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Abstract
The aim of this study was to investigate the seroprevalence of ovine chlamydiosis caused by 

Chlamydia abortus in sheep and goats in Western Turkey. Chlamydial abortion causes late term 
abortions with a worldwide occurence particularly in sheep and goats; it also leads to significant 
financial losses. Seroepidemiological studies provide useful data regarding the prevalence of the 
disease. Isolation of Chlamydia abortus as the causative agent of the disease is a time consuming 
and laborious procedure requiring appropriate biosafety measures. Serological methods are 
commonly used for routine diagnosis and enzyme-linked immunosorbent assay is generally 
recommended for surveillance studies. In this study, a total of 833 blood samples obtained from 
126 herds of sheep and goats located in all provinces of the Marmara region, Western Turkey, were 
analyzed. Total seroprevalence was found to be 25.81% through enzyme-linked immunosorbent 
assay. However, the proportion of seropositive herds was observed at 62.70%, which is higher 
than the total seroprevalence. This study confirms the presence of Chlamydia abortus exposure 
in sheep and goat herds in the Marmara region and provides original seroprevalence data in the 
provinces, which have not been reported so far. The data gathered are useful for the evaluation 
and elaboration on the seroprevalence of chlamydiosis in small ruminants in the Marmara region, 
Turkey.

Chlamydia abortus, enzootic abortion, seroprevalence, zoonosis

Chlamydia is an important pathogen for both human and animal health as it is commonly 
reported in stillbirth or abortion cases of livestock (Jonker 2004; Givens and Marely 
2008). The family Chlamydiaceae is composed of 11 species belonging to the single genus 
Chlamydia (Sachse et al. 2015). Among these species, C. abortus is the causative agent 
of ovine chlamydiosis, also called as ‘enzootic abortion of ewes’ (EAE) or ‘ovine enzootic 
abortion’ (OIE 2018). The disease mainly occurs in sheep and goats endemically; however, 
less frequently there are sporadic infections associated with other species such as cattle, 
pigs, horses, deer, and yaks (Wang et al. 2001; Longbottom and Coulter 2003; Stuen 
and Longbottom 2011; Chen et al. 2014; OIE 2018).

Chlamydia species lead to fertility problems, conjunctivitis, respiratory diseases, 
polyarthritis and other complications in animals and humans (Rodolakis et al. 1998). 
Enzootic abortion results in late term abortions, weak offsprings and stillbirth in sheep and 
goats (OIE 2018). 

Chlamydial abortion is responsible for huge reproductive losses in different countries of 
the world. Australia and New Zealand could be given as an example of countries that are 
free from the disease (Aitken and Longbottom 2007; Stuen and Longbottom 2011; 
Essig and Longbottom 2015; Selim 2016). Effects of the disease grow particularly more 
adverse in herds which are intensively managed at the time of lambing (Longbottom and 
Coulter 2003; Aitken and Longbottom 2007; Stuen and Longbottom 2011; Essig 
and Longbottom 2015). Aborted materials, birth products, vaginal secretions, and uterine 
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discharges are the main means of transmitting the pathogen. The disease also spreads 
by other secretions and excretions such as faeces (Rodolakis et al. 1998; Aitken and 
Longbottom 2007; Selim 2016). This contamination constitutes the source of infection 
for susceptible hosts such as ewes and humans (Rodolakis et al. 1998; Nietfeld 2001; 
Aitken and Longbottom 2007; Essig and Longbottom 2015). When a clean flock 
with susceptible hosts is exposed to the pathogen, it leads to fewer abortion cases in the 
first year of exposure. The following year, an abortion storm is expected in consequence 
of the disease (Rodolakis et al. 1998; Longbottom and Coulter 2003; Aitken and 
Longbottom 2007; OIE 2018). In humans, the disease has many different symptoms 
including subclinical infection and acute flue-like disease (OIE 2018). The pathogen can 
cause serious infections and fatal illnesses in pregnant women due to chlamydial induced 
abortions (Jorgensen 1997; Longbottom et al. 2002; Aitken and Longbottom 2007; 
Essig and Longbottom 2015). 

Different staining or antigen-detection methods can be used to detect Chlamydia in smears 
and tissues. Identification of the agent could also be done by polymerase chain reaction 
(PCR) based methods including real-time PCR. Isolation of the organism is possible in 
cell cultures or chicken embryos (OIE 2018); however, the requirements of appropriate 
biosafety and biosecurity regulations must be carried out during isolation and identification 
because of the zoonotic risk of the organism (Stuen and Longbottom 2011; OIE 2018). 
Therefore, serological diagnosis is a suitable choice to determine the prevalence of the 
infection through monitoring. ELISA is accepted as a validated and recommended method 
for this purpose (OIE 2018). Another serological test, complement fixation test (CFT) has 
been widely used as a traditional procedure to show the presence of EAE (Longbottom 
et al. 2002; Otlu et al. 2007; Selim 2016; OIE 2018). However, it is no longer recommended 
as it is possible to get false positive results because of cross-reaction between C. abortus 
and C. pecorum and other gram negative bacteria (Longbottom et al. 2002; Gokce et al. 
2007; OIE 2018). 

This study aimed to reveal the seroprevalence of the disease among sheep and goats 
in 11 provinces of the Marmara region, Western Turkey. The Marmara region (Fig. 1), 
has the highest population with twenty-five million people including approximately more 
than a quarter of the total population in Turkey. The region has significant potential for 
small ruminant farming with more than four million animals (TUIK 2020). Considering the 
zoonotic characteristic of chlamydiasis and lack of serology studies of EAE from Western 
Turkey, the Marmara region has been selected for this seroprevalence study. The study 
could be a starting point for future research and control studies to be carried out nationwide.

Fig. 1. The geographical regions of Turkey.
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Materials and Methods
The study was conducted at the Pendik Veterinary Control Institute (PVCI), Istanbul, Marmara Region, 

Turkey. Research was approved by the Local Ethics Committee for Animal Experiments, PVCI, Istanbul, Turkey 
(Ethics Committee Decision No: 09-1/2018). A total of 833 samples obtained from 126 herds which were located 
in 117 villages/districts of 63 towns in all 11 provinces of the Marmara region were used. Seventy to eighty-five 
samples were collected from each province in order to include different towns and villages in each province. All 
the sheep and goats were female (randomly selected) between 1.5 and 7 years old. Females were selected because 
the disease often manifests as abortions (Jonker 2004). Totally, 205 and 628 blood samples were collected from 
goat and sheep herds, respectively.

A small number of animals (16 sheep and 7 goats) had a history of abortion. The sample size in this study 
was calculated in accordance with EpiTools epidemiological calculators (https://epitools.ausvet.com.au/). In the 
calculation, the values used were as follows: assumed prevalence of 50%, desired precision of 5%, and confidence 
level of 99%. The distribution of samples is shown in Table 1.

The sera were kept at -20 °C until testing. The commercial ELISA test kit including positive and negative 
control sera (Chlamydophila abortus Antibody Test Kit, IDEXX Laboratories, Westbrook, Maine, USA) was 
used to detect the presence of specific antibodies against C. abortus. The method was implemented in accordance 
with the manufacturer’s instructions. Dilutions of sera at 1 : 400 were prepared as recommended. Monoclonal 
anti-ruminant-IgG conjugated with horseradish peroxidase was utilized to be able to measure specific antibodies 
(Samkange et al. 2010). 

ELISA reader (Rayto RT-6000) was used to measure the optical densities (OD) of the tested samples, negative 
and positive control at 450 nm. The results were interpreted according to the manufacturer’s recommendation; 
namely, S/P ≤ 30% were considered to be negative, 30–40% were considered to be suspect and ≥ 40% were 
considered to be positive (Samkange et al. 2010; Benkirane et al. 2015; Špičić  et al. 2015). Pearson chi-square 
analysis was used to find whether C. abortus seropositivity was statistically significant according to provinces. 

Results

As a result of the study, 215 from 833 serum samples were positive for Chlamydia 
abortus, and 618 were negative (Table 2). Seropositivity in sheep and goats were found to 
be 29.14% (n = 183) and 15.61% (n = 32), respectively. Total seroprevalence was observed 
as 25.81% (n = 215; Table 2). In addition, 79 herds out of 126 (62.70%) had at least one 
seropositive result. Seropositivity was found to be 39.13% (n = 9) in animals with a history 
of aborting. The prevalence among provinces varied between 14.12% and 34.62%. In 
9 out of 11 provinces, the prevalence value was found to be more than 20%. The 
highest provincial seropositivity was obtained in Balıkesir with 34.62%, and it was 
followed by Kocaeli and Edirne with 34.29% and 32.86%, respectively. The lowest 

Table 1. The distribution of the samples regarding the province and animal species.

Provinces	 Number of	 Number of	 Number of	 Number of	 Total number
	 municipalities	 herds	 sheep samples	 goat samples	 of samples
Balikesir	 9	 12	 76	 2	 78
Bilecik	 6	 12	 60	 25	 85
Bursa	 5	 7	 46	 26	 72
Canakkale	 5	 10	 39	 31	 70
Edirne	 8	 12	 67	 3	 70
Istanbul	 6	 11	 50	 35	 85
Kirklareli	 6	 15	 49	 21	 70
Kocaeli	 4	 12	 60	 10	 70
Sakarya	 6	 12	 39	 39	 78
Tekirdag	 5	 10	 60	 10	 70
Yalova	 3	 13	 82	 3	 85
TOTAL	 63	 126	 628	 205	 833 
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seroprevalence was found in 
Yalova with 14.12% (Table 2). 
However, the percentages of the 
seropositive herds in provinces 
were considerably higher and varied 
between 58.33% and 91.67%. 

Significance (P < 0.05) was found between provinces in terms of total seropositivity. 
However, herd seropositivity was not found to be significant (P > 0.05). The results of the 
statistical analysis are shown in Table 3.

Discussion

Foetal death associated with abortion is an important issue because of financial losses 
and public health safety (Jonker 2004; Benkirane et al. 2015) not only in Turkey 
(Kalender et al. 2013) but also all around the world (Gokce et al. 2007). In Turkey, 
abortions primarily occur as a result of brucellosis (Küçükayan et al. 2007; Otlu et al. 
2007); however, chlamydial abortion is also considered to be one of the major reasons 
for abortions in livestock (Küçükayan et al. 2007; Öztürk et al. 2016). In this respect, 
considering the enzootic abortion disease, a regular serological screening is a very useful 
tool to determine the infected and carrier animals in herds (Gökçe et al. 2007; Otlu et al. 
2007; OIE 2018). In the past, several surveillance studies in central and eastern regions of 
Turkey revealed the extent of the disease in the country’s livestock in the last two decades 
(Duman and Durak 1998; Çaya et al. 2006; Gökçe et al. 2007; Küçükayan et al. 2007; 
Otlu et al. 2007; Kalender et al. 2013; Öztürk et al. 2016). To the best of our knowledge, 
this is the first study investigating the seroprevalence of C. abortus in a western region - 
the Marmara region in Turkey. Therefore, the results obtained within this study might be 
useful for a comparison of the seroprevalence in western Turkey with the other parts of the 
country for prospective research.

According to the previous studies conducted in central and eastern parts of Turkey, the 
seropositivity of C. abortus in sheep flocks varied between 1.81% and 32% (Duman 
and Durak 1998; Çaya et al. 2006; Gökçe et al. 2007; Küçükayan et al. 2007; Otlu 
et al. 2007; Kalender et al. 2013; Öztürk  et al. 2016). For instance, according to the 
findings of the studies carried out in the Kars province located in north-eastern Turkey, the 

Table 2. The provincial seroprevalence and the proportion of seropositive herds.

Province	 Number of	 Number of	 Total 	 Seropositive
	 positive samples	 negative samples	 seroprevalence (%)	 herds (%)
Balıkesir	 27	 51	 34.62	 91.67
Bilecik	 18	 67	 21.18	 58.33
Bursa	 21	 51	 29.17	 71.43
Canakkale	 18	 52	 25.71	 50.00
Edirne	 23	 47	 32.86	 75.00
Istanbul	 13	 72	 15.29	 54.54
Kırklareli	 21	 49	 30.00	 60.00
Kocaeli	 24	 46	 34.29	 75.00
Sakarya	 24	 54	 30.77	 66.67
Tekirdag	 14	 56	 20.00	 60.00
Yalova	 12	 73	 14.12	 30.77
Marmara region	 215	 618	 25.81	 62.70

Table 3. The chi-square results.

Pearson’s chi-square test	 X2	 P 
Provinces and total seropositivity	 23.095	 0.010
Provinces and herd seropositivity	 13.012	 0.223
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seroprevalance was found to be 5.38% and 13.98% (Gökçe et al. 2007; Otlu et al. 2007). 
The total prevalence belonging to some provinces of southeastern and Mediterranean 
regions was 19.5% (Çaya et al. 2006). In the studies carried out in the central region of 
Turkey, the obtained values were 20% and 1.81% (Duman and Durak 1998; Küçükayan 
et al. 2007). The seroprevalence among sheep herds (29.28%) found in this study was higher 
than that of most of the previous studies. In addition, total seroprevalence of goat herds 
(15.61%) was also significantly high. There might be differences between seroprevalence 
values belonging to the cities of the same region, and even districts of the same province 
(Çaya et al. 2006; Gökçe et al. 2007; Otlu et al. 2007; Öztürk et al. 2016). In this 
study, differences between provinces were observed and even total seropositivity between 
provinces was significant. This significance might be due to the values of Balıkesir (Highest 
Standardized Residual: 1.5) and Yalova (Lowest Standardized Residuals: -2.1). 

The samples tested in the previous studies belonged to the animals with a history of 
abortion. In this study, on the other hand, the majority of samples include animals with 
no abortion history and still, it led to higher seropositivity in aborting animals (39.13%, n = 9). 
In a recent study investigating a Mediterranean province, the individual prevalence in 
sheep was 32% and 80% among herds (Öztürk et al. 2016). Similarly, in our study, herd 
seropositivity was found to be higher than the total seroprevalence. 

Individual prevalence in this study was found to be higher than that of the neighbouring 
countries such as Iran (5.71%) (Borujeni et al. 2019), Iraq (11.41%) (Fahad and Salman 
2017) and Greece (14.9-21.2 %) (Bisias et al. 2009) and those of some other countries such 
as Saudi Arabia (9.07%) (Abd El-Razik et al. 2011) and Costa Rica (5.29%) (Villagra-
Blanco et al. 2015). On the contrary, a higher herd prevalence than in this study was 
found in studies carried out in Slovakia (63.2%) (Trávníček et al. 2003), Algeria (70.4%) 
(Hireche et al. 2014), Brasil (77.7%) (Pinheiro Junior et al. 2010), Ethiopia (89.17%) 
(Gebretensay et al. 2019), and Morocco (91%) (Benkirane et al. 2015). Borujeni 
et al. (2019) stated that the reasons behind such differences among countries might stem 
from some factors such as geographical conditions, management systems and methods 
utilized to detect antibodies of C. abortus.    

In general, the high percentages obtained illustrate the host’s susceptibility to the 
pathogen. This might be taken into consideration for the regional precautions and possible 
eradication programmes aming to decrease the abortion storms caused by C. abortus. 

A vaccination programme which supports strategies fighting enzootic abortions and which 
can bring about a decline in abortion cases should be taken into consideration as suggested 
by previous studies (Otlu et al. 2007). Chlamydia abortus can often be introduced into 
small ruminant herds with the addition of new animals. Therefore, new imports of animals 
should come from the herds free of the infection (Aitken and Longbottom 2007; Stuen 
and Longbottom 2011). This point indicates the importance of disease-free certification 
programmes. Separating the infected animals from others and replacing them with healthy 
animals is also very important in order to establish control and eradication programmes 
while reducing contamination on the pasture, the spread of the pathogen, economic loss 
and public health risk (Otlu et al. 2007).

It is impossible to maintain clean herds or create healthy herds without regular 
serological screening. The data gathered from seroepidemiological research like 
our study and the previous ones may guide and contribute to the control strategies 
against chlamydial abortion. The results of the study have confirmed the occurrence of 
chlamydial infection in sheep and goat herds in all of the 11 provinces of the Marmara 
region. The values of total seroprevalence and percentage of seropositive herds indicate 
that there is a risk for this zoonosis and necessary control and measuring systems should 
be established so as to decrease the existent risk and farmers should be educated about 
this disease. 
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