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Abstract
A cross-sectional study was conducted from January to July 2021 to determine 
the prevalence and contributing factors to repeat breeding (RB) and postpar-
tum anestrus (PPA) in crossbred dairy cattle in the central highland of Ethio-
pia. Furthermore;  a retrospective study was used to collect data on the occur-
rence of RB and PPA and the associated risk factors. The pregnancy rate was 
determined by rectal palpation on day 60 after hormonal therapy using double 
PGF2α and GnRH in combination with PGF2α. (Ovsynch). The prevalence of RB 
and PPA was 33.85% and 30.73%, respectively. Body condition score, parity, 
milk yield, herd size, abortion, and mastitis all revealed a statistically signifi-
cant association (p < 0.05) with the prevalence of RB and PPA. Cows with a 
previous history of abortion were 2.58 times at risk of repeat breeding than 
those without. Similarly, cows with a previous history of mastitis were 2.63 
times more at risk of RB than cows that didn’t encounter the disease. Previ-
ously aborted and older cows with greater parity numbers were 2.89 and 1.23 
times more affected by PPA, respectively. Moreover, endometritis and retained 
fetal membrane showed significant association (p<0.05) with postpartum an-
estrus. The pregnancy rates in cows treated with double PGF2α and GnRH + 
PGF2α (Ovsynch) were 41.46% and 29.17%, respectively. It is concluded that 
the occurrence of RB and PPA in the research area was influenced by parity, 
body condition, and daily milk yield of the cow. Reproductive health problems 
including abortion retained fetal membranes, endometritis, and mastitis af-
fected the prevalence of RB and PPA. Although the use of double PGF2α or in 
combination with GnRH has resumed cyclicity in RB and PPA dairy cows, the 
pregnancy rates are yet low. Hence, a study that utilizes detailed hormonal as-
say profiles and reproductive-related blood metabolites should be done.
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Introduction
Reproductive inefficiency is one of the most costly and production-limiting 
factors facing the dairy industry. Dairy cattle reproductive and production 
efficiency in Ethiopia is lower than the average African levels (CSA, 2021). 
Limited genetic potential of dairy cows, inadequate nutrition, and prevailing 
animal diseases (Belay et al., 2012) as well as reproductive problems (Hadush 
et al., 2013) that are related to an ovarian malfunction (Cenariu and Jospe, 
2017), fertilization failure, and embryonic mortality (Levine, 1999), are among 
the major limitations resulting in poor reproductive performance (Bartlett et 
al., 1986; Ibrahim et al., 2011). Repeat breeding (RB) and postpartum anestrus 
(PPA) are among the major causes of infertility in dairy cows (Dinka, 2013) 
resulting in economic losses, replacement costs as well as loss of genomic im-
provement.
 
Repeat breeding is a breeding problem that results in substantial financial 
losses for dairy producers due to lower conception rates and inadequate milk 
yield (Lafi et al., 1992). The causes of RB are multifactorial (Sarder et al., 
2010; Nath et al., 2014) that include managerial Asaduzzaman et al.(2016) 
and Malik et al.(2019), dietary and reproductive diseases and disorders includ-
ing endometritis, ovarian cysts, and anovulation (Wodaje and Mekuria, 2016; 
Cenariu and Jospe, 2017). Poor estrus detection and untimely insemination 
also contribute to repeat breeding (Keskin et al., 2010). Similarly, PPA is con-
sidered a reflection of faulty management, poor nutrition (Rhodes et al., 2003; 
Montiel and Ahuja, 2005), chronic illnesses, or uterine and ovarian disorders 
(Opsomer et al., 1996; Gundling et al., 2012). In addition, the incidence of PPA 
is thought to be influenced by season, breed, age (McDougall, 1994; Mwaanga 
and Janowski, 2000), parity number, dystocia, and by extended effects from 
the previous pregnancy (Opsomer et al., 2000). 

Various hormonal interventions have been suggested to treat repeat breeding 
and postpartum anestrus, the potential causes of infertility (reduced or absent 
capacity to produce viable offspring) in female cattle (Tiwari et al., 2019; Am-
brose, 2021). The most commonly applied treatment option is to stimulate or 
induce estrus and ovulations using GnRH (Fricke et al., 2003) or prostaglan-
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dins (PGF2α) or in combination with both hormones (Karki et al., 2018; Tiwari 
et al., 2019). 

In Ethiopia, studies that have been conducted on reproductive problems in 
dairy cattle are fragmented and focused on identifying the major reproductive 
disorders (Mitku et al., 2012; Haile et al., 2014). However, the extent of occur-
rences of RB and PPA in crossed dairy cows is not yet well documented. More-
over, there were no reports related to the potential risk factors and hormonal 
intervention on PPA and RB in the study area. Though the study area belongs 
to the central highland of Ethiopia with a relatively large number of crossbred 
dairy cows and is one of the main milk sheds of the country that supply milk 
and milk products to Addis Ababa, the reproductive and productive efficiency 
of dairy cows remained low. Therefore, the current study was conducted to as-
sess the prevalence, contributing risk factors, and pregnancy rate subsequent 
to hormonal intervention in RB and PPA dairy cows.

Material and methods
Study area

The research was conducted in Debre Berhan town and its surrounding from 
January to July 2021. The town is found in Amhara Regional State of North 
Shoa Zone, some 120 kilometers north of Addis Ababa, at 90 30 and 90 50 lati-
tudes and 390 20 and 390 44 longitudes with an Altitude of 2,840 meters above 
sea level. The average annual temperature is 20 oC, 7oC, and 8.2oC during the 
day and at night, respectively with 964 milliliters of precipitation. The mean 
monthly temperature of the study area ranges from 2.8 to 21.9°C with a mean 
of 13.18°C, and the mean annual rainfall ranges from 698.5 to 1083.5mm with 
a mean annual of 920 mm (EMA, 2017). 

According to the classification by Nish et al. (2018), extensive, semi-intensive, 
and intensive farms are prevalent in the study area. Cows in extensive man-
agement conditions were grazing and given straw as a supplement feeding 
and they were housed on a conventional floor without any additional facilities. 
Cows that were held in a semi-intensive system were provided with hay, straw, 
and some concentrate feeding; they were kept in farms with concrete floors. 
Cows in intensive farms were housed in a standard barn with a concrete floor 
and were provided with feed consisting of hay, and concentrate with vitamin 
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and mineral mixture before and after calving, they were also fed brewery by-
product (spent grain) and straw. Water in most cases was given ad libitum.

Study population

Dairy cows belonging to small-scale (extensive and semi-intensive) farmers 
and commercial (intensive) dairy farms keeping Zebu*HF crosses located in 
and around Debre Berhan were considered as the study population. The farms 
were selected based on the owners’ willingness and accessibility to records. 
Cows that were in estrus for at least three cycles and have been inseminated 
but failed to conceive were classified as repeat breeders. Cows that have not ex-
perienced estrus for more than 60 days succeeding parturition were designated 
as postpartum anestrus.

Study design and method of data collection

In dairy farms with organized records, retrospective data were collected. In 
farms without a recorded history of cows, data was collected with a structured 
questionnaire. The collected information includes herd management-related 
(herd size, housing, and animal-related (previous calving history, age, parity, 
milk yield, retained fetal membrane, endometritis, mastitis, and abortion). To 
determine the nutritional status of the dairy cows, body condition was scored 
on a one-to-five scale according to Wildman et al. (1982). Accordingly, cows 
were categorized into body condition scores (BCS) of < 3 and ≥3.

The sample size required for this study was calculated using Thrusfield’s 
(2005) method. The confidence interval was calculated to be 95 percent, the 
absolute precision was 5%, and the projected prevalence was estimated to be 
50% because there were no comparable reports in the study area. The sample 
size was calculated as follows:

n= 1.962Pexp (1-Pexp)/ d2, where Pexp = expected prevalence; d= absolute 
precision; n =sample size. 

Accordingly, the estimated sample size was 384 dairy cows. Animals were ob-
tained by inquiring about 3 commercial farms and 164 smallholder farmers to 
collect data using a questionnaire survey.
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Selection of repeat breeding and postpartum anestrous cows for hor-
mone treatment

Cows identified as repeat breeders failed to conceive after three or more insem-
inations but were regularly cycling and were subjected to hormonal therapy. 
Similarly, cows that were identified as having postpartum anestrous were also 
subjected to hormonal therapy. Additionally, all cows in the treatment were 
properly evaluated to be free from any detectable malfunctions of reproductive 
organs, and free of reproductive diseases or disorders that are associated with 
dystocia, retained fetal membrane, or endometritis. 

After selecting repeat breeder cows and those with postpartum anestrus, cows 
were categorized into two groups based on the presence or absence of CL. Fur-
ther cows were evaluated for BCS (<3 or ≥3) and parity (≤3, 4-6 or ≥7). All dairy 
cows were also subjected to rectal palpation and trans-rectal ultrasonography 
to detect apparent reproductive abnormalities and the presence of the corpus 
luteum.

Treatment group I (double PGF2α): The first group consists of dairy cows 
with CL (n=50) on either of the ovaries that received 2 ml of PGF2α (Synchro-
mate ®, Bremer, GMBH, Warburg, Germany) intramuscular on day zero (Fig-
ure 1). Estrus detection was started 24 h after the first PGF2α administration 
and cows in estrus were inseminated 12-24 hrs after standing heat. If the cows 
failed to show estrus signs within five days of the first PGF2α injection, a second 
PGF2α was administered on day eleven, and insemination followed after 18 hrs 
of standing heat. 

Figure1. Diagrammatic representation of double PGF2α protocol

Treatment Group II (Ovsynch): All cows without detectable CL (n=24) at 
rectal palpation and ultrasonography were injected with 100 µg Gonadotropin 
Releasing Hormone (GnRH) (Vetoquinol, Canada) on day 0 (Figure 2) followed 
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by PGF2α (Synchromate ®, Bremer, GMBH, Warburg, Germany) administra-
tion on day 7. The cows were then monitored for signs of estrus three times 
per day for two days. When cows were seen in estrus, two inseminations were 
performed; the second insemination was conducted 12 hrs later. This was done 
to improve pregnancy rates by minimizing mistakes in estrus detection and 
the disparity between insemination time and ovulation. 

Figure 2. Diagrammatic representation of Ovsynch protocol

Dairy cows that did not come to heat/estrus within 48 hours of administration 
of PGF2α were given the second shot of 100 µg GnRH on day nine and were in-
seminated 19 hrs later without estrus detection (fixed time AI). In both groups, 
when cows were seen in estrus, two inseminations were performed; the second 
insemination was conducted 12 hrs later. This was done to improve pregnancy 
rates by minimizing mistakes in estrus detection and the disparity between 
insemination time and ovulation. To minimize individual variance due to in-
seminator skill, every cattle was inseminated by the same inseminator and 
with semen from the same batch of production from the Kality Livestock De-
velopment Institute (LDI).

Pregnancy diagnosis

To eliminate individual variance, pregnancy diagnosis was performed by the 
same professional after 60 days of insemination using rectal palpation, where 
the asymmetry of the uterine horns and CL on the ovary ipsilateral to the preg-
nancy and palpation of the allantoin-chorion (membrane slip) are very good 
indicators of pregnancy (ultrasonography was not used due to organizational 
limitations).

Data analysis

Statistical Package for Social Science (SPSS) software version 25 was used to 
sort, code, compute, and analyze the data that had been collected. Descriptive 
statistical analysis was used to calculate the prevalence of repeat breading 
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and postpartum anestrous in percentages. The chi-square (X2) test was used to 
determine the associations between risk factors with the prevalence of repeat 
breading and postpartum anestrous. Logistic regression was also employed to 
check the influence of the risk factors on the occurrences of RB and PPA, p < 
0.05 was considered to declare a significant effect.

Results
Repeat Breeding (RB)

Out of 384 dairy cows that were included in the study, 130 (33.85%) were re-
peat breeders (RB). In cows with a previous history of repeat beading, the as-
sociated potential risk factors such as body condition score, parity number, and 
milk yield were statistically significant (p<0.05) as shown in Table 1. 

Table 1. Association of cow-related risk factors with repeat breeding 
Risk Factors Categories N (% Prevalence 

of RB)
X2 P-value

BCS ≥3
<3

61 (22.93)
69 (25.94)

14.9336 0.001

Parity 
(number)

≤3
4-6
≥7

105 (39.47)
22 (8.27)
3 (1.14)

20.4143 0.016

Daily milk 
yield
(litters)

<10 L
≥10 L

33 (12.41) 
97 (36.47)

49.2897 0.000

Among management-related variables; herd size revealed a significant asso-
ciation (p<0.05) with the prevalence of repeat breading (Table 2), whereas the 
production system has no statistically significant relationship (p>0.05) with 
repeat breading. 

Table 2. Association of management-related factors with repeat breeding
Risk Factors Categories N (% Prevalence of RB) X2 P-value
Production system Extensive

Intensive
Semi-intensive

40 (15.04)
24 (9.02)

66 (24.81)

3.6968 0.157

Herd Size ≤10
>10

106 (39.85)
24 (9.02)

17.2584 0.000
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Among reproductive disorders and diseases; abortion and mastitis showed a 
strong association (p<0.05) with repeat breeding. Cows with an abortion his-
tory had 2.58 times more chance of becoming repeat breeder cattle than those 
that were not affected cows. Similarly, cows with mastitis exhibited 2.63 times 
more risk of becoming repeat breeder cattle (Table 3) than those that were not 
affected by mastitis. Dairy cows with lower BCS (<3), higher milk production, 
and smaller herd size had a statistically significant (p<0.05) association with 
the prevalence of repeat breeding (Table 3).

Table 3. Strength of association (logistic regression) between risk factors and 
repeat breeding
Risk Factors Odds Ratio p-value [95% Conf. Interval]
BCS 0.36 0.000 0.22 - 0.61
Milk yield 0.16 0.000 0.09 - 0.27
Herd Size 0.85 0.000 0.80 - 0.91
Abortion 2.59 0.044 1.03 - 6.51
Mastitis 2.63 0.005 1.35 - 5.14

Postpartum anestrus (PPA)

Of 384 dairy cows, 118 (30.73%) were post-partum anestrous (PPA), cows that 
didn’t return to estrus within 60 days of parturition. Body condition score and 
milk yield were among the risk factors that had statistically significant (p<0.05) 
associations with postpartum anestrus. The management-related factors such 
as production system and herd size had no eminent relationship (p>0.05) with 
postpartum anestrus (Table 4).

Table 4. Association of management-related factors with postpartum anestrus
Risk Factors Categories N (% 

Prevalence of 
PPA)

X2 P-value

Production system Extensive
Intensive
Semi-intensive

35 (13.78)
31 (12.2)

52 (20.47)

2.9683 0.227

Herd size ≤10
>10

77 (30.33)
41 (16.14)

27.9611 0.112

From the reproductive health problems (risk factors), when an equal num-
ber of cows without reproductive health problems were compared with those 
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with reproductive problems, abortion, endometritis, retained fetal membrane 
(RFM), and mastitis all showed significant association (p<0.05) with postpar-
tum anestrus.  
Among the risk factors, RFM has shown a strong association with PPA, and 
cows that had previous RFM were 9.904 times more at risk of facing postpar-
tum anestrus than those cows free of RFM. Moreover, cows with older age and 
thus with greater parity were 1.23 times more at risk of suffering from post-
partum anestrus than those cows that were younger.

Table 5. Strength of association (Logistic regression) between risk factors and 
PPA
Risk Factors Odds Ratio p-value [95% Conf. Interval]

Parity 1.24 0.002 1.08-1.42
BCS 0.24 0.000 0.14-0.42
Daily Milk Yield 0.29 0.000 0.17-0.48 
RFM 9.90 0.006 1.95-7.29
Endometritis 3.58 0.013 1.31-9.75
Mastitis 2.56 0.041 2.32-5.89
Abortion 2.89 0.025 1.15-7.29

Response to hormonal treatment and associated pregnancy rate

The overall pregnancy rate of repeat breeder and postpartum anestrus female 
cattle that were treated with double PGF2α and Ovsynch protocols is given in 
Table 7.

Table 6. Pregnancy rate of repeat breeding and postpartum anestrus cows by 
hormonal therapy type
Treatment protocol No. of 

treated 
animal

No. of animals 
in estrus

No. of pregnant 
animals (%)

Double PGF2α 50 41 17 (41.46)
GnRH+PGF2α (Ovsynch) 24 24 7 (29.17)
Total 74 65 24 (36.92)

Among the total of 50 cows that were diagnosed as having corpus luteum (CL) 
on either of the ovaries, 33 cows exhibited overt signs of estrus after the first 
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injection of PGF2α. Consequently, 12 (36.36%) cows were conceived after arti-
ficial inseminations. A second shot of PGF2α was given to the rest of the cows 
(n=17) of which 8 cows exhibited estrus signs and were inseminated, from 
which 5 (62.5%) were diagnosed pregnant on rectal palpation 60 days after 
insemination. 

Twenty-four (24) cows that did not possess CL upon ultrasonography examina-
tion received GnRH injection on the day of start, among which six cows showed 
estrus signs and inseminated, where only 1 (16.67%) cow confirmed pregnant. 
Consequently, from 18 cows that failed to show estrus and further received 
PGF2α injection after 7 days of GnRH administration, three cows showed estrus 
and inseminated, from which 1 (33.3%) cow was able to conceive. The remain-
ing 15 cows were given the second GnRH injection on day 9 of the first GnRH 
injection and inseminated 19 hrs later (fixed time AI) regardless of manifesta-
tion of estrus signs, where 5 (33.3%) cows were found pregnant on rectal palpa-
tion 60 days of insemination.

Discussion
The prevalence of repeat breeding (33.85%) in the cross-sectional study is con-
sistent with the findings of Bartlett et al. (1986), who reported the prevalence 
of repeat breeding (RB) ranging from 14.6 and 36.8 %. In disparity to studies 
that indicated a prevalence of 7.03%, 13.08%, and 8.72% (Mitku et al., 2012), 
(Haile et al., 2014) and (Haftu and Gashaw, 2009) in various regions of Ethio-
pia, respectively and 10.1%, 11.3%, 27.6% and 20% (Gustafsson and Emanu-
elson, 2002), (Nath et al., 2014) (Malik et al., 2019) and Sarder et al., 2010), 
respectively from abroad, the prevalence of RB in the present study was quite 
high. The high rate of occurrence of RB may be the consequence of insuffi-
cient estrus detection and errors in timing insemination (Keskin et al., 2010). 
Moreover, the variances across these studies may be a result of study design, 
individual variation, topographical variances, and discrepancies in the inter-
pretation of repeat breeding.

The findings of the present study revealed a significantly higher prevalence of 
RB (p < 0.05) in dairy cows with low BCS (<3) than in cows with BCS of ≥3. 
This result was consistent with previous works of Asaduzzaman et al. (2016) 
and Malik et al. (2019), who also found a substantial link between decreasing 
body condition consequent to inadequate supply of nutrition and reproductive 
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problems including RB. Dairy cows that have insufficient nutrition tend to 
have low BCS, thus putting them at a higher chance of repeat breeding. More 
specifically, poorly fed dairy cows are more likely to develop a negative energy 
balance, which in turn affects the release of reproductive hormones and hence, 
increases the risk of fertilization failure and/or early embryonic mortality that 
leads to a higher prevalence of RB (Malik et al., 2019).

The current investigation also revealed that milk yield had a statistically sig-
nificant (p < 0.05) impact on the prevalence of RB. The findings show that the 
higher a dairy cow’s milk output is, the greater the chances of being a repeat 
breeder. In agreement with the current study, Gustafsson and Emanuelson 
(2002), Nath et al. (2014), and Malik et al. (2019) observed that the high-pro-
ducing cattle were more susceptible to RB. The reason could be changes in the 
reproductive physiology of higher milk-supplying cows experiencing RB and 
hence subjected to lower fertility (Gustafsson and Emanuelson, 2002). In ad-
dition, Yusuf et al. (2010) reported that shorter days in milk at first AI were 
among the risk factors for repeat breeding.

The present study indicated that dairy cows in smaller herds (n≤10) were more 
likely to be repeat breeders. The result was consistent with Gustafsson and 
Emanuelson (2002), who also reported a direct relationship between the de-
crease in herd size and the rise in the number of repeat breeder cows. However, 
Asaduzzaman et al. (2016) found that RB was considerably less common on 
farms with fewer animals. The differences may be explained by management 
differences in those herds; with the assumption that herds with fewer animals 
were of part-time livestock production and larger herds tend to be commercial 
farms and hence more attention was given to fertility/reproductive and produc-
tive performance of the cows (Asaduzzaman et al., 2016). In the present study, 
dairy cows with a history of reproductive problems of abortion and mastitis 
during the previous calving had a considerably greater prevalence of RB (p 
< 0.05): dairy cattle that had abortion and mastitis were 2.58 and 2.63 times 
more likely to turn out to be a repeat breeder, respectively. This finding agreed 
with the reports of Levine (1999) and Gustafsson and Emanuelson (2002).

The 30.73% prevalence of postpartum anestrus in the present study fairly 
agrees with the findings of Ducrot et al. (1994) who reported a 32.5% preva-
lence of PPA. In contrast, Hadush et al. (2013) and Haile et al. (2014) reported 
considerably lower prevalence of 12.9% and 10.26%, respectively in various 
regions of Ethiopia; and McDougall (1994), Walsh et al. (2007) and Kamal et al. 
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(2012) of 19.5%, 17.2% and 18.5%, respectively from abroad. The difference in 
prevalence between these studies might be topographical variations, differenc-
es in breed studied, and individual variations (Mwaanga and Janowski, 2000).
Cows with a body condition score (BCS) of less than 3 and poorly fed animals 
had a substantial association with the occurrence of postpartum anestrus in 
the present investigation. The findings were in agreement with reports of Du-
crot et al. (1994), Rhodes et al. (2003), and Montiel and Ahuja (2005), who 
found a strong interrelation between PPA, body condition scoring, and poor 
nutrition. The findings of the present study also revealed a substantial asso-
ciation between the higher milk yield of dairy cows and postpartum anestrus. 
Comparable results were also reported in previous studies of Mwaanga and 
Janowski (2000) who found that higher-yielding cattle were more at risk of 
PPA.

Among the reproductive problem-related risk factors considered in this study, 
endometritis, RFM, mastitis, and abortion was found to have a strong associa-
tion (p < 0.05) with PPA. These results correlate with the findings of Opsomer 
et al. (2000) who were able to show that the risk of postpartum anestrus in-
creases with multiple reproductive disorders and diseases.

The pregnancy rate obtained in the present study when using double PGF2α 
protocol was 41.46%, which is lower than the findings of Mansour et al. (1999) 
(65.2%) and El-Shahat and Badr (2011) (71.42%) who also used the same treat-
ment protocol. The variations may lay on differences in the breed of cattle used 
for the study or inseminator skill. In contrast, the hormonal intervention using 
the Ovsynch protocol resulted in a pregnancy rate of 29.17%, which is fairly 
close to the findings of Caraba and Velicevici (2013) who reported a rate of 25% 
for the same hormonal therapy. On the other hand, Zobel et al. (2011) found a 
higher pregnancy rate of 79.88%, in 131 out of 164 treated cows. The difference 
can be justified by the breed of cattle studied and or the skill of the insemina-
tor as well as the late pregnancy diagnosis time of 60 days post insemination 
in the present study.

Conclusions
This study confirmed that repeat breeding and postpartum anestrus are among 
the frequent causes of infertility in dairy cows in the study area. The occur-
rence of RB and PPA was influenced by parity, reproductive health problems 
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including abortion, retained fetal membranes, endometritis and mastitis, body 
condition, and daily milk yield of the dairy cows. Treatment of cows with RB 
and PPA with double PGF2α and/or Ovsynch protocol brought them back to 
cyclicity thereby increasing the chance of becoming pregnant up on insemina-
tion. It is thus, recommended that smallholder and commercial dairy farms 
need to improve the dairy management and reproductive health monitoring 
strategy since most risk factors of RB and PPA arise from poor care for dairy 
cattle. Moreover, hormonal therapy can be used to reduce the wastage of dairy 
cows that are prone to culling due to RB and PPA.
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