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A B S T R A C T   

Coxiella burnetii is a ubiquitous zoonotic bacterium reported worldwide that causes Q-fever. Infections result in 
profound economic losses to livestock producers by causing abortions and low birth weights. Current in
formation about the disease in the Caribbean region is scarce. With multiple small islands and territories, it is 
often considered that the bacterium is absent or circulates at a low prevalence. Our study aimed to determine 
whether sheep and cattle housed at a veterinary campus in St Kitts had previous exposure to C. burnetii. Blood 
samples were taken from cattle (n = 63; 72% of the herd) and sheep (n = 133; 71% of the flock). Antibodies to 
C. burnetii were detected by a commercial indirect enzyme-linked immunosorbent assay (IDvet® ELISA) test. The 
seroprevalence was estimated at 26.3% (95% CI: 19.1–34.7%) in sheep and 0% (95% CI: 0–5.7%) in cattle. 
Sheep importation to St. Kitts is very rare, thus, these results suggest that C. burnetii is present on the island. The 
seronegativity of all the cattle highlights the absence of the bacterium on the veterinary campus. The high 
seroprevalence in sheep, however, has potentially important implications for animal health and public health as 
well as for wildlife conservation. Further investigation about animal seroprevalence and human exposure are 
warranted in St. Kitts and in the Caribbean region.   

1. Introduction 

Coxiella burnetii is a ubiquitous obligate intracellular, Gram negative 
bacterium that can infect a broad range of invertebrate and vertebrate 
hosts [1]. This zoonotic infection causes Q fever or “query fever” in 
humans [2,3]. Whereas many cases are asymptomatic, the symptoms of 
Q fever vary from person to person ranging from an acute form char
acterized by flu-like illness and myalgias to a chronic ailment associated 
with serious complications such as endocarditis and hepatitis [4,5]. In 
livestock, non-gravid animals manifest mild flu-like symptoms or are 
simply asymptomatic [4]. Therefore, identification of infected animals 
is challenging and the incidence of the disease is often unknown. Eco
nomic losses are mainly observed in small ruminant farms as a result of 
reproductive disorders such as abortion, stillbirth, and mastitis [6–8]. 

The life cycle of C. burnetii is complex, involving long incubation 
periods and both vertebrate and invertebrate hosts. Natural reservoirs 
of C. burnetii are tick species and rodents [1,9–14]. Sources of infection 
to humans are primarily ruminants (cattle, goats and sheep) [1]. In all 

species, transmission of the bacterium between two individuals can be 
direct (contact with infected placenta, birth products or through milk) 
or indirect (contaminated soil, dust or ticks). The portal of entry is 
predominantly the respiratory tract. To date, the bacterium is con
sidered to be present worldwide, except in New Zealand [15,16]. 
However, the geographical distribution varies considerably. Europe and 
Australia are highly endemic areas with reported outbreaks in the 
Netherlands in Europe, as well as, in West Queensland and Northwest 
New South Wales in Australia [17–19]. Data from North America is 
scarce and C. burnetii infection is less commonly recognized as a disease 
of importance, though notably the pathogen is listed as a select agent by 
the United States Department of Health and Human Services (HHS) and 
as a Category B bioterrorism agent by the Centers for Disease Control 
and Prevention (CDC) [20]. 

In the Caribbean, a limited number of studies focusing on zoonotic 
pathogens did not shed light on the presence of the bacterium on the 
islands. Healthy pregnant women were found seropositive in Antigua, 
Jamaica, Montserrat and St. Kitts [21]. The same study did not detect 
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seropositive cases in Belize, Bermuda, Dominica, Grenada, St. Lucia or 
St. Vincent-Grenadines [21]. From surveys in animals, some countries 
and territories such as Cuba, Curaçao, Dominica, French Guyana and 
Trinidad detected the bacterium or seropositive animals [22–24, A. 
Dwarkasing, personal communication, November 2018; M. Vely, per
sonal communication, November 2018]. Investigations in St. Lucia, 
Montserrat and Nevis concluded that the bacteria was not present in 
animals on those islands [23,25]. In St. Kitts, to our knowledge, only 
one study screened for C. burnetii in 2008 and found one goat and one 
cat seropositive [23]. These results could be interpreted as an extremely 
low prevalence or two false positive animals. The general belief in St. 
Kitts remains that the bacterium is absent on the island. 

The present study aimed to determine whether sheep and cattle 
housed at a veterinary campus in St. Kitts had previous exposure to C. 
burnetii. 

2. Materials and methods 

Study location and study population. 
Ross University School of Veterinary Medicine (RUSVM) is located 

on the island of St. Kitts (Federation of St. Christopher and Nevis) in the 
Caribbean (Fig. 1). RUSVM students are taught pre-clinical veterinary 
skills during their time on the island. The RUSVM cattle herd (Holstein 
dairy cattle; beef cross-breeds of local Creole, Red Angus, Simmental 
and Brangus) is a closed animal population where replacement animals 
are bred on site using artificial insemination, whereas the sheep herd is 
renewed every four months to accommodate laboratory surgery ses
sions. Male sheep are purchased through local island farmers and are 
predominantly a mixture of Barbados Black Belly, Pelibuey and St. 
Croix breeds. After their laboratory use, they are resold on island. 

Sample collection. 
Sampling of sheep and cattle occurred on the 31st of January and 

the 27th of February 2019 respectively. The objective of the sampling 
was to sample all sheep and all cattle present on the RUSVM campus. 
Due to academic and husbandry activity, access to both herds was 
limited and only animals which were not used that day were sampled. 
Peripheral blood samples were collected aseptically from the jugular 

vein of sheep (by syringe) and the coccygeal vein of cattle (by vacuum 
tubes) and placed in red top serum tubes. 

Primary serological test method. 
Samples were centrifuged to obtain sera and subsequently stored at 

−4 °C. Antibodies to C. burnetii were detected by a commercial indirect 
enzyme-linked immunosorbent assay (ELISA) test using microtiter 
plates pre-coated with the C. burnetii phase I and II strains (ID Screen® Q 
Fever Indirect Multi-Species, IDvet®). Positive and negative control sera 
were included in each plate. As recommended by the manufacturer, an 
animal was considered to be ELISA-strong positive if the optical density 
(OD) was over 80%. An OD between 50% and 80% was considered 
positive. A doubtful ELISA result was noted if the OD was between 40% 
and 50%, while an OD ≤ 40% was considered a negative animal. The 
sensitivity and specificity of the ELISA test kit as provided by the 
manufacturer was 99% and 98%, respectively. 

Confirmatory testing of positive samples. 
All positive samples were sent to the USDA National Veterinary 

Service Laboratory (NVSL) in Ames (Iowa, U.S.) for confirmatory 
testing. There, samples were tested using a complement-fixation test 
(CFT). Samples with a discrepancy of results between the first ELISA 
test run in-house (RUSVM) and the CFT were then tested in the NVSL 
laboratory using another ELISA kit (IDEXX Q Fever ab Test®, IDEXX®). 

Statistical analyses. 
Data was entered in Microsoft Excel™ and analyzed using R software 

[26]. Statistics were descriptive only by presentation of the apparent 
seroprevalence. Sensitivity and specificity of the tests were not included 
in these calculations. Positive Predictive Value (PPV) was calculated by 
dividing the number of samples positive to IDEXX® ELISA test by the 
number of samples positive to IDvet® ELISA test. Confidence intervals of 
95% (95% CI) were computed using the function ‘ci.binomial’ in the 
package EpiDisplay [27]. Maps were built using QGIS software [28]. 

Ethical consideration 
This investigation was part of the health monitoring program of 

ruminants within RUSVM's Animal Care and Use Program. RUSVM 
Institutional Animal Care and Use Committee (IACUC) regards this as 
animal disease surveillance and protocol approval was therefore 
waived. 

Fig. 1. Percentage of seropositive RUSVM 
sheep procured from each parish. 
Seropositivity is defined as a strongly posi
tive or a positive result to IDvet® ELISA. 
Number of seropositive and number of 
sheep by parish is indicated on the map. The 
origin of 5 sheep (including 3 seropositive) 
could not be retrieved. Ross University 
School of Veterinary Medicine is the loca
tion where the sheep were housed at the 
time of the sampling. 
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3. Results 

One hundred thirty three (133) sheep out of 191 present on campus 
(69.6%) were successfully sampled. Of the 87 cattle (4 to 16 years of 
age), 63 (72%) were sampled. The apparent seroprevalence using the 
IDvet® test was estimated at 26.3% (95% CI: 19.1–34.7%) in sheep and 
0% (95% CI: 0–5.7%) in cattle. All results are summarized in Table 1. 
The sheep were bought from eleven farmers from 6 parishes out of 9 on 
the island: Christ Church (1 farm, number of sheep N = 8), St. Anne (1 
farm, N = 1), St. Mary (2 farms, N = 1 and N = 1), St. Paul (3 farms, 
N = 65, N = 10 and N = 2), St. Peter (1 farmer, N = 15), St. Thomas 
(3 farmers, N = 15, N = 6 and N = 4). The origin location of 5 sheep 
could not be retrieved. No spatial pattern was observed regarding the 
origin of positive samples (Fig. 1). 

All 35 positive and strongly positive samples on the IDvet® ELISA 
were sent for confirmatory testing to the NVSL laboratory and tested 
negative for the CFT. Therefore, they were all retested using IDEXX® 
ELISA test. Twenty-seven samples were then found positive to this latest 
test (Table 2). If we consider the IDEXX® ELISA to be the gold standard, 
calculated Positive Predictive Value (PPV) of the IDvet® ELISA test is 
then 77.1% (95%CI; 59.9–89.6). 

4. Discussion 

The seroprevalence of 26.3% detected in RUSVM resident sheep can 
be considered the first proof of the presence of Coxiella burnetii on St. 
Kitts. Introduction of new animals through importation of sheep to the 
island is rare. Thus, the RUSVM sheep were most likely exposed to the 
bacterium at their farm of origin. On St. Kitts, to our knowledge, only 
one animal study was undertaken in 2008 where 55 cattle, 5 sheep, 18 
goats and 34 cats were sampled. One goat and one cat were found 
seropositive [23]. Our study found a much higher seroprevalence in 
sheep, while the seroprevalence in cattle was the same (0%). While the 
seroprevalence was considered low in the aforementioned study, given 
the small sample size, it is not possible to definitely conclude that the 
pathogen was present or absent. It could be that the cat and the goat 
were false positive results. Moreover, IgG can be detected up to one 
year after exposure, so knowing when the bacterium was introduced in 
animal populations on St. Kitts is almost impossible. Seroprevalence of 
13.6% in healthy pregnant women in 2009–2011 [21] tends to show a 
presence of C. burnetii in St. Kitts before 2010. Another hypothesis from 
this low prevalence in the 2008 study would be a spatial heterogeneity 

of the endemicity. This is supported by our map of farm origin (Fig. 1) 
and makes us hypothesize that only some areas of the island are en
demic. On the other hand, sheep in St. Kitts are predominantly free- 
roaming flocks, and trade between farms is frequent. Such practices 
would naturally promote endemic bacterial spread across the island. 
This should be investigated further with an island-wide study to con
firm or refute this hypothesis of spatial heterogeneity. 

Coxiella burnetii has been previously reported in the Caribbean re
gion. Curaçao and Trinidad had seropositive farms [22, A. Dwarkasing, 
personal communication, November 2018], a serosurvey in 2008 de
tected one seropositive sheep in Dominica [23], French Guyana re
ported clinical cases [M. Vely, personal communication, November 
2018] and the bacterium was isolated from ticks in Cuba [24]. In
vestigations in St. Lucia, Montserrat and Nevis concluded that the 
bacteriun was not present in animals on those islands [23,25]. Other 
territories such as the Cayman Islands and the U.S. Virgin Islands have 
never officially reported any cases of C. burnetii, but to date no in
vestigation has been conducted [K. Gikonyo, B. Bradford, personal 
communications, November 2018]. 

The seroprevalence we detected in the sheep is similar to findings in 
Curaçao where 30% of goats and sheep were seropositive using an ELISA 
test [A. Dwarkasing, Personal communication, November 2018]. This high 
seroprevalence in small ruminants can be found in countries extensively 
farming small ruminants, for example 33.3% of sheep in Thailand [29], 
6.7–20% of sheep and 20–46% of goats in Kenya [30] or 54.2% of goats in 
Ethiopia [31]. Figures in the U.S. are much lower at a seroprevalence of 5% 
in Idaho sheep [32], but this low number doesn't decrease the risk of sheep 
being reservoirs and a source of human infection, as sheep have been im
plicated in C. burnetii outbreaks in the U.S. [33,34]. 

The absence of anti-C. burnetii antibodies in the RUSVM cattle herd leads 
us to hypothesize that the bacterium is not present on RUSVM campus. The 
herd is closed and no introduction of new animals has occurred during the 
last years. This may have protected the herd from the introduction of carrier 
animals. RUSVM's sheep and cattle herds are housed separately. However, 
distance between both is less than 100 m and trade winds (an important 
mode of transmission for Q fever) are often strong on St. Kitts. If the sheep 
were reservoirs of the bacterium on campus, they would have likely 
transmitted it to cattle through the inhalation of contaminated dust. While a 
number of abortion events have occurred in RUSVM cattle during the last 
few years, the number or frequency did not elicit an investigation for Q 
fever. On St. Kitts, there is no intensive cattle or sheep farming. In general, 
abortions in cattle and sheep, if reported, are not extensively investigated. 
An economic evaluation exercise to estimate the impact of the disease on 
livestock production in St. Kitts is warranted. 

Because the modes of transmission of C. burnetii are varied including 
direct (contact with infected placenta, birth products or through milk) 
or indirect (contaminated soil, dust or ticks) [1], there are opportunities 
for the disease to disseminate widely between humans and animals on 
the island. Our results here suggest the presence, and maybe a high 
prevalence of C. burnetii in St. Kitts. The island of St. Kitts has unique 
characteristics that favor the transmission of the bacterium to humans 
such as predominantly extensive ruminant farming on a small island 

Table 1 
Serology results of the 133 sheep sampled at Ross University School of Veterinary Medicine (RUSVM), January 2019.          

Number of samples Positive samples Negative samples Seroprevalence 
(95% CI)  

ELISA test (IDvet®) 133 351 982 26.3% (19.1–34.7%) 
Strongly Positive 
(OD  >  80%) 

Positive 
(OD = 50–80%) 

Doubtful 
(OD = 40–50%) 

Negative 
(OD ≤ 40%) 

27 8 4 94 
CFT 35 0 35 – 
ELISA test (IDEXX®) 35 27 8 – 

1 Positive samples from the ELISA test (IDvet®) were further analyzed with complement fixation test and ELISA test (IDEXX®). 
2 Negative samples from the ELISA test (IDvet®) were not further analyzed.  

Table 2 
Agreement between the IDvet® Elisa test and the IDEXX ELISA test results (35 
positive samples at IDvet® ELISA).       

IDEXX ELISA 

Negative Positive  

IDvet ELISA Positive (N = 8) 2 (25.0%) 6 (75.0%) 
Strongly positive (N = 27) 6 (27.8%) 21 (77.8%) 
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(174 km2). This increases the probability of contact between farm an
imals and the general population. If the disease is present in St. Kitts, 
then zoonotic transmission is potentially occurring to farmers, similar 
to what has been reported in other countries. For example, in South 
Africa, a seroprevalence of 61% was found in people working with 
cattle [35]. The same cattle population had a seroprevalence of 38% 
[36]. Risk to the general population should also be taken into account 
as the farming animals roam on roads and private properties. Most of 
the infections in humans are asymptomatic but also underreported 
[37,38]. However, complications such as endocarditis or hepatitis can 
be fatal [5]. Our results, in addition to the seroprevalence of 13.6% in 
healthy pregnant women [21], stress the need for Kittitian medical and 
public health services to test for C. burnetii in cases of associated 
symptoms. Pachira et al. (2012) recommends that all patients with 
blood culture-negative endocarditis be tested for Q fever [39]. To assess 
the risk for the different populations (farmers, veterinarians/students, 
general population), serology investigations and passive surveillance 
are warranted. 

C. burnetii reservoirs in St. Kitts should be identified to adopt ap
propriate control measures, but also protect the endangered wildlife, 
such as the white-tailed deer. Free-living cervids and ovis were pre
viously reported as exposed species [11,40]. Also some wild mammals 
of St. Kitts could be candidate reservoirs including rodents, white tail 
deer, African green monkeys, or small Indian mongooses. At the border 
of the Caribbean Sea, French Guyana identified the three-toed sloth to 
be a reservoir [41]. In Cuba, C. burnetii has been detected in ticks [24]. 
Dermacentor spp. is thought to be present in St. Kitts, and warrants 
further investigation. Reservoir hosts could include various animals 
living in the different Caribbean islands. 

Finally, our results here confirm poor sensitivity of the complement- 
fixation test (CFT) because none of our ELISA positive samples were 
positive with CFT. This is lower than the parameters reported in the 
literature [42–47]. Some previous studies reported discordant in
dividual results between ELISA kits [45,46], similar to our findings 
here. It is generally accepted that CFT has a better sensitivity to detect 
IgM antibodies and therefore recent infection [46,48]. World Organi
sation for Animal Health (OIE) advises the use of the CFT to differ
entiate latent and evolving phases of infection, while ELISA is more 
reliable for seroprevalence [49]. ELISA assays can be used in various 
species (cattle, sheep, goat and others), however sensitivity and speci
ficity of tests are variable between the different species. Based on our 
results, it may not be advisable to use the CFT, but instead to encourage 
the use of indirect immunofluorescent antibody test (IFAT) [50], or the 
enzyme-linked immunosorbent assay (ELISA) in areas where the pre
sence of the bacterium is unknown (as the Caribbean islands). 

In our study, we only collected data at the scale of a veterinary 
campus. While we can not extrapolate the C. burnetii seroprevalence to 
the entire island of St. Kitts or to other Caribbean islands, the detection 
of antibodies in the local sheep provides a need for further studies. 
Isolation of the pathogen or detection of the antigen by polymerase 
chain reaction (PCR) with genotyping in local animals is needed in the 
future to investigate the epidemiology and the pathogenicity of C. 
burnetii in St. Kitts. It was previously believed that Q fever was not 
present or at low prevalence in St. Kitts, and regionally only few studies 
were conducted to evaluate the importance of the disease. With our 
study, it is obvious that more interest should be given to this disease. 
Further investigations to evaluate the prevalence and potential risk of Q 
fever in the Caribbean are thus warranted as they could inform the 
development of prevention and control recommendations and mitigate 
consequences on animal health, public health and conservation in this 
region. 
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