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Abstract

Abortion is one of themajor threats to the livestock industry, and it also poses significant threats
to public health since some of the abortifacient agents are considered zoonotic. Chlamydia
abortus (C. abortus), Coxiella burnetii (C. burnetii), Listeria monocytogenes (L. monocytogenes),
and Cache Valley virus (CVV) are recognized as important zoonotic and abortifacient agents of
reproductive failure in small ruminants. This study determined the prevalence of these agents in
ovine and caprine foetuses in Türkiye. A total of 1 226 foetuses were collected from the sheep
(n = 1 144) and goats (n = 82) from different flocks between 2012 and 2017. Molecular detection
methods were used to detect C. abortus, C. burnetii, and L. monocytogenesDNA and CVV RNA
in aborted foetuses. In this study, C. abortus was the most prevalent abortifacient agent among
the investigated ovine (264/1144) and caprine (12/82) foetuses, followed by C. burnetii with a
frequency of 2.8% (32/1144) and 8.5% (7/82) in ovine and caprine foetuses, respectively.
L. monocytogenesDNAwas detected in 28 (2.4%) and 2 (2.4%) of the ovine and caprine foetuses,
respectively. However, CVV RNAwas not detected. Although the predominant mixed infection
was C. abortus and C. burnetii, mixed infection of C. abortus and L. monocytogenes, and
C. burnetii and L. monocytogenes were also found. The information presented in this study
contributes to the understanding of the roles of C. abortus, C. burnetii, L. monocytogenes, and
CVV in abortions in small ruminants, and could be beneficial for developing more effective
control strategies.

Introduction

Abortion is one of the major problems for the livestock industry that affects the reproductive and
productive performance of small ruminants. The causes of abortion can be categorized into non-
infectious causes (genetic and physical factors, nutritional and metabolic problems, heat stress,
and toxic agents) and infectious agents [1]. The major infectious agents associated with abortion
are bacteria (such as Brucella spp., Campylobacter spp., Chlamydia abortus (C. abortus), Coxiella
burnetii (C. burnetii), and Listeria monocytogenes (L. monocytogenes)), viruses (such as pesti-
viruses, bluetongue virus, Schmallenberg virus, and Cache valley virus (CVV)), and parasites
(such as Neospora caninum and Toxoplasma gondii) [1, 2]. Although non-infectious causes are
related to lower abortion rates, infectious agents cause severe abortion outbreaks [1]. Infectious
agents are also significant threats to public health since most of the abortifacient agents are
considered zoonotic [1, 2]. Zoonotic potencies of abortifacient agents such as C. abortus,
C. burnetii, L. monocytogenes, and CVV have been described [3–6].

Chlamydia abortus and C. burnetii are obligate intracellular zoonotic Gram-negative bacteria
and have been associated with reproductive problems in livestock and pregnant women [1, 3, 6].
Previous studies in pregnant women have found that C. abortus infection occurs in two cases per
year in the UK [6], whereas C. burnetii infection occurs in at least one in every 540 pregnancies in
Southern France [3]. The prevalence of C. abortus and C. burnetii among sheep and goat flocks
ranged from 2.0% to 43.3% [7–11] and 2.0% to 49.0% [11–14], respectively. Ramo et al. [15]
reported that C. abortus and C. burnetii were identified in approximately 75% of ovine and
caprine abortions in Spain. Furthermore, previous studies have also found that C. abortus and
C. burnetii are the main abortive agents in small ruminants in Algeria [16], Ethiopia [17],
Hungary [18], and Iran [19]. In Türkiye, the proportion of abortive episodes potentially related to
C. abortus was 7.7% in sheep and 14.3% in goats [8, 20], whereas the detection rate of C. burnetii
was 6.1% in sheep and 8.5% in goats foetal samples analyzed between 2019 and 2020 [13].

Listeria monocytogenes is a motile, facultative intracellular Gram-positive bacterium. Various
clinical manifestations can be seen in infected animals such as encephalitis, keratitis, uveitis,
septicaemia, late gestation abortion, and stillbirth, whereas it can cause septicaemia, meningitis,
miscarriage, and stillbirth in humans [5]. L. monocytogenes-related foetal losses have been
reported in pregnant women in Denmark, Iran, and the USA [21, 22, 23]. The epidemiological
studies revealed that L. monocytogenes have been reported as a cause of abortion among small
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ruminants in Austria (25%) [24], Iraq (20.3%) [25], Denmark
(8.3%) [26], and India (2.8%) [27]. Although the prevalence of
L. monocytogenes in caprine foetuses in Türkiye is unknown,
limited numbers of studies have investigated the role of
L. monocytogenes in ovine foetuses in Türkiye, and it has been
reported that the detection rate of L. monocytogenes in ovine
foetuses ranged from 2.8% to 13.3% [28, 29].

Cache valley virus is a neurotropic arbovirus that can cause
congenital defects, stillbirth, and spontaneous abortion in small
ruminants [1, 30]. Furthermore, CVV infection has been associated
with encephalitis and meningitis in humans [4]. CVV infection has
not yet been reported inTürkiye.However, serological andmolecular
evidence of CVV infection in small ruminants has been reported in a
few countries such as the USA [30], Canada [31], and Mexico [32].

Determining the cause of abortion in ruminants is difficult due
to the complex aetiology of abortion. Previous studies conducted in
Türkiye have reported the presence of zoonotic abortifacient agents
in goats and sheep [20, 33, 34]. Despite the previous studies that
demonstrated the presence of zoonotic abortifacient agents among
small ruminants, the prevalence of the zoonotic abortifacient agents
is largely unknown at the national level in Türkiye because previous
studies were mostly conducted in a small area or a limited number
of flocks. Furthermore, many studies on major infectious agents
causing abortions in small ruminants in Türkiye rely on serological
tests only [33, 35, 36]. This can be misleading to determine the
actual cause of abortion. Identifying the aetiologic agent of abortion
has important implications for developing effective flock health
strategies, and also for the prevention and control of zoonotic
diseases [16, 17]. Therefore, the current study aimed to investigate

the prevalence of important zoonotic abortifacient agents in small
ruminants in Türkiye.

Methods

Study area

Türkiye has seven geographical regions. The present study was
performed in three different geographical regions of Türkiye where
livestock production is one of themain sources of income, including
the Mediterranean region (Isparta, Burdur, and Antalya Provinces),
the Aegean region (Afyonkarahisar Province), and the Central Ana-
tolian region (Niğde, Aksaray, Karaman, and Konya Provinces)
(Figure 1). These regions had 5 012 677 sheep and 1 714 788 goats.
The small ruminant industry in surveyed regions is dominated by
small-scale family flocks (n = 10–50) and settled village flocks
(n = 100–500). White Karaman and Dağliç breeds of sheep and
Hair goat breed of goats were common in surveyed regions.

Clinical samples

A total of 1 226 foetuses (1 144 sheep and 82 goats) were submitted to
the Veterinary Control Institute (Konya, Türkiye) during 2012–2017
from different flocks (n = 1 226) with abortion histories. These
investigated flocks constitute about 0.005% of all the sheep and goat
flocks insurveyedregions.Abortedfoetusesweresubmittedwithin24h
after abortion. Unfortunately, the placenta samples were not sub-
mitted to the institute in most of the abortion cases. Therefore, only
aborted foetuses were used to determine the cause of abortion.

Figure 1. Map of Türkiye showing the sampled provinces.
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To avoid cross-contamination, a necropsy was done using sterile
surgical instruments under biosafety guidelines. During the nec-
ropsy, foetal tissues were obtained from foetuses with gestational
age < 3 months, while organ samples, including lymph nodes, liver,
lung, kidney, intestine, and spleenwere obtained from foetuses with
gestational age 3 to 5 months. Each animal’s samples were put in
sterile 50 ml falcon tubes and were kept at �85 °C until analysis.

Furthermore, a questionnaire was administered to farmers to
obtain information related to abortion cases, the clinical signs, the
number of pregnant animals on the flock, the number of animals
that had been aborted, and the date of abortion.

Nucleic acid extraction

Pooled tissue/organ samples of each foetus (30–60mg) were placed
into sterile DNAse/RNAse-free microcentrifuge tubes (2 ml) con-
taining phosphate-buffered saline (400 μl) and homogenized using
the TissueRuptor (Qiagen, Germany). Total nucleic acids were
extracted from the supernatants of the centrifuged foetal tissue
homogenates (5 000 g for 5 min at 4 °C) using the QIAamp Cador
Pathogen Mini Kit (Qiagen, Germany), according to protocols
reported by the kit manufacturers, and were stored at�85 °C until
analysis.

Molecular identification of abortifacient agents

Samples were tested for the presence of C. abortus, C. burnetii,
L. monocytogenes, and CVV by molecular detection methods. For
C. abortus, C. burnetii, and L. monocytogenes, real-time PCR assays
reported by Pantchev et al. [37], Klee et al. [38], and Rossmanith
et al. [39] were used, respectively. Furthermore, one-step real-time
duplex RT-PCR was performed using CVV G1 glycoprotein-
specific probes and primers described byWang et al. [40]. Negative
control (sterile nuclease-free water) was used to verify the absence
of cross-contamination during the analyzes, whereas positive con-
trols were used to ensure that results were reliable.

Statistical analysis

The differences in positivity between species (sheep and goats) were
assessed by Fisher’s exact test, whereas one-way ANOVA with
Tukey post-test was used to assess the relationship between posi-
tivity and provinces and years of origin. The statistical analyzes
were performed by using the GraphPad Prism software (San Diego,
CA, USA), and a p-value of ≤ 0.05 was considered statistically
significant.

Results

Questionnaire survey results

According to flock owners’ reports, sampled flocks had not been
vaccinated against investigated diseases, and animals exhibited no
distinct symptoms, except for abortion. Abortions mostly occurred
during the last trimester of gestation. The rate of abortion in
C. abortus, C. burnetii, and L. monocytogenes positive flocks ranged
from 8.6% to 46.5%, 7.2% to 10.5%, and 6.3% to 9.7%, respectively.

Detection of abortifacient agents

Chlamydia abortus DNA was detected in 276 (22.5%) of the 1 226
aborted foetuses with 23.1% (264/1144) positive ovine foetuses and

14.6% (12/82) positive caprine foetuses. There was no significant
difference in the positivity of C. abortus between ovine and caprine
foetuses (p = 0.099). The highest number of C. abortus-positive
foetuses was detected in 2016 (41.3%) (p = 0.006), followed by 2015
(28.3%) (Table 1). The number of C. abortus-positive foetuses
(88/277, 31.8%) was significantly higher in Konya Province than
in Isparta and Antalya Provinces (p = 0.03). Aksaray Province had
the second highest rate, with 30.9% (29/94), followed by 27.4%
(20/73) in Afyonkarahisar, 23.1% (9/39) in Karaman, 20.8%
(59/284) in Niğde, 19.2% (10/52) in Burdur, 15.3% (23/150) in
Isparta, and 14.8% (38/257) in Antalya Province.

Coxiella burnetii positivity was significantly higher in caprine
foetuses (8.5%, 7/82) than in ovine foetuses (2.8%, 32/1144)
(p = 0.012). The number of C. burnetii-positive foetuses (5.1%,
2/39) was higher in Karaman Province than in other provinces,
without significant differences. Konya Province had the second
highest rate, with 5.0% (14/277), followed by 3.5% (10/284) in
Niğde, 3.2% (3/94) in Aksaray, 2.7% (2/73) in Afyonkarahisar,
2.0% (3/150) in Isparta, and 1.9% (5/257) in Antalya Province.
However, C. burnetii was not detected in samples from Burdur
Province (0/52).

Listeria monocytogenes DNA was detected in 28 (2.4%) and
2 (2.4%) of the 1 144 ovine, and 82 caprine foetuses, respectively.
There was no significant difference in the positivity of
L. monocytogenes between ovine and caprine foetuses (p = 1.000).
The highest L. monocytogenes-positive foetuses were detected in
Aksaray Province (5/94, 5.3%), without significant differences,
followed by 3.6% (10/277) in Konya, 2.7% (2/73) in Afyonkarahi-
sar, 2.7% (7/257) in Antalya, 2.6% (1/39) in Karaman, and 1.8%
(5/284) in Niğde Province. However, L. monocytogenes was not
detected in samples from Burdur Province (0/52) and Isparta
Province (0/152).

CVV RNA was not detected in ovine and caprine foetuses.
In this study, although the predominant mixed infection was

C. abortus andC. burnetii (sheep, n = 4; goat, n = 1),mixed infection
of C. abortus and L. monocytogenes (sheep, n = 1), and C. burnetii
and L. monocytogenes (sheep, n = 1) were also found.

Discussion

Abortions in small ruminants have important impacts on livestock
production, and non-infectious and infectious agents can cause
abortion in ruminants [2]. Many abortifacient agents in small
ruminants pose a serious health threat to humans [1]. The exact
prevalence of common zoonotic and abortifacient agents in Türkiye
is still unclear because the diagnostic testing of abortifacient agents
in small ruminants in Türkiye relies mostly on serological tests.
Therefore, in this study prevalence of major zoonotic and aborti-
facient agents was investigated. To the best of my knowledge, this
study is the longest andmost comprehensive study that investigated
the prevalence of zoonotic agents in ovine and caprine foetuses.

WOAH recommended themolecular diagnostic assays to detect
the aetiologic agents of disease [41]. Therefore, molecular diagnos-
tic assays were used for the detection of C. abortus, C. burnetii,
L. monocytogenes, and CVV in aborted foetuses.

In this study, abortion-related pathogens were detected in 28.1%
(345/1226) of the cases. However, an agent could not be detected
in 71.9% of the cases, whichmay either be related to other infectious
agents that were not examined in this study or non-infectious
factors such as genetic factors, toxins, stress, nutritional, and hor-
monal problems [14].
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In this study, the detection rate of C. abortus in ovine foetuses
(23.1%) was higher than that reported in previous studies from
Türkiye (range from 3.5% to 7.7%) [8, 10, 20], Iran (12.3%) [14],
and Italy (2%) [7], but was lower than detection rates from Spain
(38.3%) [11] and Algeria (43.3%) [9]. Possible explanations for this
discrepancy may be the number of sampled flocks and animals, the
difference in sampling technique, the diagnostic technique used,
and the lack of strategies to prevent and control C. abortus infec-
tion. There is no control programme for C. abortus infection at the
national level in Türkiye. Furthermore, the higher detection rate of
C. abortus in ovine foetuses observed in this study can be explained
by the flock management practices. The introduction of animals
with unknown health status is considered a significant risk factor
for C. abortus infection [19]. However, in the study area, it was
common to introduce purchased animals from flocks with
unknown health status to the flock without any testing or quaran-
tine. This could be one of the factors associated with the higher
detection rate of C. abortus in this study. Another reason for the
higher detection rate ofC. abortus in this study could be themineral
nutrition deficiencies. Tejedor-Junco MT et al. [42] reported that
proper nutrition is a protective factor against C. abortus infection.
In most flocks in the studied regions, the system of sheep manage-
ment is extensive. The extensive management system is more likely
to lead to mineral nutrition deficiencies. Mineral nutrition defi-
ciencies can cause an impaired immune response and loss of host
resistance to infection [43].

In this study, the detection rate of C. abortus in caprine foetuses
(14.6%) is in agreement with a previous report from Eastern
Türkiye that approximated detection rate of 14.3% [8], but was
lower than that detected (21.4%) in a previous study from the
Marmara region of Türkiye [10]. This result can be explained by
the fact that goat farming in the Marmara region is generally under
intensive and semi-intensive production systems, which facilitates
the spread of C. abortus infection. It has been reported that the
disease spreads faster when animals are overcrowded, as the contact
between healthy and infected animals increases in intensive and
semi-intensive flocks [9].

This study shows no significant differences in the positivity of
C. abortus between ovine and caprine foetuses (p = 0.099), indi-
cating that both sheep and goats are equally susceptible to the
disease. This finding is in agreement with the results of a previous
study from Spain [11].

In this study, the highest C. abortus rate was recorded in Konya
Province (31.8%). In Konya Province, the main sheep breed is
Merino, which lambs year-round. Lambing throughout the year
can cause the pathogen to circulate continuously within the flock,
which can be a constant source of infection [44]. Furthermore, the
average flock size (greater than 152 sheep) in Konya Province was
larger than other sheep populations in other studied provinces. A
significant positive association between C. abortus seropositivity
and larger flock size has been reported [45]. Sheep overcrowding in
large size flocks can have an impact on animal welfare and hygiene,
which increases the risk of C. abortus transmission [17, 42].

In this study, the detection rate of C. abortus increased from
2012 to 2016, and it tended to decline in 2017 (Table 1). Possible
explanations for this discrepancy may be the increasing knowledge
of C. abortus infection and awareness of good hygienic measures
among farmers.

In this study, the detection rate of C. burnetii in ovine foetuses
(2.8%) is in agreement with previous studies from Türkiye that
reported C. burnetii detection rate in ovine foetuses ranges
between 2.0% and 2.9% [12, 46], but the detection rate in this studyTa
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was lower than that observed in previous studies that reported
detection rate ranges from 6.1% to 49.0% in ovine foetuses [11,
13, 14, 34]. Possible explanations for this discrepancy may be the
difference in husbandry practices, and the sample type. According
to the farmers’ report, pregnant animals were separated from the
rest of the flock during parturition, placentas, aborted foetuses, and
uterine fluids were removed by burning. The transmission of the
disease in the flock can be controlled by implementing these
measures [18]. Furthermore, in this study, only, foetal tissue sam-
ples were used to detect C. burnetii DNA. However, it has been
reported that placental tissue is more useful for the detection of
C. burnetii nucleic acids [11].

In this study, the detection rate of C. burnetii in caprine foetuses
(8.5%) is in agreement with a previous report from Türkiye [13],
but was lower than the 40.0% reported by Günaydin et al. [34]. This
variation could be related to the number of sampled animals (82 in
this study vs. 5 in Günaydin et al. [34]), the sample type (foetal
tissues and organ samples in this study vs. abomasal contents in
Günaydin et al. [34]), the diagnostic technique used (real-time PCR
in this study vs. conventional PCR in Günaydin et al. [34]), the
hygiene conditions, and the presence of tick species which are
capable of transmitting C. burnetii. Ticks are believed to be the
vectors for C. burnetii transmission to animals, and C. burnetii is
most commonly present in Ixodes, Racicephalus, Dermacentor, and
Haemaphysalis genera [46, 47]. The tick species,Hyalommamargin-
atum, Hyalomma anoliticum excavatum, Hyalomma detritum, and
Boophilus annulatus belonging to the Haemaphysalis and Ixodes
genera, that can transmit C. burnetii to animals have been detected
in the Black Sea region of Türkiye [46], where a higher detection rate
(40.0%) of C. burnetii was reported by Günaydin et al. [34].

In this study, the highest C. burnetii detection rate (7/82, 8.5%)
was observed in caprine foetuses. This finding is in agreement with
previous studies that reported C. burnetii-related abortions are
more common in goats than in sheep [13, 34]. However, detection
rates of C. burnetii in sheep and goats may not be due to differences
in susceptibility to the infection. Because the precise time of the
entry of C. burnetii onto the flock or the route of transmission was
not known in the investigated flocks.

In this study, the highest C. burnetii rate was recorded in Kara-
man Province (2/39, 5.1%). This result can be explained by the flock
type. Sheep and goats are often raised together in mixed flocks in
Karaman Province. The higher prevalence of C. burnetii in mixed
flocks has also been reported in Germany and Italy [44, 48]. It has
been reported that keeping sheep and goats in the same flock may
increase animal density and increase the chances of contact
between animals, thus facilitating cross-transmission between
sheep and goats [17].

Unfortunately, there is no control programme against C. burnetii
infection in Türkiye, and this leads to the persistence of the infection
(Table 1).

The detection rate of L. monocytogenes (2.4%) in this study is in
agreement with a previous study that reported the detection rate of
L. monocytogenes in ovine foetuses was 2.8% in Türkiye [29]. How-
ever, a lower detection rate was found in this study compared with
previous studies that reported the detection rate of L. monocytogenes
rates in ovine foetuses ranged from 9.0% to 13.3% [28, 49]. Further-
more, the detection rate of L. monocytogenes in caprine foetuses
(2.4%) was lower than that reported in previous studies that
L. monocytogenes rates in aborted caprine foetuses ranged from
8.0% to 16.2% [49, 50]. Feed quality and storage, farm management
practices, animal health, and hygienic conditions are all possible
explanations for this discrepancy. L. monocytogenes is commonly

found in poorly fermented silage, and there is a causal relationship
between the prevalence of listeriosis in ruminants and the consump-
tion of poorly fermented silage [51]. Akca et al. [28] reported that the
high-detection rate of L. monocytogenes in ovine foetuses in their
study may be due to the consumption of low-quality silage feed.
In the regions being studied, the traditional method of raising
sheep and goats involves extensive farming, and the animals’
nutrition is largely dependent on meadows and pastures. Night-
ingale KK et al. [51] reported that access to pasture is a protective
factor against L. monocytogenes infection. Furthermore, in this
study sampled animals exhibited no distinct symptoms, except
for abortion. However, Kim et al. [50] collected aborted foetuses
from the flocks that had neurological symptoms associated
with listeriosis. This might be the explanation for the higher
detection rate of L. monocytogenes in caprine foetuses in their
study.

In this study, the highest L. monocytogenes rate was recorded in
Aksaray Province (5.3%, 5/94), whereas L. monocytogenes was not
detected in samples from Burdur and Isparta Provinces. This
variation could be related to the number of sampled animals
and flocks, differences in animal population density in sampled
provinces, and the strains of L. monocytogenes. The virulence
potential of L. monocytogenes strains varies. While some of the
L. monocytogenes strains are non-virulent and unable to cause
infection, others are virulent and cause high mortality and mor-
bidity rates [50]. In this study, the virulence characterization of
L. monocytogenes strains circulating in the study area was not
performed. However, the circulation of virulent L. monocytogenes
strains in Aksaray Province has been reported [52]. This could
explain the highest detection rate of L. monocytogenes in ovine and
caprine foetuses in the Aksaray Province.

The detection rate of L. monocytogenes increased from 2013 to
2015, and it tended to decline in 2016 (Table 1). This observation
can be explained by increased awareness and improvement of
hygiene measures on flocks in response to the worsening situation
with peste des petits ruminants (PPR) in the study area. PPR
outbreaks were observed in the study area in 2015 (WAHIS data-
base), and control measures, including quarantine and hygiene
measures, were applied within the study area. Hygienic measures
were found to be a significant tool in reducing the spread of
L. monocytogenes on farms [51].

In this study, the predominant mixed infections were C. abortus
and C. burnetii. This finding is similar to previous studies where
C. burnetii and C. abortus coinfection were the most frequently
diagnosed in ovine and caprine foetuses [11, 18]. This result sug-
gests that pathogen synergism could play a role as an abortigenic
agent in some abortions associated with C. burnetii infection.

There is no report of CVV-associated cases in Türkiye. How-
ever, new arboviral diseases are emerging in new geographical
regions as a result of climate change [31]. Therefore, the presence
of CVV was investigated in this study. In this study, CVV RNA
was not also detected in aborted foetuses. CVV is transmitted by
mosquitoes and biting midges, and it is widely distributed in
North America [30, 31, 40]. Therefore, not detection of CVV in
this study may be related to the climatic conditions and geograph-
ical distribution of vector populations involved in the transmis-
sion of CVV [40].

This study has some limitations. First, data was gathered
through self-administered questionnaires, which could lead to bias
in reporting. Second, being conducted in three different geograph-
ical regions of Türkiye, there are concerns regarding geographical
variation, and the representativeness of obtained data for all regions
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of Türkiye is uncertain. Third, other infectious agents causing
abortions in sheep and goats, such as Brucella spp., Campylobacter
spp., Toxoplasma gondii, and Neospora caninum, were not investi-
gated in this study due to budgetary limits. This limitation should
be taken into account when interpreting the findings of the study.
Finally, genotyping of the detected isolates was not performed. A
future study should assess the genotypes of these isolates to
provide more comprehensive data on C. abortus, C. burnetii, and
L. monocytogenes epidemiology.

Conclusions

Chlamydia abortus was the most frequently detected abortifacient
agent in the 1 226 abortion cases in the evaluation period, with a
frequency of 22.5%. To a lesser extent, C. burnetii (3.3%), and
L. monocytogenes (2.4%) were also detected in these abortion
cases. The findings of the present study suggest that C. abortus,
C. burnetii, and L. monocytogenes should be taken into consider-
ation in abortion cases of small ruminants in the surveyed prov-
inces. To implement effective control strategies against diseases that
cause abortion in small ruminants, it is necessary to determine the
infectious agents circulating in the field. Therefore, the results of
this study should be taken into account in the development of
control and protection strategies for abortion in small ruminants.
Furthermore, these diseases have zoonotic potential, and therefore,
farmers should take hygienic precautionary measures when hand-
ling aborted materials.

Data availability statement. The data presented in this study are available
within the article.

Acknowledgements. I thank the staff of the Molecular Microbiology Labora-
tory (Veterinary Control Institute, Konya, Türkiye) for all the support.

Author contribution. Conceptualization, methodology, formal analysis, writing-
review, and editing: M.Ş.

Competing interest. The author declares that there is no conflict of interest.

Ethics statement. This study was carried out with the permission of the
General Directorate of Food and Control dated 27th December 2017 and
numbered E.3335546. In this study, samples were collected during routine
diagnostic evaluation and necropsies.

References

[1] Givens MD and Marley MS (2008) Infectious causes of embryonic and
fetal mortality. Theriogenology 70, 270–285. https://doi.org/10.1016/j.
theriogenology.2008.04.018.

[2] Borel N, et al. (2014) Laboratory diagnosis of ruminant abortion in
Europe. The Veterinary Journal 200, 218–229. http://doi.org/10.1016/j.tvjl.
2014.03.015.

[3] Stein A and Raoult D (1998) Q fever during pregnancy: A public health
problem in southern France. Clinical Infectious Diseases 27, 592–596.
https://doi.org/10.1086/514698.

[4] Nguyen NL, et al. (2013) Cache valley virus in a patient diagnosed with
asepticmeningitis. Journal of ClinicalMicrobiology 51, 1966–1969. https://
doi.org/10.1128/JCM.00252-13.

[5] Dhama K, et al. (2015) Listeriosis in animals, its public health significance
(food-borne zoonosis) and advances in diagnosis and control: A compre-
hensive review. The Veterinary Quarterly 35, 211–235. https://doi.org/
10.1080/01652176.2015.1063023.

[6] Turin L, et al. (2022) Recent advances and public health implications for
environmental exposure to Chlamydia abortus: From enzootic to zoonotic
disease. Veterinary Research 53, 37. https://doi.org/10.1186/s13567-022-
01052-x.

[7] MasalaG, et al. (2005) Role of chlamydophila abortus in ovine and caprine
abortion in Sardinia, Italy. Veterinary Research Communications 29,
117–123. https://doi.org/10.1007/s11259-005-0842-2.

[8] Kalender H, et al. (2013) Identification of chlamydophila abortus infec-
tion in aborting ewes and goats in eastern Turkey. Revue de Médecine
Vétérinaire 164, 295–301.

[9] Merdja SE, et al. (2015) Detection and genotyping of chlamydia species
responsible for reproductive disorders in Algerian small ruminants. Trop-
ical Animal Health and Production 47, 437–443. https://doi.org/10.1007/
s11250-014-0743-x.

[10] Malal ME and Turkyilmaz S (2021) Identification and genotyping of
chlamydia abortus with MLVA from ruminant abortions in the Marmara
region of Turkey. The Thai Journal of Veterinary Medicine 51, 169–175.
https://doi.org/10.56808/2985-1130.3106.

[11] Alzuguren O, et al. (2023) Infectious abortions in small domestic rumin-
ants in the Iberian Peninsula: Optimization of sampling procedures for
molecular diagnostics. Frontiers in Veterinary Science 10, 1152289. https://
doi.org/10.3389/fvets.2023.1152289.

[12] Kılıç A, et al. (2016)Molecular investigation of coxiella burnetii infections
in aborted sheep in eastern Turkey. Iranian Journal of Veterinary Research
17, 41–44.

[13] Ozgen EK, et al. (2022) Molecular epidemiology of coxiella burnetii
detected in humans and domestic ruminants in Turkey.VeterinaryMicro-
biology 273, 109519. https://doi.org/10.1016/j.vetmic.2022.109519.

[14] Esmaeili H, et al. (2022) Causes of abortion in Iranian sheep flocks and
associated risk factors.Veterinary ResearchCommunications 46, 1227–1238.
https://doi.org/10.1007/s11259-022-09986-5.

[15] Ramo MLA, et al. (2022) Coxiella burnetii and co-infections with other
major pathogens causing abortion in small ruminant flocks in the Iberian
Peninsula.Animals (Basel) 12, 3454. https://doi.org/10.3390/ani12243454.

[16] Haif A, et al. (2021) Abortive diseases and their various associated risk
factors in small ruminants in Algeria: A systematic review. Tropical
Animal Health and Production 53, 520. https://doi.org/10.1007/s11250-
021-02926-6.

[17] Alemayehu G, et al. (2021) Causes and flock level risk factors of sheep and
goat abortion in three agroecology zones in Ethiopia. Frontiers in Veter-
inary Science 8, 615310. https://doi.org/10.3389/fvets.2021.615310.

[18] Kreizinger Z, et al. (2015) Occurrence of coxiella burnetii and chlamy-
diales species in abortions of domestic ruminants and in wild ruminants in
Hungary, Central Europe. Journal of Veterinary Diagnostic Investigation
27, 206–210. https://doi.org/10.1177/1040638714563566.

[19] Esmaeili H, et al. (2021) Detection of chlamydia abortus and risk factors
for infection in small ruminants in Iran. Small Ruminant Research 197,
106339. https://doi.org/10.1016/j.smallrumres.2021.106339.

[20] Güler L, et al. (2006) Field evaluation of a PCR for the diagnosis of
chlamydial abortion in sheep. The Veterinary Record 159, 742–745.
https://doi.org/10.1136/vr.159.22.742.

[21] Smith B, et al. (2009) Listeria monocytogenes: Maternal-foetal infections
in Denmark 1994–2005. Scandinavian Journal of Infectious Diseases 41,
21–25. https://doi.org/10.1080/00365540802468094.

[22] Silk BJ, et al. (2013) Vital signs: listeria illnesses, deaths, and outbreaks-
United States, 2009–2011. Morbidity and Mortality Weekly Report 62,
448–452.

[23] Ahmadi A, et al. (2022) Prevalence of listeria monocytogenes infection in
women with spontaneous abortion, normal delivery, fertile and infertile.
BMC Pregnancy and Childbirth 22, 974. https://doi.org/10.1186/s12884-
022-05330-6.

[24] Wagner M, et al. (2005) Outbreak of clinical listeriosis in sheep: Evalu-
ation from possible contamination routes from feed to raw produce and
humans. Journal of Veterinary Medicine Series B 52, 278–283. https://doi.
org/10.1111/j.1439-0450.2005.00866.x.

[25] Mohammad HA, AlFarwachi MI and Rasheed BY (2024) Molecular
detection of ovine listeric abortion in Nineveh governorate, Iraq. Veterinary
Sciences and Practices 19, 46–51. https://doi.org/10.17094/vetsci.1415509.

[26] Agerholm JS, et al. (2006) Veterinary and medical aspects of abortion in
Danish sheep. Journal of Pathology, Microbiology and Immunology - the
APMIS Journal 114, 146–152. https://doi.org/10.1111/j.1600-0463.2006.
apm_362.x.

6 Murat Şevik

https://doi.org/10.1017/S0950268824001699 Published online by Cambridge University Press

https://doi.org/10.1016/j.theriogenology.2008.04.018
https://doi.org/10.1016/j.theriogenology.2008.04.018
https://doi.org/10.1016/j.tvjl.2014.03.015
https://doi.org/10.1016/j.tvjl.2014.03.015
https://doi.org/10.1086/514698
https://doi.org/10.1128/JCM.00252-13
https://doi.org/10.1128/JCM.00252-13
https://doi.org/10.1080/01652176.2015.1063023
https://doi.org/10.1080/01652176.2015.1063023
https://doi.org/10.1186/s13567-022-01052-x
https://doi.org/10.1186/s13567-022-01052-x
https://doi.org/10.1007/s11259-005-0842-2
https://doi.org/10.1007/s11250-014-0743-x
https://doi.org/10.1007/s11250-014-0743-x
https://doi.org/10.56808/2985-1130.3106
https://doi.org/10.3389/fvets.2023.1152289
https://doi.org/10.3389/fvets.2023.1152289
https://doi.org/10.1016/j.vetmic.2022.109519
https://doi.org/10.1007/s11259-022-09986-5
https://doi.org/10.3390/ani12243454
https://doi.org/10.1007/s11250-021-02926-6
https://doi.org/10.1007/s11250-021-02926-6
https://doi.org/10.3389/fvets.2021.615310
https://doi.org/10.1177/1040638714563566
https://doi.org/10.1016/j.smallrumres.2021.106339
https://doi.org/10.1136/vr.159.22.742
https://doi.org/10.1080/00365540802468094
https://doi.org/10.1186/s12884-022-05330-6
https://doi.org/10.1186/s12884-022-05330-6
https://doi.org/10.1111/j.1439-0450.2005.00866.x
https://doi.org/10.1111/j.1439-0450.2005.00866.x
https://doi.org/10.17094/vetsci.1415509
https://doi.org/10.1111/j.1600-0463.2006.apm_362.x
https://doi.org/10.1111/j.1600-0463.2006.apm_362.x
https://doi.org/10.1017/S0950268824001699


[27] Shoukat S, et al. (2014) A study on detection of pathogenic listeria
monocytogenes in ovine’s of Kashmir region having abortion or history
of abortion. Proceedings of the National Academy of Sciences, India
Section B: Biological Sciences 84, 311–316. https://doi.org/10.1007/
s40011-013-0228-0.

[28] AkcaD, et al. (2022) Phylogenetic positioning of listeria ivanovii identified
in aborted sheep in Kars region (Turkey). The Thai Journal of Veterinary
Medicine 52, 145–150. https://he01.tci-thaijo.org/index.php/tjvm/article/
view/255586

[29] Gulaydin O, et al. (2023) Investigation of selected bacterial agents causing
sheep abortion in the Van Province by RT-PCR and histopathological
methods. Acta Veterinaria Brno 92, 69–77; https://doi.org/10.2754/
avb202392010069.

[30] Harvey J, et al. (2019) Cache valley virus as a cause of fetal abnormalities in
a litter of three boer kids. Veterinary Record Case Reports 7, e000725.
https://doi.org/10.1136/vetreccr-2018-000725.

[31] Uehlinger FD, et al. (2018) Seroprevalence of cache valley virus and
related viruses in sheep and other livestock from Saskatchewan, Canada.
The Canadian Veterinary Journal 59, 413–418.

[32] Blitvich BJ, et al. (2012) Orthobunyaviruses, a common cause of infection
of livestock in the Yucatan peninsula of Mexico. The American Journal of
Tropical Medicine and Hygiene 87, 1132–1139. https://doi.org/10.4269/
ajtmh.2012.12-0188.

[33] Ural K, et al. (2009) Seroprevalence of listeriosis, toxoplasmosis and
brucellosis in Saanen x Kilis and angora goats in Ankara. Fırat University
Veterinary Journal of Health Sciences 23, 79–82.

[34] Günaydın E, et al. (2015) PCR detection of coxiella burnetii in fetal
abomasal contents of ruminants. Kafkas Universitesi Veteriner Fakultesi
Dergisi 21, 69–73. http://doi.org/10.9775/kvfd.2014.11729.

[35] Karagul MS, Malal ME and Akar K (2019) Seroprevalence of Q fever in
sheep and goats from the Marmara region, Turkey. Journal of Veterinary
Research 63, 527–532. https://doi.org/10.2478/jvetres-2019-0070.

[36] Kaya M and Öztürk D (2020) Seroprevalance of chlamydophila abortus
infections in goats in Burdur Province. Mehmet Akif Ersoy University
Journal of Health Sciences Institute 8, 1–10. https://doi.org/10.24998/
maeusabed.688264.

[37] Pantchev A, et al. (2010) Detection of all chlamydophila and chlamydia
spp. of veterinary interest using species-specific real-time PCR assays.
Comparative Immunology, Microbiology and Infectious Diseases 33,
473–484. https://doi.org/10.1016/j.cimid.2009.08.002.

[38] Klee SR, et al. (2006) Highly sensitive real-time PCR for specific detection
and quantification of coxiella burnetii. BMCMicrobiology 6, 2. https://doi.
org/10.1186/1471-2180-6-2.

[39] Rossmanith P, et al. (2006) Detection of listeria monocytogenes in food
using a combined enrichment/real-time PCR method targeting the prfA
gene. Research in Microbiology 157, 763–771. http://doi.org/10.1016/j.
resmic.2006.03.003.

[40] WangH, et al. (2009) A duplex real-time reverse transcriptase polymerase
chain reaction assay for the detection of California serogroup and cache
valley viruses.DiagnosticMicrobiology and Infectious Disease 65, 150–157.
http://doi.org/10.1016/j.diagmicrobio.2009.07.001.

[41] Cullinane A and Garvey M (2021) A review of diagnostic tests recom-
mended by the world organisation for animal health manual of diagnostic
tests and vaccines for terrestrial animals. Revue Scientifique et Technique
40, 75–89. https://doi.org/10.20506/rst.40.1.3209.

[42] Tejedor-Junco MT, et al. (2019) Preliminary evidence of the seropreva-
lence and risk factors associated with chlamydia abortus infection in goats
on the Canary Islands, Spain. Tropical Animal Health and Production 51,
257–260. https://doi.org/10.1007/s11250-018-1654-z.

[43] Morris ST (2017) Overview of sheep production systems. In Drewe M,
et al. (eds), Advances in Sheep Welfare. Woodhead Publishing, 19–35.

[44] Wolf A, et al. (2020) Prevalence of coxiella burnetii inGerman sheep flocks
and evaluation of a novel approach to detect an infection via preputial
swabs at herd-level. Epidemiology and Infection 148, e75. https://doi.
org/10.1017/S0950268820000679.

[45] Fayez M, et al. (2021) Seroprevalence and risk factors associated with
chlamydia abortus infection in sheep and goats in eastern Saudi Arabia.
Pathogens 10, 489. https://doi.org/10.3390/pathogens10040489.

[46] Kilicoglu Y, et al. (2020) Molecular investigation, isolation and phylogen-
etic analsysis of coxiella burnetii from aborted fetus and ticks.Comparative
Immunology, Microbiology and Infectious Diseases 73, 101571. https://doi.
org/10.1016/j.cimid.2020.101571.

[47] Rahravani M, et al. (2022) The epidemiological survey of coxiella burnetii
in small ruminants and their ticks in western Iran. BMC Veterinary
Research 18, 292. https://doi.org/10.1186/s12917-022-03396-0.

[48] Rizzo F, et al. (2016) Q fever seroprevalence and risk factors in sheep and
goats in Northwest Italy. Preventive Veterinary Medicine 130, 10–17.
https://doi.org/10.1016/j.prevetmed.2016.05.014.

[49] Sharma M, et al. (2008) A field investigation of bacterial etiology of
abortions among migratory sheep and goats in north-west hill states of
India. The Journal Veterinarski Arhiv 78, 65–71.

[50] Kim J, Kim JW and Kim HY (2023) Phenotypic and genotypic charac-
terization of listeria monocytogenes in clinical ruminant cases in Korea.
Veterinary Microbiology 280, 109694. https://doi.org/10.1016/j.vetmic.
2023.109694.

[51] Nightingale KK, et al. (2005) Evaluation of farmmanagement practices as
risk factors for clinical listeriosis and fecal shedding of listeria monocyto-
genes in ruminants. Journal of the American Veterinary Medical Associ-
ation 227, 1808–1814. https://doi.org/10.2460/javma.2005.227.1808.

[52] Kevenk TO and Aras Z (2023) Occurrence and characterization of listeria
monocytogenes isolated from instantly produced ice-cream in fast-food
restaurants bymultiplex and real-time PCR in the Central Anatolia Region
of Turkey. https://papers.ssrn.com/sol3/papers.cfm?abstract_id=4656518
(accessed 24 May 2024).

Epidemiology and Infection 7

https://doi.org/10.1017/S0950268824001699 Published online by Cambridge University Press

https://doi.org/10.1007/s40011-013-0228-0
https://doi.org/10.1007/s40011-013-0228-0
https://doi.org/10.2754/avb202392010069
https://doi.org/10.2754/avb202392010069
https://doi.org/10.1136/vetreccr-2018-000725
https://doi.org/10.4269/ajtmh.2012.12-0188
https://doi.org/10.4269/ajtmh.2012.12-0188
https://doi.org/10.9775/kvfd.2014.11729
https://doi.org/10.2478/jvetres-2019-0070
https://doi.org/10.24998/maeusabed.688264
https://doi.org/10.24998/maeusabed.688264
https://doi.org/10.1016/j.cimid.2009.08.002
https://doi.org/10.1186/1471-2180-6-2
https://doi.org/10.1186/1471-2180-6-2
https://doi.org/10.1016/j.resmic.2006.03.003
https://doi.org/10.1016/j.resmic.2006.03.003
https://doi.org/10.1016/j.diagmicrobio.2009.07.001
https://doi.org/10.20506/rst.40.1.3209
https://doi.org/10.1007/s11250-018-1654-z
https://doi.org/10.1017/S0950268820000679
https://doi.org/10.1017/S0950268820000679
https://doi.org/10.3390/pathogens10040489
https://doi.org/10.1016/j.cimid.2020.101571
https://doi.org/10.1016/j.cimid.2020.101571
https://doi.org/10.1186/s12917-022-03396-0
https://doi.org/10.1016/j.prevetmed.2016.05.014
https://doi.org/10.1016/j.vetmic.2023.109694
https://doi.org/10.1016/j.vetmic.2023.109694
https://doi.org/10.2460/javma.2005.227.1808
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=4656518
https://doi.org/10.1017/S0950268824001699

	A six-year epidemiological study of selected zoonotic abortifacient agents in ovine and caprine foetuses in Türkiye
	Introduction
	Methods
	Study area
	Clinical samples
	Nucleic acid extraction
	Molecular identification of abortifacient agents
	Statistical analysis

	Results
	Questionnaire survey results
	Detection of abortifacient agents

	Discussion
	Conclusions
	Data availability statement
	Acknowledgements
	Author contribution
	Competing interest
	Ethics statement
	References


