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Molecular assessment of Coxiella burnetii in horses in Northwestern Iran
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ABSTRACT

Background and Objectives: Q fever is a frequently occurring illness that is induced by the bacterium Coxiella burnetii (C.
burnetii) that can infect humans and various animals. It targets the macrophage cells in the tissues, and circulating monocytes.
Materials and Methods: This study was conducted between 2022 and 2023 in the West Azerbaijan and Ardabil provinces of
northwestern Iran to examine the presence infection of C. burnetii. Specimens were obtained by swabbing from 140 mares
(70 from each province) and 20 stallions (10 from each province) which were apparently healthy, and their DNA was ana-
lyzed using quantitative PCR assay detecting the 151111 element of the bacterium.

Results: The findings indicated that a mere 0.625% of the examined specimens tested positive for C. burnetii. Among the
entire set of specimens, a single female horse from the region of Ardabil was found to be the carrier of the bacterium.
Conclusion: This suggested that even though horses may not display any clinical symptoms, they can still harbor C. burnetii
and contribute to its transmission. Therefore, the potential contribution of horses to Q fever transmission should be consid-

ered.
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INTRODUCTION

Q fever is a common illness in developing coun-
tries including Iran. It is the result of infection by
a bacterium that obligately reproduces within host
cells known as Coxiella burnetii. This bacterium is
gram-negative and can infect humans and various
animals (1). C. burnetii is found in a diverse range
of hosts, including domestic and wild animals, pets,
birds, fish, reptiles, and even invertebrates like ticks,
across the world, with New Zealand being the only
known exception (2). While goats, cows and sheep
have been introduced as the primary sources of C.

burnetii, the impacts of this organism on horses ap-
pears to have been overlooked. For instance, this bac-
terium has been cited as one of the causes of abor-
tions in French horses.

The identification of positive cases of C. burnetii
infection in equines presents a significant opportu-
nity to recognize these animals as potential reser-
voirs of the pathogen, thereby enhancing awareness
regarding the risk of transmission of this infection
to both humans and other animal species. Behaviors
such as touching horses and ponies, as well as ac-
tivities such as continuous and long-term horseback
riding are among the potential risk factors that can
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individually cause the spread of Q fever from horses
to humans. Engagement in equine management prac-
tices, such as stable sanitation, hay manipulation,
and mane maintenance, may lead to the inhalation of
aerosolized particles harboring C. burnetii, posing a
risk of human infection through respiratory exposure
3).

In terms of epidemiology, Q fever is a disease en-
demic to Iran, and therefore the interest in research
and diagnosis of the disease in this country has been
substantial. Nokhodian et al. performed a system-
atic search of articles published from January 2000
to 2015 to evaluate the occurrence and distribution
of C. burnetii infections in both human and animal
populations. Their results indicated an overall prev-
alence of antibodies for Q fever among animals of
27.00% (4).

In spite of this, the role of horses in the epidemiol-
ogy of C. burnetii as a potential reservoir has not yet
been definitively established (5). Previous studies on
C. burnetii focused more on humans and ruminants.
The role of horses as hosts in Iran was investigated
by Jaferi et al. (6). In northern Iran (Golestan prov-
ince) 7.50% of horses tested positive for C. burnetii.
This suggests that horses in this region are signifi-
cant from an epidemiological and health protection
perspective concerning Q fever (7).

The diagnosis of infection with C. burnetii varies
according to the sample type and the specific purpose
of the testing (8). Hence, several diagnostic methods
have been developed based on polymerase chain re-
action (PCR) to analyze the DNA of C. burnetii in
clinical samples. A transposon mutagenesis screen
has revealed 512 essential genes in C. burnetii. The
selection of the 1S1111 gene for this study is based
on its high copy number in C. burnetii, which en-
hances the sensitivity of molecular detection meth-
ods and underscores its relevance as a reliable target
for identifying this pathogen. These essential genes
are involved in critical metabolic pathways such as
the mevalonate pathway, peptidoglycan synthesis,
and biotin synthesis. Some of the identified essential
genes are typically associated with C. burnetii viru-
lence, such as predicted type IV secretion system ef-
fector genes, suggesting these virulence factors also
play crucial roles in the basic biology of the pathogen
(9-11). Techniques based on high copy number genes
such as 1S1111 element sequences which have a high
sensitivity can also be considered (8, 12). According
to prior research, PCR is recognized as a reliable
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laboratory method for analyzing C. burnetii. In par-
ticular, the trans-PCR approach, which targets trans-
poson-like elements, proves effective in detecting C.
burnetii through the application of 1S1111 primers.
The genome contains a minimum of 56 instances of
integrated genetic elements, which guarantees a high
degree of detection sensitivity (13). The trans-PCR
method enables the identification of C. burnetii in
samples such as genital swabs, milk, and feces with-
in a timeframe of fewer than six hours.

The probability of zoonotic transmission of Coxie-
Ila organisms to human hosts increases subsequent
to contact with equines harboring the pathogen, es-
pecially during equestrian activities and equine man-
agement practices. Hence, since the trading of horses
has recently become more popular in Iran, this in-
vestigation aimed to quantify the prevalence of C.
burnetii in in swab samples from the clitoris, clitoral
fossa, and urethral processes of mares and the penile
skin or urethral processes of stallions using quantita-
tive PCR in Iran's northwestern regions, specifically
the provinces of Ardabil and West Azerbaijan.

MATERIALS AND METHODS

Determination of sample size and collection of
specimens. In this study, the sample size was calcu-
lated based on an anticipated disease prevalence of
10.00%, a permissible margin of error of 5.00%, and a
95.00% confidence level, employing a simple random
sampling approach. Based on these criteria, a mini-
mum of 139 samples was deemed necessary. For this
study, 160 horses were randomly chosen from various
regions across the provinces of West Azerbaijan and
Ardabil during the period spanning 2022 to 2023 (Fig.
1). Sampling was done across all seasons. Swab sam-
ples were taken from the clitoris, clitoral fossa and the
urethral process of 70 mares and the penile skin or
the urethral process of 10 stallions (140 mares and 20
stallions in total from the two provinces). All this in-
formation about mares and stallions was recorded in
the acquisition history table (data not shown). The age
of the horses was assessed based on the appearance
of teeth. All the farms from which the horse samples
were obtained had conventional stables.

DNA extraction. The swabs prepared for the PCR

test were immersed in a microtube supplemented
with 500 pL of PBS. Then, the collected samples
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Fig. 1. Map of northwestern Iran highlighting the study
areas.

were coded and recorded in a questionnaire and
placed in an ice-cooled container for transportation
to the Microbiology Laboratory at the University of
Tabriz's Faculty of Veterinary Medicine. A 10-min-
ute centrifugation process at 3,000 rpm was applied
to the microcentrifuge tubes. Genomic DNA was
isolated from the swab specimens utilizing a com-
mercially available nucleic acid purification system
(FavorPrep™ Tissue Genomic DNA Extraction Kit,
Favorgen Biotech Corp., Taiwan) in accordance with
the manufacturer's standardized protocol.

Quantitative molecular identification of C. bur-
netii. Quantitative PCR analysis targeting the 1S1111
insertion sequence of C. burnetii was conducted at
the Pasteur Institute of Iran, employing specific oli-
gonucleotide primers and fluorescent probes (14). The
quantitative PCR amplification was performed in a
total reaction volume of 20.00 pL, comprising the
following components: 10.00 uL of 2X Real Q Plus
Master Mix for Probe (Amplicon, Odense, Denmark),
forward and reverse oligonucleotide primers at a final
concentration of 900 nM each (5-AAAACGGATA-
AAAAGAGTCTGTGGTT-3' and 5-CCACACAAG-
CGCGATTCAT-3, respectively), a fluorescent probe
at 200 nM (5-6-FAM-AAAGCACTCATTGAGCG-
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extension at 60.00°C for 60 seconds. Nuclease-free
water and genomic DNA extracted from the Nine
Mile strain (RSA 493) were employed as negative
and positive controls, respectively. Data analysis was
performed using Rotor-Gene® Q 2.3.5 software (Qia-
gen, Germany), with samples exhibiting cycle thresh-
old (Ct) values <40 considered positive for the target
sequence (14).

RESULTS

The horses participating in the study had no previous
history of disease. The age of both stallions and mares
varied between 2 and 17 years (Table 1). The range of
foaling events varied from 0 to 12, with the majority
of horses experiencing between 1 and 3 foalings. Ad-
ditionally, the number of unsuccessful pregnancies re-
corded varied from 1 to 10, while temporary infertility
varied between 1 month and 4 years.

Real-time PCR. Findings from the analysis revealed
that out of 160 samples taken from mares and stal-
lions, only one sample (0.625%) was positive in the
province of Ardabil. This seven-year-old mare had
foaled twice, with an unsuccessful pregnancy and in-
fertility for 4 months. Coxiella burnetii remained un-
detected across all tested samples obtained from the
stallions in the Ardabil province, similar to the mares
and stallions from the West Azerbaijan province.

DISCUSSION
In recent years, the extensive spread of Q fever
throughout different regions including Iran and oth-

er Middle Eastern countries has raised public health

Table 1. Risk factors influencing C. burnetii acquisition in
horses

CCGCG-TAMRA-3"), 4.00 uL of the extracted ge- Risk factors Category Total No.
nomic DNA template, and 5.00 pL of nuclease-free Age <5 53
water to achieve the final volume (14). The amplifica- 5-10 87

tion process was conducted utilizing a Corbett 6000 >10 20
Rotor-Gene System (Corbett, Melbourne, Australia). Gender Female 140

The quantitative PCR thermal cycling protocol com- Male 20
prised an initial denaturation phase at 95.00°C for Breed Arab 2

10 minutes, succeeded by 45 cycles of denaturation Kurdish 2

at 94.00°C for 15 seconds and combined annealing/ Crossbred 156
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concerns worldwide in regards to infections among
humans and animals (15, 16). The serological inci-
dence of C. burnetii infection in human and animal
populations between 1982 and 2010 was 2.00 and
10.00% in four European countries (17). Epidemio-
logical investigations conducted by Esmaeili et al.
and Ghasemian et al. revealed that the prevalence of
acute Q fever among patients presenting with com-
patible symptomatology in northern and northwest-
ern Iran was 13.80% and 5.37%, respectively (18, 19).
Moradnejad et al. reported a prevalence of 30.77%
infectious Q fever in cases of endocarditis with nega-
tive blood cultures (20). In addition, there are numer-
ous reports of C. burnetii epidemiology in domestic
livestock and wild fauna, as well as in ticks, milk,
and dairy products from Iran (15, 21, 22).

Consequently, considering the importance of this
disease in medicine and veterinary medicine, in this
research, the prevalence of C. burnetii was inves-
tigated in the horse farms of West Azerbaijan and
Ardabil provinces. Due to the low sensitivity and
specificity of serological tests (23), the real-time PCR
method was employed in this study for the detection
and identification of C. burnetii.

In general, the seroprevalence of Q fever in equins
is not markedly different from the average seroprev-
alence in ruminants based on published studies. For
instance, seroprevalence rates in European countries
were reported to be 15.80% in horses, 15.00-21.00%
in cattle, 2.50-88.00% in goats, and 3.50-56.00% in
sheep (8). Conversely, blood serum collected in the
initial phase of systemic illness serves as an appro-
priate sample for the genomic analysis of pathogen,
as the pathogen's genome may be present. However,
conventional PCR is not ideal for diagnosis because
of the inhibitors present in blood and the low con-
centration of microbial nucleic acids in serum (24).
In addition, serologic methods can detect active and
previous antibodies, whereas PCR is limited to iden-
tifying the acute stage of infection in serum samples
(23). Hence, real-time PCR, which is a much more
sensitive method than conventional PCR, can help
identify C. burnetii. Since this disease is transmitted
in animals via the placenta, urine, feces, and body
fluids, all these can be utilised to take samples from
for the initial identification.

Based on the above, it is difficult to compare the
present study with previous studies carried out in
horses with the purpose of evaluation C. burnetii, as
the type of sample and the working methods were
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different in terms of specificity and sensitivity. Ac-
cording to the results of our study, out of 160 samples
collected from mares and stallions in West Azerbai-
jan and Ardabil provinces, only one sample (0.625%)
was positive which was in contrast to the results of
studies conducted in the northwestern region and
other parts of Iran and the world.

In the study conducted by Tehrani and Ownagh
on the genomic detection of C. burnetii in horses
in northwestern Iran, the results showed that out of
320 horse blood samples, the 1S1111 sequence was
detected in 26 horses (13.8 percent), indicating the
incidence of C. burnetii in horses in West Azerbaijan
province (8). A molecular investigation conducted by
Khademi et al. in the northern region of Iran (Goles-
tan province) revealed that 7.50% of equine serum
samples tested positive for C. burnetii DNA (7). In
a study by Jaferi et al., the incidence of C. burnetii
from vaginal swabs of horses in the northeast and
southeast of Iran employing quantitative PCR was
less than 8% (6). Seo et al. demonstrated that 1.30
percent of horse blood specimens exhibited positiv-
ity for Coxiella-like organisms through the applica-
tion of the 16S rRNA gene sequencing methodology
(25). In the Australia, C. burnetii was identified in
12.50% of tested blood samples and 1.70% of test-
ed urine speciments through the use of quantitative
real-time PCR (26). Since the contamination level
in our study was lower compared to the studies con-
ducted in the last one or two years, this difference
can be attributed to the different husbandry and care
of horses, the state of the immune system of horses
and the detection technique applied for C. burnetii
identification. The results of other studies revealed
that the incidence of Q fever was more pronounced
in mares than in stallions and that age was also one
of the most important factors in the incidence of C.
burnetii (7, 27). In our study, the positive case of C.
burnetii was found in a seven-year-old mare that had
foaled twice. No positve results were detected from
any of the stallions. This could potentially suggest
a strong affinity of C. burnetii for the uterine and
mammary tissues, as the prevalence of this bacteri-
um was notably higher in these two tissues (28, 29).

Since Q fever's classification as a notifiable disease
varies and comprehensive clinical data are limited,
ticks and other hosts, including ruminants, may act
as infection reservoirs for horses. The identifica-
tion of C. burnetii in horse riders further indicates
that horses can act as a possible reservoir for human
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transmission. As a result, individuals with frequent
horse interactions, including veterinary profession-
als and enthusiasts, are at a heightened risk of con-
tracting the infection. Therefore, timely diagnostic
testing of horses, along with preventive measures
and treatment, is essential.

CONCLUSION

The findings of the current investigation indicated
that C. burnetii may be detectable in horses despite
the lack of definitive clinical signs. Consequently,
horses might be regarded as a potential benign reser-
voir for C. burnetii, and their conceivable contribu-
tion to the dissemination of Q fever warrants careful
consideration. Although only one positive case was
reported in this study, the disease could be transmit-
ted to other horses and even to humans in direct or
indirect contact with them, especially in poorly man-
aged farms. Furthermore, the outcomes of this inves-
tigation revealed that the real-time PCR assay was a
simple and reliable assay for detecting the causative
agent of Q fever, and it can be facilitates detection
of C. burnetii in numerous types of samples. Future
studies should focus on investigating the incidence of
C. burnetii among horse owners, and exploring strat-
egies to improve on-farm management practices,
such as enhanced biosecurity measures and regular
testing, to reduce the risk of Q fever transmission.
This can have a significant practical influence on re-
ducing the disease burden and protecting human and
animal health.
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