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SUMMARY 
 

Reproductive performance is a key determinant for the efficiency of small ruminant production. 

However, low productivity per animal and flock limits the potential contribution of sheep and 

goats for rural households in Ethiopia. The overall objective of this Ph.D. thesis is to generate 

information on the cause, magnitude, and risk factor of reproductive health problems, and public 

health risk of infectious causes of small ruminant abortion. A cross-sectional study design was 

used to collect data in three production systems of Ethiopia between July 2018 to February 2019. 

Two districts from lowland mixed crop-livestock production system, two districts from lowland 

pastoral production system, and one district from highland mixed crop-livestock production 

system were selected from Amhara, Oromia, and Southern Nation, Nationality and People 

(SNNP). Abergelle and Zequala districts in the Wagihimira zone of the northern part of the Amhara 

region were selected to represent the lowland mixed crop-livestock production system. Yabello 

and Elwaya districts in the Borena zone from the southern part of the Oromia region were selected 

to represent the lowland pastoral production system. Doyogana district in Kembata Tembaro Zone 

from the SNNP region represented a highland mixed crop-livestock production system. The 

structured questionnaire and laboratory analyses of serum samples were used to generate 

information for this Ph.D. thesis. Information was collected form the total of 327 households where 

data on pregnancy outcomes and management risk factors were collected for 299 goat and 242 

sheep flocks, serum samples were collected from a total of 1,402 animal (980 goats and 422 sheep). 

To develop a novel quantitative tool to determine goat annual reproductive performance index at 

flock level (Chapter 3), the reproductive performance of the flock was estimated based on the 

annual reproductive output, kidding interval and annual reproductive wastage, principal 

component analysis was used both as reproductive measures dimensional reduction technique and 

to develop the final model to predict reproductive performance scale. Then the final algorithm is 

developed to estimate the goat annual reproductive performance index. To estimate the magnitude 

of abortion and associated factors (Chapter 4), a causal diagram was generated to identify causal 

relationships between the potential predictors and Zero-inflated negative binomial regression 

model was used to determine the associations. To determine the seroprevalence abortion causing 

pathogens (C. burnetii, C.  abortus, Brucella spp., and T. gondi ) and associated risk in sheep and 
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goat in three production systems of Ethiopia (Chapter 5), a multilevel mixed-effects logistic 

regression model was fitted to account for the clustering of animal within villages and households. 

The 2-PL Item Response Theory (IRT) model was fitted to determine the probability of a person 

appropriately respond to an item with a provided zoonotic disease KAP level.Based on developed 

algorithm to measure goat annual reproductive performance, the flocks were classified into good, 

moderately and poor performing. Good performing flocks has higher scores for reproductive 

output measures, lower scores for reproductive wastage and lower kidding interval. Many of the 

flocks were moderately affected by reproductive failures, consequently categorized as moderately 

performing flocks. Results showed that 142 (58.68%) goats and 53 (17.73%) sheep flocks reported 

abortions in the 12 months before the survey. The mean annual flock abortion percentages were 

16.1% (±26.23) for does and 12.6% (±23.5) for ewes. The final zero-inflated negative binomial 

regression analysis result indicated that spending the night in traditional sheep house’, ‘providing 

supplementary feed for pregnant dams’, ‘presence of other livestock species and dog in the 

household’ had a marked effect on the rate of abortion in sheep and goat flocks. In addition, 

exposure of the flock to Brucella spp. or anyone of four tested infectious agents significantly 

increased the risk of abortion in the flock. Overall, 65.41% of sheep and 92.22% goat flocks tested 

positive for one or more abortion-causing agents, namely, C. burnetti, C. abortus, Brucella spp., 

and T. gondii; mixed infection was found in 31.58% sheep and 63.33% goat flocks (Paper III). 

From the total tested animal, 231(16.48 %), 95 (6.78%), 124 (8.84%), and 137(11.42%) were 

found seropositive for C. burnetii, Brucellas spp., C. abortus, and T. gondii, respectively. Co-

infections of abortion pathogens were observed where C. abortus (86.84%) showed the highest 

level followed by Brucella spp. (78.34 %) and C. burnetii (72.72%) (Paper IV). In the final chapter 

of this Ph.D. research (Paper V) The attitude subscale had the highest total mean score (37.3, ± 

28.92 %) and the knowledge subscale had the lowest mean score (22.4, ± 33.6 %) among the three 

subscales. Pieces of work in this Ph.D. thesis highlighted the multifactorial nature of small 

ruminant abortion where animal management, agroecological and infectious disease factors play 

an important role in its occurrence. There is a need for an integrated approach that improves the 

nutritional state of pregnant dams through targeted supplementary feeding, abortion management 

through appropriate biosecurity practices, and vaccination programs for major infectious causes of 

abortion and herd health management through better veterinary services. Serological study of the 

four infectious abortion-causing agents demonstrated that all the four infectious causes of abortion 
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are widely distributed across three agro-ecologies and production systems might play an important 

role in sheep and goat abortion and impact the health of the public. Future studies which aim at 

identifying and characterization several possible abortion pathogens and their public health and 

socioeconomic impact should be done. The part of this Ph.D. thesis revealed overall low zoonotic 

disease knowledge, low attitude towards zoonotic disease risk, and common risk behaviors among 

smallholder farmers and pastoralists. There is a need to continue public education programs to 

raise the awareness of the communities towards the proper installation of personal protection 

measures and appropriate disposal of abortion materials to reduce the public health risk from 

zoonotic diseases.  

Keywords: Abortion; Co-infection; Goat; Multi-pathogens; Risk factors, reproductive problems; 

Sheep; KAPs; IRT; Zoonotic diseases 
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Chapter 1 

General introduction 
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1.1 Background  

Sheep and goat in Ethiopia are managed under a traditional extensive system and it is 

subsistence by nature. Sheep and goats are largely produced in mixed crop-livestock, 

specialized pastoral, and agropastoral systems (Solomon Gizaw et al., 2013; Otte & Chilonda, 

2002). Goats and sheep are highly valued livestock species kept by farmers and pastoralists 

mainly for milk and meat production, as well as income generation from live animal sales 

(Wodajo et al., 2020). However, low productivity per animal and flock limits the potential 

contribution of sheep and goats for rural households in the rural areas of Ethiopia (Feldt et al., 

2016, Dereje et al., 2015).  

 Low productivity of the flock is linked to poor nutritional status due to poor pasture quantity 

and quality, and a high burden of disease, which together contributes to reproductive failure 

and poor growth rates (Mayberry et al., 2018). Reproductive performance is a key determinant 

of the efficiency of sheep and goat production (Delgadillo et al., 2015). The reproductive 

performance of small ruminants kept under different production systems in Ethiopia is 

generally low. Small ruminant reproductive rates average as low as 55 lambs and 56 kids born 

per 100 mature females/year in central highlands (Hirpa & Abebe, 2008). In comparison in 

optimized systems, this rate can be as high as 110 lambs/kids per 100 mature females/year 

(Ibrahim, 1998). Reproductive output is further reduced by the high rate of newborn losses 

which was reported to reach as much as 50% of all lambs and kids born/year (Petros et al., 

2014, Tsedeke, 2007).  

Reproductive failures in sheep and goats are often multifactorial, in which variation in 

management factors such as health care, feeding and watering practices, nutrition management 

for pregnant animals, agroecological factors which affect feed and water availability and 

disease occurrence, production systems, extreme weather condition, hormonal dysfunction and 
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seasonality can have significant effects (Ayalew et al., 2003; Gebremedhin et al., 2013; 

Mayberry et al., 2018).  

Suboptimal reproductive performance can be caused by any of the following in small 

ruminants: Low ovulation rates, low conception rates, early fetal loss/reabsorption, late fetal 

death, abortion, stillbirth, dystocia, and prolapse, poor mothering ability, and male infertility. 

However, pregnancy wastage in the form of abortion, stillbirth, and perinatal lamb/kid 

mortality remains significant issues to the sheep and goat production in Ethiopia and are 

recognized as the single largest contributor to economic losses for small ruminant production 

sector worldwide (Díaz-Cao et al., 2018; Feldt et al., 2016; Palomares Reséndiz et al., 2020; 

Robertson et al., 2017).  

In Ethiopia, it was reported that abortions, stillbirths, and neonatal losses were reported in 

57.5%, 28.9%, and 47.9% of farmers’ flocks in central Ethiopia, respectively (Gebremedhin et 

al., 2013). A study undertaken in various livestock production systems of Ethiopia reported a 

mean annual abortion/ stillbirth rate of 7–36.4% and lamb mortality rate range between 14.9–

36% (Fentie et al., 2016). Moreover, about 20%, 10%, and 65%, the sheep flock experienced 

abortion, stillbirth, and neonatal losses annually in the highland of Ethiopia, respectively 

(Gebretensay et al., 2019).  

Abortions in sheep and goat are of great concern to farmers because the fetus that would form 

replacement stock is lost and a prolonged period of uterine disease and infertility or sterility 

may follow leading to unproductive females being maintained for long periods (Ali et al., 

2019). Therefore, abortion in small ruminant brings not only loss of replacement stock for the 

flock but also caused loss of milk for family members which is an important source of food 

and nutrition (Desta et al., 2020). Evidence from Kenya indicated that abortion could reduce 

milk production from the small ruminant flock by 85% (Lokamar et al., 2020). Moreover, the 
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high prevalence of abortion in the flock resulted in the reduction of good quality animals in the 

flock which affects the access to food at the household level and livestock and livestock 

products export of the country in general (Van Ginkel et al., 2013; Alemayehu et al., 2015).  

Both non-infectious and infectious agents can cause abortion in small ruminant. Non-infectious 

causes such as inadequate nutrition, pregnancy toxemia, stress, poor handling, vaccination, 

transport, dog worry, and concurrent disease have been implicated for abortion (Hindson & 

Winter, 2002). 

Infectious causes of abortion play an important role in small ruminant abortion (Holler, 2012). 

The most diagnosed infectious causal agents of abortion are Coxiella burnetii (C. burnetii), 

Chlamydia abortus (C. abortus), and Brucella spp., Leptospira spp., Campylobacter spp., 

Listeria spp. and Toxoplasma gondii (Holler, 2012; Moeller, 2001). These pathogens are also 

zoonotic and thus can pose serious infection risks for farming communities (Borel et al., 2014; 

Ganter, 2015).  

1.2. Problem statements  

Infectious causes of small ruminant abortion are prevalent and widely spread in all livestock 

production systems in Ethiopia (Balako, 2013; de Vries & de Boer, 2010; Gebremedhin et al., 

2013; Gebretensay et al., 2019; Teklue et al., 2013; Tulu et al., 2020). There are no national 

prevention and control strategies for those diseases in Ethiopia and largely neglected in most 

African countries because of a lack of information and awareness about the extent of the 

problem (WHO, 2009; Gebreyes et al., 2014). Many of the infectious agents which cause 

animal abortion have the potential to cause serious human illnesses. Infected animals shed large 

quantities of infectious agents during an abortion that pose considerable risk to humans in 

contact with birth products and the environment (Klous et al., 2016; Lejeune & Kersting, 
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2010). In addition, there were substantial knowledge gaps and high-risk behavioral practices 

towards zoonotic disease risk from livestock birth products among communities in Ethiopia 

which increases the risk of exposure to those zoonotic diseases(Legesse et al., 2018; Tolossa 

et al., 2014).   

Increasing flock reproductive performance can be achieved through different interventions, 

including better management practice, nutrition, genetics, and healthcare adopted by the 

producers and extension agents (Mayberry et al., 2018). To ensure the cost-efficiency of 

interventions, the resulting reproductive performance change should be measured appropriately 

and objectively in a way that can provide a comprehensive picture of past reproductive 

performance, current changes, and future expectations. Moreover, it is important to estimate 

the occurrence of various reproductive disorders such as abortion and their causes and/or risk 

factors under different agroecologies and production systems to design more realistic and 

efficient control programmes in smallholder settings. A rapid and accurate diagnostic 

investigation of the cause of small ruminant abortion is critical to inform possible control 

options or research on management strategies to reduce reproductive losses. It is also vital in 

evaluating and understanding knowledge, attitudes, and practices (KAP) on zoonotic risks from 

livestock birth products among three rural communities in Ethiopia to develop evidence-based 

disease prevention campaigns and efficient veterinary public health interventions.  

1.3. Objectives  

1.3.1. General Objective  

The general objective of the thesis was to investigate the magnitude, risk factors of small 

ruminant reproductive health problems, and public health risk of infectious cause of abortion 

in Ethiopia.   

1.3.2. Specific Objectives  
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1. To systematically assess and provide a quantitative summary of the prevalence of 

selected infectious abortifacient agents in the aborted fetuses and small ruminants 

worldwide (Paper I). 

2. To assesses common goat flock reproductive performance measures in dryland areas 

of Ethiopia and proposes a novel quantitative approach for defining the annual 

reproductive performance index (Paper-II).     

3. To estimate the extent of abortion and identify the major causes, and associated risk 

factors in small ruminants in three agroecologies and production systems of Ethiopia 

(Paper III). 

4. To estimate seroprevalences of multi-pathogen zoonotic abortion-causing agents in 

small ruminant and associated risk factors in three production systems in Ethiopia 

(Paper IV). 

5. To assess knowledge, attitudes, and practices (KAP) on zoonotic risks from livestock 

birth products among three rural communities in Ethiopia (Paper V). 

1.4. Thesis outline  

This thesis is organized into seven chapters, including this general introduction (Chapter 1) and 

a general discussion (Chapter 7). Chapters 2 to 6 address each of the specific objectives of the 

study. Figure 1 provides a schematic overview of the structure of the thesis along with its 

information flow. To obtain insight on the relative importance of infectious agents in small 

ruminant abortion, appropriate samples, and diagnostic techniques, a systematic review and 

meta-analysis were carried out for three bacterial and one protozoal cause of abortion 

worldwide in chapter 2. Chapter 3 assesses commonly used measures for goat flock 

reproductive performance in dryland systems of Ethiopia and proposes a novel quantitative 

approach for defining annual reproductive performance by combining performance indicators 

into a goat-specific index. Chapter 4 tried to estimate the extent of abortion and identify the 
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major causes, and associated risk factors in small ruminants in three agroecology and 

production systems of Ethiopia, and chapter 5 determine seroprevalences of multi-pathogen 

zoonotic abortion-causing agents, their co-infection, and associated risk factors in small 

ruminants in three production system in Ethiopia.  Chapter 6 assess knowledge, attitudes, and 

practices (KAP) on zoonotic risks from livestock birth products among three rural communities 

in Ethiopia. Finally, the concluding chapter (7) provides a synthesis of the main findings of this 

thesis, outlines the policy implication of the main findings, point out the limitations of the 

study, highlights future research needs, and draws the main conclusions on the study results, 

and forward recommendations based on the main conclusions.  

Figure 1.1. Schematic overview of the structure of the thesis showing the interrelationships 

between the specific components of the study.  
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Chapter 2 

The prevalence of selected infectious abortifacient 

agents in the aborted fetuses and small ruminants: 

Systematic Review and Meta-Analyses  

Gezahegn Alemayehu, Gezahegne Mamo, Gemechu Chala, Aynalem Mandefro, Samson 

Leta, Barbara Wieland 

Under review by Animal Health Research Reviews Journal  
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Abstract  

This systematic review and meta-analysis assessed the proportion of small ruminant abortion 

cases caused by four abortion-causing agents namely Coxiella burnetii (C. burnetii), 

Chlamydia abortus (C. abortus), and Brucella spp., and Toxoplasma gondii (T.gondii). A web-

based literature search was performed in PubMed, Web of Science, and Google Scholar 

databases to access studies published between January 2000 and April 2021. Data on methods 

used and pathogens detected were extracted using a predefined template. A random-effects 

model was fitted to derive pooled estimates of the proportion of samples testing positive for 

different pathogens aggregated by small ruminant species. Separate analyses were conducted 

for each pathogen for the aborted fetus, placental, and maternal samples. A total of 78 articles 

which includes multi-pathogens (21), C. abortus (15), C. burnetii (12), Brucella spp. (7), and 

T.gondii (24) articles fulfill the inclusion criteria. From random effect meta-analyses results, 

highest pooled prevalence was estimated in maternal sera samples for C. abortus (ES=24.70%; 

95 % CI: 16.81%-33.41%), C. burnetii (ES=24.75; 95% CI:18.83%-31.16%) and T.gondii 

(ES=43.37%; 95% CI: 27.39%-60.07%) and in fetal tissues  for Brucella spp. ( ES=42.25%; 

95% CI: 16.55%-70.37%). Nevertheless, the lowest pooled prevalence was estimated in 

aborted fetal tissue for C. abortus (ES=19.67%; 95% CI: 12.93- 27.33%) and T.gondii 

(ES=13.68%; 95%CI; 9.59%-18.26%), aborted dam clinical samples(vaginal swab and milk)  

for C. burnetii (ES=12.21%, 95% CI: 6.08%-19.85%) and in aborted animal maternal sera for 

Brucella spp. (ES= 11.78%; 95% CI: 5.76%-19.40%) ). Based on the results of the current 

study, infectious agents could be considered a potential risk factor for small ruminant abortion. 

It is recommended to carry out well-designed studies to evaluate the relative importance of 

infectious causes of abortion in small ruminants to assist in the designing more effective 

strategies for the prevention and control of zoonotic infectious abortion-causing agents in sheep 

and goat around the world as well as reduce significant economic losses to the small ruminant 

industry. 

Keywords: Abortion; infectious causes; Goat; Meta-analysis; small ruminant; Sheep; zoonotic,  
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2.1  Introduction  

 

Reproductive failure due to abortion remains a significant challenge for the productivity and 

welfare of flocks and is responsible for considerable economic losses in the small ruminant 

industry worldwide (Kardjadj et al., 2016; Lievaart-Peterson et al., 2012; Merdja et al., 2015).  

Although the relative roles of specific causes of abortion differ in each country or region, 

generally the most commonly diagnosed causal agents of abortion in sheep and goats are 

Coxiella burnetii (C. burnetii), Chlamydia abortus (C. abortus), and Brucella spp., Leptospira 

spp., Campylobacter spp., Listeria spp. and Toxoplasma gondii (Moeller, 2001; Chanton-

Greutmann et al., 2002; Martins et al., 2012; van den Brom et al., 2012). These pathogens are 

also zoonotic and thus can pose serious infection risks for farming communities (Ganter, 2015, 

Pospischil et al., 2002).  

To ensure that intervention strategies such as vaccines or antibiotics are successful, accurate 

diagnosis of abortive pathogens is critical. Accurate abortion diagnosis in small ruminants 

involves input from the producer, practitioner, and diagnostician. Appropriate collection and 

submission of samples for abortion diagnosis is critical for diagnostic success (Holler, 2012). 

Typical samples submitted are placental tissue, fetus, fetal tissue, blood, vaginal swabs, and 

serum and urine from the dam.  These samples are then subjected to the available diagnostic 

tests for pathogens. There are various methods for the diagnosis of bacterial causes such as 

culture, histology, immunohistochemistry, and molecular methods (Borel et al., 2014). Though 

it has little value in abortion diagnosis, serological analysis of dam serum remains the 

preferred option in many diagnostic laboratories to test the presence of antibodies against 

various bacterial agents (Mearns, 2007; Holler, 2012; Menzies, 2011; Crilly and Gascoigne, 

2016).  

Many investigations end up with a low etiological diagnosis rate. This might be due to the 

reason that the majority of abortions are sporadic and that the submissions of samples from 

those cases are not economically feasible.  Moreover, diagnostic laboratories primarily focus 

on the most likely etiologies and those with zoonotic potential because ruling out all the 

possible causes of abortion can prove costly.  

 An abortion risk higher than 5% was deemed unacceptable and worthy of aggressive 

diagnostic investigation (Menzies, 2011; Holler, 2012). A rapid and accurate diagnostic 

investigation is critical to inform possible control options or research on management strategies 
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to reduce reproductive losses. Since C. burnetii, C. abortus, Brucella spp. and T. gondii are the 

most important causes for small ruminant abortions all over the world, this study aimed to 

systematically review the available literature and produce a quantitative summary of the 

proportion of abortion cases caused by those infectious agents worldwide.  

2.2 Methodology  

2.2.1 Protocol  

A systematic review protocol that describes eligibility criteria, information sources, search 

strategy, study records, and data synthesis was developed based on the guideline of preferred 

reporting items for systematic review and meta-analysis protocols (PRISMA-P) statement 

(Moher et al., 2015) and reported accordingly (Moher et al., 2009). 

2.2.2 Eligibility criteria 

A study was deemed eligible for data extraction and meta-analysis if it was published in English 

in or after the year 2000, conducted in ewes or does suffering from naturally occurring abortion, 

reported the proportion of at least one abortion-causing agent under consideration from 

abortion cases and indicated data sources. In multi-pathogen studies, all pathogens under 

consideration in an eligible study were included in the meta-analysis.  

2.2.3. Information sources 

An extensive web-based literature search was performed through PubMed. Web of Science and 

Google Scholar databases. The names of infectious agents and abortion were the keywords 

used in electronic searches and combined with small ruminant species. Citations published in 

English in or after January 2000 were identified during the searches. The final search was done 

on May 24, 2021. Full-text articles were downloaded or obtained from the library of the 

International Livestock Research Institute (ILRI) and College of Veterinary Medicine and 

Agriculture, Addis Ababa University.  

2.2.4 Search strategy 

Electronic search strings were developed using the following keywords: (list of hazards) and 

(animal species) and (abortion). Hazards considered during the literature search were C. 
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abortus, C. burnetii, Brucella spp., and T.gondii. The terms small ruminants, sheep, goats, ewe, 

doe, ovine, and caprine were used to describe animal species. For example, to identify studies 

related to Chlamydial causes of abortion, ‘Chlamydia abortus’* 'abortion'*' small ruminants' 

or 'sheep' or 'goats' or 'ewe' or 'doe' or 'ovine' or 'caprine' keywords were used.  

2.2.5 Data management 

Details of the studies identified were imported into EndNote version X7.8 software for 

duplicates identification and removal. Screening and selection of eligible studies based on title 

and abstract were then conducted in an EndNote and grouped into labeled subgroups for further 

evaluation and storage. Extracted data from the eligible studies were managed and stored in 

Microsoft Excel. Data coding and analysis were conducted using STATA software version 16 

(Stata Corp, College Station, TX, USA). 

 2.2.6 Selection process  

The downloaded titles and abstracts were screened by two independent reviewers. Articles 

selected by at least one reviewer were retained for further review. For cases where the two 

reviewers had disagreements, a consensus was sought through discussion. Articles that passed 

the preliminary screening were assessed against the predefined inclusion criteria by reviewing 

the full-text publications. Studies were excluded if the proportion of positive and negative 

samples at the animal level was not identifiable, the proportion of specific abortion-causing 

agents was not indicated, diagnostic test methods were not specified,  country of the study was 

not specified,  the language of the publication was not English, the reporting of the proportion 

was not consistent, the proportion was not from abortion cases only, the results were not clear, 

the full paper was not available if the proportion was not aggregated according to small 

ruminant species, samples type, and diagnostic method,  or the study was not relevant (e.g. 
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experimental abortion). The PRISMA flow diagram (Moher et al., 2009) describes the number 

of articles retrieved, screened, and included or rejected as presented in Fig. 2.1  

 

Figure 2.1 Flow diagram of the selection of eligible articles 

2.2.7 Data collection process 
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Data extraction from all eligible studies was completed by two reviewers independently into a 

data extraction template prepared in Microsoft Excel. For multi-pathogen studies, data were 

extracted for all infectious agents included in this systematic review, even if tested negative. 

Once the extraction was completed, the data were cross-checked against the original article by 

the first author.  

2.2.8 Data items 

Data extracted from each study included: first author, year of publication, year of study, 

location (country), data source, pathogens, animal species, test methods, type of sample, 

number of abortion cases, number of positives, number of negatives, and proportion of 

positives.  

2.2.8 Outcomes and prioritization 

The outcomes of interest for this systematic review and Meta-analyses were the proportion of 

aborted fetus, placenta, and ewe/does test positive C. abortus, C. burnetii, Brucella spp., and 

T.gondii As some studies reported multiple samples from sheep and goat using various 

diagnostic methods from various abortion from multiple data sources ( e.g. Outbreak-

associated and surveillance and cross-sectional study design ), it was possible for multiple 

estimates to be reported from the same study for the proportion of abortion cases caused by 

different infectious agents, small ruminant species and test method. Therefore, the term 

'outcome' was used to describe the probability of cases of aborted fetus, placenta, and aborted 

ewes/does positive with the infectious agents under consideration.   

2.2.9 Data Synthesis 

A Der Simonian and Laird random-effects model was used for pooling proportions and 

presenting subgroup and overall pooled estimates with inverse-variance weights (DerSimonian 

and Laird, 1986).  

The Freeman-Tukey double arcsine transformation was performed to compute the weighted 

pooled estimate and was back-transformed to the proportion estimate. The Freeman-Tukey 

double arcsine transformation was used to retain all the studies and guaranteed to have 

admissible confidence intervals for each study as well as for the pooled proportion (Miller, 

1978).  The robustness of a pooled estimate was tested by a single study omitted influence 
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analysis. An individual data point was considered to not influence if the pooled estimate 

without it was within the 95 % confidence limits of the overall mean. 

Inter-study heterogeneity  as assessed  ith  ochrane’s Q-test reported as P-value. The 

percentage of total variation between studies due to heterogeneity was evaluated by inverse 

variance index (I2) measures. I2 values of 25 %, 50 %, and 75 % were represented as low, 

moderate, and high degrees of heterogeneity among studies, respectively. I2 value 0% indicates 

no observed heterogeneity among the studies (Higgins and Thompson, 2002).  

Data were graphically displayed in forest plots for each abortion-causing bacterial agent and 

point estimates of proportion within squares of variable size (representative of the weights 

given to the studies based on the precision of the effect size (ES), with 95% confidence intervals 

(CI) were displayed. 

2.3 Results  

2.3.1 Literature search results and eligible studies 

A total of 17,130 papers were identified through the electronic search for selected pathogens 

for this systematic review and meta-analyses after duplicate removal. Of these, 17,005 were 

excluded based on their titles and abstracts. Of the remaining 125 articles, 79 full-text papers 

met the eligibility criteria for inclusion in the meta-analysis. The reasons for the exclusion of 

47 studies during the full paper evaluation were as follows:  i) it was not possible to define the 

proportion of positives and negatives at animal level (5), ii) the proportions of specific abortion-

causing agents was not indicated (2), iii) diagnostic test methods were not specified (1), iv) 

country of the study was not specified (1), v) language of the publication was not English (3), 

vi) inconsistent reporting of the proportion (2), vii) specified result was not from abortion cases 

only (5), viii) the number of tested and positive animals were not indicated (4), ix) results were 

not clear (4), x) full papers were not available (2), the result were not aggregated with animal 

species(5) and test methods(2) and sample type(4)  and xi) study was not relevant (7).  

2.3.2 Study characteristics   

The eligible studies were conducted and published between 2001 and 2021. They covered 30 

countries in five regions of the world. Risk-based surveillance, outbreak investigation, and 
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cross-sectional study were used as data sources for the included papers. Detailed characteristics 

of the studies included are described under each pathogen and listed in Table 1-11.  

2.3.3 Prevalence of C. abortus in the aborted fetus and aborted ewe/doe  

Data from 8098 samples derived from 77 data points reflecting animal species and sample types 

were extracted from 33 eligible papers from 22 countries in 4 continents were used for this 

systematic review and Meta-analyses. The studies were conducted on aborted fetal tissues (n= 

28), placenta (n=20), maternal sera (n= 22), vaginal swabs (n=6) and abomasum content(n=1) 

using molecular (PCR), histopathological and serological methods. Sample types used in the 

original study aggregated by small ruminant species are presented in Fig 2.2 Detailed 

characteristics of the studies included are given in Table 1 to 11) 

 

Figure 2.2 Sample types used to detect C. abortus from sheep and goat abortion cases  

2.3.3.1 Prevalence C. abortus in aborted fetus   

A total of 2785 samples of an aborted fetus and fetal abomasum content were tested in original 

studies for the presence of C. abortus using PCR (1589 samples), IHC (1187 samples), and 

IFA (9 samples). From the total samples, C. abortus was detected in 459 cases using upper 

mentioned diagnostic test techniques (Table 2.1). According to the obtained results, the pooled 

prevalence of C. abortus in the aborted fetuses of a small ruminant is found to be 19.67% (95% 

CI: 12.93- 27.33%) and it was estimated 20.29% (95 % CI: 12.04%-29.91%) for sheep and 
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18.70% (95 % CI:6.87% - 34.05%) for goat. There is significant heterogeneity in the 

prevalence estimates among different studies (Fig 2.3).   

Table 2.1 Characteristics of the included studies for the prevalence of C. abortus in the aborted 

fetuses of sheep and goat.  

Study  Origin of the 

study  

Animal 

species  

Test 

method  

No of 

sample  

No 

positive 

Apparent 

prevalence   

Kalender et al. (2013) Turkey Caprine PCR 7 1 14.29 

van den Brom et al. 

(2012) 

Netherlands Ovine IHC 506 49 9.68 

Heidari et al.2017 Iran Ovine PCR 183 15 8.20 

Kalender et al. (2013) Turkey Ovine PCR 64 4 6.25 

Clemente et al. (2011) Portugal Caprine PCR 66 32 48.48 

Szeredi et al. (2006) Hungary Ovine IHC 75 13 17.33 

van den Brom et al. 

(2012) 

Netherlands Caprine IHC 360 15 4.17 

Hässig et al. (2003) Switzerland Ovine PCR 20 3 15.00 

Masala et al. (2007) Italy Ovine PCR 292 7 2.40 

Bagdonas et al. (2007) Lithuania Ovine IFA 8 5 62.50 

Clemente et al. (2011) Portugal Ovine PCR 59 28 47.46 

Hazlett et al. (2013) Canada Ovine PCR 18 11 61.11 

Hazlett et al. (2013) Canada Caprine PCR 14 12 85.71 

Hireche et al. (2015) Algeria Ovine PCR 10 6 60.00 

Masala et al. (2005) Italy Caprine PCR 59 0 0.00 

Heidari et al. (2017) Iran Caprine PCR 117 18 15.38 

Szeredi et al. (2006) Hungary Ovine IHC 246 113 45.93 

Hamedi et al. (2020) Iran Ovine PCR 150 36 24.00 

Hamedi et al. (2020) Iran Caprine PCR 50 11 22.00 

Aras et al. (2021) Turkey Ovine PCR 105 7 6.67 

Aras et al. (2021) Turkey Caprine PCR 15 0 0.00 

Simeonov and 

Chilingirova (2018) 

Bulgaria Caprine PCR 24 6 25.00 
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Simeonov and 

Chilingirova (2018) 

Bulgaria Ovine PCR 43 18 41.86 

Barati et al. (2017) Iran Ovine PCR 108 24 22.22 

Arif et al. (2020) Iraq Ovine PCR 30 1 3.33 

Abadi et al. (2019) Iran Ovine PCR 78 0 0.00 

Schnydrig et al. (2017) Switzerland Ovine PCR 41 17 41.46 

Schnydrig et al. (2017) Switzerland Caprine PCR 36 8 22.22 
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  Figure 2.3 The pooled prevalence of C. abortus in the aborted fetuses and stillbirths of sheep 

and goats.  

2.3.3.2 Prevalence of C. abortus in placental samples   

From the total of 1156 placental samples investigated from aborted ewe and does, the presence 

of C. abortus was detected from 320 abortion cases using PCR (190/665), IHC (76/123), IFA 

(36/220), and HP (18/148) (Table 2.2). The overall pooled prevalence estimates of C. abortus 

in the placenta of an aborted small ruminant is found to be 37.57% (95 % CI:25.69%- 50.19%) 

and it is estimated at 41.95% (95 % CI: 24.77%- 60.11%) and 31.46% (95 % CI:15.97%-

49.07%) in the placenta of aborted sheep and goat, respectively (Fig 2.4). There is a high degree 

of heterogeneity in prevalence estimates among studies for both sheep and goat (Fig 2.5).  

Table 2.2 Characteristics of the included studies for the prevalence of C. abortus in the 

placental tissues of sheep and goat 

Study  Origin of 

the study  

Animal 

species  

diagnostic 

test 

methods  

Sample 

size 

Number 

positive 

Apparent 

prevalence   

Ababneh et al. (2014) Jordan Ovine PCR 46 28 60.8 

Masala et al. (2005) Italy Caprine PCR 11 1 9 

Navarro et al. (2015) Spain Caprine IHC 23 10 43.5 

Masala et al. (2007) Italy Ovine PCR 76 5 6.5 

Hazlett et al. (2013) Canada Ovine PCR 176 37 21 

Hireche et al.2015 Algeria Ovine PCR 8 4 50 

Ababneh et al. (2014) Jordan Caprine PCR 20 10 50 

Moeller (2001) California Caprine IFA 211 30 14 

Bagdonas et al. (2007) Lithuania Ovine IFA 9 6 66.7 

Hazlett et al. (2013) Canada Caprine PCR 99 49 49 

Masala et al. (2005) Italy Ovine PCR 137 7 5.1 

Masala et al. (2007) Italy Caprine PCR 8 1 12.5 

Oporto et al. (2006) Spain Ovine HP 148 18 12 

Szeredi et al. (2006) Hungary Ovine IHC 6 4 66.67 

Navarro et al. (2015) Spain Ovine IHC 35 22 62.8 
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Kreizinger et al. (2015) Hungary Caprine PCR 5 2 40 

Szeredi et al. (2006) Hungary Ovine IHC 59 40 67.7 

Navarro et al. (2015) Spain Ovine PCR 35 21 60 

Navarro et al. (2015) Spain Caprine PCR 23 9 3.1 

Kreizinger et al. (2015) Hungary Ovine PCR 21 16 76.2 

 

Figure 2.4 The pooled prevalence of C. abortus in the placental tissue of sheep and goat.  

2.3.3.3 Prevalence C. abortus in maternal samples  

  A total of 3705 (3444 maternal sera and 261 vaginal swabs) samples were collected and tested 

to detect the exposure and presence of C. abortus from aborted dams. Anti-C. abortus 
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antibodies were detected from 524 maternal sera using various serological methods. In 

addition, C. abortus was detected from vaginal swabs of 33 abortion cases using PCR (26/ 249) 

and IFA (7/ 12) (Table 2.3). The overall pooled prevalence of C. abortus was estimated at 

24.59% (95 % CI: 6.71% - 47.37) from aborted ewe vaginal swabs (Fig.2.6). There is a wide 

variation in the prevalence estimates among different studies in vaginal swab samples (I2 = 

88.02% %, P = 0.00). Pooled seroprevalence of C. abortus is found to be 24.70% (95 % CI: 

16.81%-33.41%) in aborted small ruminants where 29.09% (95 % CI: 17.99 %- 41.55%) and 

18.94% (95 % CI: 9.11%-31.04%) was estimated in aborted ewes and doe sera, respectively 

(Fig 2.6). There is also a high degree of heterogeneity in prevalence estimates among studies 

for both ewes (I2 = 96.89%, P = 0.00 and does (I2 = 90.88%, P = 0.00). 
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Table 2.3 Characteristics of the included studies for the prevalence of C. abortus in aborted ewes and does. 

Study  Origin of the study  Animal 

species  

Test 

methods  

Sample type  No 

tested  

No 

positive 

Apparent 

prevalence   

Abd et al. (2011) Saudi Arabia Caprine ELISA Sera 706 40 5.66 

Ababneh et al. (2014) Jordan Ovine PCR vaginal swab 15 7 46.70 

Bisias et al. (2009) Greece Ovine ELISA Sera 289 43 14.90 

Bisias et al. (2009) Greece Caprine ELISA Sera 174 37 21.20 

Marsilio et al. (2005) Italy Ovine PCR vaginal swab 117 6 5.12 

Abdelkadi et al. 2017 Algeria Ovine ELISA Sera 180 55 31.00 

Benkirane et al. (2015) Morocco Caprine ELISA Sera 106 16 15.10 

Spilovska et al. (2009) Slovakia Ovine ELISA Sera 382 52 13.60 

Abd et al. (2011) Saudi Arabia Ovine ELISA Sera 879 40 4.55 

Špičić et al. (2015) Bosnia and Herzegovina Ovine ELISA  Sera 14 4 28.60 

 rkalić et al. (2015) Bosnia and Herzegovina Caprine ELISA  Sera 12 11 91.70 

Bagdonas et al. (2007) Lithuania Ovine CFT  Sera 64 43 67.18 

Benkirane et al. (2015) Morocco Ovine ELISA  Sera 202 55 27.20 

Szeredi et al. (2006) Hungary Ovine CFT  Sera 38 15 39.40 

Ababneh et al. (2014) Jordan Ovine PCR vaginal swab 15 6 40.00 

Bagdonas et al. (2007) Lithuania Ovine IFA vaginal swab 12 7 58.30 

Kalender et al. (2013) Turkey Ovine PCR vaginal swab 100 6 6.00 

Špičić et al. (2015) Croatia Caprine ELISA  Sera 69 8 11.50 
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Oh et al. (2017) Korea Caprine ELISA  Sera 47 1 2.10 

Špičić et al. (2015) Croatia Ovine ELISA  Sera 93 19 20.00 

Szeredi et al. (2006) Hungary Ovine CFT  Sera 104 58 56.00 

Simeonov and Chilingirova (2018) Bulgaria Caprine ELISA  Sera 19 5 26.32 

Simeonov and Chilingirova (2018) Bulgaria Ovine ELISA  Sera 30 10 33.33 

Díaz-Cao et al. (2018) Spain Ovine PCR vaginal swab 2 1 50.00 

Schnydrig et al. (2018) Switzerland Ovine ELISA  Sera 21 8 38.10 

Schnydrig et al. (2020) Switzerland Caprine ELISA  Sera 15 4 26.67 
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Figure 2.5 The pooled prevalence estimates of C. abortus in the vaginal swab of aborted ewes 

and does 

2.3.4 The prevalence of C. burnetii in the aborted fetus and aborted ewes/does 

Data was extracted from   88 reports collected from 19046 samples in 18 countries in 4 continents 

The studies were conducted on aborted fetal tissues (n= 22), placenta (n=36), maternal sera (n= 

21), vaginal swabs (n=6), urine and fetal fluid (n=1) using PCR (n=53) ELISA (n=19), IHC (n=14) 
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and IFA (2). The type and number of samples used in the original study aggregated by small 

ruminant species are presented in Fig 2.7. Detailed characteristics of the studies included are given 

in Table 2.4 to 2.6).  

 

Figure 2.7 Sample types used to detect C. burnetii from sheep and goat abortion cases 

2.3.4.1 Prevalence of C. burnetii in aborted fetus  

To detect C. burnetii from aborted fetuses a total of 2882 fetal tissues were tested with PCR (1695 

samples) and IHC (1187 samples). Overall, C. burnetii was detected from 290 cases using upper 

mentioned two diagnostic methods (Table 2.4). The pooled prevalence of C. burnetii was 

estimated at 15.77% (95% CI: 9.46%-23.12%) in small ruminant aborted fetus where 28.03% 

(95% CI: 9.27% -50.91% and 12.07% (95% CI: 6.47%-19.04%) (Fig 2.8) from goat and sheep, 

respectively. There is a high degree of heterogeneity in prevalence estimates among studies for 

both ewes (I2 = 94.60%, P = 0.00 and doe (I2 = 94.84%, P = 0.00). 
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Table 2.4 Characteristics of the included studies for the prevalence of C. burnetii in the aborted 

fetus of sheep and goat 

Study  Origin of 

the study  

Animal 

species  

Test 

methods  

No 

Sample  

No 

positive 

Apparent 

prevalence   

Masala et al. (2004) Italy Caprine PCR 50 3 6.00 

Masala et al. (2007) Italy Ovine PCR 292 32 10.90 

Jones et al. (2013) Britain Caprine PCR 7 4 57.10 

Heidari et al. (2017) Iran Ovine PCR 183 5 2.73 

Jones et al. (2013) Britain Caprine PCR 5 3 60.00 

Abiri et al. (2016) Iran Caprine PCR 2 0 0.00 

Oporto et al. (2006) Spain Ovine PCR 148 4 3.00 

Szeredi et al. (2006) Hungary Ovine IHC 246 5 2.00 

van den Brom et al. 

(2012) 

Netherlands Caprine IHC 360 31 8.60 

Hazlett et al. (2013) Canada Ovine PCR 42 28 67.00 

Masala et al. (2004) Italy Ovine PCR 372 40 10.00 

Heidari et al. (2017) Iran Caprine PCR 117 1 0.85 

Szeredi et al. (2006) Hungary Ovine IHC 75 1 1.00 

van den Brom et al. 

(2012) 

Netherlands Ovine IHC 506 9 1.80 

Abiri et al. (2016) Iran Ovine PCR 92 16 17.30 

Hazlett et al. (2013) Canada Caprine PCR 31 23 74.00 

Kilicoglu et al. (2020) Turkey  Ovine PCR 79 8 10.13 

Kilicoglu et al. 2020) Turkey  Caprine PCR 20 0 0.00 

Mobarez et al. (2020) Iran Ovine PCR 94 20 21.28 

Mobarez et al. (2020) Iran Caprine PCR 6 6 100.00 

Roshan et al. (2018) Iran Ovine PCR 78 13 16.67 

 Schnydrig et al. (2018) Switzerland Ovine PCR 41 19 46.34 

 Schnydrig et al.  (2018) Switzerland Caprine PCR 36 19 52.78 
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Figure 2.8 The pooled prevalence estimate for C. burnetii in the aborted fetus of sheep and goat  
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2.3.4.2 Prevalence rates C. burnetii in the placenta of aborted ewes/does  

From the total of 1025 placental samples collected from aborted ewe and does, C. burnetii was 

detected from 272 abortion cases using PCR (243/730) and IHC (29/295) (Table 2.5). The overall 

pooled prevalence of C. burnetii is found to be 21.13% (95 % CI:25. 8.79%-36.48) in placental 

tissues of aborted small ruminant whereas it was estimated at 23.28% (4.83%- 48.19%) and 

18.96% (95 % CI: 3.51%-41.79%) in aborted goat and sheep placenta, respectively. There is a 

high degree of heterogeneity in prevalence estimates among studies for both sheep (I2 = 94.89%, 

P = 0.00 and goat (I2 = 97.05%, P = 0.00).  

Table 2.5 Characteristics of the included studies for the prevalence of C. burnetii in the placenta 

of aborted sheep and goat 

Study  Origin of 

the study  

Animal 

species  

Test 

methods  

No of 

sample  

No of 

positive  

Apparent 

prevalence   

Moeller (2001) California Caprine IHC 211 19 9.00 

Kreizinger et al. (2015) Hungary Caprine PCR 5 1 20.00 

Abdel-Moein and 

Hamza (2017) 

Egypt Caprine PCR 29 1 3.45 

Navarro et al. (2015) Spain Ovine PCR 35 4 11.43 

Jones et al. (2013) Britain Caprine PCR 15 14 93.33 

Kreizinger et al. (2015) Hungary Caprine IHC 5 0 0.00 

Navarro et al. (2015) Spain Caprine IHC 23 3 13.04 

Hazlett et al. (2013) Canada Caprine PCR 100 70 70.00 

Oporto et al. (2006) Spain Ovine PCR 148 4 2.70 

Kreizinger et al. (2015) Hungary Ovine IHC 21 3 14.29 

Kreizinger et al. (2015) Hungary Ovine PCR 21 10 47.62 

Navarro et al. (2015) Spain Caprine PCR 23 4 17.39 

Masala et al. (2004) Italy Ovine PCR 83 9 10.84 

Navarro et al. (2015) Spain Ovine IHC 35 4 11.43 

Hazlett et al. (2013) Canada Ovine PCR 174 116 66.67 

Pritchard et al. (2014) Britain Caprine PCR 9 1 11.11 



29 
 

Masala et al. (2007) Italy Ovine PCR 76 7 9.21 

Masala et al. (2004) Italy Caprine PCR 12 2 16.67 

  

 

Figure 2.9 The pooled prevalence estimates for C. burnetii in the placenta of aborted ewes and 

does 
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2.3.4.3 Prevalence of C. burnetii in maternal samples  

A total of 14417 maternal samples were collected and tested for C. burnetii using ELISA (13612), 

PCR (709), and IFA (96) diagnostic methods in original studies. The overall pooled seroprevalence 

estimate of ant-C. burnetii antibodies in maternal samples using ELISA and IFA was estimated at 

24.75% (95% CI:18.83%-31.16%) for an aborted small ruminant. In aborted sheep and goats, the 

seroprevalence was estimated at 35.74% (95% CI: 19.28%-54.08%) and 16.92% (95% CI: 11.12 

-23.61%), respectively. Other than maternal sera, 710 various maternal samples including feces 

(13), milk (34), urine (4), and vaginal swab (580) were tested from aborted dams. All these samples 

were tested using PCR. According to the obtained result, pooled estimate prevalence was found to 

be 12.21% (95% CI: 6.08%-19.85%). An almost similar result was obtained in sheep and goat 

samples with 12.54% (95% CI: 5.04% - 22.43%) and 12.25% (95% CI: 3.39%-24.80%) pooled 

prevalence estimate, respectively (the figure is not shown). There is a wide variation in the 

prevalence estimates among different studies for both sheep and goat (Fig.2.10).  
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        Table 2.6 Characteristics of the included studies for the prevalence of C. burnetii in aborted ewes and does 

Study  Origin of 

the study  

Animal 

species  

diagnostic 

test 

methods  

Sample 

type  

No of 

sample  

No 

positive 

Apparent 

prevalence   

Vaidya et al. (2010) India Caprine PCR milk 36 1 2.78 

Vaidya et al. (2010) India Ovine PCR VS 43 1 2.33 

Bisias et al. (2009) Greece Ovine ELISA  Sera 289 141 48.79 

Asadi et al. (2013) Iran Ovine ELISA  Sera 1100 215 19.55 

Vaidya et al. (2010) India Ovine ELISA  Sera 43 4 9.30 

Bisias et al. (2009) Greece Caprine ELISA  Sera 174 110 63.22 

Vaidya et al. (2010) India Caprine IFA  Sera 53 4 7.55 

Benkirane et al. (2015) Morocco Caprine ELISA  Sera 106 29 27.36 

Masala et al. (2004) Italy Ovine ELISA  Sera 7194 652 9.06 

Asadi et al. (2013) Iran Caprine ELISA  Sera 180 49 27.22 

Vaidya et al. (2010) India Caprine PCR VS 53 1 1.89 

Vaidya et al. (2010) India Ovine PCR Feces  43 2 4.65 

Vaidya et al. (2010) India Ovine PCR milk 28 3 10.71 

Rousset et al. (2007) France Caprine ELISA  Sera 50 44 88.00 

Oh et al. (2017) Korea Caprine ELISA  Sera 47 36 76.60 

Filioussis et al. (2017) Greece Ovine ELISA  Sera 800 64 8.00 

Benkirane et al. (2015) Morocco Ovine ELISA  Sera 202 31 15.35 
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Abdel-Moein and Hamza 

(2017) 

Egypt Caprine PCR VS 29 1 3.45 

Vaidya et al. (2010) India Caprine PCR Feces  53 0 0.00 

Filioussis et al. (2017) Greece Ovine ELISA  Sera 800 115 14.38 

Masala et al. (2004) Italy Caprine ELISA  Sera 2155 271 12.58 

Vaidya et al. (2010) India Caprine PCR urine 27 3 11.11 

Vaidya et al. (2010) India Ovine PCR urine 17 1 5.88 

Vaidya et al. (2010) India Ovine IFA  Sera 43 5 11.63 

Oh et al. (2017) Korea Caprine PCR VS 47 20 42.55 

Vaidya et al. (2010) India Caprine ELISA  Sera 53 3 5.66 

Abdelkadi et al. (2017) Algeria Ovine ELISA  Sera 180 50 27.78 

Oliveira et al. 2018 Brazil Caprine ELISA  Sera 27 15 55.56 

Esmaeili et al. 2019 Iran Caprine PCR milk 28 10 35.71 

Esmaeili et al. 2020 Iran Ovine PCR milk 56 20 35.71 

HARDI et al. 2020 Iraq Ovine PCR feces  48 6 12.50 

HARDI et al. 2020 Iraq Caprine PCR feces  12 5 41.67 

Selim et al. 2018 Egypt Caprine PCR VS 80 10 12.50 

Selim et al. 2018 Egypt Caprine ELISA  Sera 80 13 16.25 

Selim et al. 2018 Egypt Ovine PCR VS 110 25 22.73 

Selim et al. 2018 Egypt Ovine ELISA  Sera 110 37 33.64 

 Schnydrig et al. 2018 Switzerland Ovine ELISA  Sera 22 0 0.00 

VS=Vaginal swab
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Figure 2.10 The pooled prevalence estimates of C. burnetii in the aborted sheep and goat 
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2.3.5 Prevalence of Brucella spp. in aborted fetus and sheep and goat  

Data from 1986 samples extracted from 17 reports reflecting animal species and sample types were 

extracted from 12 eligible papers from 9 countries in 3 continents used for this systematic review 

and meta-analyses. The studies were conducted on aborted fetal tissues (n= 3), maternal sera (n= 

17), and abomasum content (n=1) ELISA (n=7), RBPT(n=5), CFT(n=1), PCR (n=3 ) and IHC 

(n=1 ). Samples types used in the original study aggregated by small ruminant species are 

presented in Fig 2.11. Detailed characteristics of the studies included are given in Tables 2.7 to 

2.8.  

 

Figure 2.11 Sample types used to detect Brucella spp. from sheep and goat abortion cases 

2.3.5.1 Prevalence of Brucella spp. in the aborted fetus of sheep and goat  

A total of 353 aborted fetal samples which constitutes 218 aborted fetal tissue and 135 stomach 

content of aborted fetus were tested for Brucella spp. using PCR (243) and IHC (110) (Table 2.7).  

All the samples were collected from sheep abortion cases only. From total tested samples, 106 

abortion cases were found positive for Brucella spp. with the overall pooled prevalence estimate 

of 42.25% (95% CI: 16.55%-70.37%) in sheep. The prevalence estimates among different studies 

showed very high heterogeneity (Fig 2.12) 
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Table 1.7 Characteristics of the included studies for the prevalence of Brucella spp. in the 

aborted fetus of ewes and does 

Study  Origin 

of the 

study  

Animal 

species  

Test 

methods  

No of 

sample  

No of 

positive 

Apparent 

prevalence  

Ilhan and Yener 

(2008) 

Turkey Ovine IHC 110 33 30.00 

İlhan et al. (2007) Turkey Ovine PCR 135 29 21.48 

Roshan et al. (2018) Iran Ovine PCR 78 15 19.23 

Arif et al. 2020 Iraq Ovine PCR 30 29 96.67 

 

Figure 2.12 The pooled prevalence rates Brucella spp in the aborted fetus of sheep and goat 
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2.3.5.2 Prevalence of Brucella spp. in maternal samples  

A total of 1632 sera of aborted dams were tested for the evidence of exposure for Brucella spp.  

using ELISA (661), CFT (400), and RBPT (571). From the total of tested aborted dams, evidence 

of brucellosis was detected in 308 cases. The overall pooled seroprevalence estimate of ant- 

Brucella spp. antibodies were estimated at 11.78 (95%CI: 5.76%-19.40%) regardless of animal 

species. However, the seroprevalence was estimated at 14.21% (95% CI: 6.23%-24.63) in aborted 

ewe and 8.35% (95% CI: 0.42%-22.35%) in doe. There is a wide variation in the prevalence 

estimates among different studies for both sheep and goat (Fig 2.8 ). Other than maternal sera 27 

vaginal swabs and 31 milk from aborted animals were tested which were not included in the meta-

analysis.  
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Table 2.8 Characteristics of the included studies for the prevalence of Brucella spp. in aborted ewe and doe 

Study  Origin of 

the study  

Animal 

species  

Sample 

type  

Test methods  No 

sample  

No 

positive 

Apparent 

prevalence  

Benkirane et al. (2015) Morocco Caprine RBPT Maternal sera  106 14 13.21 

Benkirane et al. (2015) Morocco Ovine RBPT Maternal sera  202 27 13.37 

Bisias et al. (2009) Greece Ovine ELISA Maternal sera  289 44 15.22 

Bisias et al. (2009) Greece Caprine ELISA Maternal sera  174 39 22.41 

Celebi and Atabay (2009) Turkey Ovine CFT Maternal sera  400 135 33.75 

Farag et al. (2021) Egypt Ovine RBPT Maternal sera  100 17 17.00 

İlhan et al. (2007) Turkey Ovine RBPT Maternal sera  135 25 18.52 

Ocholi et al. (2005) Nigeria Ovine RBPT Maternal sera  28 4 14.29 

Oh et al. (2017) Korea Caprine ELISA Maternal sera  47 0 0.00 

Szeredi et al. (2006) Hungary Caprine ELISA Maternal sera  38 0 0.00 

Szeredi et al. (2006) Hungary Ovine ELISA Maternal sera  104 0 0.00 

Wareth et al. (2015) Egypt Ovine ELISA Maternal sera  1 1 100.00 

Wareth et al. (2015) Egypt Caprine ELISA Maternal sera  9 3 33.33 

Tekle et al. (2019) Ethiopia  Caprine PCR Vaginal Swab 27 3 11.11 

Tekle et al. (2019) Ethiopia  Caprine PCR milk 26 1 3.85 

Ocholi et al. (2005) Nigeria Ovine MRT milk 5 5 100.00 
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Figure 2.13 The pooled prevalence estimates for Brucella spp. in the aborted ewe and doe 

2.3.6. Prevalence of T. gondii in aborted fetus and ewes/does  

Data from 16982 samples extracted from 57 reports reflecting animal species and sample types 

were extracted from 38 eligible papers from 19 countries were used for this systematic review and 
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meta-analyses. The studies were conducted on aborted fetal tissues (n= 30), maternal sera (n= 18), 

fetal fluid (n=2), placenta (n=6) and fetal sera (n=1) tested by ELISA (n=12), PCR (n=33), IFAT 

(n=5) and others (n=7). Sample types used in the original study aggregated by small ruminant 

species are presented in Fig 2.14. Detailed characteristics of the studies included are given in Table  

2.9 to 2.11.  

 

Figure 2.14 Sample types used to detect T. gondii from sheep and goat abortion cases 

2.3.6.1 Prevalence of T. gondii in aborted fetus  

A total of 6098 aborted fetal samples which constitutes 5834 aborted fetal tissues, 158 fetal fluid, 

and 106 fetal sera were tested for the presence of T. gondii using molecular, histological, and 

serological diagnostic methods. From the total, T. gondii were detected from 697 aborted fetal 

tissues, 30 fetal tissues, and 20 fetal fluids. From aborted fetal tissues, the overall pooled 

prevalence of T. gondii was estimated at 13.68% (95%CI; 9.59%-18.26%) in sheep and goat 

whereas it was estimated at 15.97% (95% CI: 11.05%-21.51%) in sheep and 6.41% (95% CI: 

1.47%-13.38%) in goat. There is significant heterogeneity in the prevalence estimates among 

different studies for both sheep and goat (Figure 2.15).   
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Table 2.9 Characteristics of the included studies for the prevalence of T. gondii in the aborted fetuses of sheep and goat 

Study  Origin of 

the study  

Animal 

species  

Test 

methods  

Sample type  No 

sample  

No 

positive 

Apparent 

prevalence   

Abu-Dalbouh et al. (2012) Jordan ovine PCR Fetal Tissue 133 43 32.33 

Chessa et al. (2014) Italy ovine PCR Fetal Tissue 16 14 87.50 

Danehchin et al. (2017) Iran ovine PCR Fetal Tissue 112 18 16.07 

Filho et al. (2008) Brazil caprine PCR Fetal Tissue 8 2 25.00 

Habibi et al. (2012) Iran ovine PCR Fetal Tissue 18 12 66.67 

Masala et al. (2003) Italy caprine PCR Fetal Tissue 81 7 8.64 

Masala et al. (2003) Italy ovine PCR Fetal Tissue 499 63 12.63 

Masala et al. (2007) Italy caprine PCR Fetal Tissue 23 3 13.04 

Masala et al. (2007) Italy caprine PCR Fetal Tissue 356 23 6.46 

Masala et al. (2007) Italy ovine PCR Fetal Tissue 2421 271 11.19 

Masala et al. (2007) Italy ovine PCR Fetal Tissue 292 53 18.15 

Moreno et al. (2012) Spain ovine PCR Fetal Tissue 74 4 5.41 

Moreno et al. (2012) Spain caprine PCR Fetal Tissue 26 1 3.85 

Pereira-Bueno et al. (2004) Spain ovine PCR Fetal Tissue 173 12 6.94 

Pereira-Bueno et al. (2004) Spain ovine ELISA Fetal Sera 106 30 28.30 

Rassouli et al. (2011) Iran ovine PCR Fetal Tissue 200 27 13.50 

Szeredi et al. (2006) Hungary ovine HP Fetal Tissue 246 2 0.81 

Unzaga et al. (2014) Argentina caprine IFAT Fetal fluid 25 6 24.00 
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de Moraes et al. (2011) Brazil ovine PCR Fetal Tissue 35 5 14.29 

van den Brom et al. (2012) Netherlands ovine IHC Fetal Tissue 506 42 8.30 

Partoandazanpoor et al. (2019)  Iran caprine PCR Fetal Tissue 10 1 10.00 

Partoandazanpoor et al. (2019)  Iran ovine PCR Fetal Tissue 111 9 8.11 

Salehi et al. (2020) Iran ovine PCR Fetal Tissue 133 14 10.53 

Gual et al. (2019) Argentina ovine PCR Fetal Tissue 2 2 100.00 

Sah et al. (2019) Bangladesh ovine PCR Fetal Tissue 5 3 60.00 

Sah et al. (2020) Bangladesh caprine PCR Fetal Tissue 5 1 20.00 

Oliveira et al. (2018) Brazil caprine PCR Fetal Tissue 2 2 100.00 

 Salehi and Nezami et al. (2019) Iran ovine ELISA Fetal fluid 133 14 10.53 

Arefkhah et al. (2020) Iran ovine PCR Fetal Tissue 100 2 2.00 

Nourmohammadi etal. (2017) Iran ovine PCR Fetal Tissue 142 10 7.04 

SahbaziI et al. (2018) Iran ovine PCR Fetal Tissue 75 48 64.00 

Schnydrig et al. (2017) Switzerland ovine PCR Fetal Tissue 17 3 17.65 

Schnydrig et al. (2017) Switzerland caprine PCR Fetal Tissue 13 0 0.00 
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Figure 2.15 The pooled prevalence  of T. gondii in the aborted fetuses of sheep and goat 

 2.3.6. 2 Prevalence of T. gondii in the placenta of aborted ewes/does  

From the total of 430 placental samples collected from aborted ewe and does, T. gondii 

was detected from 70 abortion cases using PCR (65/371) and IHC (5/59) (Table 2.10). 

The overall pooled prevalence of T. gondii is found to be 17.39 % (95 % CI: 5.66%-
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33.04%) in placental tissues of aborted small ruminant whereas it was estimated at 

39.73% (95% CI: 18.33%-63.05%) and 12.73% (95%CI:  2.64%-28.32%) in aborted 

goat and sheep placenta, respectively. There is a high degree of heterogeneity in 

prevalence estimates among studies (Fig 6.16).  

Table 2.10 Characteristics of the included studies for the prevalence of T. gondii in 

the placenta of aborted ewe and does. 

Study  Origin of 

the study  

Animal 

species  

Test 

methods  

No of 

sample  

No of 

positive 

Apparent 

prevalence  

Masala et al. (2007) Italy caprine PCR 8 2 25 

Szeredi & Bacsadi 

(2002) 

Hungary ovine IHC 59 5 8.4 

Chessa et al. (2014) Italy ovine PCR 142 5 3.5 

Masala et al. (2003) Italy caprine PCR 12 6 50 

Masala et al. (2003) Italy ovine PCR 133 42 35.5 

Masala et al. (2007) Italy ovine PCR 76 10 13.1 
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Figure 2.16 The pooled prevalence estimates for T. gondii in the aborted fetus of sheep 

and goat 

2.3.6.3 Prevalence of T. gondii in maternal samples  

A total of 5012 maternal sera were used to determine the seroprevalence of anti- T. 

gondii antibodies using various serological methods. Evidence of T. gondii infection 

was detected in 1139 aborted dams. From random effect meta-analyses results, the 

overall pooled prevalence estimate was 43.37% (95% CI: 27.39%-60.07%) in aborted 

ewes and does. The seroprevalence estimated by small ruminant species was 46.76% 

(95% CI: 26.04% -68.06%) for ewes and 36.77% (95% CI: 11.14% -67.15%) does. 

There is a high degree of heterogeneity in prevalence estimates among studies (Fig 

2.16).  
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Table 2.11 Characteristics of the included studies for the prevalence of T. gondii in aborted ewe and does 

Study  Origin of the 

study  

Animal 

species  

Test 

method 

No of 

sample  

No positive Apparent 

prevalence  

Abd et al. (2011) Saudi Arabia ovine  ELISA 879 78 8.87 

Abd et al. (2011) Saudi Arabia caprine ELISA 706 56 7.93 

Benkirane et al. (2015) Morocco ovine  ELISA 202 42 20.8 

Benkirane et al. (2015) Morocco caprine ELISA 106 9 8.5 

Bisias et al. (2009) Greece caprine ELISA 174 52 29.9 

Bisias et al. (2009) Greece ovine  ELISA 289 144 49.8 

Borde et al. (2006) Tobago caprine LAT 24 21 87.5 

Edwards et al. (2013) USA ovine  MAT 39 37 94.8 

Filho et al. (2008) Brazil caprine IFAT 61 59 96.7 

Hamidinejat et al. (2008) Iran ovine  MAT 100 80 85 

Hamidinejat et al. (2008) Iran ovine  ELISA 100 85 85 

Heidari et al. (2013) Iran ovine  ELISA 360 15 4.2 

Hässig et al. (2003) Switzerland ovine  IFAT 1117 114 97.5 

Oh et al. (2017) Korea caprine ELISA 47 2 4.3 

Rassouli et al. (2011) Iran ovine  IFAT 200 31 15.5 

Spilovska et al. (2009) Slovakia ovine  ELISA 382 93 24.3 

Gual et al. (2018