54 patients as chronic Q fever. The 
latter patients had been subjected to valve replacement and medi-
cal treatment consisting of doxycycline and hydroxychloroquine. In 
addition, 27 individuals were included as healthy controls. The fol-
lowing T cell subsets were studied by flow cytometry: CD3+, CD8+, 
CD4+, CD4+CD25+, Foxp3+CD4+CD25+ (Treg). To analyze the intracel-
lular staining of Foxp3, PBMCs were isolated on Ficoll-Hypaque bar-
rier and labeled with anti-Foxp3 in the presence of permeabilization 
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buffer. Analysis of data was performed on CD4+ T lymphocytes. The 
nonparametric Kruskal-Wallis H test was used for comparison be-
tween groups. A p value less than 0.05 is considered as a significant 
difference. 
Results: The proportion of CD3+, CD4+ and CD8+ T cells was similar in 
controls and patients with acute or chronic Q fever. The percentage of 
CD4+CD25+ T cells was significantly higher in patients with chronic Q 
fever than in controls and patients with acute Q fever. No statistical dif-
ference was found between age, sex or serology titers of subjects. To 
verify that the CD4+CD25+ T population was Treg, we also measured 
the intracellular expression of the gene FOXP3. Again, the proportion 
of Foxp3+CD4+ CD25+ T cells was significantly increased in patients with 
chronic Q fever compared to controls and patients with acute Q fever. 
Conclusions: Our results clearly demonstrate that the proportion of 
Treg was increased in chronic Q fever. They suggest that the Treg en-
dogenous population may control the chronic evolution of Q fever.
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Objectives: The Ligand of Numb-proteins X1 and X2 (LNX 1 and LNX2) 
were identified and characterized as interactor and regulator of the T-
cell coreceptor CD8, which plays an essential role in the control of the 
immune response. During chronic Q fever, which is caused by C. burnetii 
infection, the immune response is dysregulated, as demonstrated by 
the lack of granulomas, the failure of C. burnetii to induce lymphopro-
liferation and interferon-gamma production and presence of high level 
of non protective antibodies. In contrast, acute infections are associated 
with spontaneous resolution. We have investigated the expression of 
LNX in Q fever. 
Methods: This study includes 10 patients with acute Q fever and 10 pa-
tient with Q fever endocarditis. Acute Q fever was diagnosed by detec-
tion of IgM and IgG against C. burnetii. The diagnosis of Q fever endo-
carditis was based on modified Duke’s criteria. Blood from patients and 
healthy donnors was collected and the expression of LNX1 and LNX2 
was assessed by RT-PCR using specific primer for LNX1 and LNX2 and 
actin gene. 
Results: In chronic endocarditis Q fever the expression of LNX is in-
creased compared to acute Q fever patient. The fold change reach in 
average 12 (LNX1) and 10.3 (LNX2) for chronic endocarditis Q fever pa-
tient whereas it is 1.48 (LNX1) and 2.1 (LNX2) for acute Q fever patient. 
LNX are in average 8.1 (LNX1) and 5.15 (LNX2) fold more expressed 
in chronic endocarditis Q fever patient than in acute Q fever patient. 
Conclusions: In this study, we found that LNX1 and LNX2 are significa-
tively (p<0.05) over-expressed in Q fever endocarditis. There is a correla-
tion between the expression of LNX and the clinical for of Q fever. This 
dysregulation of LNX in chronic endocarditis could explain the dysfunc-
tional behavior of the immune response during the chronic Q fever. LNX 
could become tools for measuring the disease activity and should be 
tested as biomarkers for prognosis in future studies.
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Objectives: The Q fever, caused by Coxiella burnetii, is a source of severe 
obstetrical complications in humans and cattle and can undergo chron-
ic evolution in pregnant women leading to aborbtion. As C. burnetii is 
found in the placenta of aborted fetuses, we wondered if trophoblast 
cells could be a potential reservoir of C. burnetii. In this study, we have 
investigated the possibility that C. burnetii infects human trophoblasts 
cell line. 
Methods: JEG trophoblasts were incubated with different doses of C. 
burnetii strain Nine Mile I (RSA 493) for 4 hours. After washing to remove 
free bacteria, cells were cultured for 9 days. Cell infection was deter-
mined using quantitative real time PCR and immunofluorescence. The 
intracellular localization of C. burnetii was analysed by immunostaining 
with specific antibodies for Lamp-1, cathepsin D and confocal micros-
copy. 
Results: In this work, we have shown that C. burnetii strain Nine Mile I 
is able to entry JEG trophoblastic cell line and to infect them in a dose-
dependent manner. A time-course analysis of the intracellular fate of C. 
burnetii have shown that JEG trophoblasts did not eliminate C. burnetii. 
C. burnetii seems to not be able to replicated with JEG cells. In addi-
tion, C. burnetii is localized within phagolysosomes in trophoblastic 
cells line whereas C. burnetii inhibits the phagosome-lysosome fusion 
in myeloid cells, in which C. burnetii replicated. We have observed that 
more than 80% of C. burnetii co-localized with both Lamp-1, a marker 
of late phagosomes and phagolysosomes, and cathepsin D, a marker 
of lysosomes. This data suggest that C. burnetii is localized in phagoly-
sosomes. 
Conclusions: The trophoblastic cells likely constitute a reservoir for C. 
burnetii. We previously showed that BeWo trophoblasts cells line, simi-
lar to vilous trophoblasts, are a replicative niche for C. burnetii. Here in 
contrast to Bewo cells, we demonstrated that JEG trophoblasts cells line 
were a survival but not a replicative niche for C. burnetii.

P141  COxiEllA BuRnEtii NILE MILE IS A PERTURBATOR OF 
THE MAPKINASE SIGNALING NETWORK

Nicolas Boucherit, Abdoulaye Oury Barry, Ghigo Eric

URMITE, CNRS UMR 6236-IRD 3R198, Université de la Méditerranée, Marseille, 
France

Objectives: Recognition of microorganisms by macrophages is medi-
ated by pattern recognition receptors (PRR) that bind conserved patho-
gen associated molecular patterns (PAMPs). PRR engagement by PAMPs 
activates a major signaling cascade that leads ultimately to the activa-
tion of mitogen-activated protein kinases (MAPKinase). The MAPKinase 
signaling network play crucial roles in innate immunity responses. It is 
known that the immune response is dysregulated during Q fever. We 
have investigated the activation of MAPKinases p38, JNK and ERK1/2 
during the infection of macrophages by Coxiella burnetii the agent re-
sponsible of the Q fever. 
Methods: Mouse bone marrow derivated macrophages (mBMDM) 
were stimulated for different periods of time with virulent C. burnetii 
Nine Mile I (NM I) or avirulent C. burnetii Nine Mile II (NM II). Then MAP-
Kinases activation was revelated by western blot analysis using spe-
cific antibodies against phospho-p38, total p38, phospho-ERK1/2, total 
ERK1/2, phospho-JNK, α-tubulin. 
Results: After stimulation of mBMDM with NM II and NM I, we oberved 
a transient phophorylation of the JNK and ERK. The maximum of pho-
phorylation of JNK is observed at 15 minutes after stimulation with NM 
II, and at 30 minutes with NM I. Erk 1/2 are phoshorylated with a maxi-
mum at 60 minutes after NM II stimulation and after 30 minutes after ac-
tivation with NM II. NM II induces p38phophorylation with a maximum 
at 30 minutes. Any activation of p38 was detected after stimulation after 
stimulation with NM I. 
Conclusions: In this study, we found that virulent and avirulent C. bur-
netii induce both ERK1/2 and JNK activation. In contrast to avirulent C. 
burnetii, virulent C. burnetii failed to induce p38 phophorylation. This 
data suggest that the non-activation of p38 by C. burnetii could be in-
volved in the dysregulation of the immune response occurring during 
Q fever.
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P142  RESTRICTION OF THE GROWTH OF A 
NONPATHOGENIC SPOTTED FEVER GROUP 
RiCkEttsiA

Tsuneo Uchiyama,1 Mahomi Kishi,1 Motohiko Ogawa 2

1 Department of Microbiology, Institute of Health Biosciences, The University of 
Tokushima Graduate School, 3-18-15 Kuramoto, Tokushima 770-8503, Japan

2 Department of Virology 1, National Institute of Infectious Diseases, 1-23-1 
Toyama, Shinjuku-ku, Tokyo 162-8640, Japan

Objectives: It is inevitable to analyze the genomes and the growth 
kinetics of pathogenic and nonpathogenic rickettsiae to elucidate the 
pathogenicity. In this study, we intended to compare the growth kinet-
ics of pathogenic Rickettsia japonica and nonpathogenic R. montanensis 
and to search the cause of the difference.
Methods: Vero and HeLa cells derived from mammals were used. 
These cells were inoculated with a nonpathogenic strain of spotted 
fever group rickettsia, R. montanensis. On the day three of inoculation, 
the infected cells were further infected with the pathogenic strain, R. 
japonica. Reverse experiments were also performed. Every three days, 
we changed the medium and measured the yields of each rickettsia 
by means of plaque assay and immunostaining with species-specific 
monoclonal antibodies to R. japonica. These cells were harvested and 
solubilized every three days, and the Western blotting was performed 
on them with antibody to an autophagy-related protein, LC3B. The in-
fected cells were fixed, processed, and observed under transmission 
electron microscope.
Results: In the mammalian cells infected with R. montanensis, the rick-
ettsial yields were kept at low levels. On the other hand, superinfection 
of R. japonica on R. montanensis-infected cells caused the elevation of 
the yields of R. montanensis accompanying with the growth of R. japon-
ica. Both rickettsiae also grew well in the reverse experiments. Autoph-
agy was induced on R. montanensis-infected cells, and restricted in the 
coinfected cells. Electron microscopy demonstrated the rickettsia par-
ticles being digested in the vacuoles in R. montanensis-infected cells. On 
the contrary, coinfected cells showed a lot of freely growing rickettsiae.
Conclusions: Pathogenicity of rickettsia may be associated with a high-
er rickettsia load in vivo since the mammalian cells yielded low levels 
of rickettsiae when nonpathogenic R. montanensis was infected. Au-
tophagy may be the mechanism explaining the growth restriction of 
R. montanensis in these cells. Moreover, it is possible to speculate that 
an autophagy-restricting factor may be secreted in the cells infected 
with pathogenic strains since the superinfection of R. japonica to the R. 
montanensis-infected cells restricted the autophagy and increased the 
growth of R. montanensis.

P143  GENE ExPRESSION PROGRAM IN COxiEllA BuRnEtii 
GRANULOMA

Amira Ben Amara, Adil El Filali, Amélie Delaby, Christian Capo, 
Jean-Louis Mege

Unité de Recherche sur les Maladies Infectieuses Tropicales et Emergentes, 
13385 Marseille Cedex 05, France

Background: Coxiella burnetii is an intracellular Gram negative bacteri-
um that is responsible of Q fever. The resolution of the disease is associ-
ated with the formation of granulomas whereas granulomas are lacking 
during the chronic evolution of the disease. The mechanisms leading to 
granuloma formation are largely unknown. 
Methods: We took advantage of a recently described method to gener-
ate in vitro granulomas specific for C. burnetii. Peripheral blood mono-
nuclear cells (PBMCs) were isolated from human donors and incubated 
with Sepharose beads coated with C. burnetii or BCG homogenates for 
8 days to obtain complete granulomas. Granuloma cells were collected 
by micromanipulation and RNA was extracted by using RNeasy Mini 
kit. RNAs were then analyzed using microarray chips including 45,000 
probes (Agilent Technologies). The microarrays were analyzed using R 
software and SAM analysis. These functional analyses were carried out 
with the GO stats package, which allows to test GO and KEGG terms that 
were over- or underrepresented, and with the hgug4112a.db annota-
tion package. 

Results: The granulomas induced by C. burnetii and BCG exhibited tran-
scriptional programs that were markedly distinct from those of native 
PBMCs and macrophages used as controls. The program of granuloma 
cells consisted of more than 2900 modulated genes in which most were 
upregulated. The GO and KEGG analysis showed that there was an en-
richment with immune and inflammatory categories. This signature of 
granuloma cells was also characterized by an enrichment with genes 
associated with the M1 profile of macrophages. In addition, the pro-
gram of C. burnetii granulomas displayed some differences with that of 
BCG granulomas. They corresponded to a specific signature in which 
12 probes included S100A8, CLEC10A, RNASE1, SEPP1, RAB7B and CD36 
were overexpressed. 
Conclusions: The formation of granulomas induced by C. burnetii 
is characterized by a specific transcriptional signature that exhibits 
several features of M1 polarization of macrophages. This M1 signa-
ture may account for the protective activity of granulomas in Q fever.

P144  AGE RELATED DEVELOPMENT OF ANTIBODIES 
AGAINST COxiEllA BuRnEtii - A SEROPREVALENCE 
STUDY OF THE OUTBREAK 2005 IN JENA GERMANY 

K. Boden, M. Baier, W. Bischof, E. Straube

Objectives: The objectives of this study were to determine the infec-
tion rate of Coxiella burnetii during the outbreak 2005 in Jena Germany 
and to identify risk factors for infection.
Methods: Sera collected in the serum compilation of the Institute of 
Medical Microbiology and from blood donors were screened for IgG 
antibodies against Coxiella burnetii phase II using the ELISA (Virion/Se-
rion). Only sera from inhabitants of the strongly affected area before 
and after the outbreak were included. Follow up sera from patients who 
were admitted to our hospital during the outbreak with the question of 
Q fever were excluded.
Results: 2% of 1363 sera collected previous to the outbreak revealed 
a positive result for phase II IgG antibodies. This rate increased to 16% 
(serum compilation, n=643) and 8% (blood donors, n=79) of the sera 
collected after the outbreak. The highest rate with 25% of 252 sera was 
seen in the age 31 to 61 years (blood donors: 15%, n=26, p=0.3) with a 
significant difference to 5% of 60 sera from children 1 to 16 years old 
(p=0.001). Based on the unique situation in Jena with a well–defined 
densely populated outbreak area and a known time of exposure dif-
ferent epidemiological reasons suggesting a different exposition risk 
could be ruled out for these age groups. 
Conclusions: In our study we could confirm the already known high 
infectiousness of Coxiella burnetii. Our detection of significant fewer 
phase II IgG antibodies in children than in adults despite of the same ex-
positional risk corresponds well with the already known low prevalence 
of Q fever in children. This finding suggests age related immunological 
differences either in the development of IgG antibodies with the need 
of adapted cut off levels or different immunological situations during 
invasion of the pathogen.
This publication was supported by Grant 01 KI 0730 from the Federal Minis-
try of Education and Research.

P145  DEVELOPMENT OF A MODEL OF HEMATOGENOUSLY 
DISSEMINATED SCRUB TYPHUS DISEASE IN MICE

T.R. Shelite, T.B. Saito, B. Gong, D.H. Walker

Univ. of Texas Medical Branch, Galveston, TX

Background: Approximately one-third of the world’s population is at 
risk of being infected with scrub typhus, illustrating its importance in 
global health. Orientia tsutsugamushi, the etiologic agent of scrub ty-
phus, is a mite-borne rickettsia transmitted by the parasitic larval stage 
of trombiculid mites, primarily of the genus Leptotrombidium. O. tsutsu-
gamushi Karp strain (OTK) has been used extensively in mouse stud-
ies using various inoculation strategies with little success in inducing 
disease progression similar to that seen in human cases, but inducing 
inoculation route-specific pathology. 
Objectives: The objective of this project was to develop a disease 
model that demonstrates pathology and target cells similar to those of 
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severe human disease. Development of this model will allow for inves-
tigation of the immunological mechanisms that mediate protective im-
munity in scrub typhus infections. 
Methods: This study reports an intravenous infection model under 
development in our laboratory. Intravenous injection of spotted 
fever and typhus group rickettsiae result in disseminated endothe-
lial infection that causes similar pathology to the human diseases. 
C57BL/6 (B6) mice were determined to be susceptible to intravenous 
challenge by OTK with overt signs of illness after 7-10 days depending 
on the dose. 
Results: Lethal infection occurred after intravenous inoculation of 2.5 
x 106 focus forming units (FFU) of OTK with an LD50 of approximately 
1.25 x 105 FFU for B6 mice. Signs of illness began on day 7 with death 
occurring ~3 days later. Immunohistochemical staining for Orientia an-
tigens demonstrated extensive endothelial infection, most notably in 
the brain and lungs. The histopathology revealed cerebral perivascular 
lymphohistiocytic infiltrates, focal hemorrhage, meningoencephalitis, 
and interstitial pneumonia. 
Conclusions: Intravenous inoculation of Orientia tsutsugamushi Karp 
strain resulted in a disseminated endothelial infection with pathology 
in B6 mice resembling that of human scrub typhus. The use of B6 mice 
will allow extensive characterization of the mechanism of immunity us-
ing various gene knockout mice. 

P146  IMMUNOPHENOTYPE IN SYMPTOMATIC AND 
ASYMPTOMATIC DOGS NATURALLY INFECTED BY 
EhRliChiA CAnis 

A. Villaescusa,1 M.A. Tesouro,2 M. García-Sancho,1 T. Ayllón,1 
F. Rodríguez-Franco,1 A. Sainz 1

1 Faculty of Veterinary Medicine, Complutense University of Madrid, Spain
2 Faculty of Veterinary Medicine, University of León, Spain

Objetives: Ehrlichia canis is the main etiologic agent of canine mono-
cytic ehrlichiosis (CME). Infected animals develop lesions in various 
organs and tissues and present several clinical signs that may vary de-
pending on the phase of the disease (acute, subclinical or chronic). It 
has been suggested that the immune response elicited by the host dur-
ing the infection could influence the clinical signs and laboratory and 
pathological findings. The aim of the present study was to evaluate the 
peripheral blood lymphocyte subsets in dogs naturally infected by E. 
canis with (symptomatic) or without (asymptomatic) clinical manifesta-
tions of the disease.
Methods: E. canis-naturally infected dogs were included in the study. 
Diagnosis was performed using an indirect inmunofluoresence assay 
(cut-off point 1:80) and/or PCR. Two groups of animals were evaluated:
-  Asymptomatic dogs (n=20), without clinical signs of CME, but with lab-

oratory findings traditionally associated to CME (thrombocytopenia, 
anemia, and/or hyperproteinemia)

-  Symptomatic dogs (n=8), with clinical signs classically associated to 
CME (pale mucous membranes, fever, lymphadenopathy, weight loss, 
anorexia, lethargy or signs attributable to bleeding tendencies). 

A multiparametric flow cytometric study using a FACSCalibur flow cy-
tometer was performed to analyze the distribution of the main lym-
phocyte subsets (T, Th, Tc, B and those that express MHC class II) in 
each sample. Monoclonal antibodies were supplied by AbD Serotec 
and included: anti-canine CD3 (clone CA17.2A12) conjugated with 
FITC, anti-canine CD4 (clone YKIX302.9) conjugated with PE, anti-
canine CD8 (clone YCATE55.9) conjugated with AlexaFluor 647, anti-
canine CD21 (clone CA2.1D6) conjugated with PE and anti-canine MHC 
class II (clone YKIX334.2) conjugated with FITC. Analysis of data was 
performed using the t-student test considering a level of significance 
of p<0.05. 
Results: Statistically significant differences between symptomatic and 
asymptomatic dogs naturally infected by E. canis were not detected 
when evaluating lymphocyte subsets in peripheral blood samples. 
However, symptomatic animals showed lower relative and absolute 
values of B lymphocytes than dogs without clinical signs (p=0,140 y 
p=0,165). 
Conclusions: The presence or absence of clinical manifestations of CME 
in dogs naturally infected by E. canis does not appear to be related with 
the peripheral blood distribution of the lymphocyte subsets T, Th, Tc, B 
and those that express MHC class II. 

P147  EVALUATION OF PERIPHERAL BLOOD LYMPHOCYTE 
SUBSETS IN FAMILY-OWNED DOGS NATURALLY 
INFECTED BY EhRliChiA CAnis 

A. Villaescusa,1 A. Sainz,1 M. García-Sancho,1 T. Ayllón,1 
F. Rodríguez-Franco,1 M.A. Tesouro 2

1 Faculty of Veterinary Medicine, Complutense University of Madrid, Spain
2 Faculty of Veterinary Medicine, University of León, Spain

Objetives: It has been suggested that clinical manifestations, histopath-
ological lesions and even infection maintenance in the course of canine 
monocytic ehrlichiosis (CME) are directly related with the immune re-
sponse developed by the host. However, the immunopathogenesis of the 
disease remains poorly understood. The main goal of the present study 
was to evaluate, therefore, the effect of E. canis infection on blood lym-
phocyte populations distribution in dogs with naturally occurring CME. 
Methods: 37 dogs with naturally occurring CME were included in this 
study after the exclusion of other vector-borne diseases (anaplas-
mosis, neorickettsiosis, leishmaniosis). 47 healthy dogs were used as 
controls. Blood was obtained from each dog by cephalic or jugular 
venipuncture and collected in EDTA-anticoagulant tubes. Blood lym-
phocyte subsets were analyzed by multiparametric flow cytometry 
using a FACSCalibur flow cytometer. Monoclonal antibodies to canine 
lymphocyte cell surface antigens were obtained from AbD Serotec 
and include: anti-canine CD3 (clone CA17.2A12) conjugated with FITC, 
anti-canine CD4 (clone YKIX302.9) conjugated with PE, anti-canine 
CD8 (clone YCATE55.9) conjugated with AlexaFluor 647, anti-canine 
CD21 (clone CA2.1D6) conjugated with PE and anti-canine MHC class 
II (clone YKIX334.2) conjugated with FITC. The use of this panel of 
antibodies, exposing each blood sample to three combinations of 
monoclonal antibodies, allowed the characterization of different 
lymphocyte subpopulations: T, Th, Tc, B and those that express MHC 
class II. Analysis of data was performed using the t-student test or 
Wilcoxon test, considering a level of significance of p<0.05. 
Results: When comparing with healthy dogs, animals with CME 
showed higher relative values of T cells and Tc cells, and higher ab-
solute number of Tc cells in peripheral blood. On the other hand, the 
percentage of Th cells and the absolute and relative values of B cells 
were higher in healthy animals than in CME affected dogs. There were 
not statistically significant differences between E. canis-infected dogs 
and healthy animals in relative and absolute values of MHCII+ and CD3-
CD21- lymphocytes, in absolute values of T and Th cells and in the ratio 
CD4/CD8.
Conclusions: Naturally occurring infection by E. canis in the dog ap-
pears to affect the lymphocyte subpopulations distribution in periph-
eral blood. The significance of these changes on the pathogenesis of 
natural infection by E. canis needs further evaluation.
This work was partially funded by the Spanish Ministry of Science and In-
novation (Project number AGL2009-08077).

P148  TRYPTOSE PHOSPHATE BROTH IMPROVES RiCkEttsiA 
FElis MULTIPLICATION IN MAMMALIAN CELLS

Watcharee Saisongkorh, Khalid El Karkouri, Jean-Yves Patrice, 
Annick Bernard, Jean-Marc Rolain, Didier Raoult

Université de la Méditerranée, Unité des Rickettsies, URMITE CNRS-IRD, UMR 
6236, Faculté de Médecine et de Pharmacie, Marseille, France

Objectives: Rickettsia felis is growing in cells in the laboratory only at 
low temperature (<31°C). Therefore its capability to entry, survive and 
grow in cell lines have been mainly tested in cells derived from amphib-
ian and arthropods naturally growing at low temperature. In this study, 
we have tested different conditions of culture media on XTC-2, Vero, and 
L929 cells to decipher the optimal conditions for the growth of R. felis in 
mammalian cells. 
Methods: Two days of an amphibian (XTC-2) and mammalian (Vero and 
L929) cells were used for inoculation of R. felis. An amount of 107 R. felis 
was applied onto each flask of confluent monolayer cell lines. The in-
oculated flasks contained different conditions of culture media includ-
ing 5% L-15M (Leibovitz’s L-15 medium), 4% MEM (Minimum Essential 
Medium), 5% L-15M:Tryptose Phosphate Broth (TBP), and 4% MEM:TPB 
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incubated at different temperatures for three weeks. Growth of R. felis 
in each culture medium was weekly quantified by qPCR targeting Sca7 
gene, Gimenez staining, and IFA with a specific monoclonal antibody 
directed against R. felis.
Results: We found that R. felis could multiply in mammalian cells when 
cultured in L-15M or MEM supplemented with TPB. The effect of sup-
plementary broth was confirmed by culturing infected cells in L-15M 
without TPB. In mammalian cells cultures with TPB, a cytopathic effect 
due to infection by R. felis could be easily observed after 10 days post 
inoculation in L929, and 14 days for Vero cells using inverted-phase con-
trast microscopy. Finally, more than 80% of cell hosts detached from the 
culture flask at day 21st. Conversely, R. felis could not grow in Vero cells 
cultured with 4% MEM without TPB. 
Conclusions: Our study demonstrates that composition of the culture 
media is essential for the growth of R. felis in mammalian cells, especially 
the need for TPB. TPB may play a role for R. felis growth in mammalian 
cells through Kreb’s cycle involved in electron transport chain. Genomic 
analysis of the pyrimidine biosynthesis pathway in Rickettsia will help 
us to better understand why TPB is critical for the growth of R. felis in 
mammalian cells.

P149  OMEPRAzOLE DECREASES SIzE OF VACUOLES IN 
COxiEllA BuRnEtii INFECTED CELLS

Botelho-Nevers Elisabeth,*1 Singh Sudhir,*1 Chiche Laurent,2 Raoult Didier1

1 URMITE UMR 6236, CNRS-IRD, Faculté de Médecine, 13385 Marseille cedex 05, 
France

2 Service de Médecine Interne, Hôpital de la Conception, Assistance Publique 
Hôpitaux de Marseille, Marseille, France

*These authors contributed equally to this work

Objectives: Treatment of Q fever, the disease caused by Coxiella bur-
netii, remains difficult notably in chronic form. To test new agents are 
warranted. We test the impact of omeprazole, a lysosomotropic agent 
in vitro on Coxiella burnetii infected cells.
Material and Methods: Omeprazole was used at concentration 
reached in humans on MRC-5 cells (human lung fibroblasts) infected 
by Coxiella burnetii (Nine Mile strain). Impact of this drug on infection 
was evaluated by Immunofluorescence assay (IFA) and quantitative 
real time PCR. Effect of omeprazole was assessed in comparison with 
infected cells without drugs (positive control) and doxycycline after 6 
days of infection. Omeprazole was used in combination with doxycy-
cline in order to test synergy. Image J software was used to analyse 
photographs of IFA. All experiments were made in triplicates and re-
peated 3 times.
Results: Omeprazole was well tolerated at 0.5, 1 and 5 µg/mL in un-
infected MRC-5 cells. At 10 µg/mL, omeprazole induced moderate 
cytotoxicity. Omeprazole failed to show bacteriostatic effect on C. 
burnetii infection at 5, 1 and 0.5 µg/mL compared to positive control. 
Doxycycline was bacteriostatic at 1 µg/mL but not bactericidal. Com-
bination of omeprazole at 0.5 and 1 µg/mL with doxycycline 1 µg/mL 
was not bactericidal. Combination of omeprazole at 0.5 and 1 µg/mL 
with doxycycline 0.5, 0.125 and 0.06 µg/mL failed to show any synergy. 
Omeprazole at 1 and 5 µg/mL did not decrease the number of vacuole 
forming unit/mL compared to the positive control. Data of quantita-
tive real time PCR confirm these results. Analyse of photographs by 
Image J software show that infectious vacuoles of infected cells treat-
ed with omeprazole at 1 and 5 µg/mL were significantly lower in size 
compared to positive control (respectively average size = 1623+/-123.7, 
1861+/-180.2 vs 2691+/-256.2, p=0.0003 and p=0.01). Number of infec-
tious vacuoles were however not significantly different (p=0.594 and 
p=0.701).
Conclusions: Omeprazole have been shown to have antiparasitic ac-
tion against Leishmania and malaria. Here we showed that at concen-
tration being reached in human, it reduces size of infectious vacuoles 
during Coxiella burnetti infection. Potential effect of this drug as combi-
nated therapy during Q fever is questioned. Experimental models and 
clinical studies are warranted. 

P150  IDENTIFICATION AND ExPRESSION OF EhRliChiA 
muRis ANTIGENS FOR EVALUATION AS VACCINE 
CANDIDATES

P.A. Crocquet-Valdes,1 N.R. Thirumalapura,1 T. Dadfarnia,1 B. DiCicco,1,2 
D.H. Walker 1

1 Department of Pathology, Sealy Center for Vaccine Development, WHO 
Collaborating Center for Tropical Diseases, University of Texas Medical Branch, 
Galveston, TX, 77555-0609

2 Summer Undergraduate Research Program, University of Texas, Austin, 
TX, 78712 

Objectives: Appropriate murine models can be used to identify protec-
tive antigens and immune mechanisms in ehrlichial infection. Ehrlichia 
chaffeensis causes transient infection in immunocompetent mice; there-
fore, surrogate models with closely related organisms such as E. muris 
have been used to study persistent infection in mice. The objective of 
this study was to identify and characterize novel immunodominant 
antigens to provide potential vaccine candidates to evaluate levels of 
protection against ehrlichial challenge. 
Methods: Preliminary annotation of the E. muris genome sequence 
identified several immunoreactive determinants that include the 19 kd 
protein ortholog of the E. chaffeensis VLPT protein, and the p36/47 and 
p120/140 protein orthologs of E. chaffeensis and E. canis. Oligonucle-
otide primers were used to amplify the p19 and p36 gene fragments, 
which were directionally cloned in the pET151/TOPO expression vec-
tor and used to express recombinant his-tagged proteins, which were 
purified by column chromatography. The sequence of the p120 gene 
was not complete due to a gap in the genome sequence; therefore, oli-
gonucleotide primers were designed to amplify the missing sequence.
Results: BLAST alignment analysis of the E. muris p19 protein shows 
50% amino acid identity with the p19 ortholog of E. canis with greater 
homology at the carboxyl-terminal portion of the protein. Additionally, 
alignment of the E. muris p36 protein shows 48% amino acid identity 
with the p47 ortholog of E.chaffeensis with the highest similarity in the 
amino terminus region of the protein. Both the p19 and p36 recombi-
nant proteins of E. muris reacted with anti-E. muris antibodies. 
Conclusions: The p19 protein of E. muris was more similar to the E. canis 
VLPT than to the E. chaffeensis VLPT. Conversely, the p36 protein of E. muris 
was more similar to the E. chaffeensis p47 than to the E. canis p36. Complete 
sequence of the p120 E. muris gene will allow cloning and expression of the 
entire protein. The p19 and p36 ortholog genes of E.muris were identified 
and expressed and shown to be specifically reactive with E. muris-immune 
mouse sera. The recombinant proteins of p19, p36 and p120 will be evalu-
ated as vaccine candidates in an E. muris model of persistent infection.

P151  ExPERIMENTAL STUDIES ON THE SURVIVAL OF 
COxiEllA BuRnEtii

Roest H.J., Dinkla A., de Bruin A., van Rotterdam B., Dercksen D., Vellema P.

Objectives: In Q fever outbreaks Coxiella burnetii contaminated manure 
from animals may act as a source for human Q fever. To limit this con-
trol measures are normally implemented such as mandatory (plastic) 
covered storage of manure on farm premises. To access the efficacy of 
manure storage, decimal reduction times (DRT) of C. burnetii under field 
storage conditions and laboratory studies were investigated.
Methods: Temperatures in the outer layer and inner core of stored 
manure were measured on two Q fever affected farms using calibrated 
temperature measurement equipment. In addition, the Nine Mile ref-
erence strain of C. burnetii was used in laboratory experiments. PBS, 
PBS+1.8% urea, and PBS+1.8% ammonia and manure extract was spiked 
with 105 C. burnetii organisms and treated with 12 time-temperature 
combinations. Experiments were carried out in triplicate. Samples, be-
fore and after the treatments, were diluted and cultured on BGM cells 
to measure viability. Difference in viability before and after treatments 
indicates the reduction in viable C. burnetii induced by the treatments. 
Results of viability over time for each matrix were plotted against the 
four temperature treatments. A linear trend line was fitted, and the DRTs 
were calculated for each matrix at temperatures 40°C and 60°C.
Results: The temperature in the outer layer of the stored manure is over 
60°C for 5 to 12 days. Core temperatures are over 40°C for 10 days, or 
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more. The calculated DRTs in PBS, PBS+1.8% urea and PBS+1.8% ammo-
nia at 40°C are 14381, 91833 and 36116 s, and at 60°C are 75,82, 179,06, 
and 129,93 s respectively. DRTs obtained using a manure extract will be 
presented at the meeting.
Conclusions: 1. The DRT of the Nine Mile reference strain of C. burnetii 
at 40°C and 60°C differs between the matrices in PBS and PBS+1.8% 
urea. 2. Apparently, urea and ammonia have a stabilizing effect on C. 
burnetii, resulting in a longer DRT compared to PBS.

P152  THE ROLE OF AUTOTRANSPORTER PROTEINS OF 
ORiEntiA tsutsugAmushi IN CELLULAR ADHERENCE 
TO AND INVASION INTO NON-PHAGOCYTIC HOST 
CELLS

Na-Young Ha, Nam-Hyuk Cho, Myung-Sik Choi, Ik-Sang Kim

Department of Microbiology and Immunology, Seoul National University 
College of Medicine, Jongno-Gu, Seoul 110-799, Republic of Korea

Objectives: Orientia tsutsugamushi, the causative agent of scrub ty-
phus, is an obligate intracellular pathogen whose mechanism of cellu-
lar adhesion and invasion is poorly characterized. In order to identify 
the bacterial genes involved in the cellular adhesion and/or invasion, 
we selected autotransporter proteins and characterized their biological 
functions.
Methods: Bioinformatic analyses of two O. tsutsugamushi genomes re-
vealed the presence of a group of genes that encode autotransporter 
proteins. We functionally characterized the role of the autotransporter 
proteins during the adhesion to and invasion into non-phagocytic host 
cells using various assay systems. 
Results: In this study, we identified 10 autotransporter genes and cat-
egorized them into five groups of orthologs (ScaA–E) based on their se-
quence similarity. Sequence homologies were quiet high between the 
members of each Sca orthologs, suggesting the functional conserva-
tion of bacteria-host interactions. Some of the Sca proteins were active-
ly expressed on the surface of O. tsutsugamushi and induced antibody 
responses in scrub typhus patients. Experiments using microbeads 
conjugated to recombinant Sca proteins or a surrogate Escherichia coli 
expression system showed that Sca proteins were sufficient to mediate 
attachment to and/or invasion of non-phagocytic mammalian cells. In 
addition, pre-incubation of host cells with recombinant Sca proteins 
significantly inhibited their interaction with O. tsutsugamushi. 
Conclusions: Taken together, these results demonstrate that some of 
the bacterial Sca proteins are involved in the interaction of O. tsutsu-
gamushi with mammalian host cells and suggests that they may play a 
critical role in the bacterial pathogenesis. 

P153  FUNCTIONAL MODULATION OF DENDRITIC CELLS BY 
ORiEntiA tsutsugAmushi INFECTION

Ji-Hye Choi, Teak-Chin Cheong, Young-Ho Koh, Myung-Sik Choi, 
Ik-Sang Kim, Nam-Hyuk Cho

Department of Microbiology and Immunology, Seoul National University 
College of Medicine, Seoul, Republic of Korea

Objectives: Dendritic cells (DCs) play a pivotal role in the host immune re-
sponses by presenting antigens and stimulating naïve T cells. Microbial in-
fection at a local tissue induces the maturation and activation of immature 
DCs and subsequent migration into draining lymph node where they ac-
tivate antigen-specific T cells. In this study, we investigate the phenotypic 
and functional changes of bone marrow-derived dentritic cells (BMDCs) 
infected with Orientia tsutsugamushi, a causative agent of scrub typhus. 
Methods: In order to examine the role of DCs in O. tsutsugamushi in-
fection, we used BMDCs differentiated from bone marrow cells in the 
presence of GM-CSF and IL-4. The immature DCs infected with O. tsutsu-
gamushi were analyzed for their functional maturation by checking the 
cellular surface markers, autophagy formation, and migration activity 
in vitro and in vivo.
Results: The obligate intracellular pathogens efficiently replicated 
within the cytosol of murine BMDCs and induced maturation of BMDCs 
as determined by upregulated expression of major hostocompatibility 

complex (MHC) and costimulatory molecules. In contrast, O. tsutsuga-
mushi infection did not significantly induce the expression of CCR7 
which is required for migration to draining lymph nodes. Consistent 
with this observation, BMDCs infected with O. tsutsugamushi showed 
impaired migration in vitro chemotatic assays using CCL19 and reduced 
trafficking in vivo to popliteal lymph node when injected into mouse 
food pad. In addition, we also observed that O. tsutsugamushi efficiently 
escaped from autophagy induced after the bacterial infection. 
Conclusions: These results suggest that O. tsutsugamushi may actively 
modulate the biological functions of DCs to evade host immunity by 
reducing the efficiency of antigen presentation through autophagic 
degradation and migration of DCs to regional lymph nodes. 

P154  MODULATION OF INTERFERON SIGNALING BY THE 
TETRATRICOPEPTIDE REPEAT PROTEINS OF ORiEntiA 
tsutsugAmushi

Yejin Kwon, Jo-Min Kim, Bon-A Cho, Myung-Sik Choi, Ik-Sang Kim, 
Nam-Hyuk Cho

Department of Microbiology and Immunology, Seoul National University 
College of Medicine, Jongno-Gu, Seoul 110-799, Republic of Korea

Objectives: Orientia tsutsugamushi is a causative agent of scrub typhus. 
The genomic analysis of Orientia revealed that it has multiple gene 
copies encoding ankyrin-repeat proteins and tetratricopeptide-repeat 
(TPR) proteins. In addition, it has been suggested that they might be 
a putative substrates of type IV secretion system (TFSS) and secreted 
into host cytosol after intracellular infection. Moreover, TPR proteins are 
generally found in eukaryotes but poorly detected in prokaryotes. In 
this study, we aimed to investigate the biological role of TPR proteins as 
effectors of TFSS of O. tsutsugamushi. 
Methods: Phylogenetic analysis of the TPR proteins revealed that they 
could be categorized two main groups and each group consists of one 
full-length ‘‘master’’ gene and several additional nearly identical genes 
or pseudogene copies. We examined whether the two master proteins 
are expressed in the infected host cells and could be secreted into host 
cytosol by using surrogate Legionella system. In addition, we searched 
the host targets of them and studied the biological functions within the 
eukarytotic host cells.
Results: The tpr genes were expressed as mRNAs and proteins within 
host cells infected with O. tsutsugamushi. In addition, specific antibody 
responses against TPR proteins were detected in serum from human 
patients. Using Legionella pneumophila as a bacterial surrogate, we 
also identified one of the TPR proteins translocated into host cells. In 
GST pull-down assays, we found human DDX3 protein interacted with 
TPR46. Recently, it has been shown the DDX3 is involved in has diverse 
biological functions including type I interferon (IFN) signaling by syn-
ergistically activated IFN regulatory factor 3 (IRF3) for type I IFN pro-
duction. Promoter assays revealed that TPR46 inhibited IFN activation 
that is induced by both TBK1 and DDX3. In addition, IFN-b production 
was significantly suppressed after infection with O. tsutsugamushi.
Conclusions: These results suggest that TPR proteins secreted by O. 
tsutsugamushi through TFSS may modulate the type I IFN signaling and 
could be a novel bacterial strategy for evading the innate immune re-
sponses induced during mammalian host infection.

P155  NUCLEAR MAGNETIC RESONANCE (NMR) AS TOOL 
FOR THE STUDY OF RiCkEttsiA METABOLISM

García-Álvarez L.,1 Busto H.,2 Portillo A.,1 Peregrina JM.,2 Avenoza A.,2 Oteo JA.1

1 Infectious Diseases Area, Hospital San Pedro-CIBIR, Logroño, Spain
2 Departamento de Química de la Universidad de La Rioja, Logroño, Spain

Background: There are few studies about the metabolism of Rickettsia 
spp. and the literature is quite old and inconsistent in many respects. 
Nuclear Magnetic Resonance (NMR) could be a good tool for the study 
of Rickettsia metabolism, as we have observed before with Escherichia 
coli ATCC 25922. [Patent pending: Registration number: P201030724; 
Enfermedades Infecciosas y Microbiología Clínica 2010; 28 (Especial 
Congreso 1):247].
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Objetive: To study the metabolism of Rickettsia spp. by NMR.
Methods: Rickettsia infected and uninfected Vero cells (shell-vial) were 
studied by 1H NMR and 13C NMR. D-[1-13C]Glucose, in a final concentra-
tion of 14 mM, was added into Vero cells with and without R. rioja and R. 
slovaca for 13C NMR experiments. Samples were inactivated with formol 
0.1%, centrifuged and transferred to 5-mm NMR tubes containing deu-
terated water (D2O) and trimethylsilyl-2,2,3,3-tetradeuteropropionic 
acid (TSP) as the internal standard in a final concentration of 1,125 mM. 
Spectra where acquired using a Bruker 400 MHZ UltraShieldTM spec-
trometer. 
Results: 1H NMR spectra showed the presence of ethanol and lactate 
in the infected and uninfected cell cultures. No differences among in-
fected and uninfected cells were observed in metabolic profiles when 
glucose was monitorized with 13C NMR. Glucose was transformed into 
ethanol in all cultures.
Conclusions: The application of NMR to bacterial cultures allows quali-
tatively and quantitatively detecting the metabolites produced by mi-
croorganisms. These results confirm that glucose is not metabolized by 
the tested species of Rickettsia. Glucose is not a good predictor to follow 
the metabolism of Ricketssia spp. However, it is involved in cell metabo-
lism independently of infection. Future studies with other compounds 
as glutamate could serve as predictive indicators of rickettsial metabo-
lism (in process).

P156  UNRAVELING PERSISTENT HOST CELL INFECTION 
WITH COxiEllA BuRnEtii USING AN MS-DRIVEN 
GLOBAL PROTEOME QUANTIFICATION APPROACH

Iosif Vranakis,1,2 Pieter-Jan De Bock,3,4 Anastasia Papadioti,5 Kris Gevaert,3,4 
Georgios Samoilis,1 Anna Psaroulaki,1,2 Georgios Tsiotis,5 Yannis Tselentis 1,2

1 Laboratory of Clinical Bacteriology, Parasitology, Zoonoses and Geographical 
Medicine, Medical School, University of Crete, Heraklion, Greece

2 Regional Laboratory of Public Health, Heraklion, Crete, Greece
3 Department of Medical Protein Research, VIB, B-9000 Ghent, Belgium
4 Department of Biochemistry, Ghent University, B-9000 Ghent, Belgium
5 Division of Biochemistry, Department of Chemistry, University of Crete, Greece

Objectives: In search of the bacterial determinants that may be differ-
entiated during persistently infected cells from Coxiella burnetii, and may 
explain the observed increased antibiotic resistance or even inform on 
probable factors that may influence the clinical outcome of Q fever, C. bur-
netii-infected eukaryotic cells were maintained in culture for 18 months 
(NMper) and total protein from the isolated bacteria was quantitatively 
compared with the respective reference strain (NM) cultured for 10 days.
Methods: To identify bacterial determinants that may be differentiated 
during bacterial persistence, we applied the MS-driven proteomics 
technique termed COmbined FRActional DIagonal Chromatography 
(COFRADIC) for the comparative study of protein expression in C. bur-
netii strain Nine Mile and its respective strain isolated from persistently 
infected cell cultures for 18 months (NMper). The identified proteins 
were subjected to in silico analysis in search of their predicted cellular 
function. All proteins were finally categorized according to their pre-
dicted cellular function.
Results: A total of 547 proteins common to both strains were identified 
of which, 52 proteins had significantly altered levels of expression be-
tween the two strains. Forty three proteins were over-expressed in NM 
whereas 9 proteins were over-expressed in NMper. Following in silico 
analysis the cellular function of each protein was predicted in search 
of possible bacterial determinants leading to the ability of C. burnetii to 
persistently infect eukaryotic cells. The predicted cellular function of 43 
proteins over-expressed in NM include adaptation of the bacterium to 
atypical conditions, cell envelope, DNA metabolism (replication, recom-
bination and repair), transcription, intermediary and energy metabo-
lism. Finally, several proteins including all the proteins over-expressed 
in NMper have unknown predicted cellular function.
Conclusionσ: The significant number of proteins identified in under-
expression in NMper coupled with their predicted cellular function, in-
dicate differences in the metabolic profile between the two strains. The 
under regulation in NMper of proteins associated with adaptation of the 
bacterium to atypical conditions such as the ones found during the sta-
tionary phase of the bacterium’s growth in combination with reduced 
metabolic activity and replication can only lead to the speculation of an 
altered profile of intracellular parasitism.

P157  IMMUNITY TO COxiEllA BuRnEtii IN MICE

Gilbert J. Kersh, Joshua S. Self, Kelly A. Fitzpatrick, Robert F. Massung

Rickettsial Zoonoses Branch, CDC, Atlanta, GA

Objectives: Q fever is a zoonotic disease caused by infection with the 
gram-negative bacterium Coxiella burnetii. Humans are usually infected 
by inhalation of aerosolized bacteria emanating from waste products 
of domestic ruminants. Although shedding from infected mammals is 
a major source of human C. burnetii infection, little is known about the 
establishment of immunity in mammals either through prior infection 
or vaccination. The objective of this study was to determine the effec-
tiveness of a single C. burnetii infection for establishment of immunity 
in mice.
Methods: C57Bl/6 mice were infected with 100,000 Nine Mile Phase 1 C. 
burnetii by intraperitoneal injection and then analyzed at 7 different time 
points after infection, with the final time point at 26 days. A second set of 
mice was re-infected 77 days after a primary infection. Mice undergoing 
secondary infection were analyzed at 6 different time points (5-26 days). 
Genome equivalents present in blood, serum, spleen, liver, and lung were 
determined by quantitative PCR. Antibody titers were determined by IFA, 
and T cell responses were measured by an interferon-gamma release assay.
Results: After primary infection, peak numbers of C. burnetii were de-
tected in blood, serum, spleen, liver, and lung 5-8 days post infection. 
IgM antibodies appeared at day 5 and IgG antibodies appeared at day 
11. T cell responses were apparent at day 5. Although blood and serum 
become negative for C. burnetii DNA at day 18, there were still trace 
amounts in the spleen, liver, and lung even at 77 days post-infection. 
Upon secondary infection, bacterial genomes did not increase in the 
liver or lung, but a modest increase in bacterial DNA was observed in 
spleen, blood, and serum at days 14 and 18. Antibody titers and T cell 
responses remained high, but did not increase significantly.
Conclusions: Strong and sustained T and B cell responses are induced 
by a primary C. burnetii infection in mice. These responses establish ro-
bust immunity and prevent significant growth during secondary infec-
tion. However, elimination of C. burnetii from the mouse spleen proceeds 
relatively slowly, even in the presence of potent immune responses. 

P158  INFECTION WITH AnAplAsmA phAgOCytOphilum 
ALTERS SPECIFIC TRANSCRIPTIONAL PROGRAMS BUT 
DOES NOT APPEAR TO INDUCE CELLULAR 
DE-DIFFERENTIATION

Sara Gilmore, Kristin Bankert-Rennoll, J. Stephen Dumler

Department of Pathology, The Johns Hopkins University School of Medicine, 
Baltimore, MD USA

Objectives: Neutrophils infected with Anaplasma phagocytophilum 
show remarkable functional changes including loss of antimicrobial 
activity and increased proinflammatory response. These functional 
changes resemble those of cells that are less differentiated, while some 
functions of the terminally differentiated neutrophil are maintained. Us-
ing a panel of cell surface markers used to grade stages of the myeloid 
lineage, we investigated whether these bacteria-induced changes are 
more like de-differentiation or like cellular reprogramming.
Methods: Human neutrophils isolated from whole peripheral blood, 
and differentiated human hematopoietic stem cells (HSCs) were infect-
ed with A. phagocytophilum and cultured for 48 hours. Samples were 
taken at 0, 24 and 48 hours post infection and cell surface marker ex-
pression was analyzed by flow cytometry, including markers of myeloid 
differentiation (CD34 [myeloblasts], CD66 [pro- to metamyelocytes], 
CD11b [myelocytes-neutrophils], CD16 [metamyelocytes-neutrophils], 
CD35 [bands-neutrophils], and CD10 [neutrophils]).
Results: Among infected neutrophils, modest increases in CD35 (com-
plement receptor; 1.2 fold) and CD11b (ITGAM; 1.2 fold) expression was 
observed at 24h, but not present at 48h. Among HSCs, infection was 
difficult to detect, but was readily observed in HSCs differentiated for 
13-14 days. Infection in differentiated HSCs was associated with only 
moderately decreased CD34 (0.8 fold) and CD16 (0.43 fold) expression, 
not consistent with de-differentiation. Because both CD35 and CD11b 
are involved in adhesion and migration, this could reflect an alteration 
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in specific transcriptional program(s), a more limited reprogramming 
event than de-differentiation.
Conclusions: Neutrophils and differentiated progenitor cells infected 
with A. phagocytophilum do not appear to de-differentiate suggesting 
that the functional changes associated with infection are a result of 
more specific cellular reprogramming events.

P159  IMMUNODOMINANT PROTEINS OF COxiEllA 
BuRnEtii IDENTIFIED BY A SUBGENOMIC PROTEIN 
ARRAY ASSAY WITH SERA FROM MICE INFECTED 
WITH C. BuRnEtii AND Q FEVER PATIENTS 

Xile Wang,1 Xiaolu Xiong,1 Xile Wang,1 Bohai Wen,1 Stephen Graves,2 
John Stenos 2

1 State Key Laboratory of Pathogen and Biosecurity, Beijing Institute of 
Microbiology and Epidemiology, Beijing 100071, China

2 Australian Rickettsial Reference Laboratory, DHRI, Barwon Health, Geelong 
Hospital, Geelong VIC 3220

A subgenomic protein microarray was developed with 104 recombinant 
virulence-associated proteins of Coxiella burnetii and the proteins on the 
array were probed with sera from Balb/c mice experimentally infected 
with C. burnetii. Sixteen proteins were recognized as immunodominant 
proteins by the infection mouse sera due to the fact that their fluores-
cence intensities were higher than the fluorescence intensity of Com1, 
a well-recognized immunodomiant protein. The proteins on the array 
were probed with sera from patients with Q fever. As a result, 7 of the 
16 dominant proteins (HspB, Ank4, Ank2, ApaH, EnhA, IcmO, and BipA) 
were positively recognized by at least 45% of the sera obtained during 
the late acute phase of Q fever, suggesting that the 7 immundominant 
proteins are good candidates for a new Q fever serodiagnostic assay.

P160  EFFICIENT ACTIVATION OF T CELLS BY HUMAN 
MONOCYTE-DERIVED DENDRITIC CELLS (HMDCS) 
PULSED WITH COxiEllA BuRnEtii OUTER MEMBRANE 
PROTEIN COM1 BUT NOT BY HSPB-PULSED HMDCS

Ying Wang, Xiaolu Xiong, Deping Wu, Xile Wang, Bohai Wen

State Key Laboratory of Pathogen and Biosecurity, Beijing Institute of 
Microbiology and Epidemiology, Beijing 100071, China

Coxiella burnetii is an obligate intracellular bacterium and the etio-
logical agent of Q fever and both coxiella outer membrane protein 1 
(Com1) and heat shock protein B (HspB) are its major immunodominant 
antigens. To characterize their roles in mounting immune responses, 
recombinant proteins Com1 and HspB were applied to pulse human 
monocyte-derived dendritic cells (HMDCs) and the pulsed HMDCs were 
used to stimulate isogenic T cells. As a result, Com1-pulsed HMDCs ex-
pressed substantially higher level of surface molecules and higher level 
of interleukin-12 compared to HspB-pulsed HMDCs. Moreover, Com1-
pulsed HMDCs induced high-level proliferation and activation of CD4+ 
and CD8+ T cells that expressed high level of T cell activation marker 
CD69 and inflammatory cytokines IFN-γ and TNF-α. However, HspB-
pulsed HMDCs were scarcely efficient in T-cell proliferation and activa-
tion. Our results have demonstrated that Com1-pulsed HMDCs are able 
to induce efficient T-cell proliferation and drive T cells toward Th1 and 
Tc1 polarization, but HspB-pulsed HMDCs are unable to do that. Com1 
but not HspB is a protective antigen, which was demonstrated by adop-
tive transfer of Com1-pulsed bone marrow dendritic cells into naïve 
Balb/c mice.

P161  ExPLORATORY STUDY ON PATHOGENESIS OF  
FAR-EASTERN SPOTTED FEVER 

Changsong Duan, Yanfen Meng, Xile Wang, Xiaolu Xiong, Bohai Wen

State Key Laboratory of Pathogens and Biosecurity, Beijing Institute of 
Microbiology and Epidemiology, Beijing 100071, China

Far-eastern spotted fever is an emerging disease caused by Rickettsia hei-
longjiangensis, a tick-borne obligate intracellular bacterium. In this study, 
R. heilongjiangensis was used to infect Balb/c mice by inoculation of retro-
orbital venous plexus to imitate a blood infection caused by tick biting. We 
found that R. heilongjiangensis rapidly entered the circulation for systemic 
dissemination and the pathogen existed in liver, spleen, lungs, and brain 
of the mice at least 9 days post infection (pi). Severe pathological lesions 
were observed in liver, lungs, and brain at day 6 pi. In addition, the elevat-
ed levels of inflammatory cytokines, including interferon γ, tumor necrosis 
factor, and CC chemokine, were determined in the infected organs at day 
3 pi. Our results reveal that R. heilongjiangensis may cause an infection in 
Balb/c mice and the pathological lesions in the infected mice are associ-
ated with body’s inflammatory response induced by R. heilongjiangensis.

P162  FURTHER INSIGHTS INTO THE ROLES OF NF-KAPPA-B 
AND CYCLOOxYGENASE-2 IN THE PATHOGENESIS OF 
SPOTTED FEVER RICKETTSIOSES

Elena Rydkina, Loel C. Turpin, Sanjeev K. Sahni

Department of Microbiology and Immunology, University of Rochester School of 
Medicine and Dentistry, Rochester, NY 14642, USA

Objectives: Activation of nuclear transcription factor-kB (NF-kB), in-
duced expression of cyclooxygenae-2 (COX-2), and enhanced secretion 
of chemokines by vascular endothelium infected in vitro with Rickettsia 
rickettsii has now been established. This study was undertaken to en-
hance our understanding of host-Rickettsia interactions in vivo.
Methods: NF-kB activation and chemokine secretion were assessed by 
gel-shift and ELISA assays, respectively. The level of apoptosis in tissue sec-
tions was determined using ApopTag® peroxidase in situ detection system. 
Results: We show that infection of cultured human endothelial cells with 
R. australis (Ra), the agent of Queensland tick typhus, also triggers a bi-
phasic pattern of NF-kB activation, and report on our findings from in vivo 
infection of NF-kB p50 and COX2-deficient mice. Ra infection of p50-/- 
mice and their wild-type (WT) counterparts (5x104pfu/mouse; IV) resulted 
in hunched posture, ruffled fur, and splenomegaly in WT animals. NF-kB 
(p50)-deficient mice did not succumb early, had no remarkable signs of 
illness during the first week of infection, and displayed only mild sple-
nomegaly at the time of sacrifice. Histological examination suggested 
vasculitis in the portal areas of testicular interstitium, inflammation of ear 
tissue with infiltration of macrophages, and granulomatous inflammation 
in the liver of infected WT mice. Interestingly, there was higher rickettsial 
burden in the liver and spleen of p50-/- mice, while the intensity of inflam-
mation was less severe in comparison to WT mice. After infection, p50-/- 
but not corresponding WT mice exhibited evidence for increased apop-
tosis in the liver on day 5, but no changes in vehicle-treated WT and p50 
-/- mice. Interestingly, hepatic apoptosis in infected p50-/- mice coincided 
with the presence of rickettsiae. COX-2-deficient mice also displayed only 
slight increase in the disease severity and had patchy hemorrhage on the 
spleen on day 7 post-infection. Intriguingly, serum MCP-1 and KC levels in 
infected COX2-/- mice were significantly higher than the corresponding 
WT mice on day 4 and day 7 post-infection.
Conclusions: The results presented above implicate important in vivo 
roles for NF-kB and COX-2 in rickettsial clearance from the infected host, 
respectively via regulation of apoptosis and recruitment of inflamma-
tory cells to the foci of infection. 

P163  GROWTH CHARACTERISTICS OF RiCkEttsiA 
hElvEtiCA STRAIN AS819 IN DIFFERENT EUKARYOTIC 
CELL LINES 

T. Kern, S. Frey, S. Eßbauer, G. Dobler, S. Speck

Department of Virology and Rickettsiology, Bundeswehr Institute of 
Microbiology, Munich, Germany

Objectives: Rickettsia (R.) helvetica is the most prevalent spotted fever 
group (SFG) Rickettsia found in Ixodes ticks in Germany. In humans, R. 
helvetica infection has been described with aneruptive fever, headache, 
mycarditis and subacute meningitis. Studies regarding the pathogenic-
ity of this agent have not been published so far. Our attempts are to 
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investigate the life cycle of R. helvetica in order to 1) determine possible 
ultrastructural changes within different host cell lines, 2) to look for 
properties commonly described in other SFG Rickettsia, and 3) to pro-
pose putative mechanisms of pathogenesis.
Methods: African green monkey kidney epithelial cells (Vero E6) and 
2 different mouse fibroblast cell lines (L929, BVK168) were infected 
with low passage wild type R. helvetica (AS819) isolated from Ixodes 
ricinus. Cell infection studies were carried out using either µ-slides 
or the shell vial technique under standard conditions. At 24, 48, 72, 
96, and 120 h postinfection, cells were fixed using paraformaldehyde 
(3%) and prepared for confocal laser scanning microscopy. Immuno-
fluorescent staining of cell structures included e.g. actin, nucleus, mi-
crotubulin, and mitochondria. Growth of R. helvetica within the differ-
ent cell lines was determined by quantitative real-time PCR targeting 
gltA. In addition, amplification and sequencing of R. helvetica rickA 
will be carried out. 
Results: Currently, growth studies are ongoing and staining protocols 
for the different cell lines and antibodies are optimised for confocal la-
ser scanning microscopy. Our results will demonstrate the intracellular 
distribution of R. helvetica within the three different cell lines in relation 
to the main cell organelles. In addition, influence of the respective cell 
line on multiplication of R. helvetica in vitro will be determined by quan-
titative real-time PCR. Differences in growth characteristics compared 
to other SFG members will be described. 
Conclusions: We assume that the results of our investigations reveal 
a deeper insight in the pathogenicity of R. helvetica leading to a better 
understanding of the relationship between growth characteristics and 
clinical manifestation of R. helvetica-infection.

P164  DEVELOPMENT OF AN INHALATIONAL ANIMAL 
MODEL FOR RiCkEttsiA pROWAzEkii

Olano Juan P., Mendell Nicole, Wen Gary, Bouyer Donald

Introduction: The purpose of this project is to develop a small animal 
model to study Rickettsia prowazekii (Breinl strain) infections acquired 
through the inhalational route. For this purpose we have used intranasal 
inoculation of several strains of mice. The ultimate goal of this project 
is to characterize the animal model histologically and pathogenetically 
and test current and potential future therapeutic compounds and vac-
cines. 
Material and Methods: The following mouse strains were used for 
these experiments: DBA, Balb/cJ; Balb/c, C3H/HeN, C3H/HeJ, and 
C57Bl/6. Four groups of mice (6 mice per group) were infected intrana-
sally with 8 x 104, 8 x 105, 8 x 106, 8 x 107 organisms of yolk-sac derived 
R. prowazekii (Breinl strain) in 40 µl of PBS divided into the two nasal 
cavities. Animals were followed daily for signs of illness and sacrificed 
when found moribund. With the death curves available from the ini-
tial experiments, the LD50 was determined by using a lower range of 
concentrations between the two log scales that showed evidence of 
lethality. Tissues collected at necropsy included brain, lungs, liver and 
spleen. Histologic and immunohistochemical analysis was performed 
on all tissue sections. 
Results: Summary of Rickettsia prowazekii LD50 Studies by Intranasal In-
oculation.
Mouse strain  LD50 (total organisms)
DBA   4 x 106

Balb/cJ   8 x 107

Balb/c   > 8 x 107

C3H/HeN   > 8 x 107

C3H/HeJ   > 8 x 107

C57Bl/6   > 8 x 107

Histologic analysis of DBA, Balb/cJ and C3H/HeJ mice revealed a severe 
interstitial pneumonitis accompanied by patchy areas of intra-alveolar 
hemorrhage and edema. Inflammatory infiltrates, mostly mononuclear 
(lymphocytes and macrophages), were present mostly in the intersti-
tium. Alveolar infiltrates admixed with fibrin were also observed. Scat-
tered neutrophils were present in alveolar spaces. Sections from liver 
revealed occasional collections of mononuclear cells in the sinusoids. 
Portal triads and central veins appeared normal. Sections from the 
spleen showed lymphoid hyperplasia, lymphoid activation and promi-
nent marginal zones. Sections from the brain of Balb/cJ mice revealed 
focal areas of perivascular infiltration by mononuclear inflammatory 
cells. The histologic findings are essentially the same in all three strains 

of animals. Immunohistochemical stains showed heavy rickettsial loads 
in the lungs, mostly in endothelial cells and scattered macrophages. No 
rickettsial organisms were observed in the brain, spleen or liver. 
Conclusions: The histologic findings in the lung represent a severe in-
terstitial pneumonitis that mimics very closely its counterpart in severe 
human rickettsioses. The findings in the spleen represent a strong im-
mune response to the infectious process. Detailed rickettsial loads de-
termined by real-time PCR, and extensive cytokine profiles in lethal and 
sublethal models will be presented at the meeting. 

P165  EVIDENCE FOR HOST ADAPTATION IN AnAplAsmA 
phAgOCytOphilum

Curtis M. Nelson, Geoffrey E. Lynn, Ulrike G. Munderloh

Department of Entomology, University of Minnesota, St. Paul, Minnesota 55108

Objectives: Anaplasma phagocytophilum (Ap), the agent of human gran-
ulocytic anaplasmosis (HGA), is thought to cycle primarily between sig-
modontine and sciurid rodents and Ixodes species ticks. Larvae acquire 
Ap through feeding on infected rodents and the nymph or adult stages 
pass the organism to other mammals, including occasionally humans. 
However, Ap strains that infect deer but not mice or humans (Ap-variant 
1) have been identified. Moreover, in some geographic locations rodents 
are pervasively infected with Ap that can grow in human cells (HL-60) 
but incidence of HGA is not different from that in regions where known 
human-infectious Ap (Ap-ha) circulate. The duration of infection of labo-
ratory mice by Ap-ha isolates is only about 20 days yet some surveys of 
wild rodents in areas where Ap is endemic indicate that around 50% are 
infected. These observations suggest that some Ap strains have preferred 
hosts – that the Ap strains that infect humans may not infect rodents ro-
bustly and that most rodent strains do not infect humans. To investigate 
this, infectivity for rodents (bacterial load and persistence in blood) by 
four human and four rodent Ap isolates was determined.
Methods: Syrian hamsters and mouse strains C3H/HeJ and C57BL/6J 
were inoculated i.p. with four rodent-derived Ap isolates from Camp 
Ripley, Minnesota and four human-derived Ap isolates. Blood was cul-
tured at time points to determine blood bacteria burden and duration 
of infection for each isolate.
Results: Seven days after inoculation, hamsters (2/time-point/Ap iso-
late) were not infected by the human isolate (HGE2) but were infected 
by both rodent isolates tested. On day 30, both hamsters inoculated 
with rodent isolate CR01-1404 (from white footed mouse) were still in-
fected while those inoculated with the other (CR00-1258, from jumping 
mouse) were not. On day 7, all mice of either strain were infected with 
each of the Ap isolates. By day 30, HGE2 infected just one mouse of each 
strain, CR00-1258 infected one of the C57BL/6J mice and both of the 
C3H/HeJ mice, and CR01-1404 infected both mice of both strains. *Re-
sults of an expanded study will be presented at the meeting.
Conclusions: The rodent-derived isolates infect rodents better than 
the human isolate.
Supported by NIH grant R01AI042792.

P166  TROPISM FOR ENDOTHELIAL CELLS OF DIFFERENT 
BARtOnEllA SPECIES AND VASCULAR TUMOUR 
ANGIOGENESIS 

Moez Berrich,1 Martine Monteil,1 Azusa Someya,1 Claudine Kieda,2 
Nadia Haddad,1 Henri Jean Boulouis 1

1 Ecole Nationale Vétérinaire d’Alfort - UMR BIPAR, ENVA, ANSES, UPEC, USC INRA, 
94704 Maisons-Alfort, France

2 Centre de Biophysique Moléculaire, Centre National de la Recherche 
Scientifique, Unité Propre de Recherche 4301, 45045 Orléans, France

Bartonella spp. are intracellular bacteria that are isolated from a wide 
range of hosts, including humans and felids. Human Bartonella infec-
tions result in diverse medical presentations, whereas cats appear to 
tolerate chronic bacteraemia without obvious clinical abnormalities. 
During the past two decades, research, has focused primarily on the 
three most pathogenic Bartonella species (B. bacilliformis, B. henselae 
and B. quintana). Unfortunately, no fully satisfying small animal model 
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is available for exploring these agents and the diseases they induce 
in humans. In addition, most of the newly described Bartonella spp. 
that are animal and/or human pathogens remain unstudied. We have 
previously developed an original human and feline cellular model. We 
have used this model for investigating the ability of different Barton-
ella spp. (B. alsatica, B. clarridgeiae, B. elisabethae, B. henselae, B. quin-
tana and B. tribocorum) to invade endothelial cells (ECs). All tested 
Bartonella spp. were able to enter into human and feline macro- and 
micro-vascular ECs. However B. henselae, and B. clarridgeiae had the 
strongest ability to invade human and feline ECs as compared to the 
others strains. Moreover all Bartonella spp.were able to induce an-
giogenesis of human ECs. Interestingly, B. alsatica, B. clarridgeiae, B. 
elisabethae and B. tribocorum have not been associated with vascular 
endothelium lesions in vivo. In contrast to human ECs, no angiogenic 
effect was observed on the feline ECs. To gain further insights into the 
mechanisms of Bartonella angogenic activity, we analyzed modula-
tion of Bcl-2 activation, production of vascular endothelial growth 
factor (VEGF) and angiopoietin-2 (Ang-2). No effect was observed for 
Bcl-2 and Ang-2 with any of the Bartonella species tested, whereas 
differential effects on VEGF production were associated to different 
Bartonella species. Taken together, these findings suggest that all Bar-
tonella spp. could potentially have the remarkable capacity to cause 
ECs proliferation but that specific pathways could selectively allow 
some particular Bartonella species to induce tumour growth in vivo. 
More investigations will be needed for understanding the differential 
outcomes of Bartonella spp. infection.

P167  A NEW MODEL FOR THE STUDY OF BARtOnEllA 
hEnsElAE-INDUCED VASCULAR TUMOUR 
FORMATION

Moez Berrich,1 Martine Monteil,1 Claudine Kieda,2 Catherine Grillon,2 
Nathalie Lamerant,2 Julie Gavard,3 Henri Jean Boulouis,1 Nadia Haddad 1

1 Ecole Nationale Vétérinaire d’Alfort - UMR BIPAR, ENVA, ANSES, UPEC, USC INRA, 
94704 Maisons-Alfort, France

2 Centre de Biophysique Moléculaire, Centre National de la Recherche 
Scientifique, Unité Propre de Recherche 4301, 45045 Orléans, France

3 Institut Cochin, CNRS, UMR 8104, INSERM, U567, Université Paris Descartes, 
75014, Paris, France

Bartonella henselae is a worldwide distributed zoonotic pathogen. Iden-
tified as the agent of cat scratch disease, B. henselae is also associated 
in immunocompetent patients to a growing number of diseases and 
even to fatal affections in immunosuppressed patients, like Bacillary 
Angiomatosis (BA) and Peliosis (BP), which are characterized by tumour 
proliferations of endothelial cells (ECs). In contrast to humans, immu-
nocompetent or immunosuppressed cats rarely show symptoms. The 
lack of appropriate animal models is a serious limitation for the study 
of B. henselae-ECs interactions and is the major justification for the use 
of ECs cultures. However, no comparative study of the interactions be-
tween B. henselae and human (incidental host) vs feline (reservoir host) 
ECs has been carried out to date. Feline ECs lines have been developed 
in our laboratory and the effects of different B. henselae strains (geno-
types I/II) have been compared on human and feline macro- and micro-
vascular ECs. Our model revealed intrinsic differences between human 
micro- and macro-vasculature in angiogenesis kinetics and wound-
healing induced by B. henselae. No effect was observed on feline ECs. 
Interestingly, B. henselae infected ECs-conditioned medium also elic-
ited an angiogenic effect on human ECs, indicating that angiogenesis 
stimulation might be mediated by secreted factors. Neither Bartonella-
infected Human Skin Microvascular ECs clinically involved in BA, nor 
feline ECs induced high levels of cAMP production, contrary to what 
has been described previously to be correlated to the antiapoptotic ac-
tivity of B. henselae in HUVEC. Alternatively, B. henselae stimulated the 
activation of Vascular Endothelial Growth Factor Receptor-2 (VEGFR-2) 
in homologous systems. Our results stress out a species-based ECs re-
activity to bacterial infection. In addition, B. henselae triggered VEGF 
production in human Skin Microvascular ECs but not in HUVEC or feline 
ECs. These results may explain the absence of cat reactivity to B. hense-
lae infection as compared to human and strongly suggest that an auto-
crine secretion of VEGF by human skin ECs is involved in their growth 
and in BA formation. Our work contributes to the understanding of the 
differential outcomes of B. henselae infection in humans versus cats.

P168  COMPARISON OF EFFECTIVENESS OF ORAL, NASAL 
AND SUBCUTANEOUS INFECTION ROUTES OF 
COxiEllA BuRnEtii IN GOATS

Roest H.J., van Gelderen B., Hoogendoorn A., Buijs R., Timmermann A., 
Voorburg B., van Zijderveld F.

Objectives: Little is known about the infection routes of Q fever in 
goats. In this study we compare, in an experimental set-up, the oral, na-
sal and subcutaneous infection routes of C. burnetii.
Methods: Healthy pregnant Dutch dairy goats were used in this study. 
The Dutch most predominant goat MLVA type strain of C. burnetii was 
used for challenge. Groups of two goats each were inoculated on day (D) 
90 of gestation orally with 104 and 106 infective mouse dose (IMD) of C. 
burnetii, intranasally with 104 and 106 IMD of C. burnetii and subcutane-
ously with 104 IMD as positive controls. One negative control group was 
not inoculated. The goats were screened for abortion and for positivity of 
placenta and kids for C. burnetii by PCR. All animal experiments were ap-
proved by the Animal Ethics Committee, C. burnetii inoculated goats were 
housed in BSL 3 facilities, the negative control animals in BSL 2 facilities.
Results: C. burnetii could not be detected in the negative control ani-
mals, nor in their offspring. One positive control aborted on D 103 of 
gestation and C. burnetii could not be detected. One positive control 
aborted on D 152 of gestation; placenta and kids were highly positive 
for C. burnetii. In only one of the four orally infected goats C. burnetii 
could be detected in the placenta and the kid. One ‘104 nasal’ goat 
aborted on D 139 of gestation with highly positive placenta and kid. In 
one ‘104 nasal’ goat a mummified foetus was found on D 179 after mat-
ing and tested doubtful. The two ’106 nasal’ goats aborted on D 144 and 
D 145 of gestation, all placentas and kids were tested highly positive.
Conclusions: 1. The nasal route is more efficient compared to the oral 
route of infection with C. burnetii and is as efficient as the subcutaneous 
route. 2. Administration of 104 or 106 MID did not show much difference 
in the effect of the infection of C. burnetii.

P169  MACROPHAGE INFLAMMATORY CHEMOKINE AND 
CYTOKINE GENE ExPRESSION IS UPREGULATED BY 
EhRliChiA ChAFFEEnsis TRP120 

Bing Zhu, Jere W. McBride 

Department of Pathology, University of Texas Medical Branch, Galveston, Texas, 
77555

Objectives: E. chaffeensis infection has been shown to alter the tran-
scription levels of host genes related to the transcription of cytokines, 
apoptosis inhibitors and membrane trafficking. However, the bacterial 
effector proteins and host target involved are not well defined. In pre-
vious studies, we have demonstrated that the E. chaffeensis 120kDa ma-
jor immunoreactive tandem repeat protein (TRP120) contains a novel 
tandem repeat (TR) DNA binding domain that binds a G+C-rich motif. 
Target genes are primarily associated with transcriptional regulation, 
signal transduction and apoptosis. In the current study, a small set 
of TRP120 target genes were selected for analysis of gene expression 
levels in E. chaffeensis-infected cells and direct protein transfection by 
TRP120. 
Methods: Direct protein transfection of TRP120 and thioredoxin control 
recombinant proteins were transfected into THP-1 cells using Chariot 
reagent. Total RNA was extracted from transfected THP-1 and normal 
cells using RNeasy total RNA purification kit. Transcript levels of selected 
host genes were quantitated by qPCR using iQ SYBR Green supermix 
with gene specific primers.
Results: Seven TRP120 target genes which associated with signal trans-
duction and apoptosis, transcriptional regulation, were selected for 
analysis of gene expression in E. chaffeensis-infected and TRP120 trans-
fected cells. TNF-α and TRP120 target chemokine genes, CCL20, CCL2 
(MCP-1) and CXCL11 were strongly upregulated during E. chaffeensis 
infection (≥24 fold). TNF-RSF14, Stat1 and CD70 were modestly upreg-
ulated after E. chaffeensis infection (~2- to 5-fold). After direct protein 
transfection with recombinant TRP120, all of the genes were markedly 
upregulated (~3- to 8.5-fold) 72hr post infection, except TNF-α. Our 
finding suggests that TRP120 may act as a transcriptional activator for 
some host genes associated with disease pathology.
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Conclusions: Our findings demonstrate that TRP120 appears to be in-
volved in a gene expression regulation strategy and identifies a second 
E. chaffeensis DNA binding protein involved in a direct gene expression 
regulation strategy. 

P170  CHARACTERIzATON OF AN IMMUNOREACTIVE 
EhRliChiA ChAFFEEnsis TANDEM REPEAT PROTEIN 
THAT IS TYROSINE PHOSPHORYLATED AND 
ExPRESSED BY DENSE-CORED AND RETICULATE 
EhRliChiAE 

Abdul Wakeel, Xiaofeng Zhang, Jeeba A. Kuriakose, Jere W. McBride

Department of Pathology, University of Texas Medical Branch, Galveston, Texas 
77555 USA

Objectives: Ehrlichia chaffeensis secretes a small group of tandem repeat 
proteins (TRPs) that are major targets of host immune system. We have 
previously demonstrated that the E. chaffeensis major immunoreactive 
protein, TRP47, is a tyrosine phosphorylated effector which interacts with 
a complex network of host cell proteins involved in signaling, modulation 
of gene expression, and intracellular vesicle trafficking. In this study, we 
identified a new immunoreactive tandem repeat protein, TRP75, that is ty-
rosine phosphorylated and contains a strongly immunoreactive epitope 
in the TR region and expressed by dense-cored (DC) and reticulate cells 
(RC) during infection. In contrast to other previously identified TRPs, the TR 
region of TRP75 is highly basic due to a predominance of lysine residues.
Methods: E. chaffeensis-infected and normal whole cell lysates were 
probed with anti-phosphotyrosine (pTyr) and TRP75 specific antibodies. 
Tyrosine phosphorylation of native TRP75 was confirmed by Western 
immunoblot and double-immunofluorescence confocal microscopy 
used to determine the labeling of DC and RC forms by anti-TRP75 com-
pared to pan-Ehlichia anti-Dsb antibody in E. chaffeensis infected cells. 
ELISA and western immunoblot were performed on TRP75 recombinant 
proteins and synthetic peptides to map the epitopes. 
Results: The E. chaffeensis TRP75 has a tyrosine-rich C-terminal do-
mains suggesting the protein may be tyrosine phosphorylated during 
infection. Predicted tyrosine phosphorylation sites were identified by 
NetPhos 2.0 in the N- and C-terminal regions of TRP75. We probed E. 
chaffeensis-infected whole cell lysates with anti-E. chaffeensis TRP75 and 
anti-pTyr antibodies and determined that proteins identified with the 
TRP75 antibody also reacted with anti-pTyr antibody. Double-immu-
nofluorescence confocal microscopy revealed that anti-E. chaffeensis 
TRP75 antibody labeled all ehrlichiae that reacted with a pan Ehrlichia 
antibody (Dsb).
Conclusions: In this study, we have characterized a novel immuno-
reactive E. chaffeensis TR-containing tyrosine phosphorylated pro-
tein, TRP75, which labeled both DC and RC morphological forms of E. 
chaffeensis indicating TRP75 may interact with host cell tyrosine kinases 
and be involved in host-pathogen interactions as observed with TRP47.

P171  IMPAIRED MEMORY T-CELL RESPONSES DURING 
AnAplAsmA mARginAlE INFECTION

Brown W., Turse J., Morse K.

Anaplasma marginale infection of cattle, previously immunized with na-
tive major surface protein (MSP)2 or recombinant MSP1a, resulted in a 
complete loss of functional CD4 T cell responses to the specific immu-
nogen. Neither protein induces a protective immune response. The loss 
of MSP1a-specific functional CD4 T cell responses was paralleled by rapid 
deletion of MSP1a-specific CD4 T cells, monitored with MHC class II tetra-
mers, in peripheral blood. The dramatic loss of MSP1a-specific T cells from 
blood was not caused by sequestration of T cells to spleen or liver or traf-
ficking to lymph node. Furthermore, in cattle immunized with MSP2, the 
loss of MSP2- and A. marginale-specific responses was evident at one year 
during persistent infection, suggesting a failure to prime for normal ef-
fector and memory T-cell responses to A. marginale antigens during acute 
and persistent infection. We confirmed dysfunctional memory T-cell re-
sponses in cattle infected by intravenous inoculation (Florida strain) or 
tick transmission (South Idaho strain). Animals monitored for 4-12 months 
had only transient and sporadic A. marginale-specific responses in blood 

and spleen during acute and persistent infection. We hypothesize that 
high antigen load during acute and persistent infection results in apop-
tosis and/or suppression of antigen-specific T cells. The objective of the 
current study was to determine if immunization with a protective outer 
membrane (OM) vaccine, which can prevent infection and disease in 
some cattle, would similarly result in loss of preexisting memory T cells 
primed by OM immunization. Cattle were immunized with OM in saponin 
and specific immune responses were monitored before and throughout 
acute infection. Following infection with tick-transmitted A. marginale 
(St. Maries strain), robust T cell responses to OM disappeared following 
peak bacteremia in all cattle, even though infection was blunted com-
pared with a naïve control. Infection in these animals will be cleared with 
long-acting oxytetracycline and oral Aureomycin to determine whether 
Anaplasma-specific T cell responses recover once pathogen load is re-
moved. A recovered response would support the induction of suppres-
sive T-regulatory cells by A. marginale infection, whereas lack of response 
would support T-cell apoptosis.

P172  PERMISSIVITY OF FISH CELL LINES TO THREE 
ChlAmyDiA-RELATED BACTERIA: W. ChOnDROphilA, 
E. lAusAnnEnsis AND p. ACAnthAmOEBAE

C. Kebbi-Beghdadi, C. Batista, G. Greub

Institute of Microbiology, University Hospital Center and University of Lausanne, 
Lausanne, Switzerland

Background: Epitheliocystis is an infectious disease affecting gills and 
skin of various fishes often associated, at least in farmed animals, with 
high mortality and reduced growth of survivors. Pischichlamydia sal-
monis and Clavochlamydia salmonicola have recently been identified as 
etiologic agents of epitheliocystis in farmed Atlantic Salmon but addi-
tional novel members of the Chlamydiales order have also been associ-
ated with this disease in other fish species. 
Objectives: To precise the pathogenic potential of Chlamydia-related 
bacteria towards fishes, we investigated the permissivity of two per-
manent fish cell lines, EPC175 and RTG-2 cells to Waddlia chondrophila, 
Parachlamydia acanthamoebae and Estrella lausannensis. 
Methods: The intracellular growth of these strict intracellular organ-
isms was assesed by quantitative PCR using species-specific primers 
and by immunofluorescence using home-made specific antibodies. In 
addition, we also investigated bacterial replication by direct electron 
microscopy observation. 
Results: W. chondrophila was able to enter and rapidly multiply in the 
two fish cell lines tested. The number of bacterial genomic DNA copies in-
creased by 3 logs in 48 hours and bacterial replication led to complete host 
cell lysis within 6 days. E. lausannensis was also able to enter and replicate 
in fish cell lines but in a less efficient way than W. chondrophila. The growth 
kinetic of this organism displayed a 10 to 20 fold increase in the number of 
bacterial DNA copies within 48 hours. This first round of replication of the 
bacteria was not followed by host cell lysis and invasion of uninfected host 
cells did not occur. A cytopathic effect of E. lausannensis was not observed 
in any of the two fish cell lines tested. No significative growth of P. acan-
thameobae was detected neither in EPC-175 nor in RTG-2 cells. 
Conclusions: Given its high infectivity and cytopathic effect towards 
fish cell lines, W. chondrophila represents the most interesting Chlamyd-
ia-related bacteria to be used to develop an in vivo model of epithelio-
cystis disease in fishes. The permissivity of fish cells to members of two 
different Chlamydia-related bacteria, distantly related to Piscichlamydia 
and Clavochlamydia suggest that various members of the Chlamydiales 
order may be implicated in epitheliocystis disease in fishs.

P173  PRELIMINARY STRUCTURAL STUDIES ON A 
LIPOPOLYSACCHARIDE OF RiCkEttsiA COnORii 

Bartova K., Vadovic P., Hamadova M., Toman R. 

Laboratory for Diagnosis and Prevention of Rickettsial and Chlamydial Infections, 
Department of Rickettsiology, Institute of Virology, SAS, 845 05 Bratislava, Slovakia

Objectives: Rickettsia conorii is the etiological agent of Mediterra-
nean spotted fever (MSF) or “boutonneuse” fever. The pathogen is 
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transmitted to humans by the brown dog tick Rhipicephalus sanquin-
eus. From the portal of entry in the skin, the bacteria spread via the 
bloodstream to infect the endothelium and sometimes the vascular 
smooth muscle cells. In humans, the common symptoms of the dis-
ease include nausea, vomiting, abdominal pain, encephalitis, hypo-
tension, acute renal failure, and respiratory distress. The major car-
bohydrate antigen of the bacterium is a lipopolysaccharide (LPS) but 
its composition and structure have not been investigated thus far. 
The ongoing glycomics studies should enable to better understand 
structural and functional peculiarities of this biopolymer and its role 
in pathogenesis and immunity of MSF.
Methods: R. conorii was propagated in embryonated hen eggs. Bacteria 
were inactivated with 0.5% phenol and purified by rate-zonal sedimen-
tation in gradients of Renografin. The LPS was isolated from the purified 
cells by the hot phenol/water method after pre-treatment with RNase, 
DNase I, trypsin, and proteinase K. It was investigated further for both 
chemical composition and structural features using various gas chro-
matography and mass spectrometry techniques.
Results: Preliminary chemical studies of the isolated LPS indicated the 
prevailing amount of hexoses and small amounts of two amino sugars, 
and one deoxy-hexose. More detailed compositional analyses revealed 
the presence of galactose (Gal), glucose (Glc), mannose (Man), fucose 
(6-deoxy-galactose) quinovosamine (QuiN, 2-amino-2,6-dideoxy-glu-
cose), and glucosamine in a molar ratio 1.0:1.5:0.5:0.2:0.1:0.1, respec-
tively. 
Conclusions: It can be anticipated from the obtained results that the 
LPS of R. conorii is mainly composed of Glc (45%), Gal (31%), and Man 
(15%) sugar units. Of interest is the presence of a small amount (1%) of 
QuiN. We found this sugar as one of the major constituents in the O-
antigen of R. typhi LPS. More detailed structural studies on the LPS of R. 
conorii are in progress.

P174  STRUCTURAL STUDIES ON THE O-SPECIFIC 
ANTIGEN OF pisCiRiCkEttsiA sAlmOnis 
LIPOPOLYSACCHARIDE

Hamadová M., Vadovič P., Bártová K., Toman R. 

Laboratory for Diagnosis and Prevention of Rickettsial and Chlamydial 
Infections, Department of Rickettsiology, Institute of Virology, SAS, 845 05 
Bratislava, Slovakia

Objectives: Piscirickettsia salmonis is the etiological agent of the 
salmonid rickettsial septicemia (SRS) or piscirickettsiosis. It infects 
a wide range of salmonid species and causes a systematic infection 
that targets kidney, liver, spleen, heart, intestine, ovary, and gills 
of salmonids. The major carbohydrate antigen of the bacterium is 
a lipopolysaccharide (LPS) but both composition and structure of 
its O-specific antigen are unknown. Detailed glycomics studies will 
enable to better understand structural and functional peculiarities 
of this biopolymer and its role in pathogenesis and immunity of 
SRS.
Methods: The LPS was isolated from the P. salmonis cells by the hot 
phenol/water method after pre-treatment with RNase, DNase I, trypsin, 
and proteinase K. The O- antigen was released from the parent LPS on 
treatment with mild acid. It was investigated further for both chemical 
composition and structural features using various mass spectrometry 
and nuclear magnetic resonance techniques. 
Results: Compositional analyses revealed the presence of D-mannose 
(Man), D-glucose (Glc), D-galactose (Gal), L,D-heptose (Hep), and D-glu-
cosamine (GlcN) in a molar ratio 3.0:4.8:3.0:1.0:0.4, respectively. Meth-
ylation-linkage analyses of the O-polysaccharide and its dephosphory-
lated derivative displayed a higher content of terminal Man and Glc and 
(1→6)-linked Man, Glc and/or Gal residues. Other types of linkages were 
of minor abundance. These data were also confirmed by the preliminary 
NMR measurements that in addition, established α- configuration of the 
glycosidic bonds. 
Conclusions: From these findings, it can be anticipated that the P. sal-
monis O-specific antigen is mostly composed of α-1→6 linked Man and 
Glc (Gal) residues though the first two sugars are also located in terminal 
positions. More detailed studies are in progress.

P175  IDENTIFICATION OF A PUTATIVE HEME-DEGRADING 
ENzYME (HEMS) IN BARtOnEllA

Ma Feng Liu,1,2 Henri-Jean Boulouis,1 Francis Biville 1,3

1 UMR BIPAR INRA-AFSSA-ENVA, 94700 Maisons-Alfort, France
2 Key Laboratory of Zoonosis, Ministry of Education, Institute of Zoonosis, Jilin 
University, 130062 Changchun, P. R. China

3Pasteur Institute, 75015 Paris France

Iron is very important for most of organisms, including bacteria. Iron 
is the cofactor of enzymes involved in various metabolism reactions. 
Iron source include iron Fe3+, its reduced form, iron Fe2+, and heme (1). In 
mammals, 99.9% of iron is intracellular, and most of extracellular iron is 
bound to Transferrin. In mammal, Heme, which is bound to intracellular 
hemoproteins or extracellular hemopexin, is thus the main iron source 
for bacteria. Bacteria that are able to invade mammals can transport and 
degrade heme to use it as an iron source (1). Bartonella, do not encode 
for a heme biosynthesis pathway, and have a high heme requirement for 
growth (2). Bartonella genomes do not encode for a Fe3+ uptake system 
but contain genes encoding for a complete heme uptake system (3). In 
Bartonella, the product of one of the genes encoding for the heme up-
take system encodes for a polypeptide (HemS) that shares homologies 
with proteins involved in heme trafficking, and heme degradation (4) (5) 
(6). To define the role of HemS in heme utilization, we have checked for 
the activity of HemS in Escherichia coli, and in Bartonella henselae. We 
have shown that HemS from Bartonella when expressed in Eschericchia 
coli have, in vivo, a heme degrading activity. In vitro, purified HemS can 
bind heme with a good affinity similarly with yet characterized heme 
degrading enzymes. The growth of hems knockdown strain of Barton-
ella henselae was affected on blood plate and in Schneider’s medium. 
References:
1.  Wandersman C & Delepelaire P (2004) Bacterial iron sources: from sid-

erophores to hemophores. Annu Rev Microbiol 58:611-647.
2.  Sander A, Kretzer S, Bredt W, Oberle K, & Bereswill S (2000) Hemin-

dependent growth and hemin binding of Bartonella henselae. FEMS 
Microbiol Lett 189(1):55-59.

3.  Alsmark CM, et al. (2004) The louse-borne human pathogen Barton-
ella quintana is a genomic derivative of the zoonotic agent Bartonella 
henselae. Proc Natl Acad Sci U S A 101(26):9716-9721.

4.  Schneider S, Sharp KH, Barker PD, & Paoli M (2006) An induced fit con-
formational change underlies the binding mechanism of the heme 
transport proteobacteria-protein HemS. (Translated from eng) J Biol 
Chem 281(43):32606-32610 (in eng).

5.  Li C & Stocker R (2009) Heme oxygenase and iron: from bacteria to 
humans. (Translated from eng) Redox Rep 14(3):95-101 (in eng).

6.  Letoffe S, Heuck G, Delepelaire P, Lange N, & Wandersman C (2009) 
Bacteria capture iron from heme by keeping tetrapyrrol skeleton in-
tact. (Translated from eng) Proc Natl Acad Sci U S A 106(28):11719-11724 
(in eng).

P176  ROLE OF THE SPLEEN IN BARtOnEllA INFECTION

D. Lerhun,1 HK. HK. Deng,1 B. Lecuelle,2 E. Le Naour,1 M. Vayssier-Taussat 1

1 USC INRA Bartonella et Tiques, Anses, 94 700 Maisons-Alfort
2 CRBM, ENVA, 94 700 Maisons-Alfort

Background: Bartonella is an intra-erythrocytic pathogen of mammals. 
Because spleen filters out altered erythrocytes, we investigate the role 
of spleen, and other tissue and/or organs in Bartonella infection. 
Methods: Normal or splenectomized Balb/C mice were intravenously 
infected with B. birtlesii and presence of bacteria was detected in differ-
ent organs, tissue and blood over time. 
Results: Using this in vivo model of mice infection by B. birtlesii, we 
detect accumulation of bacteria in the spleen as soon as 6 hours post 
infection while we failed to detect any bacteria in brain, lymph nodes, 
lung, liver and the heart. In order to investigate whether spleen could 
represent a possible sanctuary for chronic Bartonella infections or in 
contrary, whether spleen filter infected erythrocytes, we compare bac-
teremia in normal Balb/C mice and in splenectomized mice. Bacteremia 
in splenectomized mice is 10 fold higher than in normal mice and lasts 
2 weeks longer.
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Conclusions: Spleen filters out infected erythrocytes. It will now be 
interesting to investigate the mechanisms by which spleen is able to 
recognized infected erythrocytes and whether the retention is based 
on mechanistic recognition of Bartonella-mediated deformed erythro-
cytes as demonstrated for Plasmodium falciparum un human.

P177  SURFACTANT PROTEIN D ALTERS COxiEllA BuRnEtii 
INFECTION OF ALVEOLAR MACROPHAGES

Kelly A. Soltysiak, James E. Samuel

Department of Microbial and Molecular Pathogenesis, Texas A&M Health 
Science Center, College Station, Texas, USA

Background: Surfactant Protein D (SP-D) is a C-type lectin produced 
by alveolar type II epithelial cells and clara cells in the mammalian 
lung and is involved in innate immunity. SP-D binds to the carbohy-
drate moieties of Gram negative lipopolysaccharide, aggregates and 
opsonizes bacteria, modifies macrophage uptake of bacteria and vi-
ruses, and modulates phagocyte activation.
Objectives: To determine the role of pulmonary surfactant protein D in 
Coxiella burnetii infection of alveolar macrophages. 
Methods: C. burnetii was pretreated with either PBS or SP-D and grown 
out in either axenic media or MH-S cells. Uptake in the MH-S in the pres-
ence or absence of complement receptor, mannor receptor and avb3 

integrin neutralizing antibodies was determined using a phagocytosis 
assay. Inflammatory cytokine transcription levels were measured and 
the activation state of the macrophages, as evident with nitric oxide 
synthesis, was determined using the Griess Assay. 
Results: SP-D pretreatment was not bactericidal to C. burnetii grown 
in either axenic media or MH-S cells. SP-D pretreatment resulted in re-
duced transcription of TNFa, IL-1b and indicible nitric oxide synthase in 
MH-S macrophages, in addition to a significant reduction in bacterial 
uptake, and a significant increase in bacterial attachment. Involvement 
of avb3 integrin, complement receptor 3 and the mannose receptor were 
further investigated.
Conclusions: SP-D binds to C. burnetii and alters bacteria - alveolar 
macrophage interactions, resulting in increased bacterial attachment 
to and reduced uptake by alveolar macrophages. 

P178  SYSTEMIC CELLULAR IMMUNE RESPONSES TO 
RiCkEttsiA COnORii DIFFER BETWEEN DERMAL 
AND INTRAVENOUS ROUTES OF INOCULATION AND 
ARE SUPPRESSED BY TLR4 IN INTRADERMALLY 
INOCULATED MICE

Claudio Mafra,1,2 Emily C. Crossley,1 Rong Fang,1 Thomas R. Shelite,1 
Donald Bouyer,1 David Walker 1

1 Center for Biodefense and Emerging Infectious Diseases, University of Texas 
Medical Branch, Galveston, TX, USA

2 Biochemistry and Molecular Biology Department, Federal University of Vicosa, 
MG, Brazil

Background: Mediterranean spotted fever, also known as bouton-
neuse fever, is caused by Rickettsia conorii, a Gram-negative bacterium 
transmitted by the dog tick Rhipicephalus sanguineus. This disease is 
characterized by disseminated endothelial infection and injury, cellular 
immune activation, vascular lesions, which often cause meningoen-
cephalitis and interstitial pneumonia. Although the natural transmis-
sion route of rickettsial diseases is via skin, most of the previous ani-
mal models were established by using intravenous (IV) inoculation to 
achieve hematogenously disseminated endothelial infection. Until now 
the murine immune response to R. conorii by intradermal (ID) inocula-
tion remains unknown. 
Objectives: In this study, we aimed to investigate the pathogenesis of 
rickettsial diseases by analyzing the murine adaptive T cell immune re-
sponse to R. conorii initiated by ID inoculation. 
Methods: Lymphocyte surface markers and intracellular molecules 
were measured by flow cytometry in cells obtained from spleen, blood, 
axillary, submandibular and inguinal lymph nodes collected from C3H/

HeN and C3H/HeJ mice inoculated with R. conorii israelensis strain by 
ID or IV route. 
Results: We found that the bacterial burdens in tissues in R. conorii-
infected mice by ID inoculation were significantly lower compared to 
those by IV inoculation. The level of TNF-α, IFN-g, and IL-4 production 
by CD4+ and CD8+ T cells in mice infected with R. conorii by ID inocu-
lation were significantly lower than those initiated by the same dose 
of rickettsiae via IV infection. Surprisingly, the frequency of TNF-α-
producing-CD8+ T cells initiated by ID infection with R. conorii on day 
9 post-inoculation was significantly lower in the draining lymph nodes 
of C3H/HeN mice compared to uninfected mice in response to poly-
clonal stimulation. Interestingly, this phenomenon was not observed in 
TLR4-deficient mice infected with R. conorii by the same dose and route, 
which suggested that TLR4 signaling played a role in the lower produc-
tion of TNF-α by CD8+ T cells. 
Conclusions: This study for the first time reported that ID inocula-
tion of R. conorii in mice, which mimics the natural infection route 
of rickettsial diseases, induced a different quantity and quality of T 
cell cytokine profile from that of IV inoculated mice, and that TLR4 
plays a critical role in reduced T cell activation following dermal in-
oculation.
This work was supported by NIH (Project number 5R01AI021242-26). Dr. C. 
Mafra was recipient of a post-doctorate fellowship from Coordenadoria de 
Apoio ao Ensino Superior (CAPES) from Brazil.

P179  VARIATION IN THE RESPONSE OF ICR MICE TO 
FEEDING BY lEptOtROmBiDium SP. (ACARI: 
TROMBICULIDAE) INFECTED WITH ORiEntiA 
tsutsugAmushi 

Woradee Lurchachaiwong,1 Taweesak Monkanna,1 Surachai Leepitakrat,1 
Alongkot Ponlawat,1 Jetsumon Prachumsri,1 Allen Richards,2 Brian Evans 1

1 Department of Entomology, U.S. Army Medical Component, Armed Forces 
Research Institute of Medical Sciences, Bangkok, Thailand

2 Rickettsial Disease Department, Naval Medical Research Center, Silver Spring, 
Maryland, Division of Vaccine and Related Products

Objectives: To evaluate the response of ICR mice to either pooled (PF) 
or individual feeding (IF) by 3 different species of Leptotrombidium (Ac-
ari: Trombiculidae) infected with O. tsutsugamushi (Ot). 
Methods: Either pooled or individual L. chiangraiensis (Lc), L. deliense 
(Ld), and L. imphalum (Li) were placed in the inner ear of ICR mice (8-10 
wks in age). The following response outcomes were evaluated: daily ob-
servation for signs of illness, food consumption, weight, body tempera-
ture and detection of O. tsutsugamushi in various tissues. 
Results: Results show that Lc-fed mice have both a significantly high-
er mortality rate and shorter life span (90.8% and 12.9 d respectively; 
n=65) (P<0.05) compared to mice fed with either Li (69.9% and 14.2 
d respectively; n=81) or Ld (53.3% and 19 d respectively; n=75). In 
Ld-fed mice, infection progressed more slowly relative to the other 
two species which translated into an extended life span. Among all 
groups, the feeding method (IF or PF) significantly influenced life 
span and weight loss of Lc-fed mites (P<0.05) only while no signifi-
cant effects on food consumption were observed. In general, Ot was 
observed early-on in the liver and spleen of Lc-fed mice whereas Ot 
first appeared simultaneously in both the blood and kidneys of Lc 
and Li-fed mice. 
Conclusions: Three Ot-infected Leptotrombidium species (Lc, Ld and Li) 
are maintained in a Biosafety Level 3 (BSL-3) facility at the Armed Forces 
Research Institute of Medical Sciences (AFRIMS) in Bangkok, Thailand. 
Such a unique resource is used to characterize the transmission dynam-
ics of scrub typhus in support of the development of a NHP/rodent 
scrub typhus vaccine model. Our results demonstrate that variation in 
the response of ICR mice to feeding is more impacted by the species 
of chigger rather than feeding method. Further characterization of Ot 
strains harbored within the 3 species is necessary to rule out any strain 
effect on the response of ICR mice. Regardless, results demonstrate that 
chigger species and feeding method (PF or IF) are two variables that 
should be considered in the development of a scrub typhus vaccine 
model. 
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P180  GENETIC DIFFERENTIATION OF COxiEllA BuRnEtii 
ISOLATES BASED ON THE ANALYSIS OF 32 IS1111 
LOCATIONS 

Markus Antwerpen, Pauline Bleichert, Dimitrios Frangoulidis, 
Matthias Hanczaruk

Coxiella (C.) burnetii, the causative agent of Q fever, is deemed to have 
the potential to be used as a biological weapon. Therefore, investigat-
ing outbreaks to trace back the source of an infection is of high impor-
tance. Six genomic groupings of C. burnetii strains could be derived by 
different authors using plasmid profiles, PCR or RFLP. One genotyping 
system is the detection of the insertion sequence IS1111, coding for a 
transposase, at special genomic locations. IS1111 is normaly used as a 
target region for diagnostic PCRs, since it is found in multiple copies 
in C. burnetii genomes. In 2007, Denison et al. published an algorithm 
allowing a classification of C. burnetii strains in the genomic groups I-V, 
based on four of the twenty IS1111 locations of the Nine Mile reference 
strain. In bioinformatic analyses we identified 83 different IS1111 loca-
tions in the seven annotated C. burnetii genomes. In order to enhance 
the discriminative power, we enlarged the above described method 
with 28 additional IS1111 markers, identified in our in silico analyses to 
be present in at least two annotated genomes. To make the method 
more suitable, we established a Multiplex-PCR system to test all 32 
marker regions simultaneously in four PCR reactions. Summarizing our 
results, we identified 95 genotypes within 115 strains by testing of 32 
IS1111 locations allowing a very discriminating classification of C. bur-
netii. In order to draw correlations between these genotypes and other 
genetic features or phenotypic attributes, we had to propose superor-
dinate groups. We subsumed the 95 genotypes in 12 groups according 
to their similarity, using UPGMA with a cut off value of 70%. Thereby, 
we could show coherence between plasmid type, AdaA gene and the 
new groupings. Taken together, this new enlarged IS1111 typing system 
nearly leads to a differentiation of C. burnetii on single strain level, mak-
ing it to the most discriminative genotyping method for C. burnetii at 
present and thereby of particular importance in forensic microbiology. 
The benefit of this method lies in its high suitability referring to costs, 
time and feasibility compared to other existing genotyping methods. 

P181  GENOMES OF THE MOST DANGEROUS EPIDEMIC 
BACTERIA HAVE A VIRULENCE REPERTOIRE 
CHARACTERIzED BY FEWER GENES BUT MORE  
TOxIN-ANTITOxIN MODULES

Kalliopi Georgiades, Raoult Didier 

Unité des Rickettsies URMITE, UMR CNRS 6236, IRD 198, Faculté de la Médecine la 
Timone, 13385 Marseille Cedex 05, France

Objectives: We conducted a comparative genomic study based on a 
neutral approach to identify genome specificities associated with the 
virulence capacity of pathogenic bacteria. We also determined whether 
virulence is dictated by rules, or if it is the result of individual evolution-
ary histories. We systematically compared the genomes of the 12 most 
dangerous pandemic bacteria for humans (“bad bugs”) to their closest 
non-epidemic related species (“controls”).
Methods and Results: Through computational analysis we found 
several significantly different features in the “bad bugs”, one of which 
was a smaller genome that likely resulted from a degraded recombi-
nation and repair system. The 10 Cluster of Orthologous Group (COG) 
functional categories revealed a significantly smaller number of genes 
in the “bad bugs”, which lacked mostly transcription, signal transduc-
tion mechanisms, cell motility, energy production and conversion, and 
metabolic and regulatory functions. A few genes were identified as 
virulence factors, including secretion system proteins. Five “bad bugs” 
showed a greater number of poly (A) tails compared to the controls, 
whereas an elevated number of poly (A) tails was found to be strongly 
correlated to a low GC% content. The “bad bugs” had fewer tandem re-
peat sequences compared to controls. Moreover, the results obtained 
from a principal component analysis (PCA) showed that the “bad bugs” 
had surprisingly more toxin-antitoxin modules than did the controls. 
Conclusions: We conclude that pathogenic capacity is not the result 
of “virulence factors” but is the outcome of a virulent gene repertoire 

resulting from reduced genome repertoires. Toxin-antitoxin systems 
could participate in the virulence repertoire, but they may have devel-
oped independently of selfish evolution.

P182  GENOMOTYPING OF COxiEllA BuRnEtii ISOLATES 
USING AN HOME MADE-MICROARRAY 

Quentin Leroy,1 Fabrice Armougom,1 Pascal Barbry,2 Didier Raoult 1

1 Unité de Recherche en Maladies Infectieuses et Tropicales Emergentes 
(URMITE), CNRS-IRD, UMR 6236-198, Faculté de Médecine, Université de la 
Méditerranée, 13385 Marseille Cedex 05, France

2 Institut de Pharmacologie Moléculaire et Cellulaire (IPMC), UMR 6079 CNRS/
UNSA, Sophia Antipolis, France

Objectives: C. burnetii is a Gram-negative intracellular γ-proteobacteria 
that causes the zoonotic disease Q fever which is a zoonotic disease 
with a worldwide distribution. Q fever can manifest as an acute or 
chronic illness. The major route of contamination with C. burnetii is 
aerosol and presently ticks are not or rarely considered as vectors for 
transmission of Q fever. Q fever is currently re-emerging in different ar-
eas in Europe, with a major outbreak of Q fever observed in the Neth-
erlands (causing both acute and chronic infections) that could involve 
a unique virulent clone presenting micro-variants. Because of a lack of 
different phenotypic characteristics, several molecular typing methods 
have been previously developed to classify C. burnetii isolates to explore 
its pathogenicity. The availability of the C. burnetii genome sequence 
allows a rapid assessment of whole-genome sequence variation by us-
ing comparative genome hybridization (CGH) on microarrays, allowing 
the determination of correlations between the genome repertoire and 
the source of the organisms. Here, we report a comprehensive geno-
motyping method based on the presence or absence of genes using a 
homemade microarrays. 
Methods: Our microarray represents 98% of the coding sequences of 
the Nine Mile genome (RSA 493). The genomotyping method was then 
tested in 52 isolates obtained from different geographic areas, different 
hosts (humans, mammals and arthoropods) and patients with different 
clinical manifestations including 2 isolates presenting the same geno-
type that the putative clone of the large outbreak. 
Results: The comparative genomic analysis revealed the presence of 
10 genomotypes organized into 3 groups, with a topology congruent 
with that obtained through multi-spacer typing. We also found that 
only 4 genomotypes were specifically associated with acute Q fever, 
whereas all of the genomotypes could be associated to chronic human 
infection. Moreover we found that four deleted genes were statistically 
associated with acute isolates and the 4 genomotypes that includes 
these isolates. Serendipitously, the genomotyping results revealed 
that all hard tick isolates, including the Nine Mile strain, belong to the 
same genomotype. 
Conclusions: This finding could suggest that reductive evolution in-
volve increase of pathogenicity and the role of arthropods as vector of 
the Q fever is underestimated.

P183  IDENTITY OF gROEsl SEQUENCES OF AnAplAsmA 
phAgOCytOphilum AMONG HUMAN PATIENTS IN 
SLOVENIA

Katja Strašek Smrdel,1 Miroslav Petrovec,1 Stanka Lotrič Furlan,2 
Mateja Jelovšek,1 Tatjana Avšič Županc 1

1 Institute of Microbiology and Immunology, Ljubljana, Slovenia
2University Medical Centre, Ljubljana, Slovenia

Objectives: Anaplasma phagocytophilum is a tick-borne pathogen 
known to cause disease in ruminants, horses, dogs and humans. A vast 
number of reports describe genetic diversity of A. phagocytophilum in 
animals and ticks. The present study is focused on the genetic variabilty 
of groESL operon of A. phagocytophilum in human patients in Slovenia.
Methods: Between the years 1996 and 2008 samples of human patients 
with clinical signs of anaplasmosis were tested for the presence of ana-
plasmal DNA. For initial screening of all samples PCR for a small part of 
the 16S rDNA of A. phagocytophilum was used. Positive samples were 
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additionally tested with a nested PCR targeting a 1256-bp segment of 
groESL operon to amplify A. phagocytophilum variants. For some sam-
ples a larger fragment of the 16S rDNA of A. phagocytophilum was am-
plified. Amplicons of the groESL operon and of 16S rDNA were further 
sequenced and analyzed. 
Results: During 1996-2008 there were 66 confirmed cases of human 
anaplasmosis according to the guidelines of ESCAR in Slovenia. Of 66 
confirmed cases 46 were tested with a screening PCR and 28 (60.9%) 
were positive for the presence of A. phagocytophilum DNA. Of 28 sam-
ples 27 had amplified and sequenced groESL operon and 8 a larger 
fragment of 16S rDNA. The homology search and the alignment of the 
groESL sequences showed only one genetic variant, 100% identical to 
the published sequence from a human patient (acc. no. AF033101) and 
from a tick Ixodes ricinus (acc. no. EU246961) from Slovenia, as well as 
from a German and Swedish horse. Sequencing analysis of 16S rDNA re-
vealed 100% identity among sequences and to a reference sequence 
AY527214.
Conclusions: Slovenia is a small country with diverse climate, veg-
etation and animal representatives. In previous studies in deer, dogs 
and ticks different sequences of groESL operon were found. On the 
contrary, in wild boar and in human patients from this study only 
one genetic variant of groESL operon was detected. The results sug-
gest that only one genetic variant might be pathogenic for human 
patients or is competent enough to replicate in humans. To support 
this theory other genetic markers and further studies need to be 
done.

P184  CHARACTERISATION OF C. BuRnEtii STRAINS FROM 
RUMINANTS BY WHOLE GENOME PCR SCANNING:  
A EUROPEAN MULTICENTRE APPROACH

F. Azikiou, Ø. Angen, A. Aspán, A. Bossers, S. Ehrs, H.J. Roest, R. Jones, 
M. Prigent, E. Rousset, R. Thiéry, K. Sidi-Boumedine 

Objective: Coxiella burnetii is the causative agent of Q fever, a zoonosis 
that spreads from ruminants to humans via the inhalation of aerosols 
contaminated by livestock’s birth products. Recently, the hypothesis 
that C. burnetii isolates are at different stages of pathoadaptation has 
been formulated after the sequencing of complete genomes of three C. 
burnetii strains and comparison with the Nine Mile reference strain. The 
isolates exhibited extensive genomic plasticity. Moreover, pathogenic-
ity and other phenotypes of the isolates may be driven by the presence 
of disparate collections of virulence-associated pseudogenes. Little is 
known on the genomic composition of isolates from ruminants. Thus, 
this study aims to provide knowledge about their genomic content and 
plasticity using a whole genome scanning approach. 
Methods: Genomic DNA was extracted from C. burnetii isolated from 
different ruminants hosts in five European countries. First, genomic 
characterisation and comparisons were performed using Whole Ge-
nome PCR Scanning (WGPS). This latter is based on the long-range PCR 
amplifications of bacterial chromosomes by using a set of optimized 
primer pairs designed on a reference genome and gives an overall view 
of genome content and structure. The identified genomic regions of dif-
ferences (RDs) were confirmed by sequencing and/or additional experi-
ments (such as overlapping PCR and framing PCR). 
Results: Briefly, the feasibility of WGPS for C. burnetii was assessed by 
in-silico analyses using available genomes will be shown. Consequently, 
WGPS experimentally performed comparisons of ruminants strains and 
Nine Mile will be outlined. The identified RDs and analyses undertaken 
will be presented. 
Conclusions: This study is a preliminary step for reaching, in the future, 
a better prevention and control of Q fever, for the:
1.  Use of a descriptive approach of the genome of different C. burnetii 

strains allowing:
• identification and localization of divergent genetic loci 
• characterisation of the polymorphisms, including genome rear-

rangements, deletions and insertions
• contribution to the identification of relevant molecular and viru-

lence markers
2.  Development of genetic tools, based on newly identified genomic 

features and markers, useful for molecular epidemiology as well as 
detection.

3.  Further strain characterization using animal models to define and 
compare virulence patterns.

P185  EVALUATION OF NONVERTICAL INHERITANCE IN THE 
EVOLUTION OF RiCkEttsiA FElis 

Vicky Merhej,1 Cedric Notredame,2 Manuela Royer-Carenzi,3 
Pierre Pontarotti,3 Didier Raoult 1

1 URMITE CNRS-IRD UMR 6236 IFR48, Faculty of Medicine, University of the 
Mediterranean, Marseilles, France

2 Centre de Regulacio Genomica (CRG), Dr. Aiguader, 88 08003 Barcelona, Spain
3 UMR 6639 CNRS IFR48, Evolution Biologique et Modélisation, University of Aix 
Marseille, Marseilles, France

Objectives: The evolutionary history of a set of taxa is usually repre-
sented by a phylogenetic tree. However, the accuracy of such model 
is still hindered by the complexity of some evolutionary scenarios that 
involve the exchange of genetic material among promiscuous bacteria. 
We present a detailed analysis of nonvertical inheritance in Rickettsia 
felis, a sympatric intracellular bacteria vectored by fleas.
Methods: We conducted a phylogenomic analysis and studied the 
origin of the 1,375 R. felis genes looking for evidence of horizontal gene 
acquisition and gene recombination. 
Results: Our results showed that most R. felis genes are linked to the 
spotted fever Group, whereas 12% of its genes have a different history 
most probably as a result of horizontal acquisition. These genes are 
linked to other Rickettsia such as Rickettsia bellii, Rickettsia typhi, or to 
other bacteria such as Legionella sp. and Francisella sp., or to eukaryotes. 
Among these genes, some are adjacent genes in the genome which 
gives evidence for an en bloc transfer. We described 13 mosaic genes 
probably resulting from gene recombination with sympatric R. typhi. 
The transferred sequences present different sizes and code for differ-
ent functions suggesting that the horizontal transfer in R. felis is random 
within its specific host. 
Conclusions: Bacterial promiscuity resulting from sharing the ecologi-
cal niche provided by the flea and other R. felis hosts has likely had a ma-
jor influence on the rate of DNA transfer in R. felis leading to its mosaic 
genome. We propose a new representation for the evolutionary history 
of R. felis showing its different putative ancestors in the form of a ge-
nealogical tree.

P186  RiCkEttsiA AmBlyOmmii PLASMIDS AS SHUTTLE 
VECTORS TO ExAMINE RiCkEttsiAl GENE FUNCTION

Burkhardt N.Y.,1 Heu C.C.,1 Williamson P.C.,2 Billingsley P.M.,2 Felsheim R.F.,1 
Kurtti T.J.,1 Munderloh U.G.1

1 Department of Entomology, University of Minnesota, St. Paul 55108
2 Department of Forensic and Investigative Genetics, University of North Texas 
Health Science Center, Fort Worth, Texas

Objectives: The widespread presence of plasmids in rickettsiae and the 
co-existence of multiple plasmids in some species raise questions of 
how they interact with each other. Sequence analyses of R. amblyommii 
AaR/Sc plasmids pRAM18, pRAM23 and pRAM32 were used to examine 
the relationship between these plasmids and to develop shuttle vector 
systems for the delivery of functional genes into rickettsiae.
Methods: R. amblyommii AaR/Sc plasmids possess distinct parA 
genes, adjacent to dnaA genes, enabling plasmid replication. Con-
structs incorporating pRAM18 or pRAM32 dnaA and parA genes 
into a vector backbone with rifampicin resistance and GFPuv genes 
(pRAM18dRG, pRAM18dRGA and pRAM32dRGA) successfully trans-
formed R. monacensis, R. montanensis, and R. bellii. To create a shuttle 
vector system for use in gene function and complementation stud-
ies, we placed a multiple cloning site in the R. amblyommii pRAM18 
construct pRAM18dRGA and inserted the functional R. monacensis 
rickA gene including the sequence upstream of the 5’ end of the gene 
(pRAM18dRGA[RmRickA]).
Results: R. montanensis transformed with pRAM18dRGA[RmRickA] 
expressed GFPuv eight days after transformation and infected rickett-
siae multiplied rapidly. R. monacensis contains a native plasmid pRM, 
yet it was successfully transformed with shuttle vectors pRAM18dRG, 
pRAM18dRGA and pRAM32dRGA. To determine how native plasmids 
interact with shuttle vector plasmids the relative copy number of pRM 
in pRAM18dRGA-transformed R. monacensis was ascertained. Results 
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from quantative qPCR showed that pRM coexisted with pRAM18dRGA 
at levels similar to pRM in wild type R. monacensis. 
Conclusions: The sequence encoding the RickA protein (RmRickA) was suc-
cessfully cloned into the rickettsial shuttle vector pRAM18dRGA[mcs] in E. coli 
indicating that the cloning system can maintain DNA inserts as large as 2.3kb. 
The successful transformation of R. montanensis with pRAM18dRGA[RmRickA] 
indicates that we have a functional shuttle vector system capable of deliver-
ing large payloads. However, further research is required to determine the 
effectiveness of this system in a variety of rickettsial species and to establish 
factors that govern plasmid interaction and compatibility.
Supported by NIH grants R01AI049424 and R01AI081690.

P187  MST VS. IS1111 DISTRIBUTION: A COMPARISON OF 
TWO GENOTYPING SYSTEMS FOR COxiEllA BuRnEtii 

P. Bleichert, M. Hanczaruk, L. Stasun, D. Frangoulidis

Coxiella (C.) burnetii is the causative agent of Q fever, a zoonosis that re-
mains clinically asymptomatic in up to 50% of the cases or appears as an 
atypical pneumonia in the acute form of the disease or as endocarditis in 
the rare chronic form. C. burnetii persists worldwide with a large reservoir 
among multiple species, esp. small ruminants. Even in Germany, Q fever is 
an endemic disease, regularly leading to outbreaks with up to 300 clinical 
cases. Due to its high infectivity and its transmission by aerosols, C. burnetii 
is a potential bioterroristic agent according to the CDC-classification. Little 
is known till today about the molecular epidemiology of this bacteria and 
therefore the development, evaluation and application of typing methods 
is an important issue. Here we applied Multispacer Sequence Typing (MST) 
and IS1111 determination, to study a collection of 115 strains from all over 
the world, to generate different genomic groups. Multispacer Sequence 
Typing is based on the detection of sequence alleles in non-coding re-
gions and identifies mutations, deletions and insertions. We performed 
MST as described by Glazunova et al. in 2005 and detected 14 of the 34 
published sequence types as well as three additional types in 115 isolates 
of our strain. In order to compare these results with another genotyping 
method, we also analysed these 115 strains referring to the distribution of 
32 IS1111 elements as an advancement of the method according to Deni-
son et al. 2007. Thereby we identified 96 genotypes and proposed a more 
complex genomic classification of C. burnetii strains into 12 major groups. 
Using UPGMA and Minimum Spanning Tree analysis a high concordance 
between MST and IS1111-groups could be shown. The correlation be-
tween these different typing methods confirms the proposed groupings 
and combines the ability of an excellent discriminatory power with the 
demonstration of regional and other epidemiological interesting clusters.

P188  MULTISPACER SEQUENCE TYPING LINKS GOAT FARMS 
AND SHEEP HERDS TO HUMAN Q FEVER INFECTIONS 
IN THE NETHERLANDS

Sylvain Buffet, Alphons M. Horrevorts, Corne H.W. Klaassen, 
Marrigje M.H. Nabuurs-Franssen, Didier Raoult, Hendrik Jan I.J. Roest, 
Jeroen J.H.C. Tilburg

Objectives: As of 2007, The Netherlands have suddenly been confront-
ed with a large and unprecedented Q fever outbreak with thousands of 
affected individuals. Ongoing abortion waves on diary goat farms are 
indicated as the primary source of infection for humans. Epidemiologi-
cal investigations of Q fever cases have mainly been based on exposure 
to the bacterium but these have rarely been confirmed by genotyping.
Methods: We applied Multispacer Sequence Typing (MST) to deter-
mine the MST genotype directly in clinical samples from humans, cattle, 
sheep and goats throughout the affected Q fever area to identify the 
source of the ongoing Q fever outbreak in The Netherlands.
Results: Genotype MST33 was identified in all but one of the clinical 
samples from goats and sheep and in all but one of the tested human 
samples. This genotype MST 33 has been recognized before in France 
and Germany. Interestingly, samples from cattle and one goat contained 
genotype MST20, illustrating that the current outbreak situation is indeed 
linked the presence of C. burnetii in goats/sheep and not to its presence 
in cattle. One novel (partial) MST genotype was found in a human clinical 
sample. This new MST type appears to be unrelated to MST33 and may be 
an incidental Q fever case unrelated to the outbreak situation.

Conclusions: The increase in the number of diagnosed Q fever cases in 
The Netherlands could be the result of a recent introduction of geno-
type MST33 into the Dutch animal goat population or the consequence 
of the expansion of intensive goat farming in the affected area and its 
proximity to the human population. Few genotyping studies of C. bur-
netii have been conducted worldwide and therefore information of a 
potential global persistence of genotype MST33 in small ruminants is 
missing. In summary, it is expected that MST genotype 33 is transmitted 
from goats/sheep to humans causing Q fever in the human population 
across the affected Q fever area of The Netherlands.

P189  IDENTIFICATION OF TETRACYCLINE RESISTANCE 
MECHANISMS IN COxiEllA BuRnEtii USING 
N-TERMINAL PROTEOMICS

Iosif Vranakis,1,2 Pieter-Jan De Bock,3,4 Kris Gevaert,3,4 Anastasia Papadioti,5 
Georgios Samoilis,1 Yannis Tselentis,1,2 Georgios Tsiotis,5 Anna Psaroulaki 1,2 
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Objectives: The aetiological agent of Q fever, Coxiella burnetii, is an ob-
ligate intracellular bacterium that multiplies within a phagosome-like 
parasitophorous vacuole. While tetracycline is considered the mainstay 
of antibiotic therapy for Q fever patients, C. burnetii and tetracycline-
resistant strains have been isolated from heart valves of patients receiv-
ing treatment for years. Resistance to tetracycline can arise via several 
mechanisms utilized by pathogens to avoid killing. To date, there is no 
study investigating the molecular mechanisms of C. burnetii that confer 
to the bacterium resistance to tetracycline.
Methods: In a broad investigation for C. burnetii mechanisms that con-
fer resistance to tetracycline (TC), in vitro developed doxycycline-resis-
tant C. burnetii strains were quantitatively compared with susceptible 
ones on the level of total proteome using the MS-driven COmbined 
FRActional DIagonal Chromatography proteomics technique. The pre-
dicted function of each protein was identified in silico using freely avail-
able genome annotation databases. Proteins were then categorized 
according to their function.
Results: Out of the 531 unique proteins identified to both strains, 5 
proteins were over-expressed in TC resistant strain and 19 in the sus-
ceptible one. Although the differential protein expression ratios did 
not highlight a TC resistant mechanism, a broader investigation of the 
531 identified proteins revealed that the vast majority of the proteins 
with predicted role in translation and protein biosynthesis (inhibition 
of which, is tetracycline’s mode of action) were located bordering the 
statistically significant over-expressed proteins in the TC resistant 
strain thus suggesting the existence of a ribosome protection mech-
anism. In this context, a protein (GTP-binding protein lepA) sharing 
the major characteristics of ribosomal protection proteins (known 
mechanism of tetracycline resistance), was identified. In addition, two 
proteins that belong to the major fascilitator transporter superfamily 
(Q83EP3 & Q83DK2) and several others that are implicated in efflux 
pumps were identified.
Conclusions: The results highlight the ability of C. burnetii to withstand 
bacterial protein synthesis inhibition by TC via the existence of at least 
three different TC resistance mechanisms. The existence of a ribosomal 
protection protein, two major fascilitator transporter proteins and a 
multi-drug efflux pump suggest that TC resistance in C. burnetii could 
be a multi-faceted process.

P190  COMPARATIVE GENOMICS OF RiCkEttsiA hElvEtiCA

Dong Xin, Khalid El Karkouri, Catherine Robert, Didier Raoult, 
Pierre-Edouard Fournier

Unité de Recherche en Maladies Infectieuses et Tropicales Emergentes CNRS-
IRD UMR6236-198, Université de la Méditerranée, Faculté de Médecine, 13385 
Marseille cedex 5, France
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Object: Rickettsia helvetica was first isolated in 1979 from Ixodes 
ricinus in Switzerland. R. helvetica is a tick-borne member of spotted 
fever group rickettsiae. Its pathogenesis for humans is debated. We 
sequenced its genome in order to determine its genetic characteris-
tics by comparison with other species.
Method: R. helvetica strain C9P9 was sequenced using Sanger sequenc-
ing. 17,173 shotgun reads were analyzed and assembled using the 
Phred, Phrap and Consed softwares. Genome finishing was performed 
using the Phusion DNA Polymerase and specific primers. All finishing 
sequencing reactions were performed using the ABI3130 sequencer. 
Protein-coding genes (Coding sequences, or CDS) were deduced from 
the sequence using the Amigen software. Their functional annotation 
was obtained by comparing their amino acid sequence to GenBank us-
ing BLASTP. tRNA genes were identified using tRNAscan-SE.
Result: The R. massiliae, R. felis, R. canadensis and R. bellii genomes 
were used as reference sequences. The expected genome size was 
1.34 mb. One 47-kb-plasmid was identified, and the presence of a 
second plasmid is investigated. In addition, 194 contigs, ranging from 
143 bp to 5 kb had a significant similarity to other rickettsial genomes, 
but could not be integrated into the Consed assembly. We identified 
1,728 CDS, including 842 complete genes, 148 split genes (made of 418 
CDS), and 217 fragment genes. We also identified 39 RNAs, including 
21 tRNAs.
Conclusions: The R. helvetica genome appears highly degraded, as 
842 of the 1,728 CDS only were complete genes (>50% fragmented or 
split genes). Some of the split genes were interrupted by a complete 
transposase, which may be an important evolutionary factor of this 
genome.

P191  IDENTIFICATION AND EVOLUTIONARY 
RELATIONSHIPS OF RiCkEttsiA hElvEtiCA PLASMID

Khalid El Karkouri, Dong Xin, Catherine Robert, Didier Raoult, 
Pierre-Edouard Fournier

Unité de Recherche en Maladies Infectieuses et Tropicales Emergentes CNRS-
IRD UMR6236-198, Université de la Méditerranée, Faculté de Médecine, 13385 
Marseille cedex 5, France

Objective: Rickettsia helvetica is a spotted fever group rickettsia. It was 
first isolated in Ixodes ricinus ticks, both nymphal and adult, collected 
from the vegetation in Switzerland in 1979, and referred to as “Swiss 
agent” strain C9P9. The presence of this species was later reported in 
France and Sweden in I. ricinus ticks. In 2008, Baldridge et al. identified 
a ~50 kb plasmid in R. helvetica by Pulsed-field gel electrophoresis and 
Southern blot analysis. We identified and annotated the R. helvetica 
plasmid following an assembly of the whole genome shotgun sequence 
reads of its genome.
Methods: The syntaxic and functional annotation was performed using 
an in-house pipeline against the non-redundant NCBI database, where-
as comparative genomics and evolutionary relationships were carried 
out using the BLASTP, Muscle and MEGA softwares.
Results: The circular plasmid has a size of 47,329 bp, a coding capacity 
of 86%, a GC content of 33% and a total of 45 genes represented by 55 
CDSs, 15 genes being split or fragments.
Conclusions: The R. helvetica plasmid was compared to other rickettsial 
plasmids in terms of content and evolutionary relationships.

P192  EFFECTS OF RiCkEttsiA RiCkEttsii INFECTION ON 
THE GLOBAL GENE ExPRESSION PROFILE OF THE TICK 
VECTOR AmBlyOmmA AuREOlAtum

Galletti M.F.B.M.,1 Malossi C.D.,1 Gruber A.,1 Rangel, L.T.L.D.,1 Soares J.F.,2 
Soares H.S.,2 Pinter A.,3 Labruna M.B.,2 Daffre S.,1 Fogaça A.C.1
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Objectives: The obligate intracellular bacterium Rickettsiia rick-
ettsia is the etiologic agent of the severe human illnesses Rocky 
Mountain and Brazilian Spotted Fevers (RMSF and BSF, respective-
ly). This bacterium is transmitted to humans by different species 
of ticks. In Brazil, Amblyomma aureolatum is one of the tick species 
responsible for BSF transmission. Interestingly, R. rickettsii is also 
detrimental to tick vectors, diminishing survival and reproductive 
rates. With the aim of elucidate the molecular mechanisms respon-
sible for such damaging effects, we have determined the global 
gene expression profile of A. aureolatum after infection with R. 
rickettsia.
Methods: To identify genes of A. aureolatum that are differentially ex-
pressed after R. rickettsia infection, total RNA of the salivary glands of 
infected or non-infected adult females was used to generate two spe-
cific cDNA libraries by suppression subtractive hybridization. Randomly 
picked clones of infected (AaI) and uninfected (AaC)-specific libraries 
were sequenced and submitted to bioinformatics processing.
Results: After bioinformatics processing of A. aureolatum clone se-
quences, 69 single sequences were obtained, where 57 are AaI-specific 
and 12 are AaC-specific. Among AaI-specific sequences, which corre-
spond to genes up-regulated by R. rickettsia infection, it was observed 
seven cytochrome oxidase subunits, four secreted proteins, and four 
proteins containing Kunitz inhibitor or von Willebrand factor domains. 
AaC-specific sequences, which correspond to genes down-regulated by 
infection, include two histamine binding proteins and one protein be-
longing to chaperonin family. 
Conclusions: R. rickettsia infection modulates the global gene expres-
sion profile of salivary glands of female A. aureolatum inducing, for in-
stance, genes encoding proteins with Kunitz-inhibitor domains, which 
are involved in immune responses. Real time RT-PCR validation of fif-
teen differentially expressed genes is underway. Validated genes will 
be selected for functional characterization using RNA of interference 
(RNAi).
Supported by FAPESP.

P193  EVOLUTION OF THE msp2 PSEUDOGENE REPERTOIRE
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Paul G. Allen School for Global Animal Health, Washington State University, 
Pullman, WA 99164

The tick-borne pathogen, Anaplasma marginale, contains the msp2 
gene family that encodes the variable immunodominant Major Sur-
face Protein 2 (MSP2), composed of a single expression site (ES) and 
five to eight pseudogenes depending on the strain. Each pseudo-
gene is a truncated version of the ES and contains a central hypervari-
able region (HVR) flanked by conserved regions. Segments of the HVR 
from different pseudogenes can be recombined into the ES to create 
antigenically distinct MSP2 variants, which are the key for the organ-
ism to evade adaptive immunity. Previous data has shown that the 
pseudogene repertoire undergoes competing selective pressures: 
1) Towards diversity for maximum ability for immune evasion and 2) 
towards homogeneity in selection for the most functionally adapted 
variants, exhibited by increased growth fitness when whole pseudo-
gene variants are expressed in the ES. We hypothesized that the evo-
lution of the pseudogene repertoire is through a (pseudo)gene dupli-
cation process, with subsequent accumulation of mutations through 
either point mutation or segmental changes in the duplicated pseu-
dogene. In this way the pathogen can maintain fitness while prob-
ing for a new “best fit” pseudogene to maintain in the repertoire. To 
test the hypothesis we sequenced the pseudogene repertoire from 
several A. marginale strains through a pseudogene locus targeted 
strategy. The results indicate that the pseudogene loci are conserved 
between strains, and that identical pseudogenes occur in multiple 
strains. The data reveal that (pseudo)gene duplication has occurred 
several times and show accumulation of segmental changes in pseu-
dogenes derived from duplication events. We will present data show-
ing that these accumulated changes result in novel immune escape 
variants. Our data supports the hypothesis that the evolution of the 
msp2 pseudogene repertoire is through a gene duplication and sub-
sequent mutation scenario.



International Meeting on Rickettsiae and Rickettsial diseases6th

102

P194  PROTEOMIC STUDY OF RhipiCEphAlus (BOOphilus) 
miCROplus TICK CELLS (BME-26) INFECTED BY 
AnAplAsmA mARginAlE
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Objectives: Anaplasmosis is a cattle disease that causes severe eco-
nomic losses to Brazilian livestock. It is caused by the bacterium Ana-
plasma marginale being transmitted by the tick vector Rhipicephalus 
(Boophilus) microplus. The aim of this study was to perform a quantita-
tive proteomic analysis of R. (B.) microplus embryonic cells (BME-26) 
infected with A. marginale. 
Methods: Proteins were extracted 24 hours after BME-26 culture infec-
tion and the quantification (infected vs. uninfected cells) was done by 
spectral count of 2D LC-MS/MS runs. 
Results: After statistical analysis 228 proteins showed to be differen-
tially abundant during the A. marginale infection: 142 being down-
regulated and 86 up-regulated compared with uninfected control cells. 
The Gene Ontology analysis at biological process categorization rev-
eled proteins involved with cellular homeostasis, response to stress and 
oxidation-reduction activity. 
Conclusions: The identification of these proteins and their respective 
metabolic or signaling pathways may provide interesting information 
about bacteria-tick interaction, helping us to understand the mecha-
nisms of Anaplasma marginale infection control in ticks and therefore 
the anaplasmosis.
Supported by: FAPESP, CNPq, NIH, BACF-UTEP.

P195  GENOME SEQUENCES OF VIRULENT AND 
ATTENUATED STRAINS OF THE RiCkEttsiAlEs 
EhRliChiA RuminAntium

Damien F. Meyer, Alain Viari, Valérie Barbe, Thierry Lefrançois, Roger Frutos, 
Christian Sheikboudou, Nathalie Vachiéry, Dominique Martinez

Objectives: Ehrlichia ruminantium causes heartwater, a fatal disease 
of ruminants in Sub-saharan Africa, Indian Ocean and some Carib-
bean islands. Several fatal human infections with E. ruminantium 
have recently been reported in Africa, suggesting that this bacte-
rium could be zoonotic like other Anaplasmataceae. This obligate 
intracellular bacterial pathogen is transmitted by ticks of the genus 
Amblyomma and threatens livestock on the American continent. In 
order to generate an efficient vaccine against heartwater and to 
the identify new targets for diagnostic, we carried out genome se-
quencing projects of E. ruminantium. Complete genome sequences 
have already been published for three virulent strains, including 
Gardel strain. We report here the complete genome sequences of 
attenuated Gardel strain and of virulent and attenuated Senegal 
strains. 
Methods: Genomic DNAs extracted from purified elementary bodies 
were sequenced de novo using the 454 pyrosequencing technology. 
Multiple rounds of assembly were performed and gaps were filled in 
through direct sequencing with custom-made primers. The annotation 
process was conducted with the integrated computer environment Ge-
noStar. CDSs were identified using Markov chain models and we com-
puted size plasticity regions.
Results: As other sequenced E. ruminantium strains, the genome of 
these three new sequenced strains is a single circular chromosome of 
~1,5 Mbp in size. The genome contain ~950 protein-coding sequenc-
es, numerous of tandem repeats and a particularly low G+C content of 
~27%. Relationship to other sequenced E. ruminantium genomes has 
been determined. The comparison led to the identification of unique 
genes for each strain but also to the characterization of chromosomal 
micro- and macro-rearrangements. We identified mechanisms of 
plasticity and revealed specific and conserved pathogenicity deter-
minants.
Conclusions: Our results provide striking evidence of genome plas-
ticity and sources of rapid genome evolution of E. ruminantium. 

The genomic comparisons between virulent and attenuated strains 
pointed out genomic variations and revealed candidates regions in-
volved in the attenuation phenomenon of this pathogen. Our data 
will provide clues on the rapid emergence of pathogenic genotypes 
and will help to explain the extraordinary genetic diversity of Eh-
rlichia ruminantium strains in the field. Altogether these data should 
lead to the design of new generation vaccines and diagnostics.

P196  IDENTIFICATION AND EVALUATION OF PROTEIN 
CANDIDATES FOR Q FEVER SERODIAGNOSIS BY 
IMMUNOPROTEOMICS AND PROTEIN MICROARRAY 
APPROACH

Xiaolu Xiong,1 Xile Wang,1 Bohai Wen,1 Stephen Graves,2 John Stenos 2

1 State Key Laboratory of Pathogen and Biosecurity, Beijing Institute of 
Microbiology and Epidemiology, Beijing 100071, China

2 Australian Rickettsial Reference Laboratory, DHRI, Barwon Health, Geelong 
Hospital, Geelong VIC 3220

Coxiella burnetii is the etiological agent of Q fever. In this study an im-
munoproteomic study of C. burnetii Xinqiao strain was conducted by 
probing the proteins of C. burnetii whole cells separated by 2-D elec-
trophoresis with sera from experimentally infected Balb/c mice and Q 
fever patients. Twenty of the proteins recognized by the infection sera 
were identified by mass spectrometry. Nineteen of the 20 proteins were 
successfully expressed in Escherichia coli and the resultant 19 recombi-
nant proteins were used to fabricate a microarray. The protein microar-
ray was probed with the infection sera and 7 of the 19 proteins were 
recognized by more than 40% of the late acute Q fever sera, suggesting 
that the 7 protein antigens are good candidates for a new Q fever sero-
diagnostic assay.

P197  lEgiOnEllA AND RiCkEttsiA RALF C-TERMINAL 
DOMAIN PLAYS A KEY ROLE IN RALF LOCALIzATION 
AND FUNCTION

Eric Alix, Laurent Chesnel, Craig Roy

Rickettsia species possess a type 4 secretion system for which no ef-
fector has yet been identified. The R. prowazekii protein RalF (RpRalF) 
is homologous to the Legionella pneumophila type 4 secretion system 
effector RalF (LpRalF), and is then an interesting effector candidate. 
Moreover, RalF possesses a domain homologous to the eukaryotic 
domain Sec7, involved in the activation of the small protein G Arfs. 
Our objective is to unveil the function of R. prowazekii and L. pneu-
mophila RalF. RalF can be divided in an N- and a C-terminal domain. 
We confirmed that LpRalF and RpRalF N-terminus both possess an Arf-
GEF activity in vitro and in vivo. Despite high similarity, Legionella and 
Rickettsia RalF Cterminus have very different effects when ectopically 
expressed in eukaryotic cells. LpRalF Cterminus localizes at vesicular 
structures around the cell nucleus and disrupts protein secretion. On 
the other hand, RpRalF Cterminus localizes at the plasma membrane 
and disrupts actin stress fibers. Both LpRalF and RpRalF Cterminus are 
associated with the cell membrane fraction, but have affinity for dif-
ferent membranes in the cell. Moreover RpRalF, but not LpRalF, inter-
acts with phosphoinositides (PIPs) in vitro. Focusing on amino acids 
divergent between LpRalF and RpRalF, we found residues involved in 
RpRalF Cterminus binding to PIPs. RpRalF mutated for these residues 
do not bind to PIPs in vitro. Interestingly, these mutants ectopically ex-
pressed in mammalian cells do not localize to the plasma membrane, 
and do not disrupt actin stress fibers. Instead, they localize to vesicu-
lar structures around the nucleus similarly to LpRalF. We found that 
the Rickettsia and Legionella RalF proteins have different functions 
in the eukaryotic cell. Whereas LpRalF interferes with the secretory 
pathway, RpRalF interferes with actin dynamics and interaction with 
phosphoinositides is required for this effect. This study provides a first 
step towards the understanding of the role of the effector RalF during 
infection.
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P198  APRICK, AN ACTIVE RETROVIRAL-LIKE ASPARTIC 
PROTEINASE HOMOLOGUE FROM RiCkEttsiA 
COnORii
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Objectives: The emerging character of Rickettsial diseases strengthens 
the importance of identifying new protein factors that may work as po-
tential therapeutic targets. A bioinformatics analysis performed in our 
laboratory revealed one gene encoding a putative aspartic proteinase 
(AP) highly conserved in all Rickettsia genomes. This novel type of rick-
ettsial AP is predicted to be membrane-embedded, with a C-terminal 
soluble domain comprising one highly conserved active site consensus 
motif (DTG). The striking pattern of conservation among all Rickettsia 
species suggests that this proteinase may play a critical role in rickettsial 
pivotal processes. Therefore, our goal is to study this gene product by 
heterologous expression in E. coli and, thereby, provide further insights 
into structure/activity relationships of this novel retroviral-type AP.
Methods: The synthetic gene coding for R. conorii’s AP was used as 
the working-model in this study. Its soluble domain (rAPRickSD) and 
active-site mutant were cloned into pGEX-4T2 and expressed in E. coli. 
Activation time-course studies were undertaken and proteolytic activ-
ity was tested. Similar studies were performed with rAPRickSD and in-
termediate activation forms expressed as His-tagged fusion proteins. 
The full-length coding sequence (rAPRickFL) was cloned into pET-28a 
(with a His-tag); E. coli cellular extracts were fractionated and analyzed 
by immunoblot.
Results: Our results demonstrate that rAPRickSD fused to GST un-
dergoes multi-step processing, resulting in the formation of different 
products over activation time. The final activation product comprises 
the catalytic domain and displays activity towards insulin. Mutation of 
APRickSD’s catalytic motif affects significantly this maturation process, 
confirming that R. conorii’s AP is dependent on the conserved catalytic 
aspartate residue for activity. APRickSD auto-activation is also affected 
by EDTA. A similar self-processing activity is observed when rAPRickSD 
is fused with a His-tag or when intermediate activation forms are over-
expressed. To address intracellular localization, the full-length protein 
was expressed in E. coli with a His-tag. Immunoblotting analysis demon-
strates that rAPRickFL is indeed membrane-embedded and is also able 
to undergo self-processing. 
Conclusions: We provide evidences that this new AP from Rickettsia 
is indeed an active enzyme and confirm its predicted membrane-
embedded nature. Our results anticipate novel structure/function re-
lationships for these previously unknown retroviral-like APs and raise 
new questions about their functional relevance in Rickettsia.

P199  MULTI LOCUS APPROACHES FOR THE 
CHARACTERIzATION OF THE DIVERSITY OF THE 
RiCkEttsiAlE EhRliChiA RuminAntium

Damien F. Meyer, Nadia Haddad, Ludovic Pruneau, Héloïse Pilet, 
Hassane Adakal, Henri-Jean Boulouis, Dominique Martinez, 
Thierry Lefrançois, Nathalie Vachiéry 

Objectives: Ehrlichia ruminantium, (ER) is the causative agent of heart-
water, a major tick-borne disease of livestock in Africa. It is present in 
Indian Ocean and in the Caribbean islands. Heartwater control improve-
ment using vaccine strategy is strongly linked to a better genetic char-
acterization of the strains circulating in the different areas. Since now, 
strain typing has been mainly based on single genes like pCS20. Map1 
gene is a good discriminatory tool, however, it is not associated either to 
geographical origins or cross protection groups. In order to character-
ize ER diversity and to study its phylogeny and phylogeography, multi 
locus typing methods for ER were used. 
Methods: First, we developed a MLVA (Multiple-Locus Variable number 
tandem repeats analysis) scheme for ER using 21 VNTRs. The stability 
of these VNTR was evaluated by comparing the profiles of virulent ver-
sus attenuated strains. We then carried out our analysis on 45 ER strains 
from different geographical areas (Caribbean islands, Africa and Indian 

Ocean region), using both MLVA and MLST (Multi-locus sequence typ-
ing), which had been developed previously. 
Results: The global genetic DI value based on the number of alleles 
and on their frequency was 0.96. The VNTR dendrogram structure was 
globally similar to the MLST genetic tree (NJ method). The discriminat-
ing power within a cluster of strains was higher with MLVA than with 
MLST. Geographical clusters were defined: one group with West Afri-
can strains, one group with West Africa strains and Caribbean strains 
and one group with several strains from Indian Ocean which are closed 
to South African strains. The use of VNTRs highlighted differentiation 
within the cluster of Caribbean strains and Indian Ocean strains prob-
ably associated with recent genetic events.
Conclusions: The characterization of a cluster of strains from West Af-
rica and Caribbean islands reinforced the hypothesis of the historical 
origin of Caribbean islands from Senegal through the trade of cattle and 
slave during the eighteen century. On the other hand, the relation be-
tween South Africa strains and Indian Ocean strains should be clarified 
using a large panel of strains. The use of multi-locus approaches will be 
used for further regional molecular epidemiological studies. 

P200  IDENTIFICATION OF A NEW OLIGORIBONUCLEASE 
MEMBER IN BARtOnEllA

Ma Feng Liu,1,2 Sandra Cescau,3 Undine Mechold,3 Henri-Jean Boulouis,1 
Francis Biville 1,3
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Exploring the sequenced Bartonella genomes reveals that homo-
logues of 38 essentials genes of E. coli are missing in these absent in 
these bacteria. In Escherichia coli, one essential gene encodes for a 
oligoribonuclease (Orn) that degrades oligoribonucleotides of five 
residues and shorter in length (1). Orn homologues were mainly 
found in Betaproteobacteria, and Gammaproteobacteria. In Bacillus 
subtilis, NrnA which have no any sequence similarity with Orn, have 
been identified as functional analog of Orn (2). NrnA homologues 
were found in genomes of Firmicutes, Chlorobi/Bacteroidetes. Some 
Actinobacteria genomes encode for both Orn and NrnA homo-
logues. Sequence comparisons not allowed identifying orn, nrnA, 
homologues in the genomes of the Chlamydia/Cyanobacteria and Al-
phaproteobacteria family’s members (3). Genomes of Bartonella, be-
longing to Alphaproteobacteria family, not encode for Orn, or NrnA 
homologues. By screening a genomic library from Bartonella birtlesii, 
through complementation assays of Escherichia coli orn mutant, we 
have identified an Orn functional homolog in Bartonella birtlesii. This 
Orn functional homologue is well conserved (more than 80% iden-
tity) in the Bartonella genomes yet sequenced. Further biochemi-
cal characterization put in evidence that this protein, exhibits oligo 
RNA degradation activity. According to its activity, this new member 
of the Orn tribe is close to the Orn characterized in Escherichia coli. 
Sequence comparisons reveal that a gene encoding for this fourth 
member of the Orn tribe was present in the genome of Alphaproteo-
bacteria. The knock-down of orn decreases significantly the growth 
ability of Bartonella henselae, thus demonstrating the importance of 
Orn activity in this bacterium.
1.  Ghosh S. & Deutscher MP. (1999). Oligoribonuclease is an essen-

tial component of the mRNA decay pathway. Proc Natl Acad Sci USA 
96(8):4372-4377.

2.  Fang M., et al. (2009). Degradation of nanoRNA is performed by multi-
ple redundant RNases in Bacillus subtilis. (Translated from eng) Nucleic 
Acids Res 37(15):5114-5125 (in eng).

3.  Mechold U., Fang G., Ngo S., Ogryzko V., & Danchin A. (2007). YtqI from 
Bacillus subtilis has both oligoribonuclease and pAp-phosphatase ac-
tivity. Nucleic Acids Res 35(13):4552-4561.
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P201  DEVELOPMENT OF SNP-BASED GENOTYPING OF 
BARtOnEllA hEnsElAE AND COMPARISON OF ITS 
PERFORMANCE WITH MLST FOR DEFINING INTRA-
SPECIES POPULATION STRUCTURE
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Bartonella henselae is an emerging zoonotic agent, causing cat-scratch 
disease, and, less frequently, bacillary angiomatosis, bacillary peliosis 
and a spectrum of other syndromes. Multilocus sequence typing (MLST) 
has been widely applied to study the population structure of B. hense-
lae, and three clonal complexes comprising of 30 sequence types (STs) 
have been described to date. Interestingly, although MLST delineates 
many different STs in Europe, B. henselae populations in East Asia appear 
to be far less diverse. To test whether this observation is the result of lim-
ited natural diversity of B. henselae in the Far East or a failure of MLST to 
accurately reflect a broader natural diversity of B. henselae in the region, 
we assessed diversity among eight B. henselae isolates belonging to 
MLST ST1 from China and the UK as determined using single-nucleotide 
polymorphism (SNP) typing based on genomic data generated for the 
B. henselae isolates using SOLiD next generation sequencing technol-
ogy. Analyses showed that the isolates resolved into two distinct clus-
ters, one, referred to as “strict ST1”contained all 4 ST1 isolates from UK 
and only one from China, whereas the other, referred to as “divergent 
ST1” contained 3 isolates from China. The divergence between the two 
ST1 clusters was akin to that observed between ST1 and other closely-
related, but distinct STs. Our study highlights potential inaccuracies in 
MLST for delineating closely related B. henselae strains, but supports the 
observation that the B. henselae populations in East Asia are markedly 
less diverse than those in Europe.

P202  GENES INVOLVED IN VIRULENCE AND ATTENUATION 
MECHANISMS OF EhRliChiA RuminAntium BY 
TRANSCRIPTOMIC ANALYSIS

Ludovic Pruneau, Loïc Emboulé, Bernard Mari, Damien F. Meyer, 
Valérie Pinarello, Christian Sheikboudou, Dominique Martinez, 
Thierry Lefrançois, Nathalie Vachiéry

Objectives: Ehrlichia ruminantium, ER, is the causal agent of heartwater, 
a fatal disease in ruminants. Both attenuated and inactivated vaccines 
are protective against homologous strains but are less efficient during 
field trials. The lack of efficiency is due to the high diversity of strains in 
the field. Since now, three strains have been attenuated and could not 
protect against a wide range of strains. The objectives of this study are 
to understand the mechanisms of virulence and attenuation of ER by 
comparison of the gene expression between virulent and attenuated 
strains and to identify the genes involved in the development of the 
bacteria. 
Methods: Production of virulent and attenuated strains samples was 
possible using an in vitro model. High throughput analysis of gene ex-
pression was conducted using DNA chips comparing the differential ex-
pression of genes between 3 times post infection and between virulent 
and attenuated strains. 
Results: Genes differentially expressed between the virulent and 
attenuated strains Gardel and genes specific to each stage of devel-
opment were identified. Globally, 25% of identified genes were dif-
ferentially expressed between virulent and attenuated strains. Half 
of genes were differentially expressed at late stage of development. 
Among over-expressed genes identified for virulent strain, certain 
genes have been described previously in other intracellular bacte-
ria (R. conorii) to be involved in evasion of the host cell immune re-
sponse. They were mainly involved in DNA repair (helicase, ligase), 

in the diminution of the oxidative (thioredoxin) and of osmotic stress 
(ProP transporter), the interaction with host cell processes (AnkA) and 
the inhibition of endosome fusion (SNARE like protein). Between in-
termediate and late stages post infection for virulent strain, only 5% 
of identified genes were differentially expressed. This low percentage 
between the stage of multiplication and the latent stage is surprising. 
Conclusions: Genes coding for proteins involved in the evasion of host 
response were identified for Gardel strain. The gene expression results 
will be compared to the results of ER genome sequencing and pro-
teomic projects in order to understand the behavior of ER. The differ-
ential gene expression of Senegal strain, virulent and attenuated forms, 
will be studied in order to highlight other mechanisms of attenuation.

P203  16S RRNA SEQUENCE ANALYSIS OF THE GENUS 
AnAplAsmA FROM ANIMALS IN zHEJIANG PROVINCE, 
CHINA

Qunying Lu,1 Feng Lin,1 Shihua Gu,2 Shougui Zheng,3 Junhua Ge,4 
Jimin Sun,1 Liping Jiang,1 Chengliang Chai,1 Xiaodong Ye,3 Jianmin Wu,1 
Lijuan Zhang 5

1 Zhejiang Province Center for Disease Control and Prevention, Hangzhou 310051, 
China 

2 Anji County Center for Disease Control and Prevention, Anji, Zhejiang, China
3 Jindong Center for Disease Control and Prevention, Jinhua, Zhejiang, China
4 Tiantai County Center for Disease Control and Prevention, Tiantai, Zhejiang, 
China

5 National Institute of Communicable Disease Control and Prevention, China CDC, 
Beijing, China

Tick-borne rickettsioses are now recognized as emerging or reemerg-
ing human infections worldwide. Anaplasmas are obligate intracellular 
aetiological prokaryotes of tick-borne disease called anaplasmosis in 
mammals. Wild mammals are the primary reservoirs of anaplasmosis. 
Among them five species, A. marginale, A. centrale, A. phagocytophilum, 
A. bovis and A. ovis, are known to infect mammals including cattle, sheep, 
goat and deer. Anaplasma phagocytophilum has been recognized as an 
emerging human pathogen of public health significance. In 2005, the 
16S rRNA genes of Anaplasma species were amplified first in northern 
China and confirmed that there were at least two different Anaplasma 
species (A. marginale and A. ovis) widespread among ruminants. Recent-
ly, A study showed a relevant proportion of cattle and goats infected 
with Anaplasma sp. in southwestern China. Phylogenetic analysis of the 
16S rRNA genes revealed that there are at least three Anaplasma spe-
cies circulating among ruminants in Southwestern China, A. marginale, 
A. centrale and A. ovis. The present study was aimed at investigating the 
infectious situation of Anaplasmas in rodents and domestic animals in 
Zhejiang Province. Zhejiang Province is located in the southeast of Chi-
na and has a humid subtropical monsoon climate. The animal samples 
were from mountainous and hilly areas in three counties, Anji county (N 
30.68, E 119.68), Tiantai county (N 29.15, E 121.03), Jinhua county (N 29.12, 
E 119.64). The rodent species detected included R. norvegicus, R. confu-
cianus, A. agrarius, R. losea, R. bowersii, R. fulvescens, and R. flavipectus. 
Spleens and livers removed from the rodent animals. Bleed domestic 
goats and cattle randomly selected. The spleens, livers and blood were 
used to extract DNA for amplifying. The nucleotide sequences of nearly 
entire 16S rRNA gene amplified by using nest PCR and sequenced. Di-
versity of 16SrRNA genes was analyzed. The 16S rRNA gene sequences 
from positive samples were compared with Anaplasmas sequences 
known in GenBank. The results in this study indicate that there are at 
least six Anaplasma dominant strains circulating among rodent and 
domestic animals in Zhejiang Province. Strain ZJ02/2009 from cattle 
(GenBank accession No. HM439433) has 100% identity compared with 
an A. marginale strain Florida. Strain ZJ05/2009 detected in R. confucia-
nus and A. agrarius has a 98.68% similarity with A. bovis. Strain ZJ01 
2009 detected in goats and cattle(HM439432) has a 99.93% similarity 
with strain szg-3 (FJ389576). Strain ZJ04/2009 detected in goats, cattle, 
R. confucianus and R. bowersii (HM595732) has a 99.86% similarity with 
strain Wulong (FJ169956). Strain szg-3 and strain Wulong were detect-
ed in goats from southwestern China, obviously differing from other 
Anaplasma sp. sequences in GenBank. Strain ZJ01/2008 from R. losea 
(HM439430) has a 99.63% similarity with A. phagocytophilum strain HZ 
(CP000235). Strain ZJ06/2009 from a cattle has a 99.48% similarity with 
strain HZ (CP000235). So far, there are obvious gene variations existing 
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in three A. phagocytophilum strains, Strain ZJ01/2008, Strain ZJ06/2009 
and a Strain (DQ458807) from rodents and domestic animals in Zheji-
ang Province. The strain (DQ458807) was detecded in R. norvegicus, 
R.confucianus and N. coxingi by Lin Zhan. The 16S rRNA gene sequences 
differ from A. phagocytophilum in northeastern China and in other areas 
of world. Further study is required to sequence other genes of A. phago-
cytophilum in rodents and domestic animals to obtain more evidences 
to identify new genotype existing probably in Zhejiang Province.
Acknowledgements: We gratefully acknowledged the colleagues in Zheji-
ang Province CDC, Anji County CDC, Jindong CDC, Tiantai County CDC for 
their assistance on sample collection. This study was supported in part by 
National important basic research and development planning project, 973 
project 2010CB530200 (2010CB530206).

P204  THE GENOME OF EhRliChiA muRis: A MODEL 
MONOCYTOTROPIC EhRliChiA

Nagaraja R. Thirumalapura, Jeeba A. Kuriakose, David H. Walker

Department of Pathology, University of Texas Medical Branch, Galveston, Texas, 
USA

Objectives: Ehrlichiosis is a tick-transmitted disease of humans and 
animals caused by obligately intracellular bacteria belonging to the 
genus Ehrlichia. The complete genomes of E. chaffeensis, E. canis, and 
E. ruminantium, which are causative agents of the emerging human 
monocytotropic ehrlichiosis, canine ehrlichiosis and heartwater disease 
of ruminants, respectively, have provided a wealth of information to our 
understanding of their evolution, pathogenesis and immune evasive 
mechanisms. However, the lack of information on the genomes of E. 
muris and Ixodes ovatus Ehrlichia (IOE), that are used in the well estab-
lished murine models of ehrlichiosis, is impeding further advances in 
the field. The objectives of the present study are to sequence, annotate 
and to carry out comparative analysis of the genome of E. muris. 
Methods: We have sequenced the genome of Ehrlichia muris using the 
Roche GS FLX system (Eurofins mwg | operon, AL). We used the Inte-
grated Microbial Genomes-Expert Review (IMG-ER) for automated gene 
predictions, annotation and comparative analysis. 
Results: The draft genome of E. muris has 35 contigs containing 
1,204,716 base pairs (bp) compared to 1,176,248 bp in the complete 
genome of E. chaffeensis. The genome contains approximately 912 pre-
dicted protein coding genes, compared to the 1158 ORFs in E. chaffeen-
sis, of which about 74% of the genes have predicted functions. A sig-
nificant proportion of genes are involved in protein synthesis including 
translation, ribosomal structure and biogenesis (119 genes), followed 
by energy production and conversion (66 genes), coenzyme transport 
and metabolism (57 genes), replication, recombination and repair (55 
genes) and posttranslational modification, protein turnover, chaper-
ones (52 genes). 164 genes have signal peptides, and 234 genes code 
for transmembrane proteins. Comparative genomic analysis identified 
782 and 784 genes of E. muris as homologs of E. chaffeensis Arkansas 
strain and E. canis Jake strain, respectively, with 782 genes common to 
all three genomes. 
Conclusions: The preliminary analysis suggests a high degree of simi-
larity of the E. muris genome with the genomes of E. chaffeensis and E. 
canis. Completion of the genome of E. muris is expected to provide tools 
required to understand ehrlichial pathogenesis and identity of vaccine 
candidates. 

P205  MOLECULAR CHARACTERIzATION OF AnAplAsmA 
phAgOCytOphilum STRAINS BY MULTI LOCUS 
SEQUENCE TYPING (MLST)

Nicole Wüppenhorst, Timo Wolfsperger, Christina Winter, 
Friederike von Loewenich

Institute of Medical Microbiology, University of Freiburg

Objectives: Anaplasma phagocytophilum is a Gram-negative, tick-
transmitted, obligate intracellular bacterium that elicits acute febrile 
diseases in humans and domestic animals such as sheep, cattle, horses, 
dogs, and cats. Roe deer and red deer are regarded as potential reservoir 

hosts. Considerable strain variation has been suggested to occur within 
this species, because isolates from humans and animals differed in their 
pathogenicity for heterologous hosts.
Methods: In order to explain host preference and epidemiological di-
versity, molecular characterization of A. phagocytophilum strains has 
been undertaken. Most often the 16S rRNA gene was used, but it might 
be not informative enough to delineate distinct genotypes of A. phago-
cytophilum. Multi locus sequence typing (MLST) is regarded as standard 
method for the molecular characterization of bacteria and the study 
of bacterial population structures. Therefore, we developed a MLST 
scheme for A. phagocytophilum.
Results: The analysis of the concatenated sequences of seven house-
keeping genes revealed that all roe deer samples were clearly separated 
from those of other host species. 
Conclusions: Thus, roe deer in contrast to red deer are probably not the 
reservoir for infections of humans and domestic animals.

P206  THE RiCkEttsiA slOvACA GENOME CONFIRMS THAT 
GENOME CONSERVATION IN RiCkEttsiA SPECIES IS 
ASSOCIATED TO MILDER DISEASES

Pierre-Edouard Fournier, Khalid Elkarkouri, Catherine Robert, Didier Raoult

Unité de Recherche sur les Maladies Infectieuses Tropicales et Émergentes, CNRS 
UMR 6236, Faculté de Médecine, Université de la Méditerranée, Marseille, France

Objective: In Europe, the most common tick-borne rickettsioses are 
Mediterranean spotted fever and TIBOLA caused by Rickettsia conorii 
and R. slovaca, respectively. Although phylogenetically closely related, 
R. conorii and R. slovaca exhibit clear differences in virulence, the former 
causing a mortality of 2% versus none for the latter.
Methods: We compared the genome sequence of R. slovaca to that of 
R. conorii. Discriminatory genes were then studied in other rickettsial 
genomes.
Results: R. slovaca has a bigger genome than R. conorii, made of a circu-
lar chromosome of 1,275,802 bp including a tra operon but no plasmid. 
R. slovaca exhibits a more conserved genome than R. conorii, with 182 
genes intact in the former and absent (18) or degraded (164) in the lat-
ter vs 101 intact genes in R. conorii and absent (6) or degraded (95) in R. 
slovaca. 
Conclusion: Our data are consistent with the hypothesis that progres-
sive genomic degradation in Rickettsia species is associated to an in-
crease of virulence.

P207  COMPLEMENTATION OF RiCkEttsiA RiCkEttsii RELA/
SPOT RESTORES A NONLYTIC PLAQUE PHENOTYPE

Tina Clark, Damon W. Ellison, Betsy Kleba, Ted Hackstadt

Objectives: Spotted fever group rickettsiae produce distinct plaque 
phenotypes. Strains that cause lytic infections in cell culture form clear 
plaques while non-lytic strains form opaque plaques in which the cells 
remain intact. Clear plaques have historically been associated with 
more virulent species or strains of spotted fever group rickettsiae. We 
performed genomic comparisons of plaque variants to identify the ba-
sis for the distinct plaque pheontypes and identify potential virulence 
determinants.
Methods: Spontaneous mutant pairs were identified from two inde-
pendent strains of Rickettsia rickettsii, the virulent R strain and the aviru-
lent Iowa strain. A non-lytic variant of R. rickettsii R, which typically pro-
duce clear plaques, was isolated and stably maintained. A lytic variant of 
the Iowa strain, which characteristically produces opaque plaques, was 
also selected and maintained. All four variants were compared for viru-
lence in Guinea pigs and mutations defined by genomic resequencing. 
Complementation of the single disrupted gene was utilized to confirm 
a role in the opaque phenotype.
Results: In the Iowa strain, a single mutation introduced a prema-
ture stop codon upstream from the predicted active site of RelA/
SpoT and caused the transition to a lytic plaque phenotype. In R. 
rickettsii R, the non-lytic plaque phenotype resulted from a single 
nucleotide substitution that shifted a tyrosine residue to histidine 
near the active site of the enzyme. The intact relA/spoT thus occurred 
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in variants with the non-lytic plaque phenotype. Complementation 
of the truncated relA/spoT in the Iowa lytic plaque variant restored 
the non-lytic phenotype. The relA/spoT mutations did not affect the 
virulence of either strain in a Guinea pig model of infection; R strain 
lytic and non-lytic variants both induced fever equally and the mu-
tation in Iowa to a lytic phenotype did not cause them to become 
virulent. 
Conclusions: R. rickettsii strains differing in lytic activity show a 
mutation in a gene annotated as relA/spoT-like. This gene was not 
linked to virulence in a Guinea pig model. Complementation with a 
functional relA/spoT gene restored a non-lytic phenotype to confirm 
the role of this gene. Complementation of mutations in rickettsiae 
expands the availability of molecular tools for understanding viru-
lence.

P208  ExTANT ALPHA-PROTEOBACTERIA SURROUNDING 
MITOCHONDRIAL ORIGIN

V. Emelyanov, C. Robert, D. Raoult

Unité de Recherche en Maladies Infectieuses Tropicales Emergentes, Marseille, 
France

There is no doubt that mitochondria, the powerhouses of most eukary-
otes, have originated once in evolution from within the a subdivision 
of Proteobacteria. However, an exact taxonomic source of organelle 
continues to be matter of a hot debate. While most researchers sug-
gest, for a reason which lies mainly beyond mitochondrial origin per 
se, that an organelle has derived from within some group of free-living 
a-Proteobacteria (particularly, family Rhodospirillaceae), most phylo-
genetic data point to the order Rickettsiales of obligate endosymbi-
otic a-Proteobacteria. The order Rickettsiales consists of three families: 
sister groups of Rickettsiaceae and Anaplasmataceae, often called the 
true rickettsiae, and poorly explored family Holosporaceae. Complete 
sequence of a genome of Odyssella thessalonicensis (C. Robert et al., 
unpublished), an endosymbiotic bacterium supposedly belonging 
with Holosporaceae, provided an excellent opportunity to address 
the question regarding the nearest a-proteobacterial relatives of mi-
tochondria. In the present work we used for phylogenetic analyses the 
alignments of several concatenated molecules. These are chaperonin 
60 (Cpn60, also known as Hsp60 and GroEL - supposedly the best mo-
lecular “chronometer”) and Cpn10, both encoded in nuclear eukaryotic 
genomes, mitochondrially encoded 16S + 23S rRNAs, six subunits of 
respiratory complex I (Nuo) and complexes III + IV (Cob and Cox1-3), 
and host genome-encoded IscS + IscU components of iron-sulfur clus-
ter assembly system. As a major criticism of proponents of the idea of 
free-living mitochondrial ancestor is concerned with a similarly low AT 
content of rickettsial and mitochondrial genomes which may cause 
long-branch attraction (LBA) artifact at both DNA and protein level, we 
used PhyloBayes (version 3.2) program known to minimize LBA artifact. 
Along with Rickettsiales species including Odyssella, a broad spectrum 
of Eubacteria was involved. The main results of our phylogenetic study 
are: (1) branching order of bacterial phyla well conforms a conventional 
eubacterial tree topology, with an exception of Nuo, (2) typically ob-
served branching order of bacteria surrounding mitochondrial origin 
is the following: Rhodospirillaceae, Odyssella, Holosporaceae, and Rick-
ettsiaceae + Anaplasmataceae as a sister cluster to mitochondria. It 
should be noted, however, that we can claim only for an apparent trend 
toward this tree topology, as a support for most affiliations was below 
0.95 (posterior probability). In addition, Odyssella thessalonicensis ge-
nome was found to have a homologue of ATP/ADP carrier of non-mi-
tochondrial type, which groups with those of Holosporaceae, whereas 
its valyl-tRNA synthetase is of a-proteobacterial but not rickettsial/ar-
chaebacterial type. We infer from our data that mitochondrial/rickett-
sial common origin could be preceded not only by Holosporaceae, but 
possibly by yet one group of obligate endosymbionts including Odys-
sella. An obvious drawback of our analysis is an absence of Holospora 
full genome or the above sequences.

P209  DEVELOPMENT OF THE TICK TRANSMISSION MODEL 
FOR MONOCYTOTROPIC EHRLICHIOSIS

Saito T.B., Wikel S.K., Bouyer D.H., Walker D.H.

University of Texas Medical Branch at Galveston

Background: Monocytotropic ehrlichiosis is a vector-borne disease 
that has been studied in animal models utilizing needle inoculation in-
stead of the natural mode of tick feeding. Studies of vector-borne dis-
eases have shown different host responses using needle inoculation in 
comparison to vector transmission. 
Objectives: The objective of this study was to develop a tick trans-
mission model for monocytotropic ehrlichiosis in mice, using Ehrlichia 
muris and Ixodes persulcatus ticks. 
Methods: In our initial studies, we determined the bacterial load in 
the blood of C57BL/6 mice infected via intraperitoneal inoculation of E. 
muris. Using this knowledge, we evaluated different time points to feed 
the I. persulcatus larvae during the course of infection to determine the 
best interval of feeding to obtain the highest percentage of infected 
ticks. After the blood-meal, the fed larvae were allowed to molt, and the 
nymphs were used for transmission studies on naïve B6 mice. Five mice 
were infested with five acquisition-fed nymphs each. Blood samples 
were collected from all mice on days 7, 14, and 21 after infestation, for 
detection of bacteria by real time PCR and anti-E. muris antibodies by 
IFA and Western immunoblot analysis. Tissue samples were obtained on 
day 21 for real time PCR for ehrlichial DNA. 
Results: From three of five mice, four fully engorged nymphs were 
recovered and from the remaining mice, only one fed nymph was 
obtained. The result of the tick challenge in the animals, despite the 
absence of detected ehrlichia in tissues and blood by real time PCR, 
revealed that three of five mice had developed IgG anti- E. muris anti-
bodies by immunofluorescence assay, and four of five mice had anti-
bodies to E. muris demonstrated by Western immunoblots. 
Conclusions: These results demonstrate that I. persulcatus ticks are able 
to acquire and transmit E. muris to naïve mice, but studies need to be 
performed to evaluate bacterial loads and quantity of bacteria transmit-
ted by ticks and the relationship to disease severity. The development 
of this tick transmission model for Ehrlichia infections will permit under-
standing of the tick’s role including its saliva on ehrlichial transmission, 
pathogenesis, and host immune responses following natural transmis-
sion.

P210  NEW RiCkEttsiA IN TSETSE FLIES FROM SENEGAL – 
ENDOSYMBIONT OR PATHOGEN?

Oleg Mediannikov, Georges Diatta, Gilles Audoly, Jean-François Trape, 
Didier Raoult

Research Unit on Emerging Infectious and Tropical Diseases (URMITE), UMR 6236 
(CNRS-IRD UMR 198), Medicine Faculty, Marseille, France

Objectives: Tsetse flies are blood-sucking insects transmitting Afri-
can trypanosomiasis. They are known to harbor also three intracellular 
bacteria that play important role in their lifecycle: Wigglesworthia glos-
sinidia, Sodalis glossinidius and Wolbachia sp. We have screened flies 
collected in Senegal for the presence of Rickettsia another arthropod-
associated intracellular bacterium.
Methods: 68 adult tsetse flies were collected in Sine-Saloum region 
of Senegal. The were identified and dissected; the extraction was per-
formed from each part (proboscis, head, head, legs, uterus and abdomi-
nal complex). Mitochondrial cytochrome oxidase 1 was used to confirm 
the fly species identification, standard genus-specific PCR (gltA gene) 
was used for the screening for rickettsiae. A portion of ompA and near-
ly complete gltA and rpoB rickettsial genes of were amplified and se-
quenced. In situ hybridization with rickettsial 16S rRNA probe was used 
to localize and visualize the rickettsia-infeected cells in haemolymph 
smears.
Results: All 68 flies were morphologically identified as Glossina morsita-
ns submorsitans, BLAST search of COI gene confirmed the identification. 
In all parts of all studied flies we identified the presence of rickettsiae by 
PCR (gltA). Amplified and sequenced gltA, ompA and rpoB genes of this 
bacterium are phylogenetically close to obligate intracellular pathogen 
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Rickettsia felis. The presence of this bacterium in all dissected parts sug-
gested the presence of bacterium in haemolymph, and we succeded to 
visualize the rickettsia-infected haemocytes of tsetse fly. 
Conclusions: Rickettsia-like organisms were described many times in 
tissues and organs of tsetse flies, but, most of them were evidently mis-
took for other intracellular endosymbiotic bacteria. Our studies present 
the first evidence of the presence of true Rickettsia in tsetse flies. The 
role of this probable fourth endosymbiotic bacterium of tsetse flies in 
Glossina lifecycle and possible pathogenecity for humans should be 
further investigated.

P211  MULTIPLE TICK-ASSOCIATED BACTERIA IN ixODEs 
RiCinus FROM SLOVAKIA

Geetha Subramanian,1 Oleg Mediannikov,1 Zuzana Sekeyova,2 
Didier Raoult 1

1 Research Unit on Emerging Infectious and Tropical Diseases (URMITE), UMR 
6236 (CNRS-IRD UMR 198), Medicine Faculty, Marseille, France

2 Institute of Virology, Slovak Academy of Sciences, Bratislava, Slovak Republic

Objectives: Ixodes ricinus are important vectors of many emerging 
pathogens, including tick-borne encephalitis virus, Borrelia burgdorferi 
sensu lato, Anaplasma phagocytophilum, Rickettsia helvetica and Rick-
ettsia monacensis. This tick readily bites humans and easily transmits 
pathogens. The spectrum of Ixodes-associated bacteria is not yet com-
pletely studied. Here we tried to identify both well-known and new Ixo-
des associated bacteria in questing ticks.
Methods: 80 Ixodes ricinus ticks including adult 28 adults and 52 
nymphs were collected in Slovakia (Podunajske Biskupice). We have de-
signed 23SrRNA-based genus-specific qPCR system for the detection of 
Borrelia spp., ftsY-based system specific for Arsenophonus aff. nasoniae 
and rpoB-based qPCR system specific for Spiroplasma aff. ixodetis, and 
parC-based qPCR system for identification of Diplorickettsia massiliensis. 
We used previously published qPCR systems for identification of Coxiella 
burnetii and Rickettsia spp. and set of degenerative primers amplifying 
most of the members of Anaplasmataceae family. After amplification in 
a standard PCR all bands were sequenced for species identification.
Results: No tick was found to be infected with C. burnetii and. D mas-
siliensis. We found that 25% of ticks were infected with Borrelia spp. Fol-
lowing amplification of flaB gene showed that at least 5 species of Bor-
relia were present in ticks, B.afzelii (8.75%), B. garinii (7.5%), B. burgdorferi 
(5%), B. valaisiana (2.5%), B. miyamotoi (1.25%). Arsenophonus aff. naso-
niae recently isolated from I. ricinus was identified in 25%, R. helvetica in 
11.3%, Spiroplasma sp. aff. ixodetis in 2.5%, Wolbachia sp. aff. pipientiss 
in 12.5%, A. phagocytophilum in 7.5%, Candidatus Midichloria mitochon-
drii in 3.75%, Ehrlichia muris in 2.5% of ticks. In 35% of ticks no bacteria 
were found; in 45% only one; in 8.75% - two; in 6.25% - three and in one 
nymph four bacteria were found.
Conclusions: We have identified 12 bacterial agents in I. ricinus ticks, 
including human pathogens, like B. afzelii, B. garinii, A. phagocytophi-
lum, R. helvetica. For others the pathogenecity is either supposed or 
unknown. The identification of bacteria like Arsenophonus sp. and Spiro-
plasma sp. shows that the list of tick-associated bacteria is not yet com-
plete. The role of these new bacteria for human and animal health is to 
be evaluated.

P212  ISOLATION OF ARsEnOphOnus SP. FROM ixODEs 
RiCinus TICKS, SLOVAKIA

Oleg Mediannikov,1 Geetha Subramanian,1 Zuzana Sekeyova,2 
Lesley Bell-Sakyi,3 Didier Raoult 1

1 Research Unit on Emerging Infectious and Tropical Diseases (URMITE), UMR 
6236 (CNRS-IRD UMR 198), Medicine Faculty, Marseille, France

2 Institute of Virology, Slovak Academy of Sciences, Bratislava, Slovak Republic 
3 The Roslin Institute and Royal (Dick) School of Veterinary Studies, University of 
Edinburgh, Roslin, Midlothian EH25 9RG, Scotland, UK

Objectives: The tick Ixodes ricinus is the most common tick in Europe, 
especially in woodlands, heaths and forests. This tick readily bites hu-
mans and easily transmits a number of bacterial and viral pathogens. 

However, the spectrum of associated bacteria is not yet completely 
studied. The gammaproteobacteria Arsenophonus spp. combine both 
symbiotic and parasitic features. They were identified previously in Der-
macentor spp. ticks from USA.
Methods: Ten live I. ricinus nymphs were collected from vegetation in 
Rovinka forest, Slovakia. The primary isolation was performed in the 
BME/CTVM2 cell line derived from Rhipicephalus (Boophilus) microplus 
ticks. Axenic culture on Columbia agar at 28 ºC was performed. 16S 
rRNA amplification and sequencing was used for identification; trans-
mission electron microscopy studies were performed. We designed a 
species specific qPCR system for identification of Arsenophonus spp.
Results: A strain of intracellular Gram-negative bacterium was first iso-
lated into BME/CTVM2 cells from one I. ricinus tick. No cytopathogenic 
effects were noticed. 16S sequencing showed that the isolated bacte-
rium belongs to the genus Arsenophonus and, probably, is a strain of 
Arsenophonus nasoniae (99.5% of identity); this was confirmed by am-
plification and sequencing of the rpoB and ftsY genes. ftsY-based qPCR 
showed that up to 30% of I. ricinus nymphs may contain this bacterium. 
We succeeded in isolation of this bacterium in axenic culture in Colum-
bia agar at 28 ºC. Bacteria formed small grey colonies that appeared 5-7 
days after inoculation. Transmission electron microscopy revealed bac-
teria of 2.6±0.8 µm with the typical structure of a Gram-negative bacte-
rium, without pili or flagellae. 
Conclusions: A facultative intracellular bacterium Arsenophonus sp. aff. 
nasoniae was isolated from I. ricinus ticks. This bacterium belongs to the 
family of Enterobacteriaceae which comprises a large group of bacterial 
endosymbionts widely distributed in arthopods. The type strain of this 
bacterium was isolated from a parasitic wasp Nasonia vitripennis, and 
shown to cause the son-killer trait in wasps. Our results show that A. sp. 
aff. nasoniae is widely distributed in I. ricinus nymphs. The role of this 
bacterium in tick, human and animal pathology remains to be evalu-
ated. Genomic studies will improve the understanding of pathogenicity 
and the endosymbiotic relationship between bacteria and host.

P213  BARtOnEllA hEnsElAE IN ECTOPARASITES 
COLLECTED FROM DOMESTIC DOGS (CAnis 
FAmiliARis) IN PIRAÍ, RIO DE JANEIRO, BRAzIL

Namir S. Moreira,1,2 Alexsandra R.M. Favacho,2 Tatiana Rozental,2 
Daniele N.P. de Almeida,2 Elba R.S. Lemos,2 Nádia Almosny 1

1Universidade Federal Fluminense
2 Laboratório de Hantaviroses e Rickettsioses do Instituto Oswaldo Cruz, Fiocruz
 
Objectives: Since 2004 feline samples and their ectoparasites have 
been analyzed for Bartonella in several areas of Rio de Janeiro State, 
where confirmed and suspected cases of bartonellosis have been re-
ported in the last 5 years. The aim of the present study was to inves-
tigate the presence of Bartonella DNA in ectoparasites collected from 
dogs, using molecular method (polymerase chain reaction - PCR).
Methods: Ectoparasitic arthropods were captured from their healthy 
natural hosts (Canis familiaris) at Piraí County, Rio de Janeiro, southeast 
Brazil (latitude 22º28’12”, logitude 43º49’32”), during rabies vaccination 
campaign occurred at 2006 and 2007. These ectoparasites were taken to 
Hantavirosis and Rickettsiosis Laboratory, Oswaldo Cruz Institute, Fiocruz 
(Rio de Janeiro) where were identified by classical enthomological crite-
ria (Aragão & Fonseca) and subsequently kept at -20ºC for further analy-
sis. After taxonomic characterization, ticks and fleas tissues were submit-
ted to DNA extraction using the QIAamp DNA Blood Mini Kit (QiagenTM, 
Hilden, Germany), following the manufacturer’s instructions. The PCR 
was performed utilizing primers CAT1 [5’GATTCAATTGGTTTGAA(G/A)
GAGGCT3’] and CAT2 [5’TCACATCACCAGG(A/G)CGTATTC3’], targeting 
htrA gene, as previously described. 
Results: Of the 186 ectoparasites collected, 125 were Rhipicephalus 
sanguineus (adults), 3 Rhipicephalus sp. (nymph), 3 Amblyomma cajen-
nense (adults), 16 Amblyomma sp. (nymph), 30 Ctenocephalides canis, 8 
Ctenocephalides felis and 1 Anocentor nitens. Ninety-seven samples were 
analyzed and 41 (42.26%) demonstrated specific amplicons: R. sanguin-
eus (23), Amblyomma (5), C. canis (7) and C. felis (6). The partial molecu-
lar analysis showed that the nucleotide sequences of the amplicon had 
99% identity to the homologous B. henselae (Genebank) in (1) R. san-
guineus, (2) C. felis, (1) C. canis and (1) A. cajennense specimens.
Conclusions: Although cats seem to be the most important reservoir for 
Bartonella, other animals and their ectoparasites should be considered, 
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mainly in area where confirmed cases of bartonellosis are reported. Se-
quencing and phylogenetic studies are underway, but the preliminary 
results show that the agent of the cat scratch disease may be present in 
ticks of the southeast states of Brazil and that clinicians should be aware 
of these agents as a probable cause of febrile illness associated with 
lymphadenopathy.

P214  SPECIES COMPOSITION, DISTRIBUTION, ECOLOGICAL 
PREFERENCES AND HOST ASSOCIATION OF HARD 
TICKS (ixODiDAE), IN CYPRUS

Ioannis Ioannou,1 Leonidas Georgalis,2,3 Dimosthenis Chochlakis,2,3 
Byron Papadopoulos,2,3 Andreas Tsatsaris,4 Yannis Tselentis,2,3 
Anna Psaroulaki 2,3 

1Veterinary Services, Nicosia, Cyprus
2 Laboratory of Clinical Bacteriology, Parasitology, Zoonoses and Geographical 
Medicine, Medical School, University of Crete, Heraklion, Crete, Greece

3 WHO Collaborating Center, Medical School, University of Crete, Heraklion, Crete, 
Greece

4 Geoinformatics Laboratory, Technological Educational Institution, Athens, Greece 

Objectives: Cyprus is an island of the Mediterranean basin located 
in the cross-road of three continents. The purpose of the study was: 
i) to identify the tick species present in the island and their host 
association, ii) to investigate the geographical distribution and eco-
logical preferences of tick species and their epidemiological impli-
cations. 
Materials and Methods: During a 3-year study (2003-2006), a total of 
3076 ticks were collected from domestic and wild animals in 141 sites 
of the island of Cyprus: 1,761 (57.24%) from domestic ruminants (goats 
sheep bovine) and dogs; 1,315 from wild animals (mouflons, foxes, 
hares, partridges). Data on temperature, humidity, altitude, vegetation, 
land use etc) were recorded. The results were analysed using GIS tech-
nology. 
Results: Eleven tick species (4 genera) were identified: Rhipicephalus 
sanguineus (38.16%), R. turanicus (20.1%), R. bursa (17.88%), R. pusillus 
(0.5%), Hyalomma anatolicum excavatum (9.03%), Hy. marginatum mar-
ginatum (0.25%), Hy. marginatum rufipes (0.03%), Ixodes gibossus (1.4%), 
I. ventalloi (2.14%), Haemaphysalis sulcata (8.6), H. punctata (0.5 %). From 
the collected ticks, only R. turanicus parasitized all animal species (do-
mestic and wild), consisting the predominant species in foxes (mean: 
7.29, SD: 10.344) and hares (mean: 3.84, SD: 6.518), while H. sulcata was 
found only in mouflons. Dogs were the main hosting animals for R. san-
guineus (mean: 6.30, SD: 6.642), while R. bursa was mainly parasitized 
on goats (mean: 6.09, SD: 10.311) and mouflons (mean: 3.75, SD: 7.118). 
Ixodes gibossus and I. ventalloi were collected only from wild animals. 
Hyalomma anatolicum excavatum, principally collected from sheep and 
mouflons was also removed from goats and bovine. Only R. turanicus 
and R. sanguineus were detected in all five counties (all differences cal-
culated strongly statistically significant, with a p-value of <0.001). The 
distribution of each tick species was associated with environmental and 
ecological factors.
Conclusions: Results of this study provide an insight into the ecology 
of tick species in Cyprus and their potential of tick-borne diseases in the 
country. 

P215  ALTITUDE DEPENDENT PRESENCE OF BARtOnEllA 
quintAnA IN GENOTYPE C HEAD LICE FROM 
ETHIOPIA 

Emmanouil Angelakis,1 Georges Diatta,2 Jean-François Trape,2 
Alemseged Abdissa,2 Cristina Socolovshi,1 Hervé Richet,1 Didier Raoult 1

1 URMITE UMR 6236, CNRS-IRD, Faculté de Médecine, 13385 Marseille cedex 05, 
France 

2 Institut de Recherche pour le Développement, UMR URMITE BP 1386, Dakar, Sénégal

Introduction: The human body louse (Pediculus humanus humanus) 
and the head louse (P. h. capitis) are closely related obligate parasites 
that feed exclusively on human blood. 

Objectives: The objective of our study was to identify the presence of 
B. quintana infection in head and body lice collected from patients in 
Ethiopia. Moreover we searched if there was phylogenetic deference 
between body and head lice collected from the same patients.
Materials: We collected head and body lice from seven locations with 
different altitudes in Ethiopia. The genotype of body and head lice was 
identified by amplification and sequencing of the mitochondrial gene 
cytB. Besides, a real-time PCR assay was performed, targeting the Bar-
tonella 16S-23S intergenic spacer region (ITS) and B. quintana genes 
fabF3 encoding for 3-oxoacyl-[acyl-carrier-protein]. 
Results: We tested 271 head and 424 body lice collected from 134 pa-
tients (109 females and 25 males). A partial cytB gene was amplified and 
sequenced from 50 head and 50 body lice from 50 patients. The head 
lice were black and belonged to phylotype C while the body lice were 
transparent and belonged to phylotype A. B. quintana was identified 
in 19 head (7%) and 76 body (17%) lice. Significant more body lice pre-
sented B. quintana than head lice (p=0.03). The presence of B. quintana 
in body lice was not altitude depended (p=0.73). We identified that the 
presence of B. quintana in head lice was linked to altitude (p=0.0002) 
and all cases were identified in the locations with the highest altitudes 
(Gibarku, altitude 2395 m and Tikemit Eshet, altitude 2121 m). In these 
higher altitudes we did not identify the presence of B. quintana in body 
louse. 
Conclusions: All head lice presented the phylotype C which has 
been found only among head lice from Nepal and Ethiopia. The pres-
ence of B. quintana in head lice was altitude depended as all infected 
head lice were identified in the locations with the higher altitudes 
(≥2121 meters). However, further epidemiological studies in other 
countries should be made to confirm if this exist only in Ethiopia or 
is general. 

P216  MOLECULAR DETECTION AND CHARACTERIzATION 
OF AnAplAsmA phAgOCytOphilum STRAINS IN 
IxODIDAE TICKS 

Algimantas Paulauskas,1 Jana Radzijevskaja,1 Olav Rosef 2

1 Vytautas Magnus University, Kaunas, Lithuania, Vileikos str. 8, Kaunas, LT-44404, 
Lithuania

2 APT invation AS, Bø i Telemark, Norway

Objectives: Anaplasma phagocytophilum (Rickettsiales: Anaplas-
mataceae) is a tick-borne pathogen and has a broad range of host. 
The cases of human anaplasmosis due to A. phagocytophilum have 
been reported in Europe, were Ixodes ricinus has been identified as 
the principal vector of this rickettsial agent. In present study for the 
characterization of genetic heterogeneity in A. phagocytophilum dif-
ferent species of Ixodidae ticks from a variety of sources were exam-
ined and different part of pathogen genomic DNA was amplified and 
sequenced. 
Methods: During the spring-summer 2008–2009, 445 of I. ricinus, 
76 of I. persulcatus and 115 of Dermacentor reticulatus ticks were col-
lected from vegetation and mammals in different localities of Baltic 
countries. Nested PCR and sequence analysis of the 16S rDNA, ma-
jor surface protein 4 (msp4) and msp2/p44 genes were performed 
for detection and characterization of A. phagocytophilum strains in 
ticks. For comparison study, in sequences analysis of these genes 
were also involved A. phagocytophilum infected ticks previously 
collected from field and birds in Norway. Multiple sequence align-
ment and phylogenetic analysis was performed with program 
MEGA 4. 
Results: A. phagocytophilum was detected at low prevalence (from 0% 
to 3.5 %) in different localities of Baltic countries and predominantly in 
I. ricinus ticks. The A. phagocytophilum 16S rDNA, msp4 and msp2/p44 se-
quences detected in present study were analyzed together with previ-
ously reported sequences for the characterization of the genetic diver-
sity of A. phagocytophilum strains. 
Conclusions: The variation in the nucleotide sequences of the 16S rRNA, 
msp4 and msp2/p44 genes between A. phagocytophilum strains investi-
gated in present study and in comparison with previously submitted 
was detected.
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P217  FIRST DETECTION OF AnAplAsmA PATHOGENS IN 
FLEAS FROM LITHUANIA 

Indrė Lipatova, Algimantas Paulauskas

Department of Biology, Vytautas Magnus University, Vileikos 8, LT-44404 
Kaunas, Lithuania

Objectives: The aim of this study is to detect Anaplasma pathogens 
in fleas collected from rodents in Lithuania and analyzed by molecular 
methods.
Methods: A total 259 fleas were collected from 163 rodents, in-
cluding 143 Ctenophthalmus agyrtes, 69 Megabothris turbidus, 25 M. 
walkeri, 18 Hystrichopsylla talpae, and 4 Ceratophyllus sciurorum. DNA 
was extracted from 237 fleas. Each sample were tested for the pres-
ence of Anaplasma pathogens of 16s rRNR gene. The prevalence of 
Anaplasma pathogens infection in flea’s samples was determined by 
polymerase chain reaction using primers EHR521 and EHR747. The ob-
tained specific products of 247 base pairs were considered as a posi-
tive result.
Results and Conclusion: Anaplasma pathogens were detected in 124 
(14.4%) fleas. This is a first molecular detection of Anaplasma pathogens 
in fleas from Lithuania.

P218  A MULTI-GENE ANALYSIS OF DIVERSITY OF 
BARtOnEllA DETECTED IN FLEAS FROM ALGERIA

Idir Bitam,1,2 Jean Marc Rolain,2 Violaine Nicolas,4 Yi-Lun Tsai,3 
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Introduction: We report the molecular detection of several Bartonella 
species in 44 (21.5%) of 204 fleas from Algeria collected from rodents 
and hedgehogs. Bartonella elizabethae and B. clarridgeiae were detect-
ed in the fleas collected on hedgehogs. Bartonella tribocorum and B. 
elizabethae were detected in fleas collected from rats and mice, and se-
quences similar to an unnamed Bartonella sp. detected in rodents from 
China were detected in rats as well as a genotype of Bartonella closely 
related to Bartonella rochalimae detected in fleas collected on brown 
rats (Rattus norvegicus).
Material and Methods: Fleas were collected in two locations during 
an entomological survey of flea-borne diseases in Algeria, including 
plague. The two sites that represented the original focus of the report-
ed cases of plague were Tafaraoui and Douar Ouled Ben Aouali in the 
districts of Oran and Mascara. A total of 204 fleas were collected from 
rodents trapped inside houses and from peridomestic areas of these 
cities. All fleas were identified using standard morphologic taxonomic 
criteria and then stored in 100% alcohol. DNA was extracted as previ-
ously described. The species identification of fleas were confirmed by 
PCR amplification of a 1951-bp fragment of the 18S rDNA gene, as pre-
viously described. The strategy for the detection and identification of 
Bartonella spp. was to initially perform a screening with a real-time PCR 
assay on a LightCycler machine using primers and Taqman* probes. For 
Bartonella spp., the precise identification of the species was then made 
after PCR amplification and sequencing of several target genes (ftsZ, 
gltA, rpoB) and the intergenic spacer (ITS). 
Results: A total of 204 fleas were tested, including 95 Xenopsylla 
cheopis, 96 Archeopsylla erinacei, and 13 Leptopsylla segnis that were un-
ambiguously identified after 18S rDNA amplification and sequencing. 
A total of 44 (21.5%) fleas were positive by real-time PCR for Bartonella 
ITS. After PCR amplification and sequencing of the ITS and ftsZ gene, 
42 of these fleas had sequences identical to B. elizabethae (n=26), B. tri-
bocorum (n=3), B. clarridgeiae (n=4) and an unnamed Bartonella species 
previously detected in rodents from China (Genbank accession number 
AY461845) with ITS (n=9) (Table 1). Finally, for 2 fleas, the ITS and ftsZ 

sequences had respectively a 98% and 99% homology with a B. rochal-
imae-like isolate (Genbank access numbers DQ683199 and DQ683198), 
and also a 98% and 99% homology with a Bartonella species isolated 
from Rattus norvegicus from Taiwan for which the sequences were re-
cently published in GenBank (access numbers EU551157 and EU551155). 
Conclusions: We report the molecular detection of Bartonella species 
in fleas collected from rodents and hedgehogs from Algeria, North Af-
rica, based on molecular criteria previously published for the denomi-
nation of Bartonella genotype. Our results should serve as a warning to 
clinicians about the possibility of zoonotic flea-borne bartonelloses in 
Algeria.

P219  MOLECULAR DETECTION OF BARtOnEllA quintAnA 
IN HEAD LOUSE NITS

Emmanouil Angelakis, Jean-Marc Rolain, Didier Raoult, Philippe Brouqui

Université de la Méditerranée, URMITE UMR 6236, CNRS-IRD, Faculté de 
Médecine et de Pharmacie, 13385 Marseille cedex 05, France

B. quintana is transmitted by the human body louse (Pediculus humanus 
humanus). Recently B. quintana was also identified in adult head louse (P. h. 
capitis). Today it is not possible to distinguish body and head louse which 
made the location in head louse questionable. We tested head louse nits 
collected from a homeless male in Marseille. The day of collection this per-
son did not have any adult head or body lice but head louse nits. DNA was 
extracted from each pool and used as a template in a RT-PCR assay targeting 
a portion of the Bartonella 16S-23S intergenic spacer region (ITS) and two 
specific B. quintana genes i.e fabF3 and yopP encoding for 3-oxoacyl-[acyl-
carrier-protein] synthase and a hypothetical intracellular effector, respec-
tively. Specificity of these encoding genes was verified in silico as well as on a 
panel of 14 different Bartonella species. PCR amplification and sequencing of 
the ITS gene was done. Nits were also cultured in Columbia 5% sheep blood 
agar plates. Plates were incubated at 37°C in 5% CO2 and examined weekly 
for evidence of growth for 1 month. All RT-PCR assays were positive and the 
sequence obtained after amplification and sequencing of the ITS shared 
100% similarity with the corresponding ITS fragment of the genome of B. 
quintana strain Toulouse (Genbank accession number NC_005955). Although 
culture assay was repeated 3 independent times, we did not isolated B. quin-
tana. We confirmed here in that B quintana is found in head lice by detection 
of the bacterium in the louse nits. Moreover this suggests that contrarily to 
body louse, B. quintana might be transmitted trans-ovarially from adults to 
nits. This needs further experimental confirmation. 

P220  DETECTION OF RiCkEttsiA hElvEtiCA IN ixODEs 
RiCinus TICKS COLLECTED FROM PYRENEAN 
CHAMOIS OF FRANCE
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Jean-Lou Marié,1,2 Didier Raoult,2 Philippe Parola 2
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3 Laboratoire Départemental d’Analyses de Savoie, Chambéry, France
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St Pierre d’Albigny, France

Background: Pyrenean chamois (Rupicapra pyrenaica) may be implicat-
ed in the epidemiology of tick-borne diseases as maintenance hosts for 
vector tick species. The aim of the study was to detect the prevalence of 
Rickettsia and Bartonella in ticks collected from these animals. 
Materials and Methods: Seven Pyrenean chamois (6 immatures and 1 
mature; 6 females and 1 male) were clinically examined in July 2007, in 
the nature reserve of Bazès, in the French Pyrenees (Hautes-Pyrénées 
department). Seventy one ticks were collected and identified by mor-
phological key as Ixodes ricinus (60 females, 2 males and 9 nymphs). Tick 
DNA samples were tested by quantitative PCR targeting gltA gene for 
the detection of all rickettsial species and internal transcribed spacer for 
detection of all Bartonella sp. Positive samples for Rickettsial DNA were 
tested subsequently by Rickettsia helvetica-specific qPCR system. 
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Results: Rickettsia genus-specific qPCR was found positive in four of 71 
tested ticks (5.6%). These four DNA samples were positive for qPCR spe-
cific for R. helvetica. Bartonella DNA was not detected in these samples. 
Conclusions: R. helvetica has been detected in Ixodes ricinus ticks in 
many European countries, in Asia and in Africa. Human cases of spot-
ted fever due to R. helvetica, diagnosed by serology and molecular tools, 
have been reported in Sweden, France, Italy, Thailand and Australia, but 
there are no human isolate. Recently, in Japan, R. helvetica was detected 
in blood collected from Sika deers indicating that this species may rep-
resent a potential reservoir host. More studies must be carried out in-
vestigate the epidemiological role of wild Cervidae.

P221  RiCkEttsiA mAssiliAE INFECTING RhipiCEphAlus 
tuRAniCus TICKS FOUND ON RED FOxES (vulpEs 
vulpEs) IN SOUTH-EASTERN FRANCE

Jean-Lou Marié,1,2 Bernard Davoust,1,2 Cristina Socolovschi,2 
Oleg Mediannikov,2 Cédric Roqueplo,1 Didier Raoult,2 Philippe Parola 2

1 Working Group on Animal Epidemiology, French Forces Health Service, 
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2 Research Unit on Emerging Infectious and Tropical Diseases (URMITE), UMR 
6236 (CNRS-IRD), Medicine Faculty, Marseille, France

Objectives: Recently, there has been an increase in the population of 
red foxes (Vulpes vulpes) in the suburbs of Marseille (France). Foxes are 
often reported to be infested by ticks, especially of Rhipicephalus genus. 
Two Rhipicephalus spp endemic en France have been associated with 
SFG Rickettsiae. The brown dog tick, Rhipicephalus sanguineus, is a no-
torious vector of Rickettsia conorii (the agent of Mediterranean spotted 
fever). Another bacterium, R. massiliae an emerging agent of spotted 
fever, was firstly isolated from Rh. turanicus ticks collected in Marseille 
and later detected also in Rh. sanguineus. 
Materials and Methods: Two foxes killed by hunters in the suburbs 
of Marseille in 2008 were examined for the presence of ticks. We have 
found 50 and 23 hard ticks, on each fox respectively. All ticks were iden-
tified by morphological key as Rhipicephalus turanicus. Total DNA was 
extracted from all whole ticks. DNA samples were tested by gltA-based 
qPCR system for the detection of all rickettsial species. Positive samples 
for Rickettsial detection were subsequently tested by Rickettsia mas-
siliae and R. conorii-specific qPCR system. 
Results: Rickettsia genus-specific qPCR was found positive in 33 of 73 
ticks (45.2%). qPCR specific for R. massiliae showed that all 33 positive 
ticks contained DNA of this species. 
Conclusions: Although Rh. turanicus are known to act as vectors but 
also reservoirs of R. massiliae, this study reports the first detection of 
pathogenic for humans Rickettsia massiliae from ticks collected from 
foxes. Our data confirm the role of the fox as the host for Rh. turanicus 
ticks and provides the background for further studies on the possible 
role of foxes as a reservoir for rickettsiae. 

P222  RiCkEttsiAE IN FLEAS AND TICKS COLLECTED FROM 
A HEDGEHOG, MARSEILLE, FRANCE
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Objectives: The European hedgehog (Erinaceus europaeus) is a common 
wild mammal living in rural areas but also in suburban and urban habitats. 
The objective of this study was to detect the presence of Rickettsia species 
in ticks and fleas collected from a hedgehog, sampled in Marseille, France.
Materials and Methods: In May 2009, ticks and fleas were collected from 
a hedgehog found in the center city of Marseille, France. The animal was 
anaesthetized using ketamines and released after complete recovery. Us-
ing morphologic taxonomic keys, all the 12 ticks collected were identified 
as Rhipicephalus sanguineus. All the 129 fleas were identified as Archeo-
psylla erinacei, the hedgehog flea. DNA samples extracted from all ticks 

and fleas were respectively screened using a gltA-based quantitative (q) 
PCR for the detection of all rickettsial species (RKND03 system). Positive 
samples were tested with qPCR specific for R. massiliae and R. conorii 
(ticks) or R. felis (fleas). 
Results: Among the 12 Rhipicephalus sanguineus ticks, 11 (91.7%) were 
positive with the genus specific qPCR. R. massiliae was identified in all 
the cases. Among the 129 fleas, 128 (99.2%) were positive with the ge-
nus specific qPCR and R. felis was involved in all the cases.
Conclusions: Rhipicephalus sanguineus, the brown dog tick, has also been 
rarely reported on hedgehogs. R. massiliae is a recently recognized human 
pathogen, already found in Rhipicephalus spp from Europe and South Af-
rica. Rickettsia felis is the agent of the flea-borne spotted fever, an emerg-
ing zoonosis reported worldwide. This intracellular bacterium has already 
been described in an Archeopsylla erinacei flea from a dog in France and 
from Archeopsylla erinacei fleas of hedgehogs in Algeria and Germany. 
Here we found a great number of fleas on a hedgehog and they were 
nearly all infected by R. felis. Hedgehogs could be involved in the transmis-
sion of emerging zoonoses and this role should be further investigated.

P223  DETECTION OF RiCkEttsiA AEsChlimAnnii IN 
hyAlOmmA DROmEDARii TICKS COLLECTED FROM 
DROMEDARY (CAmElus DROmEDARius) IN TUNISIA
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Objectives: Recently, a spotted fever due to Rickettsia aeschlimannii 
was confirmed by serological detection with Western Blot and cross-
adsorbtion analysis in two Tunisian patients. One patient presented a 
fever and meningitis without inoculation eschar or skin rash. The vector 
and the natural reservoir for this bacterium are unknown in Tunisia. 
Methods: A castrated male dromedary (Camelus dromedarius) belong-
ing to a meharist unit of the Tunisian army was examined in Tozeur (Tu-
nisia, 33°93’ N; 8°13’ E). Four ticks were sampled on the anal mucosa and 
send in alcohol to the laboratory Unité des Rickettsies in Marseille. Total 
DNA was extracted from whole ticks and tested by gltA-based qPCR 
system for the detection of all rickettsial species. Positive samples were 
tested by specific quantitative (q) PCR for Rickettsia aeschlimannii tar-
geting a fragment of cell surface antigen Sca1 gene. 
Results: Ticks were identified by morphological key as Hyalomma 
dromedarii (3 female and 1 male). Rickettsia genus-specific qPCR was 
found positive in two of four ticks (50%). qPCR specific for R. aeschliman-
nii showed that all 2 positive ticks contained DNA of this species.
Conclusions: This study is the first report of the presence of Rickettsia 
aeschlimannii in ticks from Tunisia. Human cases have been described 
in Morocco, Algeria, Tunisia and South Africa. R. aeschlimannii has been 
detected in several ticks of the genus Hyalomma (H. marginatum mar-
ginatum, H. detritum detritum, H. m. rufipes, H. anatolicum excavatum, but 
also in one Rhipicephalus appendiculatus tick attached to a human in 
South Africa. H. dromedarii is also known as the The camel Hyalomma. 
These ticks are adapted to extreme dryness of habitat and to camel host, 
but cattle, sheep, goats and horses are also infested. In North Africa H. 
dromedarii occurs in all countries from Mauritania to Egypt. In this region, 
this tick is a potential vector and a reservoir for human rickettsiosis. 

P224  DETECTION OF SPOTTED FEVER GROUP RiCkEttsiA 
AND AnAplAsmA phAgOCytOphilum IN TICKS 
REMOVED FROM WILD ANIMALS IN NORTHERN ITALY 
IN 2009

Maioli G., Bonilauri P., Barbieri I., Calzolari M., De Filippo F., Dottori M.

Istituto Zooprofilattico Sperimentale Lombardia Emilia-Romagna, Brescia, Italy

Objectives: Various tick-borne pathogens occur in northern Italy, where 
Lyme disease, transmitted by Ixodes ricinus, is frequently diagnosed in 
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humans. Little information is available regarding trasmission of Spot-
ted Fever Group rickettsiae and Anaplasma phagocytophilum circulating 
in wild animals in Italy. Abundance of wild boars, roe deer and hares in 
northern Italy suggests a high exposure-risk to tick bite. In this work we 
investigate the occurrence of Rickettsia spp. and A. phagocytophilum in 
ticks from wildlife.
Methods: Ixodid ticks were collected from wild animals hunter-killed 
during the hunting season or during selective hunting or found dead in 
2009. For Rickettsia detection was performed using two set of primers 
to gltA and ompA genes (Labruna et al., 2004; Roux et al., 1996). For Ana-
plasma DNA detection we used primers described by De la Fuente et al. 
(2005) for the msp4 (major surface proteins, MSPs) gene of A. phagocy-
tophilum, A. marginale, A. centrale, and A. ovis. To identify infective spe-
cies, positive amplicons were further sequenced and compared with 
sequences in the GeneBank database.
Results: A total of 406 ticks belonging to five species (Ixodes rici-
nus, I. hexagonus, I. canisuga, Hyalomma marginatum, Rhipicephalus 
sanguineus) were removed from 78 wild animals in northern Italy. 
Most of them were adults (223 females, 115 males, 64 nymphs and 
4 larvae). A total of 30 samples (2 pools of nymphs and 28 adults; 
7.3%), yielded expected bands by PCR. By DNA sequencing they were 
identified as belonging to four Rickettsia species: R. aeschlimannii, R. 
monacensis, R. helvetica and R. massiliae. A. phagocytphilum DNA was 
found in five samples I. ricinus (1 pool of nymphs and 4 adults; 1.2%) 
removed from wolf, red deer and roe deer ; sequences from the msp4 
gene show an 99% identity with the Anaplasma phagocytophilum 
strain AP 106.
Conclusions: The results show that these pathogens occurred in north-
ern Italy, indicating that the risk of infection should be considered in 
both humans and domestic animals.

P225  in vitRO PROPAGATION OF CAnDiDAtus RiCkEttsiA 
ANDEANAE ISOLATED FROM AmBlyOmmA 
mACulAtum

Alison Luce Fedrow, Chelsea Wright, Holly Gaff, Daniel Sonenshine, 
Wayne Hynes, Allen L. Richards

Objectives: Candidatus Rickettsia andeanae was identified during an 
investigation of a febrile outbreak in northwestern Peru (2002). DNA 
sequencing from two ticks (Amblyomma maculatum, Ixodes bolivien-
sis) collected during the investigation revealed a novel rickettsia with 
similarity to the spotted fever group rickettsiae. Since then, Candidatus 
R. andeanae has been detected in A. maculatum ticks collected in the 
southeastern United States. To date, Candidatus R. andeanae has not 
been successfully cultivated in cell culture. We present evidence for the 
continuous cultivation in three cell lines of Candidatus R. andeanae iso-
lated from an A. maculatum tick (Virginia). 
Methods: One half of an A. maculatum tick (the other half was confirmed 
positive for Candidatus R. andeanae by qPCR and DNA sequencing) was 
disinfected in iodinated alcohol and triturated in Snyder’s I buffer. Equal 
amounts of the triturate were added to DH82, S2, or Vero cells. Super-
natants of infected cultures were continuously used to infect fresh cells. 
Infections were monitored in all three cell lines using qPCR and DNA 
sequencing for the ompB gene of Candidatus R. andeanae.
Results: Candidatus R. andeanae was detected in all three cell lines by 
qPCR four days following infection with tick triturate. The supernatants 
of infected cells were transferred to fresh cells to create subcultures of 
the original infections. Six days later, the original culture and subculture 
were confirmed positive by qPCR. The supernatants from the original 
and subculture were again used to infect fresh cells that were moni-
tored for infection for 17 days. Bacterial infection in all three types of 
cells fluctuated during the 17 day time course and all cultures were posi-
tive for Candidatus R. andeanae on the 17th day. DNA sequencing for the 
ompB gene in samples from each cell type (DH82, S2, and Vero) taken 
during the 17 day time course confirmed the presence of Candidatus R. 
andeanae. 
Conclusions: The successful cultivation of Candidatus R. andeanae in 
three cell lines represents a major step towards better characterizing 
and understanding the potential virulence of this emerging Rickettsia 
species. Future experiments will include TEM analysis, immunocyto-
chemistry, and guinea pig challenge to determine pathogenicity in 
mammals. 

P226  SPOTTED FEVER GROUP (SFG) RICKETTSIOSES IN 
TICKS (ACARi-ixODiDAE) FROM SUB-SAHARAN 
ALGERIA

Tahar Kernif,1,2 Amel Djerbouh,1 Oleg Mediannikov,2 Bouhous Ayach,3 
Jean-Marc Rolain,2 Didier Raoult,2 Philippe Parola,1 Idir Bitam 1

1 Service d’Ecologie et des Systèmes Vectoriels, Institut Pasteur d’Algérie, Algiers, 
Algeria

2 URMITE, UMR CNRS-IRD 6236, WHO Collaborative Centre for Rickettsial Diseases 
and Other Arthropod-borne Bacterial Diseases, Faculté de Médecine et de 
Pharmacie, Marseille, France

3 Direction des Services Agricoles de la Wilaya d’Adrar, Algeria

Background: Spotted fever group (SFG) rickettsioses are important 
emerging tick-borne human infections worldwide. African tick bite fe-
ver (ATBF), caused by Rickettsia africae, is currently the most common 
rickettsioses in sub-Saharan Africa. The aim of this work was to detect 
SFG rickettsiae in ticks from the sub-Saharan regions of Algeria. 
Materials and Methods: From February up to May 2008, a total of 198 
ticks were collected from camels Camelus dromedarius in Adrar and 
20 ticks from Béchar region respectively. Theses ticks were tested by 
quantitative real-time PCR (qPCR) with Rickettsia-specific primers and 
Taqman probes targeting a partial sequence of the citrate synthase gltA 
(system RKND03) in an Applied system instrument “7900 HT”. Positive 
samples from qPCR were confirmed by PCR amplification and direct se-
quencing of gltA, OmpA genes and two intergenic spacers (MST). 
Results: Rickettsial DNA was found to be positive by qPCR in 12 out of 
198 (6.06%) ticks. The rate of rickettsial positive samples identification 
in tick specimens was: six out of 119 (5.04%) on Hyalomma dromedarii, 
six out of 15 (40%) on H. marginatum rufipes, none on H. impeltatum and 
H. truncatum. By sequencing, we found the following: Rickettsia africae 
in H. dromedarii (5% and 6% in Béchar and Adrar respectively) recording 
99.2-100% similarities and Rickettsia aeschlimannii in H. m. rufipes (40%, 
only in Adrar) revealing 99.9-100% similarities with the reference strains 
published in GenBank. 
Conclusions: To date R. africae, has been associated with Amblyomma 
spp only. However, our study shows the presence of R. africae on H. 
dromedarii ticks. Therefore, the role of H. dromedarii, in the epidemiol-
ogy of R. africae needs further investigations. In addition, our study have 
confirmed the presence of R. aeschlimannii on H. m. rufipes. 

P227  MOLECULAR DETECTION OF R. hElvEtiCA AND R. 
mOnACEnsis IN ixODEs RiCinus TICKS FROM ALGERIA 

Tahar Kernif,1,2 Dalila Messaoudene, Soraya Ouahioune, Philippe Parola,2 
Didier Raoult,2 Idir Bitam 1

1 Service d’Ecologie et des Systèmes Vectoriels, Institut Pasteur d’Algérie, Algiers, 
Algeria

2 URMITE, UMR CNRS-IRD 6236, WHO Collaborative Centre for Rickettsial Diseases 
and Other Arthropod-borne Bacterial Diseases, Faculté de Médecine, Marseille, 
France

Background: Ixodes ricinus tick can transmit multiple pathogenic bac-
teria responsible for diseases in animals and humans such as Borrelia 
burgdorferi sensu lato, Anaplasma phagocytophilum, and spotted fever 
group Rickettsia spp. 
Objectives: In our study, we aimed to investigate the presence of rick-
ettsiae in Ixodes ricinus collected on cattle in Bouzguene, Tizi-Ouzou 
area from Algeria. 
Methods: A total of 23 ticks of this specimen were collected in Decem-
ber 2010. This specimen was tested by 7900 HT Fast quantitative Real-
Time PCR (qPCR) System for the presence of Rickettsia spp. DNA using 
primers and Taqman probes targeting a partial sequence of the citrate 
synthase gltA. Positive samples obtaine by qPCR were confirmed using 
standard PCR and sequencing of gene gltA. 
Results: We found a rate of 4.3% Rickettsia helvetica (1 out of 23) and 
43.4% of Rickettsia monacensis (10 out of 23) on this ticks specimen. In 
this study, we report the first molecular detection of Rickettsia helvetica 
in ticks from Algeria. 
Conclusions: To date, several Rickettsia species were detected on vari-
ous ticks in Algeria, including R. conorii, R. aeschlimannii, R. massiliae, R. 
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monacensis. The results of this study further confirmed the presence of 
R. monacensis. However, this is the first study reporting the presence of 
R. helvetica in Algeria and it has been recently shown that R. helvetica is 
implicated in the human infection.

P228  FIRST MOLECULAR OF DETECTION OF R. 
AEsChlimAnnii IN hyAlOmmA mARginAtum 
RuFipEs (CAMELS’ TICKS) FROM SOUTH OF ALGERIA

Djerbouh A.,1,2,3 Kernif T.,1,4 Beneldjouzi A.,1 Kechemir N.,2 Parola P.,4 Raoult D.,4 
Bitam I.1

1 Service d’Écologie des Systèmes Vectoriels, Institut Pasteur d’Algérie, Annexe 
Hamma, Alger 

2 Laboratoire de Parasitologie Faculté de Biologie, Université des Sciences et de la 
Technologie Houari Boumediene (USTHB), Bab Ezzouar, Algérie

3 Département Vétérinaire, Faculté Agrovétérinaire, Université Saad Dahleb, 
Blida, Algérie

4 URMITE, UMR CNRS-IRD 6236, WHO Collaborative Centre for Rickettsial Diseases 
and Other Arthropod-borne Bacterial Diseases, Faculté de Médecine, Marseille, 
France

Objectives: Ticks collected in Algeria in the distinct of El Oued, Bechar 
and Adrar between July and October 2008 were tested by polymerase 
chain reaction to detect the presence of Rickettsia spp. PCR-positive 
products of the gltA and ompA genes were used for DNA sequencing. 
Rickettsia aeschelimannii were detected in Hyalomma marginatum ru-
fipes from camels. The aim of the current work is to survey camel’s ticks 
collected in the south of Algeria.
Material and Methods: We collected 2152 ticks from 395 camels; they 
were identified using morphological taxonomic keys made by BI. We 
analysed 120 ticks for detection of Rickettsia spicies: Hyalomma rufipes 
(n=11), Hyalomma impeltatum (n=31) and Hyalomma dromedarii (n=78). 
Ticks were kept in ethanol, after DNA was extracted by using the 
QIAamp Tissue Kit (QUIAGEN, Hilden, Germany) according to the manu-
facturer’s instruction. Rickettsial DNA was detected in 2 previously de-
scribed polymerase chain reaction (PCR) assays that targeted a portion 
of the Rickettsia ompA gene (190.701 and 190.180) as well as a portion of 
the Rickettsia gltA gene(1258 and 877).
Results: A total of 2152 ticks representing 3 species and 1 genus of ticks 
collected. Ticks species included: Hyalomma rufipes (n=71), Hyalomma 
impeltatum (n=503) and Hyalomma dromedarii (n=1551). Morphological 
identification was confirmed by molecular biology in recovering DNA 
from positive ticks. This was unambiguously confirmed when frag-
ment of 12 s RNA showed 100% sequence similarity with a previously 
deposited sequence of this in GenBank. Rickettsial DNA was detected 
in 7 of 11ticks (5.83%) by using gltA and ompA PCR. All this ticks were 
Hyalomma rufipes. DNA sequencing of the positive PCR products gave 
100% identity with R. aeschlimannii for ompA (GenBank accession no: 
HM: 050284.1) and 99.9% homology for gltA (GenBank accession no: HM: 
050289.1).
Conclusions: This is the first detection of R. aeschlimannii in the camel’s 
ticks collected from the south of Algeria and cause a risk for the trans-
mission to the local population and the tourists. Additional studies are 
needed to determine the epidemiologic relevance of Rickettsia aeschli-
mannii in the south of Algeria.

P229  BARtOnEllA ClARRiDgEiAE AND RiCkEttsiA FElis IN 
DOG’S FLEAS FROM NW LAOS (2008-2009)

Tahar Kernif,1 Najma Boudebouch,1,3 J.-C. Beaucournu,2 
Cristina Socolovschi,1 Saythong Inthalad,4,5 Günther Slesak,5,6 
Didier Raoult,1 Paul N. Newton,7,8 Philippe Parola 1

1 Unité de Recherche sur les Maladies Infectieuses et Tropicales Emergentes 
URMITE, UMR CNRS 6236, IRD198, IFR48, Faculté de Médecine, Université de la 
Méditerranée, Marseille, France

2 Laboratoire de Parasitologie et Zoologie Appliquée, Faculté de Médecine, 
Rennes, France

3 Laboratoire des Maladies Vectorielles, Institut Pasteur du Maroc, Maroc
4 Luang Namtha Provincial Hospital, Luang Namtha, Lao PDR
5 SFE Luang Namtha Project, SFE, P.O.Box 5211, Vientiane, Lao PDR

6 Tropenklinik Paul-Lechler-Krankenhaus, 72076 Tübingen, Germany
7 Wellcome Trust- Mahosot Hospital-Oxford Tropical Medicine Research 
Collaboration, Mahosot Hospital, Vientiane, Lao PDR

8 Centre for Tropical Medicine, Nuffield Department of Clinical Medicine, 
University of Oxford, Churchill Hospital, Oxford, OX3 7LJ, UK

Background: Fleas are worldwide vectors of several important zoo-
noses transmitted to humans through bites or following contact and 
inoculation with flea faeces. Bartonella clarridgeiae and Rickettsia felis 
have to be considered as potential agents of fever in patients in Laos. 
In 2007, R. felis and B. clarridgeiae were detected in fleas collected in Phu 
Khao Khoay area from Laos by our team, but they cannot address their 
precise prevalence or distribution in other region. The aim of this study 
was to detect rickettsial DNA on fleas collected in pet dogs from five 
areas from Laos.
Methods: In 2008-2009, a total of 90 fleas were collected from com-
mensal dogs, in five villages in Luang Namtha Province, northwest Laos, 
including Xenopsylla cheopis (n=2), Pulex irritans (n=3), Ctenocephalides 
felis felis (n=19), and Ctenocephalides orientis (n=66). These specimens 
were tested by 7900 HT Fast quantitative Real-Time PCR (qPCR) Sys-
tem for the presence of Bartonella spp. DNA using primers and Taqman 
probes targeting 16S-23S rRNA gene and the intergenic spacer (ITS) 
gene. Positive qPCR were confirmed using standard PCR of ITS gene 
fragments of Bartonella spp. All samples were tested also by qPCR for 
the presence of Rickettsia spp. DNA using primers and Taqman probes 
targeting a partial sequence of the citrate synthase gltA. Rickettsia posi-
tive samples were tested with primers and probe targeting a chromo-
somal gene specific of R. felis bioB. 
Results: The sequencing of the amplified fragments revealed the pres-
ence of B. clarridgeiae and R. felis in C. felis felis and C. orientis fleas (infec-
tion rates 5.5% and 76.6% for B. clarridgeiae and R. felis, respectively). R. 
felis was detected in all 5 villages but B. clarridgeiae was detected in fleas 
collected in 2 villages only. 
Conclusions: Our data show a high rate of R. felis (76.6%) in infected 
fleas and extend the distribution of the agent of this emerging rickett-
siosis in Laos. The occurrence of Bartonella clarridgeiae in Laos is con-
firmed. 

P230  MOLECULAR CHARACTERIzATION OF VECTOR-
BORNE BACTERIAL AGENTS IN BRAzILIAN AND 
ExOTIC WILD CARNIVORES

André M.R., Adania C.H., Teixeira R.F., Sallegre S.M., Scorpio D.G., 
Dumler J.S., Machado R.Z.

There is little molecular characterization of vector-borne agents among 
wild animals in Brazil, which might act as natural reservoirs. We aimed to 
detect vector borne-agents in blood samples of neotropical and exotic 
wild canids and felids from Brazilian zoos. Blood was collected from 76 
Brazilian wild felids, 19 exotic felids, 3 European wolves, and 97 Brazilian 
wild canids in zoos located in São Paulo and Mato Grosso states and 
the Federal District. Blood DNA was used in PCR reactions targeting 
Anaplasmataceae (rrs, dsb, groESL, gltA, rpoB, and ftsZ) and Bartonella 
(gltA and 16S-23S ribosomal RNA intergenic space-ITS) genes. A multi-
plex 5’ nuclease real-time PCR was performed for spotted fever (ompA) 
and typhus group Rickettsia (17-kDa lipoprotein gene), and for Orientia 
tsutsugamushi (56-kDa outer membrane protein gene). Amplicons were 
cloned and sequenced for alignment and phylogenetic analysis. The 
blood of 10/100 (10%) canids (1 European wolf, 3 bush dogs and 6 crab-
eating foxes) and 21/95 (22%) felids (4 pumas, 6 little spotted cats, 4 oce-
lots, 3 jaguaroundis, 1 tiger and 3 lions) contained rrs or dsb of Ehrlichia 
spp. Anaplasma spp. DNA (rrs or groESL) was detected in the blood of 
1/100 (1%) canids (1 bush dog) and in 4/146 (3%) of felids (4 little spotted 
cats). The Anaplasma spp. found in wild felids was in the same rrs clade 
as A. phagocytophilum and A. platys. Phylogenetic analysis of 350 bp of 
rrs was not sufficiently robust to differentiate among Ehrlichia spp. in 
felids or canids (96.6 to 100.0% identity). Phylogenetic analysis using dsb 
confirmed that 1 crab-eating fox was infected with E. canis. The groESL 
phylogenetic analysis demonstrated that the Anaplasma sp. found in 
a bush dog was in the same clade that includes A. phagocytophilum 
and A. bovis. Specific real time PCR for A. phagocytophilum msp2 and 
E. chaffeensis vlpt were negative for all rrs-positive samples. Bartonella, 
Rickettsia, and Orientia species infections were not identified, although 
the limit of assay sensitivity may have impeded detection. Molecular 
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characterization reveals a variable infection rate by Ehrlichia and Ana-
plasma spp. among wild carnivores in Brazil. 

P231  ixODEs pERsulCAtus AS MAIN VECTOR AND 
RESERVOIR OF ALPHA-PROTEOBACTERIAE 
(RiCkEttsiA, AnAplAsmA, EhRliChiA) IN RUSSIA

Stanislav Shpynov

FGUN «Omsk scientific research institute natural foci infections» Federal Service 
on Customers’ Rights Protection and Human Well-being Surveillance, Omsk, 
Russia

Ixodes persulcatus has a wide distribution in Eurasia. In Russia, it is lo-
cated from western to eastern of borders, in taiga and mixed forests of 
European type. In the last decade, using molecular techniques (PCR-
sequencing) were detected a variety of alpha-Proteobacteriae in this 
object. «Candidatus Rickettsia tarasevichiae» was described in I. per-
sulcatus collected in Russia (Shpynov et al., 2003). This rickettsia was 
detected in ticks in Vologda, Cheliabinsk, Sverdlovsk, Tymen, Omsk, 
Novosibirsk, Altay, Krasnoyarsk and Prymorye regions (Shpynov et al., 
2003; Eremeeva et al., 2006; Igolkina et al., 2006). Two strains of rick-
ettsia SFG isolated by M. Shaiman in 1964-1965 yy. from I. persulcatus 
collected in Novosibirsk and Altay regions, were genotyped as Rickett-
sia sibirica (Shpynov et al., 2004). R. helvetica, Ehrlichia muris, Ehrlichia-
like sp. ‘’Schotti variant’’ and Bacterium «Montezuma» were detected 
in ticks from Omsk region (Shpynov et al., 2006). I. persulcatus were 
co-infected different bacteria in Altay region: «Candidatus Rickettsia 
tarasevichiae», R. raoultii, a rickettsia closely related to R. tamurae, 
Anaplasma phagocytophilum, E. muris and Bacterium «Montezuma». 
E. muris was found on territory of Tymen and Novosibirsk region. R. 
raoultii, A. phagocytophylum and Bacterium «Montezuma» were de-
tected in Prymorye regions. E. muris was detected in I. persulcatus col-
lected on territory Perm (Ravin et al., 1999) and Baltic region (Alekseev 
et al., 2001). DNA of E. muris and A. phagocytophilum was identified in 
I. persulcatus in Cheliabinsk, Sverdlovsk, Novosibirsk and Tomsk region 
(Rar et al., 2006). «Candidatus Rickettsia tarasevichiae», R. raoultii and 
E. muris were detected in Tomsk region (Chausov et al., 2009). I. persul-
catus is vector and reservoir tick-borne encephalitis virus and Borrelia 
spp. It is demonstrated co-infection of I. persulcatus ticks of E. muris 
with Rickettsia, Borrelia, and a flavivirus (Popov et al., 2007). This study 
demonstrated that 9 representatives of genera Rickettsia, Ehrlichia and 
Anaplasma are distributed in I. persulcatus on territory of Russia. Pub-
lished data about findings of DNA (RNA) of Bartonella henselae, West 
Nile virus and Babesia spp. in this tick (Morozova et.al, 2004; Chausov 
et al., 2009; Rar et al., 2010). Thus, I. persulcatus is more important vec-
tor and reservoir of alpha-Proteobacteriae and other microorganisms 
in Russia.

P232  FIRST ISOLATION OF RiCkEttsiA slOvACA FROM 
DERmACEntOR mARginAtus IN SARDINIA, ITALY

Valentina Chisu,1 Giovanna Masala,1 Giuseppe Satta,1 Cristina Socolovschi,2 
Didier Raoult,2 Philippe Parola 2

1 Istituto Zooprofilattico Sperimentale della Sardegna, Sassari, 07100 Italy
2 Université de la Méditerranée, URMITE UMR 6236, CNRS-IRD, Faculté de 
Médecine et de Pharmacie, 13385 Marseilles cedex 05, France

Objectives: Sicily, Sardinia, Lazio and Calabria are Italian regions with 
elevated incidences of rickettsial diseases. Three tick-borne rickettsiae 
are known to be prevalent in Sardinia, Italy including Rickettsia aeschli-
mannii (associated with Hyalomma marginatum marginatum ticks) and 
R. massiliae (associated with Rhipicephalus sanguineus and Rh. turanicus), 
pathogens of emerging spotted fever group rickettsioses; and Candi-
datus Rickettsia barbariae a SFG rickettsia of unkown pathogenicity (de-
tected in Rh. turanicus). This study aimed to detect and SFG rickettsiae in 
a new sampling of ticks from Sardinia.
Methods: Fifteen adult ticks and four nymphs collected in December 
2007 from wild animals (boars, deers and moufflons) in Southeastern of 
Sardinia were identified by morphological key, homogenated and DNA 
was extracted using Quiagen protocol from a half of tick. Rickettsial 

DNA was detected by standard PCR using oligonucleotide primers for 
the citrate synthase (gltA) and outer membrane protein A (ompA) genes 
presented in all spotted fever group Rickettsiae. PCR products were pu-
rified and sequenced. All sequences were assembled, edited and com-
pared with those of the rickettsiae present in the GenBank database. The 
homogenate of a second half tick was inoculated in L929 cell culture for 
PCR positive sample. 
Results: Ten ticks were collected and identified as Dermacentor margin-
atus, four as Riphicephalus bursa and five as Haemaphysalis sulcata. Five 
D. marginatus ticks collected from wild boar tested positive for rickett-
sial DNA. For all samples, sequence analyses showed 100% similarity for 
ompA gene with R. slovaca (GenBank accession number: HM161796). Gi-
menez staining and indirect immunofluorescence assay after 15 days of 
incubation were positive for three of five cell cultures. Moreover, three 
isolate of rickettsiae was obtained and molecular analysis identified R. 
slovaca. 
Conclusions: This study documents the first detection and isolation 
in Sardinia of R. slovaca from D. marginatus ticks. R. slovaca is a human 
pathogen and an agent of tick-borne lymphadenopathy (TIBOLA/
DEBONEL), defined as the association of a tick bite, an inoculation es-
char on the scalp, and cervical lymphadenopathies. Recently, the new 
term “SENLAT” has been proposed in order to collectively describing 
the clinical entity of more infectious agent. So, it is prudent for clinicians 
in Sardinia to be alert to possible appearances of infections caused by 
these pathogens. 

P233  WHY SO FEW RiCkEttsiA COnORii COnORii INFECTED 
TICKS IN NATURE? 

Cristina Socolovschi,1 Idir Bitam,2 Thi Phong Huynh,1 Didier Raoult,1 
Philippe Parola 1

1 Unité de Recherche en Maladies Infectieuses et Tropicales Emergentes 
(URMITE), UMR CNRS-IRD 6236, WHO Collaborative Center for Rickettsial 
Diseases and Other Arthropod-borne Bacterial Diseases, Marseille, France

2 Service d’Ecologie et des Systèmes Vectoriels, Institut Pasteur d’Algérie, Algiers, 
Algeria

Objectives: Rickettsia is the etiological agent of Mediteranean Spotted 
Fever, transmitted by the brown dog tick, Rhipicephalus sanguineus. Our 
aim was to study the influence of temperature in the survival of R. cono-
rii infected Rh. sanguineus.
Methods: To collect Rh. sanguineus ticks naturally infected with R. 
conorii conorii, an entomological survey was organised in Algeria. An 
infected and non-infected laboratory colony was established, stored 
in environmental incubators at 25°C and 80% RH. The transovarial 
transmission of R. conorii conorii in naturally infected Rh. sanguineus 
ticks are 100% at eleven generations and filial infection rate up to 
90.9%. 
Results: No differences for duration of life cycle were detected be-
tween infected and non infected ticks. In the 3 experiments with en-
gorged nymphs, 88-100% of the R. conorii infected nymphs previously 
maintained at 4°C died, after having been transferred at 25°C (53-80% 
died without molting) compared to 41% (62/150) of non-infected 
nymphs (p=0.0001). In contrast, the mortality rate of ticks maintained 
continuously at 25°C (2.3-2.6%) was not different between of engorged 
infected and non-infected nymphs. As for the engorged nymphs main-
tained at 37°C, infected nymphs died significantly more than, non-
infected nymphs (p=0.0001). In the first batch of adults maintained at 
4°C for one month and then transferred at 25°C to attach on the rabbit, 
10-40% infected ticks died compared to non-infected ticks (p=0.0001). 
No difference appears on the second batch maintained continuously 
at 25°C between infected and non-infected adults. The third batch 
maintained continuously at 37°C for one month, 37.5-85% of infected 
ticks and 15-40% of non-infected ticks died (p=0.0001). Among the to-
tal dead ticks, 25-75% of infected ticks died before attachment on the 
rabbit and 10-20% on non-infected ticks died before attachment on 
the rabbit. 
Conclusions: Rh. sanguineus overwinter as engorged nymphs or unfed 
female, these preliminary results could lead to speculation that infected 
ticks would not pass the winter, and contribute to explain the low preva-
lence of infected Rh. sanguineus in nature. This negative effect of tem-
perature could be in relation with the long recognized phenomenon 
known as reactivation. 
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P234  EMERGING BORREliA, RiCkEttsiA, AND EhRliChiA 
spp IN ARgAs vEspERtiliOnis BAT TICKS

Cristina Socolovschi, Didier Raoult, Philippe Parola

Unité de Recherche en Maladies Infectieuses et Tropicales Emergentes (URMITE), 
UMR CNRS-IRD 6236, WHO Collaborative Center for Rickettsial Diseases and 
Other Arthropod-borne Bacterial Diseases, Marseille, France

Introduction: Ticks have ability to transmit a great variety of infectious 
diseases to humans and animals. Argas vespertilionis, a tick associated 
with bats and bat habitats in Europe, Africa and Asia, has been reported 
to attack humans, but there is little published data regarding the pres-
ence of vector-borne pathogens in these ticks. 
Methods: We tested five Argas vespertilionis ticks collected from floor 
of bat-infected attic converted in bedrooms in South Western France by 
molecular tools for Rickettsiae, Bartonella, Borrelia, Ehrlichia and Coxiella 
burnetii. 
Results: A total of three of five tested ticks were positive for genus spe-
cific qPCR systems. The following sequencing of standard PCR gltA gene 
amplicons from all positive samples showed that the closest sequences 
available in GenBank were Rickettsia sp. strain S (GenBank no. RSU59735) 
with 99.73% homology, and R. mongolitimonae isolate URRMTMFEe65 
(GenBank accession no.DQ097081) with 99.6% homology. The closest 
sequences available in GenBank for fragment of ompA gene were R. 
africae ESF-5 (GenBank no.CP001612) with 99.34% homology, and Rick-
ettsia S (GenBank no.RSU43805) with 99.5% homology. Four ticks were 
positive for Borrelia by qPCR assay. Sequence analyses of fragment 16S 
rRNA gene of Borrelia showed 100% similarity with sequence of Borrelia 
sp. CPB1 (GenBank no.FJ868583). A total of three of five ticks were posi-
tive for 16S rRNA gene and gltA gene specific for Ehrlichia sp. attempted 
by standard PCR. Sequence analyses showed 99.4% similarity with 16S 
rRNA gene of uncultured Ehrlichia sp. clone Khabarovsk 1931 (GenBank 
no.FJ966354), and 98.3% similarity with E. muris isolate Kh-1550 (Gen-
Bank no.GU358692). The closest sequences for gltA gene fragment were 
91% similarity with gltA gene of Ehrlichia sp. HF (GenBank no.DQ647319), 
and 89.9% similarity with E. muris (GenBank no.AF304144). Co-infections 
with two pathogens were presented in three ticks (Rickettsiae&Borrelia/
Borrelia&Ehrlichia). One A. vespertilionis tick was positive for three patho-
gen species. 
Conclusions: Our findings showed that Argas vespertilionis harbours 
potentially pathogenic bacterial agents in the genera Rickettsia, Borrelia 
and Ehrlichia. Further studies need to be realised to characterization of 
these new Rickettsia and Ehrlichia species and the role of this ticks as 
vector and/or reservoir of these infectious agents. 

P235  EhRliChiA CAnis IN RhipiCEphAlus sAnguinEus 
TICKS IN IVORY COAST, A NEW MOLECULAR TOOL 
FOR EARLY DIAGNOSIS

Cristina Socolovschi,1 José Gomez,2 Bernard Davoust,1,3 
Pierre-Michel Guigal,4 Didier Raoult,1 Philippe Parola 1

1 Unité de Recherche en Maladies Infectieuses et Tropicales Emergentes 
(URMITE), UMR CNRS-IRD 6236, WHO Collaborative Center for Rickettsial 
Diseases and Other Arthropod-borne Bacterial Diseases, Marseille, France

2Veterinary Practitioner, Abidjan, Ivory Coast
3 Working Group on Animal Epidemiology, French Forces Health Service, 
Marseille, France

4Merial, Clinical immunologicals R&D, Saint-Vulbas, France

Objectives: Canine monocytic ehrlichiosis (CME) is caused by Ehrlichia 
canis. The disease is ubiquitous but its prevalence in the African conti-
nent is poorly known. Recently, using indirect fluorescent antibody test, 
CME seroprevalence in the watchdogs without any clinical sign of dis-
ease was found 67.8% in Abidjan, Ivory Coast. The aim of this work was 
to detect Ehrlichia canis in Rhipicephalus sanguineus ticks using a rapid 
molecular tool specific, to provide a direct evidence of the bacterium 
in this country. 
Methods: Ticks were collected from watchdogs living in one kennels 
in Abidjan in August 29, and July 25, 2009. Ticks were kept in ethanol 
before being tested at the Unité des Rickettsies, Marseille, France. Ticks 
were morphologically identified as Rhipicephalus sanguineus adults by 

using standard taxonomic keys. DNA of 60 ticks was extracted using 
the QIAamp kit. We screened DNA samples by quantitative real-time 
PCR (qPCR) for E. canis using a newly designed qPCR primer and probe 
combination based on the Ecaj_0701 gene coding glutaredoxin-related 
protein (E_can0701 system). Positive results for E. canis detection were 
confirmed by the second qPCR system based on Ecaj_0503 gene cod-
ing a hypothetical protein (E_canis0503 system). To confirm the positive 
results, amplification and sequencing were realised using EHR16SR-EH-
R16SD primers, which amplify a 345-bp fragment of the 16S rRNA gene 
of all the known ehrlichiae.
Results: A total 16 of 60 tested ticks (27%) were positive by both 
specific qPCR for E. canis. The following sequencing of standard PCR 
16s rRNA gene amplicons from all positive samples showed 99.71% 
(345/346) homology with E. canis strain TWN (GenBank accession no. 
GU810149).
Conclusions: A high prevalence of infected E. canis ticks were de-
tected in the watchdog in Abidjan. It is the first time that E. canis 
was detected by molecular tools in Ivory Coast, providing a direct 
evidence of its presence in Ivory Coast. The qPCR assay increase 
sensitivity and specificity of detection of E. canis. We have validated 
here a new system that could be also used for detection of active 
infection during all three phases (acute, subclinical and chronic) in 
mammalian host (domestic dogs, wolves, foxes). Control of adult 
tick populations would be important for limiting outbreaks of CME 
in this area.

P236  RiCkEttsiAE AND BORREliA IN TICKS ON MIGRATORY 
BIRDS FROM THE CAMARGUE NATIONAL PARK, 
FRANCE

Socolovschi Cristina,1 Reynaud Pierre,2 Raoult Didier,1 Parola Philippe1

1 Unité de Recherche en Maladies Infectieuses et Tropicales Emergentes 
(URMITE), UMR CNRS-IRD 6236, WHO Collaborative Center for Rickettsial 
Diseases and Other Arthropod-borne Bacterial Diseases, Marseille, France

2 Institut de Recherche pour le Développement (IRD), Département Société et 
Santé, les Orteaux, 05700, Trescléoux, France

Objective: The goal was to assess the presence of emerging zoonotic 
pathogens in ticks collected on migratory birds and other mammals 
present in the Camargue National Park, South France. 
Methods: In April 2010, 135 ticks were collected from migratory birds 
and other mammals present in the Camargue National Park, France. 
Ixodes sp ticks (5 larvae, 8 nymphs, 1 adult (A)) were collected on Sylvia 
atricapilla, Erithacus rebecul, Turdus merula, and Quelea quele; Rhipiceph-
alus sp. ticks (3A) on Passer domesticus; Haemaphysalis sp. tick (1A) on 
Passer; Hyalomma sp. ticks (15 nymphs) on Sylvia hortensis, Acrocephalus 
Scirpaceus and Tyto alba; Hyalomma marginatum rufipes (1A) on Luscinia 
megarhynchos. Rh. sanguineus were collected on two dogs (10 nymphs, 
51A), on three horses (21A), and on human collectors (11A). Ixodes sp (1A) 
and Dermacentor marginatus ticks (2A) were collected on two horses; 
Rh. turanicus (1A and 3A) on a cat and on human collectors, respec-
tively; Haemaphysalis punctata tick (1A) on a human collector. The DNA 
extraction was realized from all these samples. All DNA samples were 
screened by quantitative (q)PCR for Rickettsiae targeting a fragment of 
gltA gene, for Bartonella targeting internal transcribed spacer, and for 
specific Coxiella burnetii detection. All DNA samples from ticks collected 
from migratory birds were tested for Borrelia targeting a fragment of 
16S rRNA gene. Amplification and sequencing have been realized for all 
positive samples. 
Results: In ticks collected on migratory birds, R. massiliae was detected 
in Rhipicephalus sp. (2/3), R. aeschlimannii in Hyalomma sp ticks (3/15), 
and Borrelia sp. in Ixodes sp. ticks (1/14). R. massiliae was detected in 
Rh. sanguineus collected on dog (1/61), horse (18/21), human collectors 
(9/11), and in Rh. turanicus collected on cat (1/1), and human collectors 
(3/3). R. slovaca was detected in D. marginatus collected on horse (1/2), 
and Candidatus R. barbariae in Rh. sanguineus (1/11) collected on human 
collector. Coxiella burnetii was detected in Rh. sanguineus (1/11) collect-
ed on human collectors. 
Conclusions: Our data show that migratory birds host ticks are infected 
with R. massiliae, R. aeschlimannii and Borrelia species and contribute to 
the geographic distribution of these emerging pathogens. 
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P237  DETECTION OF VECTOR-BORNE PATHOGENS IN TICKS 
REMOVED FROM DOGS LIVING IN ITALY 

Michele Trotta,1 Martina Nicetto,1 Alessandro Fogliazza,2 Fabrizio Montarsi,3 
Marco Caldin,4 Tommaso Furlanello,1 Laia Solano-Gallego 1,5

1Laboratorio d’Analisi Veterinarie “San Marco”, Padova 
2Merial, Italia
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4Clinica Veterinaria “San Marco”, Padova
5Royal Veterinary College, UK 

Objectives: The aims of this study were to evaluate natural infection 
by vector-borne pathogens in ticks removed from dogs with clinico-
pathological abnormalities compatible with tick-borne diseases living 
throughout Italy and to assess the distribution and species of ticks en-
countered. 
Methods: Ninety-one ticks were collected from 22 dogs with clinico-
pathological abnormalities compatible with tick-borne diseases living 
throughout Italy. The ticks were identified morphologically. DNA was 
extracted from the ticks and the efficiency of extraction was evaluated 
by using tick mitochondrial 16S rRNA gene specific primers. Real-time 
PCRs for Anaplasma phagocytophilum/A. platys, Bartonella henselae, Eh-
rlichia canis, Leishmania infantum, and Rickettsia spp. were performed 
on the DNA from the ticks. Leishmania infantum, Babesia spp and Hepa-
tozoon spp conventional PCR were also carried out.
Results: The ticks belonged to following species: Rhipicephalus san-
guineus (n=73, adults n=70, male n=38, female n=32, and nymphs n=3); 
Rhipicephalus spp. (n=5, nymphs); Ixodes ricinus (n=9, adults n=8, male 
n=1, female n=7, and nymph n=1); Ixodes sp. (n=1, adult male); Derma-
centor marginatus (n=3, adult female n=3). Ticks removed from dogs liv-
ing in southern Italy were all R. sanguineus (n=25), ticks from central Italy 
included R. sanguineus (n=8), I. ricinus (n=8), and one Ixodes sp., ticks 
from northern Italy included R. sanguineus (n=40), Rhipicephalus spp 
(n=5), D. marginatus (n=3) and one I. ricinus. Rickettsia DNA was detected 
in four adult R. sanguineus ticks (one male from central Italy and three 
females from southern of Italy) removed from three dogs. Babesia ca-
nis DNA was detected in two female D. marginatus ticks removed from 
two dogs from northern Italy. Leishmania infantum DNA was present in 
two male R. sanguineus ticks, one from central and one from northern 
Italy, and in five female I. ricinus ticks removed from the same dog from 
northern Italy. 
Conclusions: The most prevalent ticks removed from dogs were R. 
sanguineus, and they were present throughout the country while D. 
marginatus and I. ricinus ticks were only found in central and northern 
Italy. The pathogens detected in the ticks were R. conorii, B. canis and 
L. infantum and their geographical distributions were correlated with 
those of human and canine vector-borne disease in Italy. 

P238  BARtOnEllA ClARRiDgEiAE, B. hEnsElAE, AND 
RiCkEttsiA FElis IN FLEAS FROM MOROCCO 

Najma Boudebouch,1,2 Mhammed Sarih,1 Jean Claude Beaucournu,3 
Hamid Amarouch,2 Mohammed Hassar,1 Didier Raoult,4 Philippe Parola 4

1 Laboratoire des Maladies Vectorielles, Institut Pasteur du Maroc 1, Place Louis 
Pasteur, 20360, Casablanca, Maroc

2 Université Hassan II, Faculté des Sciences Ain Chock, Casablanca, Maroc
3 Université de Rennes 1, Faculté de Médecine, Laboratoire de Parasitologie 
Médical, 35043 Rennes, France

4 Unité de Recherche en Maladies Infectieuses Emergentes Tropicales, CNRS-IRD 
UMR 6236, Faculté de Médecine, Université de la Méditerranée, 13385 Marseille 
Cedex 9 5, France

Background: Flea-borne disease organisms are widely distributed 
throughout the world in endemic disease foci that contain components 
of the enzootic cycle. In Morocco, studies of flea and human flea-borne 
infections have been limited. However, current data are unavailable re-
garding flea-borne rickettsioses and bartonelloses in Morocco.
Methods: A total of 554 fleas were collected in the Moroccan Casablan-
ca and Tiznit regions from domesticated animals and ruminants be-
tween August 2007 and October 2008 and were tested for the presence 
of Rickettsia spp. and Bartonella spp. using molecular methods. 

Results: For the first time in Morocco, we found Rickettsia felis, the agent 
of flea-borne spotted fever in Ctenocephalides felis ; B. henselae, an agent 
of cat scratch disease; and Bartonella clarridgeiae, a cat pathogen and 
potentially a human pathogen.
Conclusions: These results suggest the presence of infection with 
these organisms and that fleas are potential vectors of flea-borne spot-
ted fever in this country.

P239  PRESENCE OF ChlAmyDiAE DNA IN FLEAS AND TICKS

Antony Croxatto,1 Idir Bitam,2 Sébastien Aeby,1 Tahar Kernif,2 Gilbert Greub 1

1 Institute of Microbiology, University Hospital Center and University of Lausanne, 
Lausanne, Switzerland

2 Institut Pasteur, Alger, Algeria

Objectives: The order Chlamydiales includes the Chlamydiaceae, 
Parachlamyliaceae, Waddliaceae, Simkaniaceae, Criblamydiaceae and 
Rhabdochlamydiaceae families. These obligate intracellular bacteria 
replicate within various eukaryotic cells including humans, animals and 
amoebae. Many of them are pathogens or emerging pathogens of hu-
mans or animals. However, the diversity of these intracellular bacteria is 
largely underestimated and their ecology remains to be investigated. 
Thus, using a new pan-Chlamydiae PCR, we analyzed the prevalence of 
Chlamydiae in fleas and ticks.
Methods: We used a new developed pan-Chlamydiae TaqMan real-time 
PCR targeting the conserved 16S rRNA gene combined to a standard-
ized amplicon sequencing procedure to analyze the prevalence of Chla-
mydiales DNA in fleas (Siphonaptera) and ticks (Ixodidae) collected on 
wild rodents in Algeria.
Results: On 150 flea and tick samples tested, 17.7% (17/96) of the flea 
and 51.9% (28/54) of the tick samples were positive by pan-Chlamydiae 
real-time PCR. Except for one sample that was associated to the Chla-
mydiaceae family, all the remaining sequencing results corresponded 
to Chlamydia-related families. Interestingly, 55% of sequences were 
affiliated to the Parachlamydiaceae family, which is classically associ-
ated with environmental amoebae that are largely prevalent in water. 
However, only one sequence was affiliated to the Rhabdochlamydi-
aceae family, which currently contains two species both identified in 
arthropods.
Conclusions: Insects, and more specifically mammals’ parasites 
such as fleas and ticks, seem to represent important host reservoirs 
for Chlamydiae and should likely be considered as potential impor-
tant vectors for Chlamydiales propagation to human and animal 
hosts.

P240  PREVALENCE OF AnAplAsmA, EhRliChiA, RiCkEttisA 
AND COxiEllA IN DIFFERENT TICKS SPECIES 

Torina A.,1 Caracappa S.,1 Alongi A.,1 Scimeca S.,1 D’Agostino R.,1 Blanda V.,1 
Agnone A.,2 Di Marco V.1 

1 National Centre of Reference for Anaplasma, Babesia, Rickettsia and Theileria - 
Istituto Zooprofilattico Sperimentale della Sicilia

2 Dipartimento di Biopatologia e Biotecnologie Mediche e Forensi – Università di 
Palermo

To control tick-borne diseases (TBDs) it’s important to know the inci-
dence and prevalence of the tick species involved in their transmission, 
as well as their role as pathogens vectors. Pathogens belonging to 
Anaplasma, Ehrlichia, Rickettisa and Coxiella cause important patholo-
gies in animal and human. In our study we have analyzed the ticks by 
PCR to detect the presence of these pathogens, in order to evaluate 
the tick species mostly involved in the transmission. During the period 
2004-2010, 5349 PCRs were performed in ticks samples collected from 
infested animals (3703) or questing ticks (1646). Ticks were identified 
using morphological keys for Italian Ixodidae, and were incubated for 5 
days prior to wash, dissection and DNA extraction. Ticks were tested by 
specific PCRs for Anaplasma spp, A. marginale, A. phagocytophilum, Eh-
rlichia spp, Rickettsia spp and C. burnetii as described elsewhere. Preva-
lence was calculated for each pathogen in different tick species. Data 
reported were referred to at least fifty ticks tested for each pathogen. 
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Ticks were belonging to the species Argas reflexus, Boophilus annulatus, 
Dermacentor marginatus, Haemaphisalis sulcata, Hae.punctata, Hyalom-
ma lusitanicum, Hy. marginatum, Ixodes ricinus, Ornithodoros sp, Rhipi-
cephalus turanicus, Rh. bursa, Rh. sanguineus. The pathogen Anaplasma 
spp was found in all the ticks species tested; the highest prevalence 
was calculated in Hy. marginatum (17.7%) followed by Rh. bursa, Rh. 
turanicus, D. marginatus and I. ricinus (prevalence ranging from 10.2% 
to 8.2%), while Hy. lusitanicum and Rh. sanguineus had prevalence value 
less than 2.0%. A. marginale was isolated only from Rh. bursa (3.8%) and 
Rh. sanguineus (2.8%). Interestingly, A. phagocytophilum, was detected 
in Hy. marginatum (15.0%) Rh. turanicus (9.4%), Rh. bursa (6.1%). I. ricinus 
had a prevalence of 5.7%. Ehrlichia spp showed a highest prevalence in 
D. marginatus (9.4%). As regards Rickettsia spp prevalence, D. margin-
atus (34.4%), Rh. sanguineus (29.9%) and Hy. marginatum (20.8%) were 
the tick species with highest values. The Rickettsia prevalence for all the 
other species ranged from 10.3% to 1.6%. Finally, C. burneti was mostly 
present in Hy. marginatum (8.9%) and Hae. punctata (6.3%). This infor-
mation is important for epidemiological studies on tick-borne patho-
gens and to evaluate the risks associated with pathogen transmission 
to humans and animals. 
Supported by IZSSi 07/08, Italian Ministry of Health. Thanks to Rosa Filippi 
and Franco Ferraro for their technical support.

P241  GENETIC CHARACTERIzATION OF CANDIDATUS 
RiCkEttsiA vini. A NEW RiCkEttsiA AMPLIFIED IN 
TICKS FROM LA RIOJA, SPAIN

Palomar A., Portillo A., Santibáñez P., Santibáñez S., García-Álvarez L., 
Oteo JA.

Infectious Diseases Area, Hospital San Pedro-CIBIR, Logroño, Spain

Background: The gene sequence-based criteria for the taxonomic clas-
sification of rickettsial isolates at the genus, group and species levels 
was proposed by experts in 2003 and it was reviewed in 2006. The rick-
ettsial classification is based on several gene sequencing.
Objective: To describe the genetic characteristics of a new Candidatus 
to Rickettsia sp. detected in ticks removed from birds collected in La 
Rioja (Spain).
Methods: Selected DNA extracts from 27 ticks removed from 3 birds 
were studied by ompA PCR, and nucleotide sequence analysis showed 
97.12% similarity with Rickettsia heilongjiangensis. Further PCR assays of 
16S rRNA, gltA (5’ end), ompB and 17 kDa target genes were carried out 
for these samples.
Results: For each target gene analyzed, all sequences (n=27) were identi-
cal each other. Nucleotide sequences for 16S rRNA, gltA, ompB and 17 kDa 
fragment genes showed 99.75%, 99.43%, 98.90% and 99.24% similarity 
with R. heilongjiangensis (as the nearest validated Rickettsia species).
Conclusions: According to our results and based on the taxonomic 
scheme for classification of rickettsiae at the genus and species level, a 
new Candidatus of Rickettsia spp. is proposed. We have named it “Can-
didatus Rickettsia vini”, since it has been described in La Rioja, the region 
with name of wine.
Acknowledgements: Financial support was provided in part by a grant from 
“Instituto de Salud Carlos III” (EMER 07/033), Ministerio de Sanidad y Con-
sumo (Spain).
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IN ISTANBUL, TURKEY
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Background: In Turkey, ticks that bite humans belong to the genera Ixo-
des, Hyalomma, Dermacentor, Rhipicephalus and Haemaphysalis. These 
ticks can be vectors and reservoirs of several Rickettsia spp.

Objectives: To investigate the presence of Rickettsia spp. in ticks that 
bite humans in Istanbul.
Methods: 167 ticks removed from humans in Istanbul (Turkey) during 
2006 were classified by phenotypic and, in exceptional cases, by geno-
typic methods (PCR of 16S rRNA). DNA extracts using rickettsial ompA 
and citrate synthase (central region) fragment genes as targets were 
analyzed by PCR and sequencing.
Results: Rickettsia spp. was amplified in a total of 69 ticks (41.3%). 
The nucleotide sequences showed the presence of Rickettsia mona-
censis in 44 Ixodes ricinus and 1 Ixodes spp. (27%); Rickettsia aeschli-
mannii in 5 Hyalomma spp., 2 Hyalomma marginatum and 1 Rhipi-
cephalus bursa (4.8%); Rickettsia conorii in 3 Rh. bursa (1.8%); Rickettsia 
helvetica in 2 I. ricinus (1.2%), Rickettsia africae in 1 Hyalomma spp. 
(0.6%); Rickettsia felis in 1 Rh. bursa (0.6%); Rickettsia raoultii in 1 Der-
macentor marginatus (0.6%). Furthermore, in 2 Rhipicephalus spp. 
(1.2%) and in 6 I. ricinus (3.6%) the nucleotide sequences for Rickettsia 
were inconclusive.
Conclusions: 1. This is the first record of R. monacensis, R. aeschlimannii, 
R. helvetica, R. africae, R. felis and R. raoultii in Turkey.
2.  This is the first time that R. africae has been detected in ticks in Europe 

and the first record of R. africae in Hyalomma ticks.
3.  This is the first detection of R. aeschlimannii and R. felis in Rh. bursa.
4.  The presence of R. conorii in Rh. bursa corroborated the data from a 

previous study targeting 16S rRNA gene in ticks collected on livestock 
from Turkey. 

5.  The presence of human pathogenic Rickettsia in ticks provide infor-
mation about the risk of tick-borne rickettsiosis in Turkey.

Acknowledgements: Tick collection and identification studies were sup-
ported by TUBITAK (108S171).
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Background: Tick-borne diseases could have atypical manifestations. 
These features could be due to the transmission of more than one tick-
borne agent by coinfected ticks. In Turkey, human cases of Lyme disease 
and Mediterranean spotted fever have been reported. Furthermore, 
Anaplasma phagocytophilum has been identified in Ixodes spp. 
Objectives: To determinate the coinfection of Anaplasma with Rickett-
sia and Borrelia in ticks removed from humans in Turkey. 
Methods: In a previous study of ticks attached to humans in Istanbul 
(Turkey), 69 specimens analyzed for detection of Rickettsia (ompA and 
gltA PCR assays) as well as 10 ticks tested for Borrelia (flaB and 16S-23S 
intergenic spacer PCR assays) were found to be positive. PCR and se-
quence analysis of msp2 and 16S rRNA genes from Anaplasma were per-
formed in these 79 positive samples.
Results: Anaplasma phagocytophilum was amplified in 5 Ixodes ricinus 
and 3 Ixodes spp. (4.3%) using msp2 PCRs. Only 4 of them were also 
positive using 16S rRNA PCR. The 16S rRNA amplicons showed highest 
identity with the pathogenic variant of A. phagocytophilum (n=3). In one 
case this sequence was not conclusive. Four I. ricinus specimens were 
coinfected with A. phagocytophilum and Rickettsia monacensis, two Ixo-
des spp. harboured A. phagocytophilum and Borrelia lusitaneae. Lastly, A. 
phagocytophilum and Borrelia azfelii appeared in one I. ricinus and one 
Ixodes spp.
Conclusions: 1. The detection of A. phagocytophilum in Ixodes spp. ticks 
corroborated the data from a previous study of ticks from humans in 
Turkey. 2. This is the first record for coinfection of Anaplasma with Rick-
ettsia and Borrelia in ticks removed from humans in Turkey. These data 
should be taken into account for the diagnosis of tick-borne diseases 
in Turkey.
Acknowledgement: Tick collection and identification studies were support-
ed by TUBITAK (108S171).
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P244  CHIGGERS (ACARI: TROMBICULIDAE) INFECTED WITH 
RiCkEttsiAE IN SPAIN: PRELIMINARY DATA

Santibáñez P., Palomar A., Santibáñez S., Portillo A., Oteo JA.

Infectious Diseases Area, Hospital San Pedro-CIBIR, Logroño, Spain

Background: Trombiculid mites are worldwide distributed and they 
are involved in different human diseases. The role of trombiculid mite 
larvae (chiggers) of the genera Leptotrombidium as vectors of Orientia 
tsutsugamushi is well known in Asia and other parts of the eastern hemi-
sphere. In La Rioja (Spain) the chigger bites produce irritant dermatitis 
in people, mainly in fall. 
Objectives: To investigate the presence of rickettsiae in larvae of Neo-
trombicula spp. from La Rioja (Spain). 
Method: Larvae of Neotrombicula spp. were weekly collected over veg-
etation in mountainous areas of La Rioja from August to December dur-
ing 2009 and 2010. DNA was extracted from pools of 10 specimens. PCR 
assays and sequence analysis of gltA, ompB, ompA, 17kDa and 16S rRNA 
rickettsial genes were performed. 
Results: Rickettsia spp. was amplified in 0.3-3.0% of the 6,510 larvae 
processed: 0.2-2.1% targeting gltA gene and 0.06-0.6% targeting ompB 
gene. Pools were positive only for gltA or ompB, never for both of them. 
No rickettsia was detected with ompA, 17kDa and 16S rRNA PCR assays. 
gltA nucleotide sequences showed 99.0-99.6% identity with R. conorii 
strain LHR_BR (8 pools), 97.9-98.0% with R. bellii (2 pools); 99.0-99.4% 
with R. heilongjiangensis (2 pools); 98.0% with Male-killing Rickettsia 
from Adalia decempuntata (1 pool) and 87.8% with Rickettsia endosym-
biont of Rhyzobius litura (1 pool). ompB nucleotide sequences showed 
99-100% identity with R. conorii strain Malish 7 (4 pools).
Conclusions: Mites of the genera Neotrombicula are infected by rickett-
siae in the studied area. These results have to be considered because the 
role of these arthropods in rickettsiology is not well-known in Europe.
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P245  RiCkEttsiA AND AnAplAsmA: IS THE LIzARD A 
RESERVOIR IN ALGERIA? 
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Objectives: In Algeria, Ixodes ricinus is the most prevalent tick species. 
The wide spectrum of tick-borne pathogens poses a health risk to peo-
ple involved in outdoor activities in tick-infested areas. In the present 
study, a PCR-based detection system was established in order to inves-
tigate the occurrence of bacteria and protozoa of medical importance 
in Algerian ticks.
Materials and Methods: Lizard’s ticks were collected throughout 
National Park El-Kala (Algeria) between 2008 and 2009. The results of 
this preliminary study indicate that immature ticks (I. recinus) are being 
frequently found on lizards. Universal primer pairs targeting the 16S 
rRNA gene for the detection of the genera Rickettsia, Anaplasma, were 
designed. A first screening of about 422 Ixodes ricinus. Ticks of all devel-
opmental stages by PCR and (multiplex)-nested-PCR showed that all of 
the above-mentioned bacterial and protozoal genera occur in Algeria 
ticks. In larval and Nymphs ticks, the genera Rickettsia, Anaplasma and 
unknown pathogens were detected.
Results: The results revealed that R. helvetica, R. monacensis, appears 
to be the most prevalent genospecies among the A. phagocytophilum 
in Algerian ticks. Moreover, unknown pathogen was detected for the 
second time may pose an unknown health risk in Algeria. We have 
interesting to study the impact of these pathogens in some tissue 
(liver, lung and kidney). The histological section mentioned a struc-
tural modification and inflammatory related with the existence of this 
pathogens. 

Conclusions: These results suggest that some lizard may serve as al-
ternative reservoir for Rickettsia. From these results, apparent contri-
butions of various other hosts to pathogen transmission highlight the 
need for a community approach to understanding vector-borne zoono-
ses. Future methods will generate information for approaching a variety 
of topics of pressing concern to public health, including the potential 
impact of anthropogenic landscape change on human risk of exposure 
to zoonotic pathogens.

P246  CANDIDATUS RiCkEttsiA COlOmBiAnEnsi. A NEW 
PROPOSED RiCkEttsiA SPECIES DETECTED IN 
AmBlyOmmA SPP. REMOVED FROM IGUANAS AND 
VEGETATION

Miranda J.,1 Mattar S.,1 Portillo A.,2 Oteo JA.2

1 Instituto de Investigaciones Biológicas del Trópico, Facultad de Medicina 
Veterinaria y Zootecnia, Universidad de Córdoba, Córdoba, Colombia
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Background: Few tick-related rickettsias have been described in South 
America. Up to date, only Rickettsia rickettsii, R. parkeri and R. massiliae 
have been involved as human pathogens in that area. In Colombia, we 
only know about the presence of human cases related to Rocky Mountain 
spotted fever (fiebre de Tobía) and there are no studies about the pres-
ence of Rickettsia spp. in ticks. 
Objectives: To investigate the presence of Rickettsia spp. in ticks col-
lected from iguanas and vegetation in Colombia.
Methods: A total of 37 Amblyomma disimile ticks (26 adult and 11 
nymphs) removed from iguanas (Iguana iguana) in the Municipality of 
Monteria (North West of Colombia) as well as 3,079 ticks (480 larvae 
of Amblyomma spp., 2,500 unidentified larvae and 99 unidentified 
nymphs) collected over vegetation in the Municipality of Los Cordobas 
(North West of Colombia) were included in the study. The collected ticks 
were pooled into groups from which DNA was extracted. Initial screen-
ing of Rickettsia spp. was performed by a real-time PCR assay targeting 
a 147-bp fragment of the citrate synthase gene (gltA). Positive samples 
were further studied using gltA (245 bp), ompA (631 bp) and ompB (811 
bp) PCR assays and sequencing.
Results: Rickettsia spp. was detected in 30 out of 113 pools of ticks. 
Four pools corresponding to adult Amblyomma disimile ticks removed 
from iguanas in Monteria (n=2) as well as to free living larvae collected 
in Los Cordobas (n=2) have been sequenced. Consensus nucleotide se-
quences for gltA, ompA and ompB fragment genes showed 99.5, 95.2 
and 96.5% similarity with Rickettsia tamurae, respectively (as the nearest 
validated Rickettsia species). 
Conclusions: We have found a new Rickettsia sp. in Colombia for the 
first time. According to our results and based on the taxonomic scheme 
for classification of rickettsiae at the genus and species level, a new Rick-
ettsia species, named Candidatus Rickettsia colombianensi, is proposed.

P247  ANALYSIS OF PATHOGEN CO-OCCURRENCE IN HOST 
SEEKING ADULT HARD TICKS IN SERBIA

Željko Radulović,1 Dimosthenis Chochlakis,2,3 Snežana Tomanović,1 
Marija Milutinović,1 Yannis Tselentis,2,3 Anna Psaroulaki 2,3 
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Objectives: Ticks may become infected with multiple pathogens after 
a single blood meal or as a result of sequentially feeding on differential-
ly infected hosts. The aim of this study was to investigate the presence 
of seven tick-borne pathogenic bacteria and possible co-infections in 
adult Ixodid ticks, in Serbia.
Methods: One hundred and thirty two (132) ticks were collected by flag-
ging over surface in 2007 and 2009 from six localities (Padinska Skela PKB, 
Kovilovo, Jabučki Rit, Pančevački Rit, Makiš, Titov Gaj) settled in the Belgrade 
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region and one locality (Kljajićevo) in Vojvodina district. Samples were PCR 
amplified to detect C. burnetii, Babesia spp., F. tularensis, Borrelia spp., Barton-
ella spp. and Anaplasma spp. Statistical analysis included index of co-infec-
tion, 2x2 contingency tables and chi-square tests.
Results: Five different tick species were identified (Dermacentor margin-
atus, D. reticulatus, Haemaphysalis punctata, H. concinna and Ixodes ricinus). 
In a previous study already published Rickettsia Helvetica and R. monacensis 
were detected in the above collected ticks. In the present study we detect-
ed of A. ovis (16/132) A. phagocytophilum (3/132), B. canis (14/132), B. burgdor-
feri s.l. (2/132), C. burnetii (29/132) and Francisella endosymbionts (23/132). 
Of the 132 ticks, 50.8% were infected with two or more microorganisms. 
Ten combinations of mixed infections were revealed. Five of those were 
double infections (B. canis/Francisella endosymbiont and A. ovis/C. burnetii), 
three were triple (A. ovis/C. burnetii/A. phagocytophilum) and two were qua-
druple infections (A. ovis/C. burnetii/R. monacensis/B. burgdorferi). C. burnetii 
was detected in all but one mixed infections; A. ovis was detected in 6/10 
mixed infections. Of the double infections, those of B. canis/Francisella 
endosymbiont and of A. ovis/C. burnetii revealed a positive index; co-infec-
tions of A. ovis/C. burnetii/A. phagocytophilum and of A. ovis/C. burnetii/R. 
monacensis/B. burgdorferi s.l., differed significantly from expectation. In 
case of A. ovis/C. burneti co-infection, statistical analysis showed some level 
of positive or negative interaction with additional pathogen(s).
Conclusions: Anaplasma ovis, C. burnetii and Francisella endosymbi-
onts, were recorded for the first time in ticks in Serbia. The possibility 
of multiple infections due to a single tick bite can pose a public health 
treat for human and animal population.

P248  CO-INFESTATION OF ECTOPARASITES INFECTED BY 
RiCkEttsiA RiCkEttsii IN DOGS AND HORSES IN THE 
STATE OF RIO DE JANEIRO, BRAzIL

Gehrke FS.,1 Gazeta GS.,2 Rodrigues ES.,1 Marrelli MT.,3 Schumaker TTS.1

1 Departamento de Parasitologia, Universidade de São Paulo
2 Laboratório de Referência Nacional em Vetores das Riquetsioses, Fundação 
Oswaldo Cruz/Rio de Janeiro, RJ, Brazil

3 Departamento de Epidemiologia, Faculdade de Saúde Pública, Universidade de 
São Paulo Brasil

Background: Spotted Fever Group (SFG) bacteria are distributed world-
wide and have been detected in different species of vectors. 
Objectives: This study investigated the presence of SFG rickettsial 
genes in fleas and ticks collected from domestic animals in a Spotted 
Fever endemic region of the state of Rio de Janeiro. 
Methods: Pooled samples of the following potential vectors were 
analyzed by Polymerase Chain Reaction and sequence analysis: Cteno-
cephalides felis, Amblyomma aureolatum, Amblyomma cajennense, Ano-
centor nitens and Rhipicephalus sanguineus. The specimens were parasit-
izing Canis familiares or Equus caballus from the municipalities of Barra 
Mansa, Queimados, Resende and Valença. 
Results: Rickettsia rickettsii was simultaneously diagnosed in R. sanguineus 
and C. felis collected from five dogs (Barra Mansa), A. cajennense and A. ni-
tens from two horses (Queimados), A. aureolatum and R. sanguineus from 
one dog (Resende) and A. cajennense and A. nitens from one horse (Valença). 
Conclusions: This is the first notification of R. rickettsii in different spe-
cies of vectors co-infesting the same host in Brazil. Bacterial infection of 
several ectoparasites species collected on a given host may have different 
origins: co-feeding, feeding on infected host, transstadial infection or, in 
the case of larvae, transovarial transmission. All these factors could con-
tribute to co-infested vector infection and increase the rate of transmis-
sion of R. rickettsii to humans and domestic animals in the areas studied.

P249  RiCkEttsiA FElis IN FLEAS FROM SOUTHERN 
ETHIOPIA

Oleg Mediannikov,1 Alemseged Abdissa,2 Georges Diatta, 
Jean-François Trape, Didier Raoult 1

1 Research Unit on Emerging Infectious and Tropical Diseases (URMITE), UMR 
6236 (CNRS-IRD UMR 198), Medicine Faculty, Marseille, France

2 Jimma University, Department of Medical Laboratory Sciences and Pathology, 
Jimma, Ethiopia

Objectives: Fleas are not only a irritating parasites of humans and their 
pets in all climatic zones, but can cause medical problems including flea 
allergy dermatitis, secondary skin irritations and, can transmit diseases 
among animals and humans. We aimed to study the prevalence of Rick-
ettsia sp. and Bartonella sp. in fleas from Ethiopia, as such epidemiologi-
cal investigations have never been performed previously. 
Methods: Fleas were collected with the use of a plate filled with soapy 
water; a candle is put in the middle of the plate. Fleas being thermotropic 
jump towards the candle and fall into the plate, where they are rapidly 
‘drowned’ in the soapy water. In total we collected 56 fleas in human 
dwellings from various regions of Ethiopia. Fleas were identified morpho-
logically. The molecular tools (species specific qPCR for Pulex irritans and 
Ctenocephalides felis) were developed and all the morphological identifi-
cation was confirmed by molecular methods, because some specimens 
were damaged and difficult to identify. Fleas were screened by real-time 
PCR to detect Rickettsia sp. and Bartonella sp. The species-specific qPCR for 
the detection of Rickettsia felis was then performed. All positive samples 
were also subjected to the standard PCR (gltA-based for Rickettsia spp.).
Results: We have found that almost all (52/55) fleas collected in human 
dwellings were Pulex irritans, only three specimens were C. felis. No bar-
tonellae were identified in fleas. All three specimens of C. felis contained 
the DNA of R. felis. However, 23/55 (42%) of P. irritans also contained R. 
felis DNA. 
Conclusions: We have screened fleas collected in human dwellings 
in rural Ethiopia for emerging pathogens. No studies has been done 
before in this region. We have identified that the reservoir of R. felis is 
not only C. felis, but also P. irritans, at least in Ethiopia and in the places 
where both fleas cohabit. Recent publications show that in different 
regions of sub-saharan Africa (Senegal, Kenya), flea-borne rickettsiosis 
caused by R. felis may cause 3.7-4.4% of acute fevers in screened popula-
tion. The identification of vectors of R. felis plays an important role in the 
control of morbidity. 

P250  DETECTION OF NEW BORREliA IN TICKS FROM 
CATTLE FROM SOUTHERN ETHIOPIA

Oleg Mediannikov,1 Alemseged Abdissa,2 Cristina Socolovschi,1 
Georges Diatta, Jean-François Trape, Didier Raoult 1

1 Research Unit on Emerging Infectious and Tropical Diseases (URMITE), UMR 
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2 Jimma University, Department of Medical Laboratory Sciences and Pathology, 
Jimma, Ethiopia

Objectives: A survey was aimed to determine the role cattle ticks in 
Ethiopian highlands as vectors of human pathogens. Several cases of 
Rickettsia africae infection in travellers in Ethiopia and the presence of 
R. africae in Amblyomma variegatum and Amblyomma lepidum were re-
ported. Both species, classical reservoirs and vectors of R. africae (rate of 
infection up to 100%), are limited to the low altitudes. Tick of the sub-
genus Boophilus of the genus Rhipicephalus that usually cohabit with A. 
variegatum and A. lepidum are also infected by R. africae, but at signifi-
cantly lower degree, usually at 10-20%. 
Methods: The study is performed in September 2010 in 6 villages in 
Ethiopia. The altitude varied from 1355 m (Tum) to 2395 m (Gibarku). 
Ticks were collected manually from the cattle and identified morpho-
logically. The DNA was extracted and tested by genus-specific qPCR for 
the presence of Rickettsia spp., Bartonella spp. and Borrelia spp. Stan-
dard PCR was used to amplify the portion of flaB gene of borreliae. The 
positive bands were sequenced.
Results: In total, we collected 284 ticks. They were identified: 109 Am-
blyomma cohaerens, 173 Rhipicephalus (Boophilus) decoloratus and 2 
Rhipicephalus praetextatus. Screening of ticks for Bartonella spp. and 
Rickettsia spp. produced no positive results. However, 8/109 (7.3%) of 
A. cohaerens ticks produces positive results when tested for the pres-
ence of Borrelia spp. with 16S-based genus-specific qPCR system. 344 
bps fragment of flaB gene was sequenced. BLAST search showed this 
Borrelia forms a separate branch on the phylogenetic tree, apart from 
the groups of Lyme disease and recurrent fever. 
Conclusions: We did not found neither A. variegatum ticks in cattle in 
Ethiopian highlands, nor R. africae in A. cohaerens that replaces A. varie-
gatum prevalent in lowlands of Ethiopia. R. decoloratus is not altitude-de-
pendent species and, usually, is also infected by R. africae when cohabit 
with A. variegatum on the same bovine. In this study no R. decoloratus 
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was infected, although 173 were tested. That means that R. decoloratus 
is only secondary reservoir of R. africae that become infected only when 
cohabit with the primary reservoir, A. variegatum. The role of new Bor-
relia is yet to be investigated.

P251  RiCkEttsiA SP. IN THE SOFT TICK ORnithODOROs 
ERRAtiCus IN PORTUGAL

Milhano N.,1 Palma M.,1 Boinas F.,1 Núncio MS.,1 Lopes de Carvalho I.,1 
De Sousa R.1

1 Centro de Estudos de Vectores e Doenças Infecciosas Dr. Francisco Cambournac, 
Instituto Nacional de Saúde Dr. Ricardo Jorge, Portugal
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Objectives: Rickettsia is most frequently associated with Ixodid ticks, 
however a few studies have detected this agent in soft ticks, namely 
Rickettsia hoogstraalii sp. nov. in Carios capensis and R. sibirica in Or-
nithodoros papillipes. In this study soft ticks of the species O. erraticus 
were analysed for the presence of Rickettsia and isolation attempts were 
performed for agent characterization. To this day O. erraticus have only 
been implicated in the transmission of human diseases such as tick-
borne relapsing fever, caused by Borrelia sp, and no studies focusing 
their possible role as vectors of other agents have yet been undertaken.
Methods: O. erraticus ticks were collected from 11 pig pens located in 
South Alentejo, Portugal, from June to October 2009 and 2010. Ticks 
were identified by gender and developmental stage, and an initial 
screening was performed on pooled O. erraticus DNA from each pen. 
DNA from ticks was extracted by hydroxide ammonium method and 
PCR was performed targeting citrate synthase (gltA), outer membrane 
protein (ompA) and (ompB) genes. Isolation attempts were also made 
using Vero and C6/36 cell lines at 28ºC and 32ºC.
Results: Positive pools from O. erraticus collected in 2009 were found in 
four pig pens, and from 2010 two pig pens had positive pools. Preliminary 
BLAST analysis for the Rickettsia sp. found in O. erraticus ticks showed a 
gene sequence similarity of 99% (397/403) with R. sp. MK37 (DQ092216.1) 
for gltA, 93% (464/500) with R. australis strain PHS (AF149108.1) for ompA, 
and 94% (471/484) with R. felis (CQ3852431) for ompB. Phylogenetic 
analysis will be performed for comparison with sequences of recognized 
species of the genus Rickettsia available in GenBank.
Conclusions: This study reports the first detection of a new Rickettsia 
in O. erraticus ticks collected in South Alentejo, Portugal. These results 
show that O. erraticus may be a reservoir/vector for Rickettsia species, 
which could pose a risk for those working at close quarters to pig pens, 
namely farm workers, veterinarians and hunters. 

P252  AFRICAN TICK BITE FEVER IN PORTUGUESE 
TRAVELERS 

Rita de Sousa,1 AS. Santos,1 N. Milhano, F. Gonzalez,2 J. Martins, 
D. Baptista,2 P. Proença,3 J. Poças 4
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4 Serviço de Medicina, Hospital de São Bernardo EPE, Setúbal, Portugal

Background: During the last few years the incidence of travel-associ-
ated African Tick Bite Fever (ATBF) caused by R. africae has increase sig-
nificantly mostly due to the rapid expansion of safari tourism to Africa. 
Portuguese travelers are not exception and have also increased their 
visits mostly to the Old Portuguese African colonies. However, no cases 
of Portuguese patients with ATBF have been reported until now and it is 
not known how many cases per year are imported to our country. Here, 
we report one confirmed and five probable imported cases of ATBF in 
Portuguese patients who traveled to South Africa, Mozambique and 
Kenya. 
Methods: A case definition for a patient to have ATBF was considered 
to have epidemiologic and clinical data compatible with a R. africae in-
fection and a positive culture/PCR and/or a positive serologic test for 
spotted fever group rickettsiae. Serology testing was performed by im-
munofluorescence assay. Diagnosis of R. africae infection was confirmed 

when acute serum samples contained IgM antibodies at a titer of ³32 
and IgG titer of ³128 or there was a four-fold increase in titer between 
acute and convalescent sera. Molecular detection of rickettsial DNA was 
performed in skin biopsies. 
Table 1. Epidemiologic findings for 6 patients with ATBF 

Cluster cases

Patient 
5

Patient 
4

Patient 
6

Patient 
2

Patient 
1

Patient 
3

Hospital HDC HDF HSB HSB HGO HDE

Age /gender 46 M 39 F 49 M 35 M 60 M 41 M

Time Travel Apr 2006 May 2006 Jul 2007 Jul 2007 Dec 2008 Jul 2009

Countries 
visited

Mozambique Kenya Mozambique 
and

South Africa

Mozambique 
and

South Africa

South 
Africa

South 
Africa

Purpose of 
travel

Safari Safari/
camping

Hunting Hunting Safari Safari

During of stay 10 days  2 weeks 1 month 1 month 2 weeks 2 weeks

Onset of 
disease after 
Portugal 
arrival

3 days  2 days 4 days 5 days 2 days 7 days

Results: During 2006 to 2009 the National Institute of Health Dr. Ri-
cardo Jorge have received sera samples and one skin biopsy from six 
patients with a probable cases of ATBF admitted in five Portuguese 
hospitals. Six patients include one woman and five men aged 35-60 
years. The main clinical features included fever and eschar (single 
and multiple) in 100% of patients, and a regional lymphadenophathy 
in 80%. One of the patients presented a cutaneous rash. The labora-
tory diagnostic was confirmed in one patient by PCR in a skin biopsy 
and in four patients by the presence of antibodies against R. africae. 
These cases highlight the importance of physicians in industrial-
ized countries considering rickettsial infections among differential 
diagnosis, particularly when treating patients who have traveled to 
Africa.
Table 2. Clinical and microbiologic data for 6 patients with ATBF

Cluster cases

Patient 
5

Patient 
4

Patient 
6

Patient 
2

Patient 
1

Patient 
3

Fever Yes Yes Yes Yes Yes Yes

Headache Yes Yes No No Yes

Myalgia Yes Yes Yes Yes

Eschar (s) 
• No. of eschars
• Localization

Yes
2

Yes
1

Yes
1

Yes
1

Yes
1

Yes
2

Rash No No Yes No No No

Regional 
lymphadenopathy

Yes No Yes Yes Yes No

Anti-Rickettsial 
treatment
Time from onset of 
symptoms to first 
serum samples (days)

5 days 4 days 3 days 3 days 8 days 7 days

Time between 1st and 
2nd serum samples

28 days - - 28 days - 30 days

Anti- R. africae  
IgM/IgG
Antibodies titles

• 1st serum sample
• 2nd serum sample

Neg
256/1024

32/128
-

Neg
-

Neg
128/1024

128/512
-

Neg
128/1024

PCR/blood ND ND ND ND Negative ND

PCR/eschar ND ND ND ND Positive ND

Discussion: These case reports highlight the importance of physicians 
in Portugal and other industrialized countries to considering rickettsial 
infections among differential diagnosis, particularly when treating pa-
tients who have traveled to Africa. There are other rickettsioses caus-
ing disease in Sub-Sahara Africa and in Portugal such as Mediterranean 
spotted fever (MSF) caused by R. conorii, and infections caused by R. 
sibirica mongolotimonae strain (12,13). Molecular methods can give us 
more information compared to serologic methods, since the presence 
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of shared protein and lipopolysaccharide antigens in SFG rickettsiae 
makes it extremely difficult to distinguish infections with closely related 
rickettsiae. The detection of the eschar on the second physical exami-
nation was definitively important to suggest the probable case of ATBF. 
Although the patient had only one eschar, and in patients with ATBF 
multiple eschars are frequent, the presence of the regional lymphoad-
enopathy, as well as the absence of rash, was similar to other ATBF cases 
(14). The high titers of antibodies in our patient may reveal that the in-
fection probably occurred during the first week of his trip. Data on pa-
tient series showed that seroconversion of IgM and IgG antibodies for R. 
africae infection occurs mainly after the second and the third week, re-
spectively. Seroconversion in ATBF patients generally occurs later when 
compared to MSF patients (15). In the past few years the number of trav-
el-associated cases of ATBF has increased significantly and infections 
have been reported worldwide. The higher number of case reports 
comes from travelers who visited South Africa, Zimbabwe and Tanzania 
(1). However, the list of countries where this infection is being reported 
such as Swaziland, Lesotho, Gambia, Kenya, Gabon, Côte d’Ivoire and 
Ethiopia keeps growing (14). A recent publication on the analysis of 
rickettsial diseases in international travelers showed that rickettsioses 
in sub-Sahara Africa are second only to malaria as the most commonly 
diagnosed diseases in patients with systemic febrile illness (16). 

P253  DETECTION OF A NOVEL SPOTTED FEVER GROUP 
RiCkEttsiA IN THE GOPHER TORTOISE TICK - 
AmBlyOmmA tuBERCulAtum, AND THE FIRST 
ASSESSMENT OF ITS GEOGRAPHICAL DISTRIBUTION 
IN SOUTHEASTERN UNITED STATES

Michael L. Levin, Galina Zemtsova, Elizabeth Gleim, Michael Yabsley, 
Tom Mann, Lori D. Wendland, Mary B. Brown, Robert F. Massung

Objectives: In southeastern United States, Amblyomma americanum 
and A. maculatum attract major attention as the most prevalent human-
biting tick species. These ticks are known vectors of Rickettsia amblyom-
mii and R. parkeri respectively. Less attention is being paid to the less 
prevalent representatives of the genus Amblyomma although they also 
can attack humans and could potentially harbor rickettsial pathogens. 
Here we present detection of a novel spotted fever group Rickettsia in A. 
tuberculatum ticks collected in southeastern US.
Methods: Questing Amblyomma ticks of all life stages were collected 
from vegetation by flagging and identified to the species. Additionally, 
adult A. tuberculatum were collected from gopher tortoises. Species 
identification of larval ticks was additionally confirmed by sequencing. 
All ticks were tested for presence of multiple pathogens including SFG 
rickettsiae, E. chaffeensis, E. ewingii, Panola Mountain Ehrlichia, and Bor-
relia lonestari. Samples positive for SFG rickettsiae were further tested 
by restriction fragment length polymorphism analysis (RFLP) to discrim-
inate between individual Rickettsia species. 
Results: Among larval samples, 10 pools were identified as gopher 
tortoise ticks - A. tuberculatum (100% identity to sequence AM 410579.1 
from the Gene Bank). Each of these 10 samples was positive for SFG rick-
ettsiae and provided RFLP profile distinct from either R. amblyommii, R. 
parkeri, or R. rickettsii. Partial genetic characterization of this novel agent 
was achieved by sequencing the 17kDa and ompA genes. Sequences for 
both genes obtained from all ten samples were identical to each other, 
but distinct from sequences of any recognized Rickettsia spp. available 
in the Gene Bank. Preliminary testing of adult A. tuberculatum has de-
tected presence of identical sequences in ticks from at least three States. 
Conclusions: A unique sequence of a novel Rickettsia spp. has been de-
tected in questing larvae of A. tuberculatum, and partially characterized. 
Detection of this agent in unfed larvae confirms its transovarial trans-
mission. Further studies and molecular analysis are necessary to char-
acterize the newly discovered SFG Rickettsia, determine its place in the 
microbial phylogeny, and assess its capacity for vertical and horizontal 
transmission.

P254  TICK-BORNE PATHOGENS IN TWO CLIMATIC AND 
ECOLOGICALLY DIFFERENT REGIONS OF PORTUGAL

Bernardes C.,1 De Sousa R.,1 Santos AS.,1 Milhano N.,1 Santos N.,2 
Pulquério M.,2 Casimiro E.,2 Lopes de Carvalho I.,1 Núncio MS.1

1 Centro de Estudos de Vectores e Doenças Infecciosas Dr. Francisco Cambournac, 
Instituto Nacional de Saúde Dr. Ricardo Jorge, Portugal

2 Team Project, Project team (FCT, PTDC/CLI/64257/2006)

Background: Our aim in this study/project (PTDC/CLI/64257/2006) is 
to contribute to the epidemiological knowledge of tick-borne diseases 
(TBD) in two climatic and ecologically different regions of Portugal (con-
tinent & island), by combining climate data with concurrent measure-
ments of tick abundance, seasonality and infection rate of vectors and 
hosts.
Materials and Methods: From January 2009 to December 2011, tick 
samplings were carried out in two areas of Portugal; National Park of 
Peneda - Gerês (PNPG), on the Northern border of Portugal, and Ma-
deira Island. In each selected area three different locations were chosen 
and ticks were collected from vegetation using the flagging technique 
or trapping hosts. Data on Temperature and Relative Humidity were 
registered when tick sampling was performed. Climatic variables were 
correlated with tick abundance, stage and infection. The presence of 
tick borne-agents such as Borrelia, Rickettsia and A. phagocytophilum 
was analysed by polymerase chain reaction, and positive samples char-
acterized by sequencing.
Results: A total of 5436 and 3056 ticks were collected from vegeta-
tion and hosts, in Madeira and PNPG, respectively. Ixodes ricinus was 
the predominant tick species in vegetation and lizards. From a total 
393 tested ticks collected from vegetation we detected the presence 
of R. monacensis, R. helvetica, Borrelia afzelli, B. garinii, B. lusitaniae, B. 
valaisiana, and A. phagocytophilum. From 211 tested ticks collected 
from lizards we detected R. monacensis (41.2%), R. helvetica (0.9%), 
B. lusitaniae (11.8%) and A. phagocytophilum (7.1%). Eleven (5.2%) I. 
ricinus were co-infected with B. lusitaniae and R. monacensis and five 
(2.4%) with A. phagocytophilum and R. monacensis. The detection of 
tick-borne pathogens in hosts revealed new findings and in 151 tissue 
samples tested from lizard tails we detected for the first time R. mona-
censis in 10 (6.6%) and R. helvetica in two (1.3%) lizards. It was possible 
to identify also B. lusitaniae in seven (4.6%) lizards, and A. phagocyto-
philum in one (0.7%). From 55 rodent ear biopsies five samples were 
positive for Borrelia sp. Other results are also discussed in more detail. 
Employment of active and extensive surveillance, as well as preven-
tive measures, based on tick seasonal population dynamics, hosts 
and tick-borne pathogens, is crucial in order to foresee existing and 
resurging tick- borne diseases. 
This work was supported by FCT project ref: PTDC/CLI/64257/2006.
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