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The most common clinical manifestations of brucellosis in livestock are associated with reproduction. This paper reports the
result of a cross-sectional study conducted between October, 2007 and April, 2008 in Western Tigray, North Ethiopia, with the
objectives of assessing the effect of Brucella infection on reproduction conditions of female breeding bovine and to explore the
presence of Brucella seroreactors in vulnerable humans. A total of 1,354 and 246 sera were collected from female cattle and humans,
respectively. The sera were screened using Rose Bengal plate test (RBPT), and positive samples were confirmed by complement
fixation test (CFT). Reproductive conditions for female cattle and risk to human brucellosis seropositivity were tested by using
logistic regression analysis. The result indicated that the overall prevalence in female cattle was 6.1%. The study showed 1.2%
prevalence among human risk groups, all of which were herdsmen. Logistic regression identified parity status, calving interval,
abortion history, and abortion period were significantly associated with seropositivity. The association was not significant with
reproductive status and parity number. Proper hygienic practices and team work between veterinary and health personnel should
improve the efforts to combat disease transmission.

1. Introduction

The proportion of people relying on livestock for some or
their entire livelihood is very high in Africa, ranging from
20 to over 90%, depending on the livestock production
system and country in focus [1]. In rural parts of Ethiopia,
for instance, human life is highly associated with livestock
population in the different livestock production systems [2].
In both pastoral and mixed livestock production systems
people live very closely with livestock having a high incidence
of brucellosis and thus, are at higher risk of acquiring the
infection [3].

Brucellosis in cattle is endemic in Ethiopia. Several
studies were conducted in local and crossbreed animals,
and seroprevalence of brucellosis in cattle up to 22% were
recorded [2–8]. Human brucellosis has also been indicated
to exist in Ethiopia [9–11]. But the occurrence in human
population of the Western Tigray Regional State remained
unknown. It is known that this part of the region is home for
barka cattle breed [8, 12].

Barka cattle breed (commonly known as begait) is an
indigenous zebu breed inhabiting Eastern Sudan, Southern
Eritrea, and Northwest Ethiopia [12]. The breed is mainly
known for its higher milk yield (yields up to 12 L/day),
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Figure 1: Map of Tigray regional state showing the study area.

meat, and traction power. The breed has been distributed
in various areas of the region with the aim of boosting
milk production. Despite all the merits of the breed, higher
Brucella seroprevalence (7.2%) was reported [8], causing
skepticism among farmers about the perceived benefits of
the breed. Many of the factors associated with an increased
seroprevalence of brucellosis in some of the indigenous
breeds of cattle were reported previously [8]. It has been
stated that the most common clinical manifestations of
brucellosis in livestock are associated with reproduction,
mainly abortion, birth of weak offspring, and infertility
[2, 13]. Studies on the effect of Brucella infection on
reproductive conditions are rare in the country justifying
the need for further studies. As brucellosis is a zoonotic
disease, capable of infecting humans by consumption of
nonpasteurized milk and contact with infected animals,
the epidemiological investigations should also constitute the
extent to which humans are involved in the epidemiological
dynamics. The objectives of the study were therefore to
investigate the effect of Brucella infection on some of the
reproductive conditions of indigenous breeding female cattle
and to explore the presence of human seroreactors among
vulnerable groups.

2. Materials and Methods

2.1. Study Area. The study was conducted in the Western
Zone of Tigray Regional State, North West Ethiopia. Its
geographical location is 13◦42′ to 14◦28′ north latitude and
36◦23′ to 37◦31′ east longitude. The study area is bordered
north by Eritrea, south by Gonder (Amhara region), and
east by Tahtai Adiabo and west by Sudan (Figure 1). The
altitude ranges from 560 to 2800 meters above sea level.
The Western Zone is one of the five administrative zones

in the Tigray Regional State and has three districts, namely,
Welkait, Tsegede, and Humera with distance range of 580–
750 km from Mekelle, the capital city of Tigray. The study
area represents a remote, tropical climate where extensive
agriculture is performed manually by large numbers of
migrant laborers. Throughout the zone, livestock agriculture
is the predominant economic activity with about 95% of
the total population engaged directly or indirectly in it.
Main cattle breeds raised in the Western Zone are the local
arado and barka/begait cattle. Semi-intensive production is
practiced in Humera district, which is more urban, while
extensive production system is dominant in the Welkait and
Tsegede districts. The study area’s position near the Eritrean
and Sudanese borders means that it is a transit point for
cross-border trade and traffic.

2.2. Cattle Samples. A cross-sectional study was conducted
between October 2007 to February 2008 to determine
Brucella seroprevlence and to assess the effect of Brucella
infection on reproduction parameter of female cattle using
serological procedures and questionnaire survey. Structured
and pretested questionnaires were also used to interview
livestock owners to gather relevant information on the
management factors. The true representatives of the study
population were selected by combination of simple random
and two-stage cluster sampling methods where herds of cattle
were considered as clusters. Details of the sampling strategy
were described previously [8]. Briefly, a complete list of the
peasant associations (PAs) was obtained from the agriculture
offices of the respective districts from which forty-two PAs
were selected from a total of 69. The average herd size in
the extensive system was four cattle. Access to at least one
seasonal road was considered for the selection PAs. Two
hundred and ten herds with a minimum herd size of four
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Table 1: Summary number of breeding female indigenous cattle sampled from three districts of Western Tigray, North Western Ethiopia,
October 2007 to February 2008.

District Total animals sampled Total females sampled Proportion (%)

Humera 1,220 909 74.5

Welkait 220 138 62.7

Tsegede 528 307 58.1

Total 1,968 1,354 68.8

cattle were tested from the extensive production system.
These comprised a total of 848 cattle. In the semi-intensive
production system, a total of 110 herds with a minimum
herd size of 10 cattle were examined adding up to 1,120
animals. For the purpose of the present study, we further
investigated 1,354 breeding female (Primiparous and above)
cattle subpopulation. Female cattle aged three and above
years were the target animals. Summary of total number of
sampled animals per each district is indicated in Table 1.

2.3. Public Health Survey. For public health study, human
blood samples were collected from potential risk groups for
brucellosis from October 2007 to February 2008. Occupa-
tional workers, notably cattle attendants, abattoir workers,
butchers, veterinarians, and other animal health assistants
were identified first and then fully informed by the health
posts. Blood samples were collected from apparently healthy
volunteers in collaboration with Zonal Health Offices and
Kahsay Abera Hospital located in Humera. The procedure
was approved by institutional ethical review board of
Addis Ababa University and by the Regional Health Bureau
(15/334/2007). Information was collected using a pretested
questionnaire about the possible risk factors associated
with human Brucella infections such as assisting removal
of retained fetal membranes and drinking raw milk. All
the tested individuals were interviewed in their native
language (Tigrigna). The interview and serum collection
were carried out in parallel. The sample size for estimating
the seroprevalence of brucellosis in human risk groups was
determined by standard procedures as described in [14].
The following formula was used for calculating the sample
size; N = (1.962 × pexp[1 − pexp])/d2 where, N = required
sample size, pexp = expected prevalence, d = desired absolute
precision. An expected prevalence of 20% and 5% desired
absolute precision with a 95% assumed confidence level was
used and a sample size of 246 people was obtained.

2.4. Sera Collection and Testing. About 10 mL of whole blood
sample was collected from the jugular vein, using plain
vaccutainer tubes and needles, from each cattle aged above
six months and with no history of vaccination for brucellosis.
On the other hand, about 5 mL of blood was collected
from the elbow veins of potential human risk groups. Each
sample tube was labeled using codes which are specific to
the individual sample. The tubes were tilted on a table
overnight at room temperature to allow clotting of the blood.
Serum was collected either passively by decanting or after

centrifugation of the blood samples at 2,500 rpm for 5 min
sera had not clearly separated from the blood clot. The
serum was stored at −20◦C until tested serologically by Rose
Bengal plate test (RBPT) and/or complement fixation test
(CFT). RBPT was used as a screening test for detection of
Brucella antibodies as described earlier by [15] using Brucella
abortus antigen (Institute Pourquir, Montpellier, France).
Samples giving positive results were then confirmed by the
CFT. The RBPT was carried out at the Regional Veterinary
Laboratory while the CFT was undertaken at the National
Veterinary Institute, Department of Immunology, DebreZeit.
Preparation of the CFT reagents was performed according to
OIE protocols [16]. As for the interpretation of test results,
positive reactions were indicated by sedimentation of sheep
red blood cells (SRBC) and absence of hemolysis. Negative
reactions were revealed by hemolysis of SRBC. Sera with
strong reaction, more than 75% fixation of complement
at a dilution of 1 : 10 and at least with 50% fixation of
complement at a working dilution (1 : 5) was classified as
positive [17].

2.5. Data Management and Analyses. Data obtained from
both serological tests and questionnaire survey were stored
in Microsoft Excel spreadsheet (Microsoft Corp.). These
data were analyzed by descriptive statistics univariable and
multivariable regression using the SPSS 15 statistical package
[18]. Animal or human sera tested positive to CFT were
defined as seropositive. Female cattle were categorized into
four groups based on their reproductive status: heifer, preg-
nant, lactating, and dry. Cattle at different parity numbers
were also grouped into three categories: cows with no
parity, two parities, and with more than two. Pregnant
cattle (n = 244) were categorized into groups on the
basis of their stage of gestation. The first group comprised
cattle below five months of pregnancy (n = 146) and
the other group having cattle with equal to and above five
months of pregnancy (n = 98). The remaining 1110 female
cattle were nonpregnant. Information on cattle reproductive
status, parity, pregnancy status, and stage of gestation were
obtained from the owners. Univariable logistic regression
was applied to answer the question of whether or not
there is a significant association between seropositivity
and reproductive conditions. To see the effect of Brucella
seropositivity on these reproductive conditions that may be
influenced by the presence of other factors through effect
modifications (i.e., interactions), all the significant variables
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Table 2: Summary results of the univariable and multivariable logistic regression (LR) analyses of reproductive conditions with dependent
Brucella seropositivity in female cattle in Western Tigray, North West Ethiopia. OR: odds ratio, CI: confidence interval, October 2007 to
February 2008.

Reproductive conditions Category level n Prevalence Univariable LR analysis result Multivariable LR analysis results

P-value OR
95% CI of OR

P-value OR
95% CI of OR

Lower Upper Lower Upper

Reproductive status

Heifer 506 3.7 0.021

0.953 0.991 0.742 1.324
Pregnant 244 8.6 0.007 2.414 1.272 4.580

Lactating 286 5.6 0.229 1.519 0.768 3.003

Dry 318 8.2 0.008 2.282 1.241 4.196

Subtotal 1,354 6.1 — — — —

Parity status

No parity 578 3.8 0.011

0.042 1.491 1.014 2.192
One or two 274 6.9 0.049 1.883 1.001 3.541

More than two 502 8.2 0.003 2.248 1.320 3.828

Subtotal 1,354 6.1 — — — —

Stage of pregnancy

Non pregnant 1,110 5.5 0.0024 — — —

>0.0001 2.96 1.86 3.49
<5 months 146 6.2 0.082 2.92 0.98 8.27

≥5 months 98 12.2 >0.0001 7.85 2.98 20.79

Subtotal 1,354 6.1 — — — —

Table 3: Univariable logistic regression analyses of abortion related factors with dependent Brucella seropositivity in cows in Western Tigray,
North West Ethiopia, October 2007 to February 2008.

Status of abortion Category level n Prevalence (%) P-value OR
95% CI of OR

Lower Upper

Abortion
Absent 718 6.7 — — —

Present 58 20.7 0.001 3.641 1.809 7.330

Abortion frequency
Only once 48 22.9 — — —

More than one 10 10 0.359 0.374 0.043 3.283

Abortion period
Below five months 29 6.9 — — —

Above five months 29 34.5 0.010 7.105 1.395 14.180

Abortion stage
First parity 30 20 — — —

More than one parity 28 21.4 0.893 1.091 0.306 3.888

from univariable logistic regression were further analyzed
by multivariable logistic regression. P < 0.05 was taken as
significant.

3. Results

3.1. Logistic Regression Analyses of Reproductive Conditions
Affecting Seropositivity in Cattle. The overall seroprevalence
of Brucella infection in cattle was 4.9% while in a sub-
population of females aged ≥3 years it was 6.1% (Table 2).
An attempt was made to find out the association of the
seropositivity with different reproductive status. By using
heifer as reference category, univariable logistic regression
analysis indicated significant differences and associations in
pregnant and dry cows. There was, however, no significant
difference and association of the seropositivity in lactating
cows. Moreover, by using cows with zero parity as reference
category, the result revealed that the risk increases as the
parity number increases (Table 2). There were significant
(P < 0.0001) differences among the stage of pregnancy with

higher seroprevalence recorded in pregnant cows above or
equal to five months. The multivariable logistic-regression
model (Table 2) showed that parity status had significant
association with cattle seropositivity to Brucella antibody.
However, there was no significant association with reproduc-
tive status.

3.2. Association between Brucella Antibodies, Abortion Related
Conditions and Calving Interval. Logistic regression analyses
of abortion related factors such as previous history of abor-
tion, abortion frequency (only once and more than one),
abortion stage (at first parity and more than one parity), and
abortion period (above/below five months) are summarized
in Table 3. Significant differences and associations were
observed between seropositivity and presence of abortion
(P = 0.001; OR = 3.641). The impact of Brucella antibody
on cattle reproductive performance was assessed by taking
calving interval as one parameter (Table 4). The difference
and association also proved as significant (P = 0.002, OR =
4.964).
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Table 4: Univariable logistic-regression (LR) analyses of reproductive performance parameter (calving interval in months) with dependent
Brucella seropositivity in female cattle in Western Tigray, North West Ethiopia. OR:odds ration, CI:confidence interval, October 2007 to
February 2008.

Calving interval
CFT result

P-value OR
95% CI of OR

Cattle tested (n) Prevalence (%) Lower Upper

<15 months 49 10.2

≥15 months 61 36.1 0.002 4.964 1.716 14.363

Table 5: Seroprevalence of brucellosis in human risk groups of
Western Tigray, North Western Ethiopia, October 2007 to February
2008.

Vulnerable groups for Number of samples
Prevalence (%)

brucellosis Male Female

Animal health workers 7 — 0

Butchers 21 8 0

Abattoir workers 12 — 0

Herdsmen 185 13 1.5

Total 225 21 1.2

3.3. Brucellosis in Humans. Of the 246 human sera collected,
21 were from females and the rest were from males. No Bru-
cella seroreactive case was identified from females (Table 5).
Three seropositive samples (1.2%) were found from males
involved in livestock herding. Analysis of questionnaire
results indicated that there was significant difference between
those who removed retained fetal membrane and prevalence
of brucellosis (P = 0.046). Moreover herdsmen who drink
raw milk had 2.5% prevalence (Table 6).

4. Discussion

This cross-sectional study was designed to investigate the
impact of Brucella infection on reproductive conditions in
indigenous female cattle breeds and explore the presence of
human seroreactors in Western part of Tigray. It has been
previously shown that seroprevalence of bovine brucellosis
is associated with the management and husbandry practices.
District, herd size, production system, grazing system, and
watering point were found to associate with bovine brucel-
losis [8]. In the current study, the overall seroprevalence of
bovine brucellosis in breeding female cattle aged 3 years and
above was found to be 6.1% (82/1,354).

Univariable and multivariable logistic regression analyses
were performed to assess the impact of Brucella antibody
presence on reproductive conditions of cows. Under the
reproductive status parameters, small number of seroreactors
was found in heifers. Taking heifer as a reference category,
the univariable logistic analyses indicated that the odds
ratio for seropositivity was higher in pregnant (OR = 2.4)
and dry cow (OR = 2.3) than heifer or lactating cows.
The finding of the association between parity number and
seropositivity is inconsistent with Yilkal et al. [4]. It was
suggested that sexually matured and pregnant cattle are more
susceptible to Brucella infection than sexually immature

[19]. Presence of higher seropositive in cows above five
month of pregnancy may also be due to the preferential
localization of Brucella in the uterus in which allantoic fluid
factors such as erythritol could stimulate the growth of
Brucella and elevate in the placenta and fetal fluid from
about the fifth month of gestation [20, 21]. The association
between abortion and seropositivity was interesting. The
result not only indicates the significance of the disease
but also confirms the skepticism of local farmers on the
perceived benefits of barka breed, a breed traditionally
meant for semi-intensive production system. This finding
was in line with Radostits et al. [21] who stated that late
abortion and premature or full-term birth of dead or weak
calves predominated in pregnant animals with brucellosis.
Brucellosis causes heavy economic lose in livestock producers
that stem from abortion, loss of calves due to abortion and
increasing calving intervals [2, 13]. This is consistent with
the present study that seropositive cows had relatively longer
calving intervals than the seronegative ones (P = 0.002;
OR = 4.964).

In the human risk group, out of the 246 human serum
samples only 3 (1.2%) sera were seropositive. This paper
is, to our knowledge, the first to report the existence of
human seroreactors in the region. The risk groups tested
were abattoir workers, animal heath personnel, butchers, and
herdsmen. Positive sera were found only in herdsmen. Our
result indicates that there was 1.3% (n = 225) prevalence of
brucellosis among the examined males. No female was found
to react positively. This apparent variation in seroprevalence
between sexes could probably be due to small female samples.
This variation may also be explained due to the fact that in
our study area the majority of the herding practice is carried
out by males, which in turn might have contributed to high
exposure to the infection.

Prevalence of brucellosis in man is largely influenced
by the prevalence of the disease among domestic animals
[19]. Brucellosis in humans is acquired from infected animals
through direct contact or indirectly by ingestion of animal
products [22]. Our study indicated that there was an
association of seropositivity with the practice of removing of
fetal membranes and consuming raw milk.

In conclusion, our study documented that brucellosis
increased the calving interval and seropositivity was highly
associated with abortion, all being at the center farmer’s
skepticism towards the cattle breed introduced to them.
Proper hygiene and hygienic practices coupled with sero-
logical screening should improve the efforts to combat the
disease transmission in livestock and its impact on reproduc-
tion of valuable cattle breeds. Despite the higher specificity of
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Table 6: Association of Brucella seropositivity with some risk factors in humans of Western Tigray, North Western Ethiopia, October 2007
to February 2008.

Risk factors Category level n Prevalence (%) P- value

Removal of retained fetal membrane
No 157 0

0.046
Yes 89 3.4

Drinking of raw milk
No 124 0

0.120
Yes 122 2.5

Animal contacts
No 11 0

0.871
Yes 235 1.3

CFT, numbers of human serum samples positive on the CFT
for brucellosis were so low that no definite conclusion can be
made. Due to the low numbers, confirmation of brucellosis
through microbiology would be much comfortable. Though
the finding in humans was in the low prevalence range,
it is fairly reasonable to expect increasing human cases in
future as there are several risk factors for the perpetuation
and dissemination of the disease, thus avoiding contact
with infected animals and consumption of their raw milk
and milk products is of paramount importance. In the
face of several potential risk factors to human infection,
it would be reasonable to stimulate vaccination of heifers
with S19 or heifers and adults with RB51 vaccines. Equally
important, teamwork between veterinary and human health
personnel is of extreme importance to create awareness
through educational campaigns among human risk groups.
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