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Abstract
Brucellosis is one of the most important foodborne infectious diseases distributed widely in low- and 
middle-income countries. The current study was carried out to investigate the prevalence and risk 
factors that influence the distribution of Brucella in sheep. A structured questionnaire was prepared 
and introduced to a total of 60 resident owners from five counties, and 400 sheep blood samples were 
randomly collected from the selected herds. The sera of isolated sheep were tested for Brucella spp. 
using the Rose Bengal Test (RBT). A univariable and multivariable logistic regression analysis was used 
to evaluate the risk factors linked to animal management and husbandry practices at the farm level. 
The overall prevalence estimated for brucellosis was 31% (95% confidence interval [Cl]: 26.5–35.8). 
The odds of seroprevalence in sheep >1 year were significantly higher than those in sheep ≤1 year 
(odds ratio [OR]: 2.2, 95% Cl: 1.41–3.44). The logistic regression outcomes revealed that two variables 
related to the management and practices at the farm level were significantly associated with the 
seroprevalence of brucellosis. These variables were sheep sheep grazing with other flocks (OR: 5.8, 95 
Cl% Cl: 1.53–22.67) and the practice of lending ram among sheep owners (OR: 9.3, 95% Cl: 1.05–83.82). 
Unconfined domesticated dogs, improper handling of aborted ewes, introduction of new animals in a 
herd, (purchased), and lack of knowledge about brucellosis among owners were underlined to be further 
important factors that could influence the spread of brucellosis. This study concluded that brucellosis 
is an endemic disease in Basrah, and the animal vaccination control program with an integrated health 
education program for sheep owners are obligatory elements of the prevention measures needed to 
be established to minimize the risk of brucellosis in Basrah.
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iNtRODUCtiON 
 Brucel losis  is  a highly prevalent 
zoonosis disease in most parts of Asia and has a 
significant impact on human health and livestock 
productions1,2. It is caused by infection with bacteria 
belonging to the genus Brucella spp. The disease 
can infect a wide range of domesticated and wild 
animals. Brucella is transmitted between animals 
by direct or indirect contact with an infected 
animal through aborted fetuses, placenta, vaginal 
discharges, and fetal fluids, or or the transmission 
occurs vertically from ewes to lambs and ewes 
to rams or vice versa3. Brucellosis in animals 
results in significant economic burden because 
of abortion, decreased milk production, reduced 
reproduction rate, and premature births4-6. For 
instance, the median economic losses in India 
due to brucellosis in livestock were estimated 
at US $ 3.4 billion7. In contrast, on assumption, 
a cost benefit analysis for better intervention 
and implementation control program for cattle 
has been estimated at US $ 4.16 to $ 8.31 billion 
and for buffalo at US $ 7.66 to $ 13.42 billion, 
which resulted from a decrease in prevalence 
below 2% in 20 years of program intervention8. 
Brucellosis in humans is primarily associated with 
the consumption of unpasteurized dairy products 
or the direct contact with infectious material, 
particularly through occupational exposure in 
animal owners, slaughterhouse workers, and 
veterinarians5,9. Brucellosis in humans results in 
an acute or subacute intermittent fever clinically 
accompanied by malaise, fatigue, and anorexia. 
If left untreated, the disease may persist for days 
or months progressing into a chronic form10. 
Recovery from brucellosis in humans is possible 
with the use of efficient antimicrobial drugs such 
as streptomycin and doxycycline. Use of these 
drugs is recommended for more than 6 weeks11. 
Untreated cases could develop hepatomegaly, 
splenomegaly, endocarditis, and epididymo-
orchitis3,12,13. The treatment of infected animals is 
prolonged due of the intracellular growth of the 
pathogen14,15; hence, slaughtering cattle when they 
positive for brucellosis is a successful strategy for 
the ultimate eradication of the disease in animal 
populations1. Diagnosis of brucellosis sometimes 
is quite difficult due to a variety of clinical signs. 
The confirmatory diagnosis regime of the disease 
is often based on cultural or serological testing16, 

and the diagnostic tests have different purposes 
including confirmatory diagnosis, determination 
of prevalence, and surveillance1.
 Several factors highlighted from previous 
epidemiological studies that influence the spread 
of the disease are linked to animal biosecurity, 
intermingling of animals with different herds 
at the shared water and grazing points, poor 
sanitation level of farms, introduction of new 
animals to herds (purchase), incorrect disposal of 
placenta and aborted fetuses, and absence of a 
vaccination control programme17,18. Herd/flock size 
is considered as a potential factor for brucellosis, 
which increases the probability of transmission 
of the disease among animal populations19. The 
highest prevalence of brucellosis was reported in 
a large flock, as maintaining hygienic conditions in 
these flocks or routine cleaning and disinfection at 
the paddock by removal of manure and other filthy 
wastes required diligent work20. In addition, dogs 
are considered another important risk factor for 
the spread of brucellosis within/outside flocks. In 
particular, free-roaming dogs can play a critical role 
in the contamination of the environment through 
feeding upon infected aborted fetuses or dragging 
them to or near a grazing field20,21. Brucellosis in 
small ruminants remains a notifiable endemic 
disease in most parts of the Mediterranean region, 
the Middle East, Africa, and Asia22. In Iraq, the 
disease has been frequently reported in sheep 
and goats, with a prevalence estimated between 
10% and 50%23-25. Human brucellosis has been 
frequently reported in different provinces of Iraq, 
with the annual incidence of cases reported to have 
reached 2.4% per 100,00026. Brucella melitensis 
was the predominant species identified27,28. 
Few epidemiological studies with insights into 
brucellosis distribution have been conducted at 
Basrah, one of the third largest provinces in Iraq. 
Therefore, this study aimed to determine the 
prevalence of brucellosis in sheep and identify 
risk factors by allocating a questionnaire to sheep 
owners in Basrah province. 
MAteRiAls AND MethODs
Study area and sampling plan 
 The field work was performed in the 
Basrah province, located in the south of Iraq  
(Fig. 1). The province has extremely hot 
weather during the summer season, with a 
mean temperature of 37.4°C and a maximum 
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temperature of 45°C. The lowest mean summer 
temperature was 29.2°C. The annual humidity is 
less than 50% and remains below 30% during the 
daytime29. Basrah is not only famous for the its 
oil industry and resources, but it has also been 
recognized as a pastoral area with diversity of 
palm trees and a large number of animal species. 
The data from veterinary hospital records show a 
total of 79982 species of sheep, 6725 species of 
goats, 55151 species of cattle, and 54467 species 
of buffalo in the rural and peri-urban areas.
 To determine the prevalence of brucellosis 
in sheep, an observational study was performed 
in Basrah province, using a multistage sampling 
method. The sampling period was between 
December 2019 to June 2020. Undeniably, the 
sampling processes in the present study were 
delayed and did not involve a large number 
of owners/sheep because of the coronavirus 
disease 2019 outbreak and some security 
matters. However, we ensured several safety 
precautions during visits to a study unit. There 
was no actual sampling frame available for the 
target sheep populations stored at the Basrah 
veterinary hospitals. Only the total number of 
sheep in the province regions was available. 
Hence, it was challenging to generate simple 
or systematic random samples. We adopted 
a convenient sampling method based on a 
participatory approach with the assistance of the 
farmers/chairman of clans/veterinarians who had 
knowledge and information about other farmer/
owner locations in each sub-county and village. 
All sheep flocks sampled were stratified according 
to the number of sheep into three flock size 
strata and then sampled accordingly: small flock 
(20–50 sheep=2–3 sheep samples), medium flock 
(50–100=10 sheep samples), and large flock (>150 
=15 sheep samples). A total of five out of seven 
counties in Basrah were sampled; two counties 
were excluded because they contained a small 
number of animals. Within each county, two 
sub-counties were randomly selected. From each 
sub-county, three villages were randomly selected. 
Two sheep owners from each village were invited 
to participate. The minimum number of samples 
were obtained from the sale yards of the Al-Zubair 
county 38 blood samples from 12 small herds (3 
to 5 animals sampled from each herd). All owners 
involved in this study also agreed to allow access 

to their animals for blood collection. A total of 400 
sheep blood samples were collected, and from 
each flock or farm, the animals were selected 
randomly either at every five steps or every third 
animal (systematic interval) was chosen when 
the animals ran through an open gateway of the 
barn. Then, each targeted animal was grabbed by 
the owner and held up or down for blood sample 
collection. As postulated, the number of samples 
collected in the current study received a sampling 
probability based on an expected prevalence of 
brucellosis in the region as 30%, desired absolute 
precision of 5%, and level of confidence of 95%30. 
At the time of sampling, a questionnaire-based 
survey was conducted to identify risk factors 
associated with the sheep brucellosis, which is 
described in detail in the next subsection.
Questionnaire allocation
 The questionnaire was allocated to the 
sheep owners to specifically collect information 
about risk factors that influence the spread of 
Brucella. The questionnaire is briefly outlined as 
follows: demographic characteristics of owners, 
ownership of dogs, chaining of dogs, flock grazing 
pattern, incidence of abortion, introduction of 
new animals in a herd, sources of water supply for 
herds, common usual diseases treated, knowledge 
of brucellosis, hygiene conditions and sanitation, 
vaccination against brucellosis, and the practice of 
lend a ram. Most of these questions were close-
ended questions with different forms of answers, 
including dichotomous, multiple choices, and 
ranking. The questionnaires were pre-tested on 
three animal owners before the actual survey 
was launched to determine content validity. 
The interviewers were familiarized with the 
questionnaire to avoid any misconceptions during 
the interviews. The owners were interviewed 
face-to-face, in coordination with the veterinary 
clinicians present in each district. A total of 60 
sheep owners were involved in this study from 
the selected areas, and none of them refused to 
participate. All the owners were interviewed at 
their farm properties except from 12 owners from 
the Al-Zubair county, who were interviewed at sale 
yards, as aforementioned. The questionnaire was 
translated into Arabic. Prior to allocation of the 
questionnaire, the owners were asked for verbal 
consent to participate in the survey. 
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Collection and testing of the blood samples
 Blood samples were obtained from the 
animals of different ages and sexes randomly from 
each flock. The owners were requested to take 
over their animals to facilitate the collection of 
blood samples. The animal ages were determined 
by the dentition method. Blood samples (5–10 mL) 
were directly taken from the jugular vein of each 
individual animal and placed carefully at 90-degree 
angle in the sterilized test tubes to avoid instant 
clot formation. The samples were subsequently 
transferred via a cooling box to the microbiological 
lab at the College of Veterinary Medicine/
University of Basrah for diagnostic testing for 
Brucella. Separated serum samples were stored 
in sterile Eppendorf tubes. A serological test for 
screening of sera was carried out to identify the 
positive samples with Brucella spp. infection using 
the Rose Bengal Test (RBT). 
Data analyses
 The data were stored in an Excel sheet 
and analyzed using SPSS software (version 23). 
Univariable analysis was initially performed using 
a Chi-square test to determine an association 
between the dependent variable (seropositivity) 
and independent variables (factors related to 
animal characteristics and flock management 
practices). The outcome variables were binary 
with two possible categorical outcomes coded 
as 0 (no) and 1 (yes). Odds ratios (ORs) and their 
95% confidence intervals (CIs) were calculated 
using Woolf's method. Variables of p ≤ 0.05 
were considered significant and subsequently 
incorporated into a final logistic regression 
model. Variables that had model p values (two-
sided) ≤ 0.25 were retained for the multivariable 
analysis32. A backward-elimination procedure was 
used to determine the best model. Models were 

compared using the likelihood-ratio test. Although 
10 variables were excluded from the regression, 
they were tabulated as descriptive modules using 
the exact binomial method (report-percentages 
and its CIs). The seroprevalence combined with 
95% confidence interval was calculated based on 
number of positive samples represented as the 
numerator divided by the total samples in the 
denominator.

ResUlts 
Socio-demographic characteristics of owners
 A total of 60 sheep owners were 
interviewed in this survey. The age distribution 
of the owners ranged from 21 to 82 years 
(mean=48.33, standard deviation=14.33) and 
majority of the animal owners were male 
(98.3%) (Table 1). Regarding the education 
level of the owners, 46.6% of the owners had 
completed primary school and 26.7% of them were 
uneducated.
seroprevalence of brucellosis in sheep according 
to sex, age, and county
 Of the sheep sampled, 31% (95% Cl: 26.5, 
35.8) tested positive for Brucella based on RBT 
test results. There was no significant difference 
between the seroprevalence in the female (34.3%) 
and male (25.2%) sheep (Table 2). The odds 
of seroprevalence in sheep aged >1 year were 
significantly higher than in sheep aged ≤1 year 
(OR: 2.2, 95% Cl: 1.41, 3.43), p ≤ 0.001, χ2= 10.5). 
Regarding the history of abortion in ewes, there 
were no significant differences observed between 
the ewes who had undergone abortion and the 
pregnant ewes that were infected with brucellosis. 
Overall, there was a significant difference in the 
seroprevalence test between the four counties 
(p = 0.01, χ2= 10.5) as shown in Table 3. Only 

Table 1. Descriptive analyses of socio demographic characteristics of the respondents (sheep owners)

Factor   Category Frequency Percentage (95% Cl)

Owner gender Female 1 1.7 (0.0, 9.0)
  Males 59 98.3 (91.1, 100.0)
Education background Never been in school 16 26.7 (16.1, 39.7)
of owners Literacy only 4 6.7 (1.9, 16.2)
  Primary school  28 46.6 (33.6, 59.9)
 Secondary school 11  18.3 (9.5, 30.4)
 Tertiary level 1 1.6 (0.0, 9.0)
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Fig. 1. Basrah province lies in southern Iraq map31. 

the Al-Zubair county has not been included in 
Table 3 because of the small sample size and the 
comparative bias between counties.
Association of seroprevalence of brucellosis 
with sheep management and practices at the 
farm level
 Table 4 illustrates the univariable analysis 
and three variables that were identified with a 
p value of <0.05 (sheep grazing outside, sheep 
grazing with other flocks, and the practice of 
lending rams among sheep owners). Ten variables 
are descriptively analyzed and summarized 
in Table 5. In this table, the majority of sheep 
owners owned dogs (25%), and only 5% of them 
chained their dogs at their farm properties. Most 
of the sheep owners (33.3%) indicated purchasing 
sheep (introducing new animals) from different 
counties of Basrah, while 21.7% bought sheep 

from the same counties where they lived. A total 
of 43.3% of the owners reported a number of 
abortions occurring among their sheep between 
the third and the fourth month of pregnancy; 
among those, 36.7 % of the abortions resulted in 
stillborn fetuses. The owners reported 10 types of 
conditions/diseases occurring occasionally in their 
flock. Surprisingly, all the owners were unaware of 
brucellosis and its contagious nature.
 A multivariable logistic regression analysis 
of animal management practices revealed that two 
variables were significantly associated with the 
seroprevalence of brucellosis in sheep, namely, 
sheep grazing with other flocks (OR: 5.8, 95% Cl: 
1.53–22.67) and the practice of lending a ram 
among sheep owners (OR: 9.3, 95% CI: 1.05–83.82) 
(Table 6).

Table 2. Animal characteristics factors associated with seropositivity of brucellosis in sheep

Category  No. samples  No. positive (%) Odd ratio (95%Cl) p. value

Animal sex    
Female 265 91 (34.3) 1. 5 (0.98, 2.47) 0.06
Male  135 34 (25.2) 1.0 
Animal age group    
≤ 1 year 180 40 (22.2) 1.0 < 0.001***
> 1 years  220 85 (38.6) 2.2 (1.41, 3.44) 
History of abortion in ewes         
Aborted         54 26 (48.1) 2.0 (0.89, 4.82) 0.08
Pregnant 42 13 (31.0) 1.0 

*** Significant factor with p. value less than 0.05.
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Table 3. Animal level apparent (test) seroprevalence of brucellosis in sheep in four counties

County  No. tested No. positive Prevalence % 95%Cl p. value

Abu-khaseeb 88 15 17 9.8, 26.5 0.01*
Al-Dyr 80 25 31 21.1, 42.3 
Al-Qurnah 107 32 30 21.5, 39.6 
Shatt-Alarab 87 34 39 28.7, 50.1 

* Significant factor with p. value less than 0.05.

Table 4. Univariable analysis compared the association of the seroprevalence of Brucella and risk factors of animal 
practices and management adopted by owners

Factor       Test results  Odd ratio (95% Cl) p. value

 No. Positive  No. Negative  
 
Sheep grazing outside farm        
Yes 30 (83.3) 6 (61.7) 3.5 (1.08, 11.79) 0.04
No 14 (58.3) 10 (41.7) 1.0 
Sheep grazing with other flock         
Yes  27 (87.1) 4 (12.9) 4.7 (1.31, 17.20) 0.01
No  17 (58.6) 12 (41.4) 1.0 
Dispose of the aborted foetuses and placenta           
Throw away  12 (70.6) 5 (29.4) 3.4 (1.18, 10.12) 0.3
Throw in the river  1 (50.0) 1 (50.0) 1.4 (0.09, 23.29) 
Give to dog (s) 7 (100.0) 0 (00.0) 1.0 
Call veterinarian           
Yes  24 (75.0) 8 (25.0) 1.2 (0.38, 3.77 0.7
No  20 (71.4) 8 (28.6) 1.0 
Purchased sheep in the last 12 months   
Yes  36 (76.6) 11 (23.4) 2.05 (0.55, 7.55)
No  8 (61.5) 5 (38.5) 1.0 0.2
Source of water     
Tape water  27 (73.0) 10 (27.0) 1.3 (0.11, 16.57) 0.9
River 15 (75.0) 5 (25.0) 1.5 (0.11, 20.30) 
Reverse osmosis water 2 (66.7) 1 (33.3) 1.0 
Share these water sources        
Yes  23 (82.1) 5 (17.9) 2.4 (0.79, 8.09) 0.1
No  21 (65.6) 11 (34.4) 1.0 
Vaccinated against brucellosis          
No 11 (22.9) 37 (77.1) 0.4 (0.11, 1.57) 0.5
Not sure 5 (41.7) 7 (58.3) 1.0 
Lend a male sheep (ram)        
Yes  14 (93.3) 1 (6.7) 7.0 (0.84, 58.40) 0.04
No  30 (66.7) 15 (33.3) 
Clean and disinfected the barn
Yes 38 (70.4) 6 (100.0) - 0.1
No  16 (29.6) 0 (0.0)  
Frequent clean the barn     
Every day 16 (54.5) 5 (45.5) 0.4 (0.03, 5.15) 0.3
Every week 16 (76.2) 5 (23.8) 1.0 (0.09, 12.69) 
Every month 13 (72.2) 5 (27.8) 0.87 (0.07, 10.42)
Every year  3 (75.0) 1 (25.0) 1.0
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Table 5. Descriptive analysis of ten variables at the level of farm in Basrah province

Question Frequency Percentage (95% CI)

Do you own a dog (s)?  
Yes  15 25.0 (14.7, 37.9)
No 45 75.0 (62.1, 85.3)
Do chain your dog?   
Yes  3 5.0 (0.0, 29.6)
No 12 20.0 (4.3, 48.1)
If you purchased sheep where did they come from 
Different county   20 33.3 (20.2, 48.6)
Same county different village  13 21.7 (11.0, 36.1)
Same county same village 13 21.7 (11.0, 36.1)
Different province  1 1.7 (0.0, 10.6)  
Abortions in your sheep (ewe) during the last 12 months? 
Yes 26 43.3 (30.3, 56.4)
No  34 56.7 (22.3, 47.4)
At what stage (month) did the abortions occur  
Two months 1 1.7 (0.0, 15.0)
Three months 16 26.7 (4.7, 35.6)
Four months 9 15.0 (1.4, 26.9)
Did you isolate the aborted sheep from the rest of the flock? 
Yes  0 0.0 (0.0, 13.2)
No  26 43.0 (23.9, 63.7)
Did all the abortions result in the birth of dead foetuses or did some survive for a period of time?
All died  22 36.7 (8.3, 42.5)
Some survived 4 6.7 (0.1, 19.9)
Main disease/ condition treated at your sheep?   
1-No diseases 2 3.3 (0.4, 11.5)
2-Anti-worm (for intestinal parasites) 17 28.3 (17.4, 41.4)
3-Diarrhoea 13 21.7 (12.1, (34.2)
4-Jaundice 5 8.3 (2.7, 18.3)
5- Liver parasites  1 1.7 (0.0, 9.0)
6-mange disease 1 1.7 (0.0. 9.0)
7-Orf or Contagious Ecthyma 8 13.3 (5.9, 24.6)
8- Respiratory infection 11 18.3 (9.5, 30.4)
9-Sudden death 1 1.7 (0.0, 9.0)
10-Tick infestation 1 1.7 (0.0, 9.0)  
Have you heard of a disease called brucellosis? 
Yes  0 0.0 (0.0, 6.0)
No 60 100.0 (94.0, 100.0)

DisCUssiON
 Brucellosis is one of the most important 
zoonotic diseases transmitted from animals to 
humans through different mechanisms, and the 
main target organs infected by Brucella are the 
reproductive systems of both males and females. 
This study aimed to assess the potential risk factors 
associated with seroprevalence of brucellosis 
in sheep. The information obtained from the 

current study would be eventually disclosed to 
the veterinary authority of Basrah, to aid in the 
preparation of brucellosis prevention programs. 
This is the first epidemiological study to screen 
for brucellosis among five counties of Basrah. 
Sheep and other ruminants are assumed to be the 
primary source of brucellosis infection in humans. 
Vaccination of young animals and elimination of 
infected animals are the best preliminary options 
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as brucellosis control measures. Undoubtedly, the 
epidemiological information of brucellosis prior to 
establishment of the control program is necessary.
 Overall seroprevalence of 31% of 
sheep obtained in the present study was much 
higher than those reported in studies from the 
Kurdistan regions of northern Iraq. The data of 
seroprevalence for Sulaymani, Kirkuk, Dohuk, 
and Erbil were 7.9%, 6.9%, 4.9%, and 8.1%, 
respectively25. The seroprevalence tests in our 
study were also higher than those in other 
studies from Jordan and Egypt, which were 
estimated at 22.2% and 15.8%, respectively33,34. It 
is worthwhile to postulate that the seroprevalence 
in the current study is very high, which may be 
due to inadequate hygiene level of the farm, 
intermingled grazing of different flocks, and an 
absence of preventative measures. Accordingly, 
national brucellosis control programs combined 
with mass vaccine campaigns were established 
in Iraq in 1996 and were continued after the 
war in 2003 with four vaccination campaigns 
introduced (2.1 million doses of Rev-1 vaccine 
and S19 doses of vaccine, types of vaccine used). 
Unfortunately, the campaigns stopped in 201035. 
However, the seroprevalence between the 
counties of Basrah shows a significant difference. 
Basrah is an independent administrative territory; 
it is regionally an autonomous area linked 
commercially with other Iraqi provinces. Animals 
are traded freely without quarantine restrictions 
across the borders. Other reasons for the 
variations in the seroprevalence between or within 
the geographical areas could be associated with 
animal management practices, animal populations, 
and the sampling protocol adopted36,37.
 The  RBT  techn ique  i s  a  wide ly 
recommended test to screen a large number of 

animals for brucellosis, as has been mentioned 
in several published epidemiological studies and 
surveillance programs38,39. However, the odds 
of seroprevalence in sheep aged >1 year were 
significantly higher than in sheep aged ≤1 year (OR: 
2.2, 95% Cl: 1.41–3.44). This finding is consistent 
with previous studies that indicated that the odds 
of infection with brucellosis can be significantly 
increased in adult sheep compared to young 
sheep33,40. The plausible inferences about this 
outcome could be that the adult animals are more 
susceptible subunits with a constant exposure to 
the etiological agent (Brucella spp.), particularly 
after puberty and pregnancy. In a meta-analysis 
study conducted by Tadesse41, it was found that 
the odds of the seroprevalence of brucellosis are 
increased by three times in post-pubertal animals 
than in pre-pubertal animals. 
 Based on the logistic regression outputs, 
animal grazing with other flocks (OR: 5.8, 95%Cl: 
1.53–22.67) was found to be a significant risk 
factor associated with herd seroprevalence. 
The current result is in accordance with other 
studies42, 43, which also indicated the importance 
of communal grazing in the seroprevalence of 
brucellosis. The probability of disease transmission 
to susceptible animals is considerably increased 
on allowing sheep to graze outside the farm or on 
adoption of a communal grazing pattern42. 
 Additionally, the logistic regression 
revealed that the owners who indulged in the 
practice of borrowing a ram from another 
owner were found to be significantly associated 
with brucellosis seropositivity (OR: 9.3, 95% Cl: 
1.05–83.82). The practice of lending or exchanging 
rams among owners before or during breeding 
seasons (lambing season) was concluded to be 
one of the potential risk factors by other studies33, 

Table 6. Logistic regression results of association of significant factors (sheep management & practices) with the 
seroprevalence of brucellosis

Variable β* S.E.# p-value Odds ratios (95%CI)

Constant 0.35 0.66 0.59 -
Sheep grazing with other flock 1.77 0.68 0.01 5.8 (1.53, 22.67)
Sheep not grazing with other flock - - - 1.0
Owners lend a sheep male (ram) from  2.23 1.11 0.04 9.3 (1.05, 83.82
other flock    
Owners did not lend a sheep male  - - - 1.0
(ram) from other flock
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44, 45. Farmers who wish to introduce a new animal 
to the flock should be required to get a health 
check-up done from a veterinarian along with rapid 
serological testing (using rapid kit test) before the 
introduction to ensure a healthy and fit flock.
 Although there was no significant 
association between the history of abortions and 
the pregnancy status of ewes that were positive 
for brucellosis, contrasting results have been 
reported4, 46. However, 43.3% of the respondents 
reported occurrence of a number of abortions 
among their animals between 3 and 4 months 
of gestation, most of them resulting in stillborn 
fetuses. To stress on this point, Brucella causes 
abortion in late pregnancy. This could be related 
to the tropism of Brucella to erythritol and a 
4-carbon sugar that is produced in the fetal 
tissues of ruminants which then can stimulate 
the growth of Brucella47. Rapid replication of 
Brucella in uterine tissues causes alteration in the 
hormone levels through an increase in the amount 
of prostaglandin and a decrease in progesterone 
levels; consequently, abortion occurs during the 
third trimester of gestation48. 
 In addition, all the owners whose female 
animals had undergone abortions admitted that 
they had never isolated them from the rest of the 
herd. The animals who have had abortions carry 
pose a risk, originating from discharged fluids of 
the infected ewes (urine and uterus), to all other 
animals. They transmit the hazard to the healthy 
animals from different contaminated resources 
such as straws, troughs, and food stuffs49, 50. 
Thus, an education health program needs to be 
conducted for the animal owners to guide them 
for better handling of the aborted ewes and their 
separation from the rest of the herd.
 Despite 25% of the sheep owners having 
a dog(s), 20% of their dogs were never chained. 
Unconfined dogs play an important role in the 
epidemiology of brucellosis, especially if control 
programs are not implemented in the region. Thus, 
vaccination for animals against brucellosis51 is 
important because unleashed/uncontrolled dog(s) 
usually can wander off and act as a mechanical 
disseminator or a carrier of the infection by 
fetching dead fetuses or placentas from abortions 
in the infected herds52. It is beneficial to recall 
that the majority of the owners in the current 
study admitted to mishandling of the aborted 

fetuses and placentas. A study from the Hamedan 
rural regions of Iran indicated that dogs play a 
crucial role in the transmission of Brucella to 
shepherds and livestock after screening of 180 
unconfined domesticated dogs using RBT with a 
seroprevalence of brucellosis estimated at 3.3%53. 
Therefore, it is important to educate owners or 
farmers regarding proper handling of the tissues of 
aborted ewes due to brucellosis by burning them 
or burying them in a secure place that is beyond 
the reach of unconfined dogs.
           This study illustrates that the lack of 
knowledge about brucellosis and its mode of 
transmission could increase the possibility of 
the disease in the herds as well as in humans. 
This also supports the fact that the owners 
mentioned improper handling of aborted ewes 
and unsuitable disposal of dead fetuses and 
aborted placentas. The KAP (knowledge, attitudes, 
practices) questionnaire survey conducted in the 
Cape Province of South Africa and another survey 
conducted in two provinces of Pakistan (Punjab 
and Sindh) indicated that most of the animal 
owners had poor knowledge and low perception 
of brucellosis54, 55. This supports an exigency for the 
integration of health education components in the 
disease control program with emphasis on periodic 
disease notifications and animal vaccination.
 There were some limitations in to 
this study. It would be better if the enzyme-
linked immunosorbent assay (ELISA) technique, 
was used as a gold standard test to provide a 
more accurate estimation of the prevalence 
of brucellosis and eliminate false positive and 
negative results at a cut-off point. To develop 
a full picture of brucellosis, further studies are 
needed that include polymerase chain reaction 
(PCR) to confirm the species/strains/genotypes of 
Brucella spp. To obtain a better understanding of 
the epidemiological features of brucellosis in other 
animals (cattle, buffalo, and goats) and determine 
if these animals are additional reservoirs for 
Brucella, isolation and identification from cattle, 
buffalo, and goats need to be explored in a new 
study.
CONClUsiONs 
 Brucellosis in sheep is a very important 
bacterial zoonosis disease. In the current study, 
the seroprevalence of brucellosis was very 
high in the sheep in Basrah. The results of 
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this study highlighted that some factors of 
animal management practices were significantly 
associated with the seroprevalence of brucellosis, 
including grazing patterns and the prevalence 
of the practice of lending rams among sheep 
owners. Other important factors related to 
animal management and husbandry are also 
described in this study, for instance neglected 
chain dogs, improper handling of aborted ewes 
and their waste tissues, and ignoring the isolation 
of the infected aborted ewes from the healthy 
herd. Hence, an imperative intervention and 
preventative measures need to be undertaken 
through the establishment of mass vaccination 
campaigns to strengthen herd immunity levels. 
Additionally, an educational health program 
needs to be conducted for the sheep owners in 
conjunction with other measures in the control 
program.
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