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Q fever

• Ubiquitous bacterial zoonosis = 
Coxiella burnetii

• High environmental resistance

• 1st clinical description in 1935 
in Australia: epidemic of 
unexplained fever (query) in a 
slaughterhouse in Queensland

• Acute Q fever vs. Chronic 
(persistant focalized) Q fever



Epidemiological cycle of Coxiella burnetii

Urine
Placenta

Milk Dust

 Inhalation of aerosolized dust from farms ++
 Parturition products ++ (amniotic fluid, placenta) or wool 
 Transport of infectious aerosols, sometimes by wind over several kilometers

 Also reported: ingestion of milk, tick bites, exposure to animal products in the cosmetics 
industry.

✓ High-risk professions
✓ Farmers
✓ Veterinarians
✓ Slaughterhouse workers

✓ Ecotourism



• No evident link with
cattle

• Reservoir in the 
wildlife?

• What about Raoult’s
famous sloth?

• French Guiana >> rest 
of Latin America, 
including Amazonia

• Cayenne and 
surroundings >> rest 
of French Guiana

• Only genotype 
found in French 
Guiana

• Only found in 
French Guiana

• More virulent 
strain : in vitro, in 
silico, in vivo

• Majoritary
pulmonary
presentation

• Pulm involvment
in>90% of acute Q 
fever

• 24 to 38,5% of 
hospitalized
pneumonias

• IR < 4 /105 inhab/year 
before 2005

• Jusqu’à 120 /105 

inhab/year around
2004-2005

• Stable 25-40 /105 

inhab/year 2010-
2017

• Incidence France ~0,5  
/105 inhab/year

Highest 
incidence 
rate in the 

world

A unique 
strain 

MST17 / 
Cb 175

Unclear and 
unsual 

environment
al reservoir

A very 
particular 

geographical 
distribution

French Guiana = a very particular 
epidemiological feature

P. Thill, […], L. Epelboin,   PLoS NTD, 2022



Search for an animal reservoir 

• Prospective human + 
animal, wild and 
domestic 
epidemiological study

• No domestic animal 
reservoir

• PCR and cultures (-)

• Risk factors for FQ:

Location of Q fever cases 07/1996 - 10/2000

(Gardon, J Inf Dis, 2001)



Proechimys species

Search for an animal reservoir in wildlife 1997-2000

(Gardon, J Inf Dis, 2001)



Pommier de Santi, Epelboin, et al, Bull Acad Vet France, 2016

Search for an animal reservoir in fauna 1997-2016
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Search for an animal reservoir in fauna 1997-2016



Seroprevalence study : link 
with farms

Bailly et al, Lancet Regional Health, 2022



More recent data on livestock in 

French Guiana 

• Blood from 834 cattle, 219 goats and 175 
sheep on 86 farms from 2015 to 2017.

• Evidence of significant potential exposure to 
Cb, which had not been demonstrated until 
now:
• Herd prevalence : 66.3% of sampled herds were 

exposed to Cb

• Real prevalence estimated at 14.2% in cattle, 
with a confidence interval of [10; 19.4].

• Higher prevalence in cattle than in goats 
and sheep in French Guiana vs. mainland 
France

Saout et al, ESCCAR and ESCR, Lausanne, Swiss, 2022



Pommier de Santi, Epelboin, et al, Bull Acad Vet France, 2016

Search for an animal reservoir in fauna 1997-2016
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Search for an animal reservoir in fauna 1997-2016



Pommier de Santi, Epelboin, et al, Bull Acad Vet France, 2016

Search for an animal reservoir in fauna 1997-2016



Q fever and bats: when the media get 
involved...



• Epidemic from December 2012 to June 2013 in the housing estate inhabited by military families

• Attack rate = 20% (11/54).50% (8/16) of households affected

• 3 positive PCRs, including 1 with MST17 identification

Pommier de Santi et al., Comp Immunol Microbiol Infect Dis, 2018

Turning point in the knowledge : Tiger Camp 
Epidemic 2012-2013



• Three-toed sloth found dead 
close to the houses(Bradypus 
tridactylus)

• Faeces and spleen PCR14/16 
positive (88%) 

• ticks (Amblyomma geayi) 
positive

• MST 17

• Serology and PCR negative for 
all other animals, including 
small ruminants sampled.

Davoust, Emerg Inf Dis, 2014

Million & Raoult, J Infection, 2015

The famous sloth of the camp du tigre



Is the mystery solved?

Nous avons pu, après avoir testé une centaine d'échantillons 
d'animaux, identifier le paresseux à trois doigts comme source 
probable de l'épidémie de fièvre Q à Cayenne, en Guyane 
française. Cet animal est spécifique à cette région d'Amérique 
du Sud et de fortes concentrations de C. burnetii ont été 
trouvées dans ses selles et dans les tiques qui le parasitent. Ces 
animaux peuvent vivre à proximité du périmètre de la ville, ce 
qui correspond aux données épidémiologiques. L'augmentation 
significative des cas de fièvre Q diagnostiqués dans cette 
même ville de Cayenne dans les années 2000 semble être liée 
à l'ouverture d'un refuge pour ces animaux dans le centre ville 
qui est très visité en raison de l'intérêt de la population pour 
ces animaux. Il semble donc que l'épidémie de fièvre Q à 
Cayenne soit liée à un réservoir d'animaux sauvages vivant en 
très grande proximité avec les habitants de la ville de Cayenne 
et à l'existence d'une souche au génotype particulier et 
générant une gravité supérieure à celle habituellement 
observée.

Million & Raoult, J Infection, 2015



▪ Other sloths in the Tiger 
camp
▪ 1 young male (feces, 

hair) and 55 ticks: 
negative

▪ 1 mother, her small size 
(feces, hair) and 30 
ticks: negative

▪ Sloths of the CHOU-AI 
association
▪ Feces in approx. 10 

cages: negative
▪ 12 anal swabs: negative
▪ No ticks

Davoust, Emerg Inf Dis, 2014

Million & Raoult, J Infection, 2015

A magic solution found too quickly

Camp du Tigre

Association chou-aï



The capybara of the 
Comté River

• Common features: "rotofil" 
brushcutter

• Multiple environmental 
samples: stool PCR positive 
for C. burnetii, identification 
= capybara (Hydrochoerus 
hydrochaeris)

Christen […], Epelboin, Emerg Inf Dis, 2020



Coxiella burnetii Infection in wildlife in Latin America 
and the Caribbean: a Comprehensive Review of the 
Literature

Epelboin et al, Curr Trop Med Rep, 2023



Summary of wildlife species with molecular 
evidence for Cb in Latin America

Order / Sub-

order

Family Species English name Species Latin name Num

ber

Year of 

publication

Country Place Publication Cycle threshold

Pilosa Bradypodidae Three-toed sloth Bradypus tridactylus 1 2014 French Guiana Cayenne Davoust (76) 23

Cingulata Dasypodidae Nine banded armadillo Dasypus novemcinctus 1 2013 French Guiana NA Marié (122) >35

Suina Tayassuidae White-lipped peccary Tayassu pecari 3 “ “ “ “ >35

Suina Tayassuidae Collared peccary Pecari tajacu 3 “ “ “ “ >35

Perissodactyla Tapiridae South American tapir Tapirus terrestris 2 “ “ “ “ 1 >35; 1 <35

Rodentia Cricetidae Cursor grass mouse Akodon cursor 3 2017 Brazil Rio de Janeiro Atlantic forest Rozental (124) $

Rodentia Muridae House mouse Mus musculus 1 “ “ “ “ $

Rodentia Cricetidae Atlantic Forest hocicudo Oxymycterus dasytrichus 1 “ “ “ “ $

Rodentia Cricetidae Black--footed pygmy rice 

rat

Oligoryzomys nigripes 1 “ “ “ “ $

Rodentia Echimyidae Spiny rat Proechimys cuvieri 1 2013 French Guiana NA Marié (122) >35

Rodentia Caviidae Capybara Hydrochoerus hydrochaeris 1 2019 French Guiana Comté River, Roura Christen (119) 31

Rodentia Caviidae Capybara Hydrochoerus hydrochaeris 2 2013 French Guiana NA Marié (122) 1 >35; 1 <35

Chiroptera Phyllostomidae Seba's short-tailed bat Carollia perspicillata 3 “ “ Cayenne, Régina, and Saint Jean 

du Maroni

“ >35

Chiroptera Mormoopidae Parnell's mustached bat Pteronotus parnellii 1 “ “ Cayenne, Régina “ >35

Chiroptera Phyllostomidae Lesser spear-nosed bat Phyllostomus elongatus 1 “ “ Régina “ >35

Chiroptera Noctilionidae Lesser bulldog bat Noctilio albiventris 1 “ “ Saint Jean du Maroni “ >35

Chiroptera Phyllostomidae Fringed fruit-eating bat Artibeus fimbriatus 1 2018 Brazil Atlantic Forest Ferreira (132) $

Chiroptera Phyllostomidae Great fruit-eating bat Artibeus lituratus 3 “ “ “ “ $

Chiroptera Molossidae Brazilian Free-tailed Bats Tadarida brasiliensis 5 2020 Chile Metropolitan Region Muller (131) 33.05, 33.55, 34.06, 

35.34, and 36.45
Chiroptera Phyllostomidae Seba’s short-tailed bat Carollia perspicillata 3 2022 Colombia Macaregua cave, located in Las

Vueltas village, Municipality of 

Curiti, Santander Department

Silva-Ramos (186) NA

Chiroptera Mormoopidae ghost-faced bat Mormops megalophylla 2 “ “ “ “ NA

Chiroptera Natalidae Trinidadian funnel-eared 

bat

Natalus tumidirostris 3 “ “ “ “ NA



The Faunacox study



Objectives of the study

Main objective

Identifying Coxiella burnetii reservoir(s) in 
wildlife (and challenge the peremptory 
assertions of some French researchers)

Secondary objectives

✓Geolocate animal sources

✓Evaluate the feasibility of a Q fever reservoir 
study without sacrificing animals



Method : collect animal samples
Bat captures

• either directed at hotspots and 
Cayenne and surroundings

• or opportunistic, based on 
already-organized capture 
assignments



Method : collect animal samples
Find wild animal droppings

• Zoo de Guyane : 1 visit 
every 3 months

• SOS Faune sauvage

• ONCA



Method : collect animal samples
Find wild animal droppings

• Sharing the collection of cat droppings 
and various herbivores collected mainly 
at the Guiana Space Center and Petit 
Saut Dam by the OFB (French 
Biodiversity Office).



Method : collect animal samples
Sampling free-living animals : other methods



Method : collect already 
dead animals

A call for contributions to collect dead animals is posted on 
social networks: roadkill, other causes of death, notably from 
dogs and cats



Method : collect animal samples
Using processed samples from pre-existing collections



Method : molecular biology
Extraction methods

•  Liver, Kidney, Spleen, uterus, 
muscle, bladder : Qiagen DNeasy 
Blood & Tissue Kits

•  Anal and vaginal swab : Qiagen 
QIAamp mini DNA kit

•  Stool : Qiagen QIAamp Fast DNA 
Stool Mini Kit



Method : molecular biology
qPCR screening

• Targeted C. burnetii IS 1111 multicopy insertion 
sequence (Rousset . 2012). 

• Addition of an internal positive control (IPC), 
that allows to verify the efficiency of the DNA 
extractions and confirm the absence of PCR 
inhibitors.

• Serial dilutions of genomic DNA reference 
material used as quantitative standards.

• qPCR with deletion Cb175

• Sequencing

• 16S PCR

• MLST sequencing (Sanger, MinION) was performed for 
4 C. burnetii-specific pairs: Cox2, Cox20, Cox51, Cox56.

• Cytochrome c oxidase subunit 1 (COX1) based 
PCR to confirm species of animals



Origin of samples

Bats 
catching

N=367

Faunacox 
N=210

Collection 
Jaguars
N=662

Collection 
LIVH / 

Pasteur 
Guyane
N=156

OFB
N=216

ONCA
N=30

ZOO de 
Guyane et 
SOS Faune 

Sauvage
N=135

RN Île du 
Grand 

Connétabl
e

N=245

Collection 
François 
Catzefis
N=123

A 
identifier

N=10

Total samples
N=2154



Flow chart

Total samples

N=2154

Samples with qPCR

N= 2014

Anal 147

Anal / Urine 14

Anal / 
Vagina 3

Stool 13

Milk 2

Urine 21

Vagina 18

Swab

N=218

Stool

N=498

Urine

N=15

Tissue

N=1283

Hair 1

Heart 77

Kidney 115

Liver 244

Lung 89

Muscle 32

Spleen 702

Uterus 9

Vagina 5

Bladder 8

Lost 

N=107

No data on species 

N=25

Not mammals

N=8

Carnivora N=235

Chiroptera N= 460

Cingulata N= 38

Marsupiala N= 246

Primata N= 86

Rodentia N= 800

Pilosa N= 80

Cetartiodactyla N=7

Perissodactyla N=7

Not known N= 53

Artiodactyla N=1



Synthesis of the results

• 34/2014 positive samples 7 
orders of mammals

• 16 species

• Distribution over entire 
study area

• Low bacterial load (high CT) 
qPCR with MST17 / Cb175 
deletion: 3 samples from 2 
individuals

Type de prélévement Nombre

Stool 7

Anal swab 2

Organs 24

Kidney 8

Liver 6

Lung 3

Muscle 1

Spleen 3

Uterus 1

Bladder 2

Hair 1

Total général 34



Method : molecular biology

16S PCR 16S
16S PCR: detection of the genome 

of a bacterium other than C. burnetii

Nested PCR: multiple bacteria 
detected, therefore uninterpretable

MLST sequencing was performed 
on V1254 for 4 C. burnetii-specific 
pairs: Cox2, Cox20, Cox51, Cox56.

Cox20 et Cox56 : not sensitive 
enough

Cox2.3 et Cox 51.10

Comparison with strains available 
on the Institut Hospitalier 
Universitaire Méditerranée Infection 
website(https://ifr48.timone.univ-
mrs.fr/mst/coxiella_burnetii/strains.html)

MST group Cox2 Cox5 Cox18 Cox20 Cox22 Cox37 Cox51 Cox56 Cox57 Cox61
Faunacox 3 - 10 -
MST17 3 8 5 7 4 1 10 8 6 7
MST75 3 14 6 6 5 4 10 21 14 5
MST76 3 14 6 6 5 4 10 22 14 5
MST82 3 8 1 6 3 4 10 9 6 3

Strain name Origin Geographic 

ressource

MST group

CB175 Human Heart Valve French Guiana 17
CB176 Human Blood French Guiana 17
CB179 Human Blood French Guiana 17
CB181 Human Blood French Guiana 17
CB182 Human Blood French Guiana 17
CB77 Human Heart Valve French Guiana 17
NA Rodent Senegal 75
NA Rodent Senegal 76
E111 Human Heart Valve Iran 82

https://ifr48.timone.univ-mrs.fr/mst/coxiella_burnetii/strains.html
https://ifr48.timone.univ-mrs.fr/mst/coxiella_burnetii/strains.html


Positive samples

Collared peccary (Pecari tajacu)

Jaguar (Panthera onca) N=1
Kinkajou (Potos flavus) N=1

Velvety free-tailed bat (Molossus molossus) N=1
Seba's short-tailed bat  ((Carollia perspicillata)) N=1

Common opossum (Didelphis marsupialis) N=4
Gray four-eyed opossum (Philander opossum) N=1

Linne's two-toed sloth (Choloepus didactylus) N=1

Guianan squirrel monkey (Saimiri sciureus) N=3
tufted capuchin (Sapajus apella) N=1
Guyanan red howler (Alouatta macconnelli) N=2

Black rat (Rattus rattus) N=8
Brown rat (Rattus norvegicus) N=1
House mouse (Mus musculus) N=1
Brazilian spiny tree-rat (Makalata didelphoides) (N=1)
Guyenne spiny rat (Proechimys guyannensis) N=1
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Cycle Treshold and quantity of the positive results

Individual Organ Species Cycle treshold Quantity (Ge/mg)

FQ-C228 Stool Panthera onca 35,36 83,73

M5793 Bladder Didelphis marsupialis 35,55 2,8

v1254 Liver, Kidney, Spleen Philander opossum 32,22(Li)/31,09(K)/33,3-31,09 (S) 144,6  (LI)/743,8(K)

M5786 Lung, Kidney, Spleen Didelphis marsupialis 35,21; 36,86; 36,89 3,52 (LU) / 2,84 (K), S (1,11)

M5794 Kidney Didelphis marsupialis 36,37 4

M5811 Kidney Saimiri sciureus 38,67 10,68

ZDG1-04 Stool Saimiri sciureus 38,68 2,08

ZDG3-06 Stool Sapajus apella 36,57 0,41

M5799 Kidney Saimiri sciureus 38,6 0,9

M5776 Liver Rattus rattus 37,92 3,9

M5787 Kidney Mus musculus 37,62 0,6

RNC14 Mu Rattus rattus 37,05 1

M1208 Liver Proechimys guyannensis 36,6/40,16 8,94/1,7 

M1153 Liver Makalata didelphoides 39,13 2,8

M5580 Kidney, Liver Rattus rattus 36,6 3,4 (K) / 0,2 (Li)

M5581 Liver Rattus rattus 35,17 3,648

M5585 Bladder Rattus rattus 34,81 4,7

M5780 Spleen Rattus rattus 36,17 1,8

M5791 Kidney Mus musculus 37,01 1

M5805 Lung Rattus rattus 36,41 0,9



Distribution of positive animals in 
French Guiana



Distribution 
of positive 
animals on 
Cayenne 
Island



Conclusion

• 7 mammalian orders positive, 16 
species 

• All organs can be affected + faeces

• Different biotopes

• Free-ranging and captive animals

• Rodents +++

• Guyanese epidemiology probably 
not linked to a single species, 
although
• Camp du Tigre = three-toed sloth

• Carbet de la comté = capybara

• Role of these species and wildlife 
yet to be determined
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