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Abstract
The seroprevalence of Coxiella burnetii in goats and sheep in the UAE was evaluated by ELISA testing of 437 small ruminant 
sera samples from livestock farms (LivF) and 478 from the Al Ain livestock market (AALM), and the data from the pilot 
serosurvey were analyzed using the z-test of two proportions and Fisher’s method. The overall proportion of C. burnetii-
seropositive goats of 32.1% was significantly higher than 24.7% for seropositive sheep (p < 0.05). On the other hand, the 
difference in the proportions of C. burnetii-seropositive sheep from the LivF (27.9%) and AALM (21.7%) was not statistically 
significant (p > 0.05). By comparison, the proportion of C. burnetii-seropositive goats from LivFs was 31.6% compared to 
32.5% for the goats from the AALM (p > 0.05). In addition, there was variability in the proportions of C. burnetii-seropositive 
goats and sheep from the different Emirates, but none of differences was statistically significant (p > 0.05). These data pro-
vide the first evidence of apparent C. burnetii infections in goat and sheep herds in the UAE with seropositivity rate that is 
significantly higher in goats than sheep. The epidemiology and animal and public health implications of this pathogen need 
to be thoroughly evaluated in the UAE.
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Introduction

Within the greater Gulf region, sheep and goats are a greatly 
favored source of meat and other animal products. Despite 
this, however, the local and regional livestock production 
is still unable to meet the domestic demands for red meat 
(Sherif et al., 2014, pp. 236–241). While several factors may 
be responsible for the shortcoming, lack of strong animal 
disease surveillance systems in the region is a significant 
bottleneck to livestock production. In an OIE report cited 
by Shimshony and Enomides (2006), for example, gaps 
in early detection and reporting of animal diseases were 

cited as being partially responsible for the high prevalence 
of infectious livestock diseases in the region. In respect to 
animal disease research in the greater Gulf region, on the 
other hand, the few studies reported in the literature are 
mainly focused on regionally endemic transboundary dis-
eases like contagious caprine pleuropneumonia (Thiaucourt 
and Bolske, 1996, pp. 1397–1414), peste de petits rumi-
nants (Moustafa, 1993, pp. 857–863), and foot and mouth 
disease (Moustafa and El Gadir, 1993, pp. 831–837). With 
such skewed research efforts, and particularly so in the UAE, 
there exists a range of “neglected livestock diseases” that 
warrant study and documentation. In respect to coxiellosis, 
for example, there is critical lack of baseline data making any 
evidence-based disease intervention strategy difficult. Inter-
estingly, the UAE government has been working towards a 
national policy for improving the economic efficiency of 
livestock production enterprises (Sherif et al., 2014, pp. 
236–241). While these efforts will potentially resolve some 
of the livestock health and production bottlenecks, there is 
still lack of a specific national policy that addresses poor 
reproductive performance in livestock.
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Elsewhere, several studies have consistently linked 
suboptimal profitability of livestock enterprises to poor 
reproductive performance of herds (Cabrera, 2014, pp. 
211–221; Gädicke et al., 2010, pp. 9–19; Singh et al., 2015, 
pp. 211–215; Van Asseldonk et al., 2015, pp. 115–122). 
Moreover, several studies have also attributed a signifi-
cant proportion of preventable reproductive failure cases in 
sheep and goats to a variety of abortifacient pathogens like 
Coxiella burnetii (Angelakis et al., 2000, 297–309; Rousset 
et al., 2012; Scringeour et al., 2000, pp. 74–76), Brucella 
spp. (Rahman et al., 2017, pp. 394–399, Chlamydia abor-
tus (Barati et al., 2017, pp. 288–294), Campylobacter jejuni 
(Sahin et al., 2012, pp. 680–687), Leptospira spp. (Tagli-
abue et al., 2016, pp. 129–138; Topazio et al., 2015, pp. 
53–57), Listeria monocytogenes (Lotfollahi et al., 2017, pp. 
425–429), and Toxoplasma gondii (Kalambhe et al., 2017, 
pp. 35–38; Liassides et al., 2016, 359–366) among others.

With the exception of Brucella spp. (Mohammed et al., 
2013, pp. 82–86), the presence of the above listed aborti-
genic pathogens of livestock remains largely unstudied in the 
UAE. Indeed, while C. burnetii has been linked to reproduc-
tive failure in small ruminants in many countries (Angelakis 
et al., 2000, 297–309; Rousset et al., 2012; Scringeour et al., 
2000, pp. 74–76), similar reports on the UAE are lacking 
in the literature. Coxiellosis studies in the UAE have been 
limited to serological detection of C. burnetii antibodies in 
cattle (Barigye et al., 2021, pp. 112), semi-free ranging wild 
ungulates (Chaber et al., 2012, pp. 220–222), and racing 
camels (Afzal et al. 1994, pp. 787–792). In a study done 
in Saudi Arabia, C. burnetii infection was confirmed by 
PCR testing of biological specimens derived from camels 
and other livestock species (Mohammed et al., 1995, pp. 
715–719). In fact, clinical Q-fever, which is caused by C. 
burnetii, has also been reported in humans in Saudi Arabia 
(Angelakis et al., 2000, pp. 297–309) as well as in Oman 
(Scringeour et al., 2000, pp. 74–76) as they have been across 
the globe. No similar studies have been reported in the litera-
ture for the UAE. The present pilot study was therefore done 
to collect baseline data on the seroprevalence of C. burnetii 
in goats and sheep in the UAE as a prelude to more detailed 
epidemiological investigations and studies in future that will 
characterize the animal and public health significance of the 
pathogen in the country.

Materials and methods

Study area, sample size, and blood samples

A total of 915 small ruminant blood samples were tested 
during this study of which 437 were from livestock farms 
(LivF) distributed across four Emirates within the UAE 
and 478 from the Al Ain livestock market (AALM) located 

in the Emirate of Abu Dhabi. The validity of the sample 
size for LivF and AALM was determined using the for-
mula for sample size estimation, n = z2

�
pq∕L2 (Thrusfield, 

2007, 3rd Edition, pp. 283–240), where n is the sample 
size, z

�
 is the normal deviate (1.96) at 5% level of sig-

nificance, p is the estimated prevalence, q = 1 − p , and L 
is the precision of estimate usually at 5%. Using a priori 
overall seroprevalence of 27.2% for C. burnetii reported 
for goats in a study done in Iran (Asadi et al., 2013, pp. 
163–168), the formula was used to calculate the ideal sam-
ple sizes:

To adjust for potential non-compliance and design effect, 
n = 437 was used for the LivF and 478 for the AALM. The 
majority of the studied farms is small to medium in size 
with animal populations ranging from ~ 100 to 120 animals. 
These farms were conveniently selected on the basis of 
belonging to nuclear and/or extended families of third-year 
veterinary students from the Department of Veterinary Med-
icine, United Arab Emirates University (UAEU), that were 
willing to participate in the survey. The goats and sheep 
raised at these farms are predominantly of local breed com-
monly encountered in the UAE.

To implement the study, 20 third-year undergraduate 
veterinary students from UAEU were recruited and trained 
in the basics of animal restraint and blood collection by 
jugular venipuncture. The students were then provided 
blood collection kits and dispatched to their family farms 
where they collected jugular vein blood from randomly 
selected goats and sheep. Within hours of collection, the 
blood samples were brought back to the veterinary pathol-
ogy laboratory at the Falaj Hazza campus, UAEU, where 
sera samples were separated by centrifugation at 1000 × g, 
10 min, and aliquots of sera stored at −20oC until testing 
was done. Of the 437 blood samples from LivFs, 222 were 
from sheep and 215 from goats. The research assistant, a 
qualified veterinarian, also worked with groups of selected 
third-year veterinary students to collect blood samples 
from the AALM. The randomly selected adult sheep and 
goats of both sexes were properly restrained and bled from 
the jugular vein into vacutainers. The predominantly indig-
enous and regionally sourced goats and sheep sold at the 
AALM are mostly used as a source of meat. The blood 
samples were then allowed to clot for about 10 min at 
environmental temperatures, packed in cool boxes, and 
then carried back to the laboratory. Serum samples were 
separated by centrifugation at 1000 × g, 10 min, and ali-
quots of sera kept at −20oC  until testing was done within 
a month of collection. Of the 478 blood samples collected 
from the AALM, 244 were from sheep and 234 from goats.

n = (1.96)2 ×
0.272 × (1 − 0.272)

(0.05)2
= 304.3 ≈ 304
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Coxiella burnetii indirect ELISA test

The screening for C. burnetii antibodies was done using 
an indirect ELISA (Q fever C. burnetii antibody test kit, 
IDEXX Laboratories, Liebefeldt-Bern, Switzerland) accord-
ing to the kit manufacturer’s instructions. After reading the 
plates in a spectrophotometer at 450 nm, the results were 
expressed as a percentage of the ratio of the test sample 
OD450 to the positive control OD450 (S/P %). As per the kit 
manufacturer instructions, test samples with S/P % ≥ 40% 
were determined to positive and those with S/P% < 30% were 
deemed negative.

Statistical data analysis

The z-test for two proportions, which is identical to the chi-
square test with one degree of freedom (Chen et al., 2015, 
pp. 525–538), was used to test for differences in the pro-
portions of C. burnetii-seropositive animals in any two ani-
mal groups. The decision to reject the null hypothesis of 
no difference between the two proportions (hypothesized 
difference = 0) was based on the calculated p value, which 
is commonly compared to a significance threshold level of 
α = 0.05 (Ioannidis, 2018, pp. 1429–1430). Moreover, a 95% 
confidence interval for the corresponding difference between 
the two proportions was also calculated. *In situations where 
the absolute number of incidences in either group of animals 
was less than 5 or when the overall percentage of incidence 
was less than 20%, the Fisher-exact method provided a valid 
alternative to the z-test for two proportions (Agresti, 1992, 
pp. 131–153).

Results

Coxiella burnetii seroprevalence in sheep and goats

Overall, of the 915 serum samples tested, 28.3% (259/915) 
were seropositive for C. burnetii antibodies. When the data 
are segregated by animal species as presented in Table 1, 
the proportion of C. burnetii-seropositive goats (32.1%) 

is significantly higher than the seropositive sheep (24.7%) 
(p < 0.05).

It is noteworthy that of the 915 sera that were tested, 437 
were from LivFs and 478 from the AALM. From this study, 
the proportion of C. burnetii-seropositive sheep from the 
LivF was 27.9% (62/222) compared to 21.7% (53/244) of 
the sheep from AALM (Table 1). The difference between 
the two proportions of seropositive sheep is not statistically 
significant (p > 0.05). On the other hand, the proportion of 
C. burnetii-seropositive goats from the LivF was 31.6% 
(68/215) compared to 32.5% (76/234) for the AALM. Simi-
lar to the case of the sheep, the difference between the two 
proportions of C. burnetii-seropositive goats is not statisti-
cally significant (p > 0.05).

As presented in Table 2, there is variability in the pro-
portions of C. burnetii-seropositive sheep and goats from 
the four study Emirates. In respect to sheep, Abu Dhabi 
registered the highest proportion of C. burnetti-seroposi-
tive animals (45.8%) followed by Dubai (33.3%), Sharjah 
(9.9%), and RAK (7.1%). For goats, on the other hand, the 
highest proportion of seropositive animals was recorded in 
Abu Dhabi (50.0%), followed by Dubai (18.3%) and RAK 
(11.8%). In all these cases, there were no statistically signifi-
cant differences between the proportions of C. burnetii-sero-
positive sheep and goats in the different Emirates (p > 0.05; 
Table 2). As no caprine samples were collected from Sharjah 
due to absence of goats on the studied farms, no species-
specific data are presented for the Emirate.

Discussion

On the basis of the serological data collected during the 
pilot serosurvey, we hereby report apparent C. burnetii 
infections in goat and sheep herds in the UAE. As vaccina-
tion of small ruminants against coxiellosis is not usually 
practiced in the UAE, these data are reliably consistent 
with apparent natural C. burnetii infections. The latter is 
an important abortigenic and zoonotic pathogen of small 
ruminants with potential animal and public health implica-
tions in the country. Interestingly, the overall proportion 

Table 1   A summary of serological data obtained from ELISA testing of goat and sheep samples from the Al Ain livestock market and various 
livestock farms located in the Emirates of Abu Dhabi, Dubai, Sharjah, and Ras Al Khaima

These data were analyzed using the t-test of proportions, and the difference is statistically significant if the p value < 0.05
1 Difference is significant if p value < 0.05

Number (%) seropositive goats 
(n = 449)

Number (%) seropositive sheep 
(n = 466)

p value1 95% confidence 
interval for the dif-
ference

Al Ain livestock market 76/234 (32.5) 53/244 (21.7) 0.008 (0.028, 0.187)
Livestock farms 68/215 (31.6) 62/222 (27.9) 0.398 (− 0.049, 0.123)
Total 144/449 (32.1) 115/466 (24.7) 0.013 (0.016, 0.132)
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of C. burnetii-seropositive goats (32.1%) is significantly 
higher than for seropositive sheep (24.7%) (p < 0.05) sug-
gesting an apparently higher C. burnetii infection rate in 
goats than sheep. Similar findings were reported in Iran 
(Asadi et al., 2013; pp. 163–168) and elsewhere. It will be 
important to carry out studies on the different risk factors 
of infection in the two species to better understand the epi-
demiology of the disease in small ruminants under UAE 
climatic and animal husbandry conditions. Previously, C. 
burnetii antibodies were detected in dairy cattle (Barigye 
et al., 2021; pp. 112), semi-free ranging wild ungulates 
(Chaber et al., 2012, pp. 220–222; Lloyd et al., 2010, pp. 
83–89), and racing camels (Afzal and Sakkir, 1994, pp. 
787–792) in the UAE. When the present data are inter-
preted against the background of these reports, C. burnetii 
may be widespread across multiple animal species in the 
country including goats and sheep. As coxiellosis may 
be associated with abortion and other forms of reproduc-
tive failure in small ruminants (Angelakis et al., 2000, pp. 
297–309; Rousset et al., 2012; Scrimgeour et al., 2000, pp. 
74–76), these data also warrant additional research to fur-
ther assess the possible role this pathogen may be having 
in reproductive failure in goat and sheep herds in the UAE. 
Besides, C. burnetii is an important zoonotic pathogen that 
has previously been reported in humans in some countries 
neighboring the UAE like Saudi Arabia (Angelakis et al., 
2000, pp. 297–309) and Oman (Georgiev et al., 2013, pp. 
20,407; Scringeour et al., 2000, pp. 74–76). Studies are 
also needed to assess the public health risks to humans 
particularly in occupational groups that work closely with 
animals like veterinarians and farm workers.

It should be noted that with the exception of Sharjah 
where no goat samples were collected, C. burnetii antibod-
ies were detected in both goat and sheep samples from the 
LivFs and AALM located in all the study Emirates. How-
ever, the differences in the proportions of seropositive goats 
and sheep from LivFs and AALM were not statistically 
significant. Since there is no coxiellosis surveillance in 
the UAE, the culling of animals on the basis of C. burnetii 
seropositivity should not have been expected. Therefore, the 

comparatively similar seropostivity for animals sampled at 
the LivFs and AALM should not be surprising.

In conclusion, the present serosurvey has adduced sero-
logical evidence on the apparent coxiellosis problem in goat 
and sheep herds in the UAE. While most cases of abortion 
cases in domesticated small ruminants in the UAE have pre-
viously been largely attributed to brucellosis, it is possible 
that coxiellosis may be a contributory factor in reproduc-
tive failure in goats and sheep in the country. As C. bur-
netii antibodies were detected in small ruminant samples 
collected from study LivF and the AALM, there exists an 
apparent zoonotic risk to farm workers and other at-risk 
occupational human groups. “One health” studies will be 
needed to clarify the dynamics of possible zoonotic trans-
mission between animal and human populations in the coun-
try. Moreover, molecular epidemiological studies will also 
be needed to generate definitive data on the prevalence of 
infections caused by this pathogen. The additional data will 
inform development of evidence-based veterinary protocols 
for investigating cases of abortion and other forms of repro-
ductive failure in small ruminants in the country.

Availability of data

All documents containing the raw data for this research pro-
ject are available and will be provided in a timely manner 
if requested.
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Emirate Number (%) seropositive 
goats (n = 215)

Number (%) seropositive 
sheep (n = 222)

p value1 95% confidence 
interval for the dif-
ference

Abu Dhabi 47/94 (50.0) 44/96 (45.8) 0.565 (− 0.100, 0.184)
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