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Abstract

Background The reproductive problem is an animal health-related bottleneck that constrains livestock genetic
improvement efforts in tropical countries such as Ethiopia. The infectious causes of reproductive disorders are

one cause of decreased reproductive efficiency. This study aimed to determine the seroprevalence to Bovine
Herpesvirus-1 (BHV1), Bovine Viral Diarrhea Virus (BVDV), Neospora caninum (N. caninum) and C. burnetii (C. burnetij)
exposures in dairy cows with reproductive disorders in selected areas of Ethiopia. Overall, 164 serum samples were
collected from October 2018 to May 2019 from animals with a history of reproductive disorders. The collected sera
were tested for antibody titers to Brucella species, N. caninum, BVDY, BHV1, C. burnetii and Chlamydophila abortus (C.
abortus) using Rose Bengal and ELISA.

Results The apparent seroprevalence of BHV1, BVDV, N. caninum and C. burnetii were 61%, 33.5%, 4.9% and 0.6%,
respectively. Among the selected study areas, the mean apparent seroprevalence was significantly greater in

Bishoftu (35.9%), Holeta (34.2%) and Adaberga (28.6%) than in Mekelle (9.9%) and Ambo (16.2%). Among the specific
seroprevalence in specific areas, BHV1 was the most common in Adaberga, with an apparent seroprevalence of 92.9%.
Similarly, the seroprevalence of BVDV was the highest in Holeta, with an apparent seroprevalence of 73.3%. On the
other hand, no seropositive animal to Brucella spp. or C. abortus was found in these study areas.

Conclusion BVDV and BHV1 seroprevalence was higher in dairy cattle with a history of reproductive disorder in
Ethiopia as compared to the seroprevalence of N. caninum and C. burnetii.
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Introduction

Reproductive performance is one of the desired produc-
tion traits in dairy farming [1]. The performance of dairy
cattle mainly depends on their genetic makeup, health,
nutrition, husbandry and environment. In sub-Saharan
Africa, efforts to improve livestock productivity through
cross-breeding of exotic breeds with local animals have
been partly limited by reproductive problems. In addition
to the noninfectious causes of reproductive problems
such as heat stress, toxins and poor nutrition, repro-
ductive disorders caused by bacteria, viruses, protozoa,
and fungi play an important role in the development
of reproductive problems in animals [2—5]. Reproduc-
tive failure of dairy cattle, due to its detrimental effects
on overall fertility, delayed calving intervals, medication
costs, decreased milk production and decreased produc-
tion of potentially productive cattle, results in significant
economic losses in the dairy industry [6]. Culling due to
reproductive failure is also a source of huge economic
loss [7]. Some reports indicate that, globally, almost half
of abortion and stillbirth cases are caused by infectious
agents [8].

Globally, infectious causes of reproductive problems
have become a serious challenge to the dairy industry.
The most commonly involved bacterial pathogenic agents
are Brucella abortus, C. abortus, C. burnetii [9-12]. In
addition to bacterial pathogens, viruses such as bovine
viral diarrhea virus (BVDV), Bovine Herpesvirus-1
(BHV1), and parasites, including N. caninum and Tricho-
monas fetus, are commonly associated with reproductive
problems [13]. Such infectious causes of reproductive
constraints reduce the production and productivity
potential of dairy animals and limit livestock and live-
stock products to market access, and some pathogens
can even pose a significant health risk to the public [14].

Although different terms and syndromes, such as dys-
tocia, retained fetal membrane (RFM), metritis, embry-
onic death, abortion, infertility and repeat breeding are
used to explain reproductive problems in dairy cattle,
abortion and infertility are the most significant prob-
lems affecting dairy herds. Due to the complex nature
of the pathogenic agents, the specific cause of abortion
and/or infertility in cattle cannot be easily determined by
observing simple clinical signs or syndromes [15].

Moreover, the underlying causes and distribution of
reproductive problems in dairy cattle have been studied.
In Ethiopia, there is certain information on the types of
dairy cattle reproductive problems and their extent. How-
ever, most of these studies focused only on a single expo-
sure to pathogenic agents like the prevalence of BVDV
(32.6%, 450/1379), N. caninum (13.3%, 310/2334), BHV1
(41.0%, 565/1379), bovine Brucella spp. (1.3%, 13/967)
and Toxoplasma gondii (10.74%, 35/326) as reported by
the authors [16-20], respectively. Fragmented studies
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such as this one may not have enough evidence at the
same time to determine the exact problem. To improve
the productivity of dairy cattle, understanding overall
husbandry and animal health-related constraints such
as reproductive problems under different production
conditions is important. Exploring further evidence on
the reproductive problems of dairy cattle in Ethiopia will
help to design specific and effective disease prevention
and control strategies that are customized to the existing
situation. Therefore, the present study aimed to deter-
mine the seroprevalence to four reproductive diseases
in dairy cows with a history of reproductive disorders in
selected areas of Ethiopia.

Main text

Methods

Study area

The study was carried out from October 2018 to May
2019 in different agro-ecological areas of Ethiopia where
higher milk production occurs. Most of the study areas
were from two zones (East and West Shewa) of the Oro-
mia region and Mekelle, the capital city of the Tigray
regional state (Fig. 1). Bishoftu from East and Holeta,
Adaberga and Ambo from West Shewa were selected
based on their contributions to the milk shade potential
of Addis Ababa, the capital city of Ethiopia. Agro-ecolog-
ical classification is mainly based on altitudinal variations
that have a strong impact on temperature and rainfall and
consequently on agricultural land uses, mainly crop and
animal production. The highlands, midlands, and low-
lands cover altitudinal ranges of 2300-3200, 1500—2300,
and 500-1500 m above sea level, respectively. Accord-
ingly, the study was conducted in middle land areas
(Bishoftu, Ambo and Mekelle) and highland areas (Hol-
leta and Adaberga).

Bishoftu town is located 45 km southeast of the capi-
tal city, Addis Ababa. The area is located at 9°N latitude
and 40°E longitude at an altitude of 1850 masl, with an
annual rainfall of 866 mm, 84% of which occurs during
the long rainy season from June to September (NMSA,
2010). Ambo town is the administrative center of the
West Shewa zone and Ambo district. It is located at a lat-
itude and longitude of 8°59 N 37°51'E to 8.983°N 37.85°E
and an elevation of 2101 meters above sea level and is
located 114 km west of Addis Ababa. It has annual rain-
fall and temperatures ranging from 800-1000 mm and
20-29°C, respectively. Mekelle is the capital city of the
Tigray regional state, northern Ethiopia. Geographically,
it is located between 13° 23’ north latitude and 39° 29’
east longitudes at altitudes of 2070 m above sea level. The
mean annual rainfall ranges from 250 to 300 mm, and the
temperature ranges from 12 °C to 27 °C.

Holeta is situated 33 km west of Addis Ababa. The
dairy farms lie at approximately 38° 30’ E longitude and
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Fig. 1 Study areas

9° 3’ N latitude and 2400 m above sea level. The area is
characterized by a moderately cold climate with a tem-
perature of 6-22 °C. It has a mean relative humidity of
59%. The annual rainfall ranges from 818 to 1247 mm.
Adaberga is located at 90 16'N latitude and 380 23’E lon-
gitude. The annual temperature and rainfall range from
18 °C to 24 °C and from 1000 to 1225 mm, respectively.
Both Holeta and Adaberga have bimodal rainfall patterns
with short rainy periods from March to May and long
rainy seasons from June to September. Both dairy farms
have a semi-intensive farming system where the animals
frequently spend their time grazing and indoor feeding
(Holeta Agricultural Research Center, 2008).

Study design and sampling

All dairy cattle found in the study dairy farms were
taken as a target population. All animals selected for the
study were maintained under the same (semi-intensive)
management system. Except two dairy farms owned by
research centers (from Holeta and Adabarga), all dairy
farms were owned by private farmers. A list of dairy
farms with at least five years after establishment, and
their number of dairy cattle were obtained from their
agricultural offices in each of the study areas. As a result,
three (3/27), four (4/42) and five (5/47) dairy farms were
selected from Ambo, Bishoftu and Mekelle, respectively.
Animals with a history of at least one reproductive dis-
order such as abortion, stillbirth, repeated breeding,
dystocia, retained placenta, anoestrus, uterine prolapse,
vaginal prolapse, prolonged uterine discharge and others
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was considered to meet the inclusion criteria. On dairy
farms that had eight or less cows with reproductive dis-
orders, all of the cows that presented with a history of
reproductive disorders were sampled. Whereas, in dairy
farms that had more than 8 animals with reproductive
disorders, eight animals plus one third of the remaining
cows with reproductive disorders were sampled. Simple
random sampling was used to select the animals from the
list that have a history of reproductive disorder.

Blood samples (10 ml) were collected from cattle
(n=164) with a history of reproductive problems using
sterile needles and plain vacutainer tubes from the jug-
ular vein. The collected sera were decanted and trans-
ported to Holeta National Agricultural Biotechnology
in ice packs and stored at -20 °C until screening. Sam-
ple collection and serological analysis were performed
as per the recommendation of [21]. For the purpose of
this study, loss of the fetus between 42 and 260 days of
gestation was considered abortion, and a calf born dead
between 260 days and full term or who died within 24 h
following birth was considered stillborn.

Laboratory analysis

The collected serum was tested for positive antibody
titers to Brucella species, Neospora caninum, BVDYV,
BHV1 and C. burnetii using commercial serological kits.
Serological analysis was conducted at Holeta National
Agricultural Biotechnology Research Center Laboratory.
Serum samples were screened using the Rose-Bengal
Plate Agglutination Test to screen for antibodies against
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Brucella species. Serum (30 pl) was mixed with an equal
volume of antigen on a white tile or enamel plate to pro-
duce a zone approximately equal to 2 cm in diameter. The
mixture was rocked gently for four minutes at ambient
temperature and then observed for agglutination. Any
visible reaction was graded as positive and otherwise
negative, as indicated by [22]. After the Brucella antibody
was screened using the rose bengal test (ID.vet, France),
the Brucella spp. serum indirect multispecies test ELISA
kit was used. The interpretation was based on the S/P%
value, where <110% was considered negative, 110-120%
was considered inconclusive, and >120% was considered
positive. The detection of BHV1 was performed indi-
rectly by the BHV1 (ID.vet, France) kit. The interpreta-
tion of BHV1 exposure was calculated considering an
absorbance cutoff value of <50% as negative and >60% as
positive. BVDV exposure status was determined based on
a competitive ELISA using the BVDV p80 Antibody test
(ID.vet, France). Samples whose percentage of S/N<50
were considered as negative, while those whose percent-
age of S/N>50% were considered positive. The presence
of antibodies to N. caninum was determined using an N.
caninum indirect multispecies test kit (ID.vet, France). A
serum sample with an absorbance value (S/P) of <40 was
considered negative, 40—50 was considered inconclusive,
and >50% was considered Neospora positive. The sero-
positivity of C. burnetii was determined by a monoscreen
AbELISA (Bio-X Diagnostics, Belgium). A coefficient less
than 37% was considered negative, and those greater than
or equal to 37% were considered positive. The test proto-
col and interpretation of all ELISA tests were performed
according to the manufacturer’s instructions. The test
was repeated for inconclusive results.

Data analysis

The data collected from laboratory investigations were
entered into a Microsoft (Ms.) Excel spreadsheet for cod-
ing, cleaning and validation. The collected data were ana-
lyzed using StataSE15. Descriptive statistics were used
to compute frequency and animal-level prevalence. To
compare the seroprevalence to the four reproductive dis-
eases in dairy cows with a history of reproductive disor-
ders across locations, 95% confidence with 5% precision
were used. Associations between seroprevalence to the
four reproductive diseases in dairy cows with a history
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of reproductive disorders and different risk factors were
assessed using a logistic regression model. The strength
of the association was determined by the odds ratio. Sta-
tistical significance was determined at p <0.05.

Results

Apparent seroprevalence to four reproductive diseases in
dairy cows with a history of reproductive disorders

The apparent seroprevalence was defined as the num-
ber of animals that tested seropositive by a diagnostic
test divided by the total number of animals in the sample
tested. The true seroprevalence is the actual number of
seropositive animals divided by the number of individu-
als tested in the population. Before we started the anal-
ysis, diseases for which at least one positive sample was
not available were not included in the model. Accord-
ingly, seroprevalence to bovine Brucella spps. and C.
abortus were excluded from the analysis because there
was no seropositive results. As a result, the analysis was
carried out for seroprevalence to the four important dis-
eases (BHV1, BVDV, N. caninum and C. burnetti). The
mean apparent seroprevalence to the BHV1, BVDV, N.
caninum and C. burnetti was 25.0%. Seroprevalence to
BHV1 was found to be the most prevalent exposure in
the study areas, with a seroprevalence of 61%, followed
by BVDYV, with a seroprevalence of 33.5%, with statisti-
cally significant differences (p<001). The odds of a cow
being seropositive for BHV1was 30 times greater than
the odds of being seropositive for Neospora. The odds of
BHV1 seroprevalence was 3 times greater than the odds
of seroprevalence to BVDYV, and the difference was statis-
tically significant (Table 1).

The effect of location on the apparent seroprevalence in
dairy cows with history of reproductive disorders

The mean apparent seroprevalence to the BHV1, BVDYV,
N. caninum and C. burnetti in the study areas was 25.0%.
Generally, the model showed a statistically significant
difference (X*=29.87, p<0.05) in at least one of the dif-
ferent study areas. The apparent seroprevalence in Bish-
oftu, Holeta and Adaberga were significantly greater
than those in Mekelle and Ambo. The odds of a cow
being exposed to BHV1, BVDV, N. caninum and C. bur-
netti in Bishoftu was approximately five times greater
than the cow in Mekelle. However, the odds of a cow

Table 1 Seroprevalence of BHV1, BVDV, N. Caninum and C. Burnetii exposure in dairy cows with reproductive disorder in Ethiopia

Disease causes Animal examined Number of Positives Apparent seroprevalence (%) 95% Cl OR X2 Pvalue
C. burnetii 164 1 06" 0.09-4.2 0.1 2330 <0.001
BVDV 164 55 3358 10.2-69.2 9.8

BHV1 164 100 610°¢ 26.1-874 305

N. caninum 164 8 494 25-94 1

Total 656 164 25.0 21.8-28.5

OR- odds ratio; Cl- confidence interval, *Apparent prevalence with similar letters is not significantly different
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being exposed to those pathogenic agents in Holeta was
approximately four times greater than that in Mekelle.
On the other hand, the odds of a cow exposed to the four
pathogenic agents in Bishoftu, Holeta and Adaberga did
not significantly differ. Similarly, no statistically signifi-
cant difference was observed between the Mekelle and
Ambo study areas (Table 2).

The effect of location on the apparent seroprevalence to
each of BHV1, BVDV, N. Caninum and C. Burnetti in dairy
cows with history reproductive disorders

Analyzing the apparent seroprevalence in individual
reproductive diseases across locations is crucial for iden-
tifying specific control methods. In almost all (except
one) of the study areas, seroprevalence of BHV1 was
the most prevalent. The highest apparent seropreva-
lence to BHV1 was found in Adaberga (92.9%), followed
by Bishoftu (69.6%). Side by side, the highest apparent
seroprevalence to BVDV was found in Holeta (73.3%),
followed by Bishoftu (69.6%). Despite its higher appar-
ent seroprevalence in other areas, BVDV was not found
at the Ambo site. Generally, the apparent seroprevalence
of N. caninum and C. burnetii was found to be low or
nonexistent in almost all the study areas. The apparent
seroprevalence of N. caninum in Ambo was relatively
greater (17.6%) than the results in the other study areas.
There were almost no seropositive to C. burnetii in the
study areas except for one (1/56) in Adaberga (1.8%), as
indicated in Table 3. In addition, the seroprevalence to
at least one of the four pathogenic agents across farms
showed statistically significant difference (X*=38.2,
p<0.001). The odds of an animal being seropositive to at
least one of the pathogenic agents in farms 7 & 8 is 4.9
and 4.7 times greater than the odds of an animal being
seropositive to at least to one of the four pathogenic
agents in farm 14 (Table 4). Furthermore, the seropreva-
lence to each pathogenic agent in each farm is indicated
in Tables 5, 6, 7.

In 21% of the study farms (3/14), there was no an appar-
ent evidence of exposure to C. burnetii, BVDV, BHV1 or
N. caninum in cows with a history of reproductive prob-
lems. Statistically significant difference of seroprevalence
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was observed among the dairy farms (X*=38.2, p<0.001)
(Table 4). The odds of an animal to be seropositive to
at least one of the four pathogenic agents in farm 7 was
about 5 times higher than the odds of an animal to be
seropositive to the four pathogenic agents in farm 14
(Table 4). On the other hand, more than 71% (10/14) and
57% (8/14) of the dairy farms were seropositive to BHV1
and BVDYV, respectively (Fig. 2). A farm is said to be a
seropositive when at least one animal from the farm is
found to be seropositive to the pathogenic agent.

Further seroprevalence analysis at each pathogenic
agents in the fourteen dairy farms showed statistically
significant differences (Tables 5, 6 and 7). 100% sero-
positivity to BHV1 was found in farms 7 and 11 (Table 5).
Similarly, 100% seropositivity to BVDV was found in
farms 3, 4, 5 & 8 (Table 6). On the contrary, higher sero-
positivity to N. caninum (75%) was found only in one
farm (Farm 8). As there was only one seropositive animal
to C. burnetii from the 14 dairy farms, no statistical anal-
ysis was carried out for C. burnetii.

Discussion

This study reported the seroprevalence of four pathogens
in dairy cattle kept under semi-intensive production sys-
tems in the selected areas of Ethiopia. Dairy farms follow
semi-intensive managements where animals depend on
open grazing for green fodder and on barn concentrate
supplementation and water provision. The mean appar-
ent seroprevalence to the four pathogenic agents in the
dairy cattle with reproductive disorder was about 25.0%.
Apparent seroprevalence to infectious bovine rhinotra-
cheitis was found to be the most prevalent in the study
areas, with an apparent seroprevalence of 61%, followed
by the seroprevalence to the bovine viral diarrhea virus,
with an apparent seroprevalence of 33.5%. These results
were similar to previous findings in dairy cattle which
had reproductive disorders in Sudan, which indicated
that reproductive problems in dairy cattle are the main
bottlenecks of smallholder dairy production [23]. Rela-
tively higher seroprevalence to IBRV (74%, 17/230) and
BVDV (58%, 141/243) from dairy cattle with reproduc-
tive disorder was found in brazil [24].

Table 2 The mean seroprevalence (BHV1, BVDV, N. Caninum and C. Burnetii exposure) in dairy cows with reproductive disorder in

different regions in Ethiopia

Study areas Animal examined Number of Positives Apparent seroprevalence (%) 95% Cl OR X2 Pvalue
Mekelle 152 15 994 43-212 1 3742 <0.001
Adaberga 224 64 2868 23.0-34.8 3.6

Bishoftu 92 33 3598 20.0-55.6 5.1

Ambo 68 11 1624 6.6-34.4 18

Holeta 120 41 3428 194-52.7 4.7

Total 656 164 25.0 21.8-28.5

OR- odds ratio; CI- confidence interval

*Apparent seroprevalence with similar letters is not significantly different
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Table 3 The effect of locations on the apparent seroprevalence of BHV1, BVDV, N. Caninum and C. Burnetii exposure in dairy cows with
reproductive disorders

Study areas  Disease types Animal examined = Number of Positives  A. seroprevalence (%) 95% Cl OR X2 Pvalue
Bishoftu BHV1 23 16 69.6 21.1-95.1 1 3076 <001
BVDV 23 16 69.6 21.1-95.1 1
N. caninum 23 1 43 0.2-49.7 0.02
C. burnetii 23 0 0 -
Total 92 33 35.9 26.8-46.1
Holeta BHV1 30 16 533 14.7-883 1 5440 <001
BVDV 30 22 733 55.0-86.1 24
N. caninum 30 2 6.7 0.6-454 0.06
C. burnetii 30 1 33 0.2-40.0 003
Total 120 41 34.2
Aberga BHV1 56 52 929 66.7-98.8 532 1289  <0.01
BVDV 56 M 19.6 12.2-32.1 1
N. caninum 56 1 1.8 0.1-22.0 0.07
C. burnetii 56 0 0 - -
Total 224 64 28.6 23.0-34.8
Ambo BHV1 17 8 47.1 5.1-93.7 4. 345 0.063
BVDV 17 0 0 - -
N. caninum 17 3 17.6 58-42.7 1
C. burnetii 17 0 0 -
Total 68 1 16.2 9.2-26.9
Mekelle BHV1 38 8 211 3.3-67.3 14 7.27 0.026
BVDV 38 6 159 7.3-31.0 1
N. caninum 38 1 26 0.1-36.1 0.14
C. burnetii 38 0 0 -
Total 152 15 9.9 6.0-15.7

* A. seroprevalence - apparent seroprevalence, Cl- confidence interval, OR- odds ratio

NB. While analyzing, the model excludes those that did not have at least one seropositive sample. As a result, the chi-square and p values are calculated from the
samples that have at least one antibody positive sample

Table 4 Mean apparent seroprevalence for at least one of BHV1, BVDV, N. Caninum and C. Burnetii across different farms in dairy cows
with reproductive disorders

Study Animal examined Number of Positives Apparent seroprevalence (%) 95% Cl OR X2 Pvalue
Farms

1 224 64 2857 7.8-654 24 382 <0.001
2 12 0 0.00 - -

3 36 16 4444 12.3-82.1 4.8

4 12 4 3333 54-81.3 3.0

5 12 3 25.00 34-76.1 2.0

6 40 1 2.50 0.1-31.1 0.2

7 20 9 45.00 10.7-84.6 49

8 16 7 43.75 9.6-85.0 4.7

9 120 41 3417 9.6-71.7 3.1

10 24 4 16.67 2.5-61.1 12

1 20 7 35.00 7.2-78.8 3.2

12 28 0 0.00 - -

13 36 0 0.00 - -

14 56 8 14.29 7.3-26.1 Ref.

Total 656 164 25.00 21.8-28.5

In some studies, the apparent seroprevalence of BHV1  findings, with the lowest and highest ranges of 21.1% and
can vary widely. Hovingh and his colleagues reported 92.9% in the Mekelle and Adaberga groups, respectively.
that the seroprevalence of BHV1 ranged from 19.5 The higher seroprevalence of BHV1 might be attributed
to 86% [25].This finding is more or less similar to our to the use of contaminated semen, stressful husbandry
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Table 5 Apparent seroprevalence of bovine viral diarrhoea virus across different farms

Study farms Animal examined Number of Positives Apparent prevalence (%) 95% ClI OR X2 Pvalue
1 56 11 19.6 03-11.6 Ref. 377 <0.001
2 3 0 0.0 - -

3 9 7 77.8 248-974 14.3

4 3 1 333 2.1-92.1 20

5 3 0 0.0 - -

6 10 0 0.0 - -

7 5 5 100.0 - -

8 4 0 0.0 - -

9 30 22 733 334-93.8 113

10 6 3 50.0 8.4-91.6 4.1

1 5 5 100.0 -

12 7 0 0.0 -

13 9 0 0.0 -

14 14 1 7.1 0.5-55.8 03

Total 164 55 335 26.7-41.1

Table 6 Apparent seroprevalence of bovine Herpesvirus-1 across different farms

Study farms Animal examined Number of Positives Apparent prevalence (%) 95% ClI OR X2 Pvalue
1 56 52 929 82.5-97.3 17 43.7 <0.001
2 3 0 0.0 - -

3 9 9 1000 - -

4 3 3 100.0 - -

5 3 3 1000 - -

6 10 1 10.0 04-754 Ref.

7 5 4 80.0 11.4-99.2 36

8 4 4 1000 - -

9 30 16 533 10.6-91.6 103

10 6 0 0.0 - -

11 5 2 40.0 3.0-935 6

12 7 0 0.0 - -

13 9 0 0.0 - -

14 14 6 429 5.9-90.0 6.8

Total 164 100 61.0 53.3-68.1

Table 7 Apparent seroprevalence of Neospora caninum across different farms

Study farms Animal examined Number of Positives Apparent prevalence (%) 95% ClI OR X2 Pvalue
1 56 1 1.8 03-11.6 Ref. 155 0.004
2 3 0 0.0 - -

3 9 0 0.0 - -

4 3 0 0.0 - -

5 3 0 0.0 - -

6 10 0 0.0 - -

7 5 0 0.0 - -

8 4 3 750 2.0-99.8 165

9 30 2 6.7 0.1-85.9 39

10 6 1 16.7 0.1-96.4 11.0

1 5 0 0.0 - -

12 7 0 0.0 - -

13 9 0 0.0 - -

14 14 1 7.1 0.1-90.5 42

Total 164 8 4.9 25-94
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Fig. 2 Seropositivity of BHV1, BVDV, N. caninum and C. burnetii in forty dairy farms with a history of reproductive disorder

practices and frequent corticosteroid treatments, and the
introduction of unscreened new cows/bulls to the herds.
Similar to the BHV1, the seroprevalence of BVDV ranged
from O to 73.3% in Ambo and Holeta, respectively. BHV1
and BVDV accounted for 94.5% (155/164) of seropositive
results, and N. caninum and C. burnetii accounted for
5.5% (9/164) of seropositive results. The higher seroprev-
alence of BHV1 and BVDYV over the N. caninum could be
related to the pathogen transmission properties in that,
BHV1 and BVDV are contagious pathogens whereas, N.
caninum is a multi-host protozoal pathogen that needs
mainly dogs as definitive hosts. Additionally, the birth of
persistently infected calves by BVDV and once infected
animals by BHVI remains infected throughout life. These
infected cows can expose many other animals to the
viruses by close contact at the time of viral shedding [24].
Whereas, the common route of N. caninum transmission
is vertical transmission that is infection is from dam to
calf in utero, which is why N. caninum is mostly main-
tained in family lines [26].

In the five study areas, more than 45% of the apparent
seroprevalence was found in Bishoftu and Holeta. These
areas are found in the Addis Ababa milk shade areas
where a relatively higher density of dairy farms are found.
The intensive management of dairy cows favors viral
spread and increases the chances that healthy animals
can come into contact with infected animals [27]. Rela-
tively higher seroprevalence to BHV1 (74.7%, 133/178)
and BVDV (49.2%, 58/118,) was found in South Africa
from randomly selected dairy cattle [15]. On the other
hand, previous results from Sudan indicated that repro-
ductive problems in dairy cattle are the main bottlenecks
of smallholder dairy production [23]. The semi-intensive
dairy farming system in Ethiopia is vulnerable to viral

disease transmission unless appropriate means of control
are available.

Due to its improved specificity and sensitivity, an
ELISA test [28] was used to detect seroprevalence to dif-
ferent pathogens from dairy cows in the present study.
Since there is no history of vaccination for these patho-
gens in the study area, the detection of antibodies from
tested cows implies that the animals were exposed to
BHV1 and BVDV at some point in time [29].

In addition to BVDV and BHV1, N caninum, which is
widely recognized as a cause of abortions in dairy cattle,
was also diagnosed in the present study with a seropreva-
lence of 4.9%. A previous study in central and southern
Ethiopia revealed a strong association between N. cani-
num sero-positivity and abortion in cattle [16]. A similar
finding was also reported in New Zealand [30]; although
comprehensive evidence on the disease burden of N.
caninum in Ethiopian dairy cattle is lacking, the current
study showed that N. caninum should not be ignored.

In the present study, the seroprevalence of C. bur-
netii was 0.6%. The observed prevalence was lower than
that reported in Algeria, with an seroprevalence of 1.7%
(6/354) from dairy cattle which had a history of abor-
tion [31]. Similarly, a higher seroprevalence of C. bur-
netii (12.3%, 161/1,306) from bulk-tank milk of dairy
cows from intensive farming was reported in Spain [32].
This could be related to the difference in farming system
and presence of other animal species in close contact or
vicinity to the dairy cattle farming. The presence of one
or two infected animals in intensive farming can spread
the bacteria to other animals by aerosol more easily than
in semi-intensive dairy farms [33]. Sharing grazing areas
of dairy cattle with sheep and goats can also increase the
transmission of C. burnetii as the bacteria is transmitted
in small ruminants via vaginal mucosa and faeces, while
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transmission of the bacteria in dairy cattle can also occur
via milk [34].

In spite of the fact that this finding reported higher
overall seroprevalence to BHV1 and BVDV, about 21%
(3/14) of farms were found to be seronegative of all the
four pathogens from 76 animals with the history of repro-
ductive disorders. This suggests that seropositivity may
not correlate strongly with the presence of reproductive
disorders and that there are other causes of reproduc-
tive failure beyond the infectious causes investigated in
this study [35]. In support of this result, seronegative to
BHV1 (0/24) was reported in Indonesia from cows with
the history of abortion [36]. The seroprevalence of bru-
cellosis in the current study was zero. Similar result was
reported in Addis Ababa, Ethiopia, in studies of cross-
bred dairy animals using CFT [37].

Conclusion

According to this result, we can conclude that relatively
higher seroprevalence to BVDV and BHV1 than N. cani-
num and C. burnetti was found in the dairy cattle with a
history of reproductive disorders. The overall seropreva-
lence to these pathogens also varies from one study area
to the other. Relatively higher seroprevalence to these
pathogens were found in places where the Addis Ababa
milk shade is found.

Limitations

The current study was conducted in dairy cattle with a
history of reproductive disorders. In spite of the fact that
the main purpose of this article was to compare and con-
trast the seroprevalence to the pathogenic agents attrib-
uting reproductive disorders in dairy cattle, it would be
very nice had it include dairy cattle without a history
reproductive disorder. A lack of disease recordkeep-
ing on dairy farms is also common in Ethiopia. This also
limits the number of sample size that would get from
dairy farms. So, as a future research, detail investigation
on these pathogens is needed from dairy herds with an
appropriate record of reproductive diseases (abortion,
stillbirth, failed to conceive, repeated breeding and oth-
ers) with time of their occurrence; and samples need to
be taken from animals with reproductive disorders and
from animals without reproductive disorders using a
case-control study design. Furthermore, the circulating
pathogens need to be confirmed using molecular diag-
nostic techniques or viral isolation using cell culture.

Acknowledgements

The authors greatly appreciate the contributions made by the Ethiopian
Institute of Agricultural Research in funding this project and the staff of the
Animal Biotechnology Laboratory for assisting during the bench work, which
has led to the success of this work.

Page 9 of 10

Author contributions

The research idea and study design were developed by YEM and GMW.
Sample collection was performed by YEM, GG, BAE, SKB, WFG, BSD, DTT,

STY, and BUH. YEM supervised the study. YEM and GG provided valuable
information on the data analysis and manuscript writing. All the authors have
read and approved the final manuscript.

Funding
Ethiopian Institute of Agricultural Research.

Data availability
The datasets used during the current study are available from the
corresponding author upon reasonable request.

Declarations

Ethics approval and consent to participate

Ethical approval to conduct the study was obtained from the Ethiopian
Institute of Agricultural Research. The Ethiopian Institute of Agricultural
Research, established as federal agricultural research by Order No. 42 of
1966 and amended by Proclamation No. 79/1997 of the Federal Democratic
Republic of Ethiopia, mandates research on animals, plants, and natural
resources in the country. Before starting blood collection, letter of consent
was read to district and areas leaders as well as farm owners stating the
objectives of the research, and the right to refuse to participate in the
research. Blood samples were then collected after verbal consent was
obtained from these district and area leaders as well as farm owners. Al
research activities were conducted according to the rules and guidelines of
the research institute.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 3 May 2024 / Accepted: 19 December 2024
Published online: 30 December 2024

References

1. Ansari-lari M, Kafi M. Reproductive performance of Holstein dairy cows in Iran
Reproductive performance of Holstein dairy cows in Iran. 2010;(May 2018).

2. Loépez-Gatius F. Approaches to increase reproductive efficiency in artificially
inseminated dairy cows. Anim Reprod [Internet]. 2013;10(3):143-7. Available
from: http://www.cbra.org.br/pages/publicacoes/animalreproduction/issues
/download/v10n3/p143-147 (AR635).pdf.

3. Clothier K, Anderson M. California Animal Health & Food Safety Lab System,
School of Veterinary Medicine and. Theriogenology [Internet]. 2015; Available
from: https://doi.org/10.1016/j.theriogenology.2015.11.001

4. Mellado M, Lépez R, de Santiago A, Veliz FG, Macfas-Cruz U, Avendafio-Reyes
L, et al. Climatic conditions, twining and frequency of milking as factors
affecting the risk of fetal losses in high-yielding Holstein cows in a hot envi-
ronment. Trop Anim Health Prod. 2016;48(6):1247-52.

5. Penagos-Tabares F, Mahmood M, Sulyok M, Rafique K, Khan MR, Zebeli Q et al.
Outbreak of aflatoxicosis in a dairy herd induced depletion in milk yield and
high abortion rate in Pakistan. Toxicon [Internet]. 2024;246(March):107799.
Available from: https://doi.org/10.1016/j.toxicon.2024.107799

6. Lobago F. Reproductive and lactation performnace of dairy cattle in the Oro-
mia Central Highlands of Ethiopia Reproductive and Lactation Performance
of Dairy Cattle in the Oromia Central Highlands of Ethiopia with special
emphasis on pregnancy period Swedish univers. 2014.

7. Yanga DS, Jaja IF. Culling and mortality of dairy cows: why it happens and
how it can be mitigated [ version 2; peer review: 2 approved 1. 2022;1-22.

8. Givens MD. A clinicvidence-based approach to infectious causes of infertility
in beef cattle. 2006,66:648-54.

9. Olsen SC, Palmer MV. Veterinary Pathology Online. 2014;(June).

10. Kaltenboeck B, Hehnen H, Vaglenov A. Bovine Chlamydophila spp. Infect: Do
We Underestimate Impact Fertility 7 2005;29:1-15.


http://www.cbra.org.br/pages/publicacoes/animalreproduction/issues/download/v10n3/p143-147
http://www.cbra.org.br/pages/publicacoes/animalreproduction/issues/download/v10n3/p143-147
https://doi.org/10.1016/j.theriogenology.2015.11.001
https://doi.org/10.1016/j.toxicon.2024.107799

Girmay et al. BMC Research Notes

20.

21

22.

23.

24,

(2024) 17:394

Agerholm JS. Coxiella burnetii associated reproductive disorders in domestic
animals-a critical review. 2013;1-11.

De Biase D, Costagliola A, Del Piero F, Di Palo R, Coronati D, Galiero G, et al.
Coxiella burnetii in Infertile Dairy Cattle With Chronic Endometritis. Vet Pathol.
2018;55(4):539-542. https://doi.org/10.1177/0300985818760376. Epub 2018
Mar 22. PMID: 29566608.

Felleisen RSJ, Lambelet N, Bachmann P, Nicolet J, Gottstein B, Mu N. Detection
of Tritrichomonas foetus by PCR and DNA enzyme Immunoassay based on
rRNA. Gene Unit Sequences. 1998;36(2):513-9.

Anderson ML. Infectious causes of bovine abortion during mid- to late-
gestation. 2007;,68:474-86.

Njiro SM, Kidanemariam AG, Tsotetsi AM, Katsande TC, Mnisi M, Lubisi BA. A
study of some infectious causes of reproductive disorders in cattle owned by
resource-poor farmers in Gauteng Province. South Afr. 2011;82:213-8.
Asmare K, Regassa F, Robertson LJ, Skjerve E. Seroprevalence of Neospora
caninum and associated risk factors in intensive or semi-intensively managed
dairy and breeding cattle of Ethiopia. Vet Parasitol [Internet]. 2013;193(1-
3):85-94. Available from: https://doi.org/10.1016/j.vetpar.2012.11.025

Terefe Y, Girma S, Mekonnen N, Asrade B. Brucellosis and associated

risk factors in dairy cattle of eastern Ethiopia. Trop Anim Health Prod.
2017,49(3):599-606.

Sibhat B, Ayelet G, Skjerve E, Gebremedhin EZ, Asmare K. Bovine her-
pesvirus-1 in three major milk sheds of Ethiopia: Serostatus and associa-

tion with reproductive disorders in dairy cattle. Prev Vet Med [Internet].
2018;150(December 2017):126-32. Available from: https://doi.org/10.1016/j.p
revetmed.2017.12.019

Aragaw K, Sibhat B, Ayelet G, Skjerve E, Gebremedhin EZ, Asmare K. Sero-
prevalence and factors associated with bovine viral diarrhea virus (BVDV)
infection in dairy cattle in three milksheds in Ethiopia. Trop Anim Health Prod.
2018,50(8):1821-7.

Tilahun B, Tolossa YH, Tilahun G, Ashenafi H, Shimelis S. Seroprevalence and
Risk Factors of Toxoplasma gondii Infection among Domestic Ruminants in
East Hararghe Zone of Oromia Region, Ethiopia. Vet Med Int. 2018;2018.

Daw MA, MEDICAL MICROBIOLOGY LABORATORY MANUAL Second. Edition
2009 MEDICAL MICROBIOLOGY Second Edition Department of Microbiol-
ogy and Immunology Faculty of Medicine, Alfateh University Triboli, Libya.
2016;(November).

Cho D, Nam H, Kim J, Heo E, Cho Y, Hwang |, et al. Quantitative rose bengal
test for diagnosis of bovine brucellosis. J Immunoass Immunochem.
2010;31(2):120-30.

Elhassan AM, Fadol MA, Mohamed A, Elfahal A, Rahim A, Elhassan AM et al.

A cross sectional study on reproductive health disorders in dairy cattle in
Sudan A cross sectional study on reproductive health disorders in dairy cattle
in Sudan. 2018;(January 2015).

Mineo TWP, Alenius S, Naslund K, Montassier HJ, Bjorkman C. Distribution

of antibodies against Neospora Caninum, BVDV and BHV-1 among cows

in Brazilian dairy herds with reproductive disorders. Rev Bras Parasitol Vet.
2006;15(4):188-92.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Page 10 of 10

Hovingh E, Veterinarian E, Tech V. Common Causes of Abortions Abortions in
Dairy Cattle - 1. 2009.

Trees AJ, Williams DJL. Endogenous and exogenous transplacental infec-
tion in Neospora Caninum and Toxoplasma Gondii. Trends Parasitol.
2005;21(12):558-61.

Chandranaik BM, Rathnamma D, Patil SS, Ranganatha S, Kovi RC, Akhila DS et
al. Epidemiology of bovine herpes virus-1 under different housing practices
in cattle breeding stations. 2014;84(February):103-7.

El-mahallawy HS, Kelly P, Zhang J, Yang Y, Zhang H, Wei L et al. High serop-
revalence of Coxiella burnetii in dairy cattle in China. 2015;10-3.

Kampa J, Chanlun A, Aiumlamai S, Alenius S. BVDV and BHV-1 infections in
dairy herds in Northern and Northeastern Thailand. 2004;45(3):181-92.
Sanhueza JM, Heuer C, West D. Contribution of Leptospira, Neospora
caninum and bovine viral diarrhea virus to fetal loss of beef cattle in New
Zealand. Prev Vet Med [Internet]. 2013;112(1-2):90-8. Available from: https://
doi.org/10.1016/j.prevetmed.2013.07.009

Derdour S-Y, Hafsi F, Azzag N, Tennah S, Laamari A, China B, et al. Prevalence
of the main infectious causes of abortion in dairy cattle in Algeria. J Vet Res.
2017;61(3):337-43.

Astobiza |, Pifero A, Barandika JF, Hurtado A. Estimation of Coxiella burnetii
prevalence in dairy cattle in intensive systems by serological and molecular
analyses of bulk-tank milk samples. J Dairy Sci [Internet]. 2012,95(4):1632-8.
Available from: https://doi.org/10.3168/jds.2011-4721

Pandit P, Hoch T, Ezanno P, Beaudeau F, Vergu E. Spread of Coxiella burnetii
between dairy cattle herds in an enzootic region: modelling contributions of
airborne transmission and trade. Vet Res. 2016:47(1):1-16.

Barlozzari G, Sala M, lacoponi F, Volpi C, Polinori N, Rombola P et al. Cross-
sectional serosurvey of Coxiella burnetii in healthy cattle and sheep from
extensive grazing system in central Italy. Epidemiol Infect. 2020.

Fulton RW, Burge LJ. Bovine viral diarrhea virus types 1 and 2 antibody
response in calves receiving modi ® ed live virus or inactivated vaccines.
2001;19:264-74.

Subekti DT, Fatmawati M, Khoiriyah A, Pramesthi A, Fong S, Desem Ml et al.
Seroprevalence of Seven Reproductive Diseases in Beef and Dairy Cows from
Three Provinces in Indonesia. 2021;2021.

Edao BM, Hailegebreal G, Berg S, Zewude A, Zeleke Y, SoriT, et al. Brucel-
losis in the Addis Ababa dairy cattle: the myths and the realities 11 Medical
and Health Sciences 1117 Public Health and Health Services. BMC Vet Res.
2018;14(1):1-9.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.


https://doi.org/10.1177/0300985818760376
https://doi.org/10.1016/j.vetpar.2012.11.025
https://doi.org/10.1016/j.prevetmed.2017.12.019
https://doi.org/10.1016/j.prevetmed.2017.12.019
https://doi.org/10.1016/j.prevetmed.2013.07.009
https://doi.org/10.1016/j.prevetmed.2013.07.009
https://doi.org/10.3168/jds.2011-4721

	﻿Seroprevalence of bovine Herpesvirus-1, bovine viral diarrhoea virus, ﻿Neospora caninum﻿ and ﻿Coxiella burnetii﻿ in dairy cows in Ethiopia
	﻿Abstract
	﻿Introduction
	﻿Main text
	﻿Methods
	﻿Study area


	﻿Study design and sampling
	﻿Laboratory analysis
	﻿Data analysis
	﻿Results
	﻿Apparent seroprevalence to four reproductive diseases in dairy cows with a history of reproductive disorders
	﻿The effect of location on the apparent seroprevalence in dairy cows with history of reproductive disorders
	﻿The effect of location on the apparent seroprevalence to each of BHV1, BVDV, ﻿N﻿. ﻿Caninum﻿ and ﻿C. Burnetti﻿ in dairy cows with history reproductive disorders

	﻿Discussion
	﻿Conclusion
	﻿Limitations
	﻿References


