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Prevalence and risk factors for Coxiella burnetii seropositivity in small 
ruminant veterinarians and veterinary students in Ontario, Canada

Shannon L. Meadows, Andria Jones-Bitton, Scott A. McEwen, Jocelyn Jansen, Samir N. Patel, 
Catherine Filejski, Paula Menzies

Abstract — Coxiella burnetii is a zoonotic pathogen that causes Q fever in humans. Serological and questionnaire 
data on C. burnetii were obtained from 32 small ruminant veterinarians and veterinary students in Ontario, Canada, 
in February 2012. Overall, 59% of participants were seropositive; advanced stage of career and increased age were 
associated with seropositivity.

Résumé — Prévalence et facteurs de risques pour la séropositivité à Coxiella burnetii chez les vétérinaires 
des petits ruminants et les étudiants en médecine vétérinaire en Ontario, au Canada. Coxiella burnetii est un 
agent pathogène zoonotique qui cause la fièvre Q chez les humains. Des données sérologiques et provenant de 
réponses à un questionnaire portant sur C. burnetii ont été obtenues auprès de 32 vétérinaires et étudiants en 
médecine vétérinaire en Ontario, au Canada, en février 2012. Globalement, 59  % des participants étaient 
séropositifs; un stade de carrière avancé et un âge supérieur étaient associés à la séropositivité.

(Traduit par Isabelle Vallières)
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C oxiella burnetii is a zoonotic bacterium that causes Q fever 
in humans (1). Human infection has most frequently been 

attributed to indirect or direct contact with infected ruminants, pri-
marily sheep, goats, and cattle (1). Therefore, by the nature of their 
occupation, veterinarians have been identified as having a higher 
risk of C. burnetii exposure than the general population (2,3).

The presence of C. burnetii specific antibodies in serum is used 
to indicate past exposure to the bacterium. Immunofluorescence 
assay (IFA) is the reference serological test used to diagnose 
human Q fever (4). The IFA detects the immunoglobulin G 
(IgG) antibody response to phase I and phase II C. burnetii 
antigens (5). A phase II titer . phase I titer is suggestive of 

recent exposure, while phase I titer $ phase II titer is suggestive 
of past exposure (5).

The objectives of this study were to: i) determine the preva-
lence of C. burnetii seropositivity in Ontario small ruminant 
veterinarians and veterinary students; and ii) investigate demo-
graphic, hygiene, biosecurity and lifestyle factors for association 
with seropositivity. A convenience sampling procedure was used; 
all attendees at the Small Ruminant Veterinarians of Ontario 
(SRVO) Annual General Meeting (AGM), which took place in 
Orangeville, Ontario, on February 24, 2012, were invited to 
participate. The SRVO is a voluntary professional organization 
of veterinarians and veterinary students with an interest in the 
health of ovine, caprine, and camelid species. Informed writ-
ten consent was obtained from all 32 participants (18 males, 
14 females). The University of Toronto Research Ethics Board 
(Certification of Ethical Acceptability of Research Involving 
Human Participants: Reference 27340) approved the study.

Blood samples were collected on-site by a certified phle-
botomist via venipuncture into 10-mL red top serum BD vacu-
tainer tubes (Becton, Dickson and Company, Franklin Lakes, 
New Jersey, USA). Serological analysis was performed at the 
Public Health Ontario Laboratory in Toronto using the Focus 
Diagnostic IFA (Cypress, California, USA), according to manu-
facturer instructions. Serum samples were stored at 4°C if tested 
within 48 h, or stored at 220°C if tested beyond 48 h. Samples 
were considered seropositive when either the phase I or phase II 
IgG titer was $ 1:16, as per manufacturer’s guidelines (5).

Univariable exact logistic models were constructed in Stata 
Intercooled Version 10.1 (StataCorp, 2007; College Station, 
Texas, USA) to assess putative risk factor associations with the 
outcome of seropositivity. Univariable exact logistic regression 
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modelling was used in place of standard asymptotic logistic 
regression, as the former is ideal for analyzing small, skewed, 
or sparse datasets (6). Associations were considered significant 
at confidence level of a , 0.05. If a covariate predicted sero-
positivity perfectly, an estimate of the coefficient was calculated 
using a median unbiased estimates procedure to give a reason-
able estimate of the covariate of interest (6). The dataset was 
considered too small for the development of a multivariable 
model.

At the time of sampling, 5 participants indicated in the ques-
tionnaire that they suspected they had had Q fever at some point 
in the past. Two of these individuals sought medical attention 
but had negative serological tests for C. burnetii at that time. 
The reported symptoms attributed to Q fever by the 5 individu-
als were: fever (n = 5), headache and muscle ache (n = 3), fatigue 
(n = 2), cough (n = 1), and sore throat (n = 1). All 5 of these 
individuals were seropositive for C. burnetii at the time of sam-
pling for the current study. None of the 14 female participants 
were pregnant at the time of sampling. Of the 4 women who 
reported having been pregnant in the previous 2 y, all tested 
seropositive; none reported an adverse pregnancy outcome.

Serosurvey results indicated that 59.4% [19/32, 95% confi-
dence interval (CI): 40.6% to 76.3%] of participating veteri-
narians and veterinary students were seropositive to C. burnetii. 
Practicing veterinarians had a seroprevalence of 76.2% (16/21, 
95% CI: 52.8% to 91.8%) compared to 50.0% (2/4, 95% CI: 
6.8% to 93.2%) in veterinarians not active in clinical practice at 
the time of sampling, and 14.3% (1/7, 95% CI: 0.3% to 57.9%) 
in veterinary students. Table 1 demonstrates the distribution of 
phase I and phase II antibodies to C. burnetii antigens among 
the study population; 9.4% (3/32) and 50.0% (16/32) were 
considered to have recent and past exposures, respectively.

The exact logistic univariable analysis identified 2 covariates 
significantly associated with seropositivity. Being a veterinary 
student had a sparing effect, as students had 0.06 times (95% 
CI: 0.0011 to 0.65) the odds of seropositivity compared to 
practicing veterinarians; the odds of seropositivity among vet-

erinarians not active in clinical practice were not significantly 
different from the odds for either practicing veterinarians or 
veterinary students. In addition, participants aged 30 to 39 y 
and 40 to 49 y had 15 times (95% CI: 1.01 to 1059.64) and 
13 times (95% CI: 1.26 to +Infinity) the odds of seropositivity, 
respectively, compared to those aged 18 to 29 y.

This is the first investigation examining C. burnetii sero-
positivity among veterinarians and veterinary students in the 
province of Ontario, and the second in Canada (2). The sero
prevalence (59.4%, 19/32) indicates that exposure to C. burnetii 
was common. Coxiella burnetii has been identified as an occu-
pational hazard for veterinarians and veterinary students else-
where (3,7,8). For the present research, an IFA IgG titer cut-off 
of $ 1:16 was used, as this is the cut point recommended by 
manufacturers, and the low cut-point maximizes case capture 
of those who have been previously exposed to C. burnetii (6). 
Although an IFA titer cut-point analysis using past C. burnetii 
exposure as the outcome has not been published, manufactur-
ers reported a high specificity (100%) using the cut-off of 
$ 1:16 (5). Due to the high specificity, false positives are not 
anticipated, though cross-reactivity to non-specific antibodies 
cannot be excluded (9).

Within our study group, there was an increased risk of 
C. burnetii seropositivity among practicing veterinarians com-
pared to veterinary students. While veterinary students perform 
similar activities as veterinarians, particularly in upper years of 
study (7), they typically do not have as much opportunity for 
exposure to potentially infected animals as do veterinarians. 
Other risk factors for seropositivity previously identified and 
consistent with dose-response relationships between degree of 
animal exposure and human seropositivity include age, num-
ber of hours with animal contact per week, number of years 
graduated as a veterinarian, and number of years lived on a farm 
(3,7,8). Young participants (aged 18 to 29 y) had decreased odds 
of seropositivity compared to those who were 30 to 39 y and 40 
to 49 y; however, all 7 of the participating veterinary students, 
and 3 of the practicing veterinarians, were between 18 and 29 y 

Table 1.  Number of individuals (percentage of total samples) with specific serum titers for 
immunoglobulin G to Phase I and Phase II Coxiella burnetii antigens, among 32 small ruminant 
veterinarians and veterinary students as determined by the immunofluorescence assay (Focus 
Diagnostics) (February 24, 2012, Ontario, Canada)

	 Phase I

	 NR	 1:16	 1:32	 1:64	 1:128	 $ 1:256	 Total

Phase II

  NR	 13 (40.6)	 2 (6.3)	 1 (3.1)	 1 (3.1)	 0 (0)	 0 (0)	 17 (53.1)

  1:16	 1 (3.1)	 0 (0)	 1 (3.1)	 0 (0)	 0 (0)	 0 (0)	 2 (6.2)

  1:32	 0 (0)	 0 (0)	 2 (6.3)	 3 (9.4)	 2 (6.3)	 0 (0)	 7 (22.0)

  1:64	 0 (0)	 0 (0)	 0 (0)	 2 (6.3)	 0 (0)	 0 (0)	 2 (6.3)

  1:128	 0 (0)	 0 (0)	 2 (6.3)	 0 (0)	 2 (6.3)	 0 (0)	 4 (12.6)

  $ 1:256	 0 (0)	 0 (0)	 0 (0)	 0 (0)	 0 (0)	 0 (0)	 0 (0)

Total	 14 (43.7)	 2 (6.3)	 6 (18.8)	 6 (18.8)	 4 (12.6)	 0 (0)	 32 (100.0)

With the exception of non-reactive titers, titers above the dashed line are suggestive of a chronic infection and those below, 
suggestive of an acute infection.
NR — Not reactive.
40.6% (13/32) Unexposed (phase I and phase II IgG not reactive).
9.4% (3/32) Titers suggestive of recent exposure (phase II titer . phase I titer).
50.0% (16/32) Titers suggestive of past exposure (phase I titer $ phase II titer).
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of age. When students were excluded from the analysis, age was 
no longer associated with seropositivity. Age may therefore be 
an explanatory antecedent of position (practicing veterinarian/
student) (6), since age can largely explain the participants’ stage 
of career. Due to the small sample size of our dataset, we were 
unable to determine whether age confounded the relationship 
between stage of career and seropositivity.

We hypothesized that the percent of a veterinarian’s practice 
dedicated to sheep, goats, or to a lesser extent cattle, would 
have had an association with seropositivity, as up to 1 3 109 
organisms may be shed in the sheep/goat placenta (10) and these 
animal species have been linked to human cases of Q fever (1); 
however, this study failed to demonstrate any relationship. The 
potential animal source of C. burnetii exposure among seroposi-
tive veterinarians and veterinary students remains unclear. While 
sheep and goats have high seroprevalences in Ontario (11,12), 
C. burnetii could have been transmitted to participants from 
cows, cats, or other animals.

By the nature of their occupations, small ruminant veteri-
narians and veterinary students may be exposed to C. burnetii 
frequently throughout their career. The animal Q fever vaccine 
(Coxevac; CEVA Animal Health, Libourne, France) is now avail-
able for use in Ontario in sheep and goats. However, since vet-
erinarians potentially have contact with animals on many farms, 
use of the vaccine in sheep and goats may not infer veterinarian 
protection unless use was widespread. Therefore, vaccinating 
unexposed veterinary students and veterinarians, particularly 
those at high risk of developing chronic Q fever (e.g., those 
with pre-existing heart disease), with a human C. burnetii vac-
cine (Q-Vax; CSL Biotherapies, Melbourne, Australia), merits 
future consideration. The Q-Vax vaccine is currently used in 
Australia, and research has demonstrated that it induces a long-
lived immune response to C. burnetii (13).

Several limitations of the study should be noted. While 1/3 
of all SRVO members were sampled for this study, the sample 
size was nevertheless small. The exact logistic regression models 
served to limit the bias of the coefficients and P-values obtained 
from small sample sizes (6); however, our sample size, and an 
expected proportion C. burnetii exposure of 59% (as observed 
here), means the statistical power is low (calculated at 16.5%). 
Larger sample sizes may be required to further elucidate the 
relationship between risk factors and veterinarian seropositivity 
in Ontario, and to increase the precision of identified associa-
tions. This study may also have been subject to selection bias. 
Our sampling frame of SRVO members is not an exhaustive list 
of all veterinarians and veterinary students who work with small 
ruminants in Ontario. As previously noted, SRVO is a voluntary 
organization and is involved in the continuing education of 
veterinarians in the health and welfare of small ruminants. The 
SRVO members may therefore be more engaged in learning 
about small ruminants and consider small ruminants as a more 
important part of their caseload or anticipated caseload, than 
non-members. In addition, research has identified a number of 
other barriers to participation in continuing education events 
among veterinarians including: ownership of a solo practice, 
stage of career, and family demands (14). These factors may have 
influenced attendance at the AGM, and thus, subsequent par-

ticipation. Most participants had not been tested for C. burnetii 
exposure before participating in our study and most did not 
suspect that they have had Q fever.

Overall, Coxiella burnetii seropositivity was common among 
SRVO members, particularly among veterinarians, presumably 
due to their contact with infectious animals. Veterinarians 
should be alert to the signs and symptoms of Q fever, and 
should ask their physician for the appropriate tests should these 
signs and symptoms appear. Hygiene and biosecurity practices, 
while not statistically associated with seropositivity here, are 
encouraged for their utility in preventing occupational exposure 
to not only C. burnetii, but also several other zoonotic disease 
agents (8).
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