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Abstract 

Background Uterine infections, primarily caused by bacterial pathogens, pose a significant problem for dairy farm-
ers worldwide, leading to poor reproductive performance and economic losses. However, the bacteria responsible 
for uterine infections have not been adequately studied, nor has the antibiotic susceptibility of the causative bacteria 
been frequently tested in Ethiopia. This study aims to estimate the cumulative incidence of uterine infections in post-
partum dairy cows, identify bacterial causes and determine antimicrobial susceptibility profile of the isolated bacteria.

Methods A prospective cohort study was conducted in which 236 cows from 74 dairy farms were monitored 
biweekly from calving to 90 days postpartum for metritis, endometritis and other disorders. Aseptic uterine swab sam-
ples were collected from 40 cows with uterine infections. The samples were cultured, and the isolated bacteria were 
tested for antimicrobial susceptibility using the disk diffusion method.

Results Out of 236 cows monitored during the postpartum phase, 45 (19.1%) were found to have contracted uterine 
infection. The cumulative incidence of metritis was 11.4% (n = 27), while the cumulative incidence of endometritis 
was 7.6% (n = 18). Of the 40 cultured swab samples, 29 (72.5%) had one or more bacteria isolated. The most com-
monly isolated bacteria were Escherichia coli (45%), coagulase-positive staphylococci (30%), and Klebsiella spp. (22.5%). 
Other bacterial spp, including Arcanobacterium pyogenes (12.5%), Fusobacterium spp. (12.5%), Enterobacter aerogenes 
(12.5%), coagulase-negative staphylococci (12.5%), Streptococcus spp. (7.5%), Salmonella spp, (5%) Proteus spp (5%) 
and Pasteurella spp (2.5%) were also isolated. All of the isolated bacteria demonstrated resistance to at least one 
of the antimicrobials tested. Multidrug resistance was observed in E. coli, Klebsiella spp., A. pyogenes, and Fusobacte-
rium spp. Gentamicin was found to be the most effective antimicrobial against all bacteria tested, while tetracycline 
was the least effective of all.

Conclusion The study found that a significant proportion of cows in the population were affected by uterine 
infections and the isolated bacteria developed resistance to several antimicrobials. The study emphasizes the need 
for responsible use of antimicrobials to prevent the emergence of antimicrobial resistance. It also highlights 
the importance of raising awareness among dairy farmers to avoid the indiscriminate use of antibiotics and its 
consequences.
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Introduction
Ethiopia has a huge potential in the dairy industry, with 
an estimated 65 million cattle [1]. However, dairy pro-
duction in Ethiopia is mostly extensive, focusing mainly 
on subsistence and characterized by low production and 
productivity [2]. Nevertheless, there is currently a rapid 
increase in dairy farms in urban and peri-urban areas in 
the country due to the growing demand for dairy prod-
ucts, driven by urbanization and population growth. 
Urban and peri-urban dairies are semi-intensive to 
intensive production systems that maintain exotic and 
cross-bred cows with comparatively better management 
practices [3]. Although the dairy industry has grown sig-
nificantly in recent years, it faces numerous constraints, 
including diseases such as uterine infections, among 
others.

Uterine infections, such as endometritis or metritis, in 
dairy cows, can have significant economic consequences 
for dairy farmers. These infections result in reduced milk 
production, decreased reproductive efficiency, increased 
veterinary costs, and higher culling rates due to infertil-
ity [4]. In developed countries, uterine infection remains 
one of the most expensive diseases, posing major chal-
lenges to the dairy industry, costing approximately $650 
million annually in the United States and €1.4 billion in 
Europe [5]. Considering these numbers, it is reasonable 
to assume that the impact of uterine infections on the 
emerging dairy industry in Ethiopia could be enormous 
due to the lack of prevention and control practices in 
place. Although there are numerous predisposing factors 
for uterine infection in dairy cows, the most important 
factors include parity, calving difficulty, retained pla-
centa, twins, stillbirths, male offspring, ketosis, hypoc-
alcemia, compromised immune status, and excessive 
growth of pathogenic microorganisms in the reproduc-
tive tract [6, 7].

Uterine infections can be caused by different types of 
bacteria, including Escherichia coli, Streptococcus spe-
cies, Trueperella pyogenes, Fusobacterium necrophorum, 
and Prevotella melaninogenica, as reported by Bicalho 
et  al. [8] and Williams et  al. [9]. To manage and treat 
uterine infections, antimicrobial drugs have been widely 
used, especially in developing countries [10]. However, 
the indiscriminate use of antibiotics for treating and pre-
venting uterine infections has led to the development of 
antimicrobial resistance (AMR) in bacteria causing these 
infections, which has become a growing concern globally 
[11]. Such antimicrobial resistant organisms could pose 
significant health risks to both animals and humans [12].

Several authors have reported the occurrence of uter-
ine infections, particularly metritis and endometritis, 
in dairy farms in Ethiopia [13–15]. However, the bac-
teria responsible for uterine infections have not been 

adequately studied, nor has the antibiotic susceptibility of 
the causative bacteria been frequently tested. The AMR 
of bacteria in the uterine fluid of postpartum dairy cows 
is poorly described in Ethiopia. There is only a single 
published study in the country describing AMR of bac-
teria isolated from dairy cows with uterine infection [13]. 
It is known that reproductive disorders such as metritis 
and endometritis can significantly impact the reproduc-
tive performance and overall productivity of dairy cows. 
Therefore, it is crucial to understand the incidence of 
these diseases and the most commonly incriminated bac-
teria in different countries in order to develop targeted 
interventions and management strategies for effective 
prevention and control [7]. Therefore, this study was con-
ducted to estimate the cumulative incidence of uterine 
infection in dairy cows, identify the commonly incrimi-
nated bacterial population, and investigate the sensitiv-
ity of the isolated bacteria to the commonly available 
antimicrobials.

Materials and methods
Study area
The study was conducted between December 2020 to 
December 2021on dairy farms located in Hawassa, 
Wolaita Sodo and Arsi Negelle towns. These areas 
were selected because of their relatively large popula-
tion of dairy cattle and accessibility. Additionally, they 
are regarded as high potential areas for milk production 
in the southern Ethiopian milk shed. According to the 
Department of Livestock and Fisheries Development 
(2020) of each municipality, there are about 107 dairy 
farms in Hawassa, 35 in Arsi Negelle, and 33 in Wolaita 
Sodo. Herd sizes ranged from 2 to 131 cattle, with an 
average of 7 cattle per herd.

Hawassa, the capital of the Sidama Regional State, is 
situated 275 km south of Ethiopia’s capital, Addis Ababa. 
The city is located at an altitude of 1708 m above sea level 
and at  70 3’ N latitude and  380 29’ E longitude. Its annual 
temperature ranges from 20.1 to 25 °C, with rainfall vary-
ing from 800 to 1000  mm. Arsi Negelle town, which is 
found in the West Arsi zone of the Oromia regional state, 
is 225 km away from Addis Ababa. The town is approx-
imately 2043  m above sea level at latitude  70 21’ N and 
longitude  380 42’ E. It experiences an average annual tem-
perature of 10–25  °C, with rainfall ranging from 500 to 
1000 mm. Wolaita Sodo, a town in the Southern Nations, 
Nationalities, and Peoples Regional State, is located 
329  km south of Addis Ababa at an altitude of 700 to 
2950  m above sea level. It is situated between 6º4´N to 
7º1´N and 37º4´E to 38º2´E. The average annual rainfall 
in the town is between 450 and 1446  mm. The town’s 
average annual maximum and minimum temperatures 
are 34.12 and 11.4 °C, respectively [1].
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Study population
The study population consists of postpartum dairy cows 
in urban and peri-urban dairy farms found in the afore-
mentioned study areas. Small to large scale dairy farms 
are springing up in these areas due to rapidly growing 
human population, as well as increased urbanization and 
demand for dairy products. Dairy production in these 
areas varies from the extensive traditional type to semi-
intensive to intensive commercial milk production. The 
extensive production system is largely dependent on 
indigenous breeds, while the semi-intensive and inten-
sive dairy farms tend to breed high-performing cross-
bred or exotic cows. Our study focused on intensive and 
semi-intensive dairy farms. On intensive farms, the cattle 
were kept in tie stalls all the time and fed concentrates 
and roughages. On semi-intensive farms, the animals are 
housed in free stalls, the cattle grazed outside during the 
day and only received supplementary feed in the morning 
and evening shortly before milking. Most dairy farms had 
Holstein–Friesian local crosses, with some pure Jersey 
breeds and local zebu breeds in only three farms each. 
Artificial insemination (AI) has been the most commonly 
used method by the dairy farmers to breed cows. How-
ever, if conception failed after the AI or the AI technician 
was late, all farms would use the bull service as a backup.

Study design, sample size and sampling technique
A prospective cohort study design was used to generate 
the data required for the study. The list of dairy farms 
in each town was identified in consultation with the 
veterinary staff of each town’s Livestock and Fisheries 
Resources Office. From the list of dairy farms, those with 
5 or more cows were purposively selected, resulting in 74 
dairy farms. In the selected farms, all cows that calved 
during the study period (236 cows in total) were moni-
tored for uterine infections every two weeks from calving 
date until 90 days postpartum. Cows with visible uterine 
discharge, with or without a history of abnormal calving 
status (such as dystocia, abortion, retained fetal mem-
brane, vaginal prolapse, or a combination thereof ) were 
chosen for bacterial isolation and characterization. None 
of the cows had received intrauterine/parenteral antibi-
otics or reproductive hormones within two days prior to 
sampling. The study included all available breeds of dairy 
cattle at different parity levels.

Field observation and physical examination
Each farm was visited biweekly to check for any post-
partum events, such as retained fetal membrane, met-
ritis, or endometritis. All clinical signs and relevant 
history regarding postpartum problems were also docu-
mented. Cows with uterine discharge underwent further 

examination of their vagina and cervix using a sterile 
vaginal speculum to determine the type and nature of the 
discharge. The discharge was categorized as clear mucus, 
predominantly clear mucus with traces of pus, mucopu-
rulent (approximately 50% pus and 50% mucus), puru-
lent (> 50% pus) but not foul-smelling, or purulent or 
red-brown and foul-smelling based on the classification 
by LeBlanc et al. [16]. Generally, cows with recent repro-
ductive disorders and/or clinical symptoms underwent 
comprehensive examinations, and all findings, includ-
ing rectal temperature, respiration, and pulse rate, were 
recorded.

Case definition
A cow with red-brown watery foul-smelling uterine dis-
charge and systemic signs of illness, including fever, dull-
ness, loss of appetite and low milk production occurring 
within 21  days after calving, was diagnosed as having 
metritis. On the other hand, cows without any systemic 
illness but with muco-purulent or purulent uterine dis-
charge occurring 3  weeks after parturition were diag-
nosed as cases of endometritis [4, 17].

Sample collection and microbiological examinations
After cleaning the perineum with soap and water, the 
vulva was disinfected using tincture of iodine. A ster-
ile vaginal speculum was employed to guide the swab. 
Trans-cervical guarded swab samples were collected 
from the uterine body of each cow that exhibited signs 
of uterine discharge between 5 to 30  days postpartum. 
The collected swab samples were placed into Stuart 
transport medium and transported in an ice box to the 
Hawassa University Veterinary Microbiology Laboratory 
for microbiological examination. Upon arrival, all sam-
ples were directly streaked on blood agar plates (Oxoid) 
containing 5% defibrinated sheep blood and MacConkey 
agar plate to obtain single colonies (primary isolates) 
side-by-side. If immediate inoculation was not feasible, 
the samples were kept at 4  °C until cultured within1 to 
4 days for isolation. The inoculated/streaked plates were 
then incubated aerobically at 37 °C and checked for bac-
teriological growth after 24 – 72 h of incubation.

Bacterial colonies were identified based on colony char-
acteristics, Gram stain, hemolytic properties, and growth 
on selective media. Following the initial identification, 
culture-specific biochemical tests and standard tests 
were conducted. Additionally, the cultures underwent 
primary identification tests such as the catalase test, as 
well as secondary biochemical tests including mannitol 
fermentation, pigment production, IMViC tests (indole 
test, methyl red test, Voges-Proskauer test, Citret utiliza-
tion test), growth on eosin methylene blue agar (EMB), 
motility test on SIM medium, and coagulase test [18].
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Antibacterial susceptibility testing
The antibiotic susceptibility tests of the bacterial iso-
lates were performed using Kibry-Bauer disk diffusion 
test on Muller Hinton agar (HIMEDIA, Mumbai) based 
on Clinical and Laboratory Standards Institute protocols 
[19]. Six antibiotic diffusion discs, namely gentamicin 
(G10μg/disc), amoxicillin (Am20μg/disc), chlorampheni-
col (C30μg/disc), tetracycline (T10 μg/disc), ampicillin 
(AMP25 μg/disc), and streptomycin (S10 μg/disc). These 
antimicrobial agents were chosen based on clinical con-
siderations, taking into account their frequent use in the 
study area and availability on the market.

Pure culture colonies were transferred to a test tube, 
suspended in 5  ml of peptone, and incubated at 37  °C 
for 24 h. The suspension’s turbidity was adjusted to that 
of 0.5 McFarland standards. A Muller-Hinton agar plate 
was prepared, and a sterile cotton swab was dipped into 
the suspension and wiped onto the plate’s surface. Anti-
biotic discs (Himedia, Mumbai) were then placed on 
the agar plate with sterile forceps and gently pressed 
to ensure complete contact. After 24  h of incubation at 
37 °C under aerobic and anaerobic conditions, the plates 
were read. Isolates were scored as susceptible, interme-
diate, or resistant to each antibiotic tested, according to 
CLSI [19] guideline, by measuring the zone of inhibition 
around the antibiotic disc, with intermediate results con-
sidered resistant [20]. Isolates showing resistance to three 
or more antibiotics were categorized as multiple drug 
resistance (MDR) phenotypes [21].

Statistical analysis
The data was entered into a spreadsheet in Microsoft 
Excel and coded for statistical analysis. All statisti-
cal analyses were conducted using Stata 14.2 statistical 
software (Stata Corp LLC, 4905 Lakeway Drive, College 

Station, Texas). The cumulative incidence of uterine 
infection was calculated as the number of new events or 
cases of uterine infection during the study period divided 
by the total number of postpartum cows in the popula-
tion at risk at the beginning of the study. Descriptive sta-
tistics were used to express the frequency and proportion 
of uterine infections and bacteria isolated from infected 
cows, as well as the proportion of isolated bacteria that 
developed resistance to tested antimicrobials. The chi-
square (χ2) test was used to determine the association of 
uterine infection with the considered risk factors such as 
RFM, dystocia, abortion, milk fever or vaginal prolapse. 
Associations were deemed statistically significant if the 
calculated p-value was below 0.05.

Results
Cumulative incidence of uterine infection
Out of 236 cows monitored during the postpartum 
phase, 45 (19.1%) were found to have contracted uterine 
infection, which could be either metritis or clinical endo-
metritis. The cumulative incidence of metritis was 11.4% 
(n = 27), while the cumulative incidence of endometritis 
was 7.6% (n = 18). It was observed that cows with uter-
ine infection had a history of various reproductive health 
disorders. Retained fetal membrane (p < 0.001), dystocia 
(p < 0.001), and abortion (p = 0.004) were statistically sig-
nificantly associated with uterine infection, while milk 
fever or hypocalcaemia (p = 0.051) and vaginal prolapse 
(p = 0.263) were not associated (Table 1).

Bacteria isolated
Out of 40 swab samples collected from cows with uterine 
infection (24 with metritis and 16 with endometritis) and 
subjected to bacterial isolation, 29 (72.5%) samples exhib-
ited the presence of one or more bacteria, as determined 

Table 1 Association of selected risk factors with uterine infection

RFM Retained fetal membrane, VP Vaginal prolapse.

Risk factors Cows examine Uterine infection χ2 p-value

Frequency Proportion

RFM Absent 185 8 4.32 120.58 0.000

Present 51 37 72.54

Dystocia Absent 204 28 13.7 27.82 0.000

Present 32 17 53.12

Abortion Absent 215 36 16.74 8.45 0.004

Present 21 9 42.86

Milk fever Absent 230 42 18.26 3.82 0.051

Present 6 3 50

VP Absent 234 44 18.8 1.25 0.263

Present 2 1 50
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by colony morphology and biochemical properties. The 
remaining 11 (27.5%) samples did not indicate any bac-
terial growth. Antibiotic treatment had already been 
administered to five cows out of the 45 with uterine 
infection, hence they were not included in the bacteriol-
ogy sampling.

A total of 67 bacterial isolates were identified from the 
positive swab samples, belonging to 10 different genera. 
The bacteria identified included Escherichia coli (45%), 
coagulase positive staphylococci (CPS) (30%), Klebsiella 
spp. (22.5%), Arcanobacterium pyogenes (12.5%), Fuso-
bacterium spp. (12.5%), Enterobacter aerogenes (12.5%), 
coagulase negative staphylococci (CNS) (12.5%), Strep-
tococcus spp. (7.5%), Salmonella spp. (5%), Proteus spp. 
(5%), and Pasteurella spp. (2.5%), listed in descending 
order of frequency (Table 2). Among the swab samples, 
25 contained mixed bacteria, with 12 samples having two 
different bacteria and 13 samples having three different 
bacteria.

There were more instances of bacterial isolates in sam-
ples from cows with metritis as compared to cows with 
endometritis. Out of all the bacterial isolates, 43 (64.2%) 
were found in samples taken from metritis cases, and 24 
(35.8%) were from endometritis cases. The types and fre-
quency of bacteria varied in both cases. E. coli was the 
most commonly isolated bacteria in metritis cases, fol-
lowed by CPS and Klebsiella spp. In endometritis cases, 
CPS was the leading bacteria, followed by E. coli and 
Enterobacter aerogenes. Additionally, Pasteurella spp was 
only isolated in endometritis cases (Table 3).

Antimicrobial susceptibility profiles of the bacterial 
isolates
Table  4 shows the results of the antimicrobial suscep-
tibility test. It was found that the majority of bacteria, 

with the exception of E. aerogenes, Streptococcus spp., 
and Salmonella spp., had developed resistance to mul-
tiple antimicrobials. Multidrug resistance (MDR) was 
observed in E. coli, Klebsiella spp., A. pyogenes, and 
Fusobacterium spp., as they were resistant to three or 
more antimicrobials. Conversely, CPS, CNS, Proteus 
spp., and Pasturella spp. exhibited resistance to two 
antimicrobials. Among the six antimicrobials tested, 
gentamicin was found to be the most effective against 
all bacteria. All bacteria, except CNS, were fully suscep-
tible to gentamicin. Among the CNS isolates, 50% were 
susceptible, while the other 50% showed intermediate 
resistance. Amoxicillin was the second most effective 
antimicrobial, with the majority of bacteria being sus-
ceptible to it. The exception was that 25% of CPS had 
developed resistance to it. Tetracycline was the least 
effective antimicrobial, as seven out of the eleven bacte-
ria displayed varying degrees of resistance to it. Ampi-
cillin was the second least effective antimicrobial, with 
five of the tested bacteria developing different levels of 
resistance.

Among the E. coli isolates, a significant level of resist-
ance was noted against commonly used antimicrobial 
agents, specifically tetracycline (50%) and ampicillin 
(50%). In contrast, a relatively lower resistance rate was 
observed against streptomycin (33.3%).Nonetheless, 
the E. coli isolates were found to be highly susceptible 
to gentamicin (100%), amoxicillin (100%), and chloram-
phenicol (83.3%).

Coagulase positive staphylococci exhibited a high 
level of resistance to ampicillin (75%) and a lower 
rate of resistance rate to amoxicillin (25%). However, 
it displayed high sensitivity to tetracycline (100%), 

Table 2 Bacterial species isolated from cows with uterine 
infection (N = 40)

Bacterial isolates Frequency Proportion (%)

Escherichia coli 18 45

Coagulase positive staphylococci 12 30

Klebsiella spp 9 22.5

Arcanobacterium pyogenes 5 12.5

Fusobacterium spp 5 12.5

Enterobacter aerogenes 5 12.5

Coagulase negative staphylococci 5 12.5

Streptococcus spp 3 7.5

Salmonella spp 2 5

Proteus spp 2 5

Pasteurella spp 1 2.5

Total 100% 67

Table 3 Types and frequency of bacterial isolates from cases of 
metritis and endometritis

Values in the parenthesis are percentages.

Bacterial Isolate Metritis (n = 24) Endometritis 
(n = 16)

Escherichia coli 14 (32.6) 4(16.7)

Coagulase positive staph 7(16.3) 5(20.8)

Klebsiella spp 6(14) 3(12.5)

Arcanobacterium pyogenes 4 (9.3) 1(4.2)

Fusobacterium spp 4(9.3) 1(4.2)

Enterobacter aerogenes 1(2.3 4(16.7)

Coagulase negative staph 2(4.65) 3(12.5)

Streptococcus spp 2(4.65) 1(4.2)

Salmonella spp 2(4.65) 1(4.2)

Proteus spp 1(2.3) 1(4.2)

Pasteurella spp 0(0.0) 1(4.2)

Total bacterial isolates 43 24
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chloramphenicol (100%), gentamicin (100%), ampicillin 
(75%)and streptomycin (50%).

Klebsiella spp were highly resistant to tetracy-
cline(100%) and chloramphenicol (66.7%) and a lower 
rate of resistance to streptomycin (33.3%), but all isolates 
were susceptible to gentamicin, amoxicillin and ampicil-
lin. Of the total isolates of A. pyogenes, 50%were resistant 
to tetracycline, chloramphenicol, streptomycin and ampi-
cillin, but 100% of them were susceptible to gentamicin.

Coagulase negative staphylococci exhibited resistance 
to tetracycline (50%), gentamicin (50%) and streptomycin 
(50%), while all isolates were susceptible to chloramphen-
icol and ampicillin. Fusobacterium spp developed varying 
degree of resistance to tetracycline (33.3%), ampicillin 
(33.3%), and chloramphenicol (66.7%) but it was 100% 
susceptible to gentamicin, streptomycin, and amoxicillin 
(Table 4).

Discussion
The study found that a significant proportion of post-
partum cows (19.1%) in the population were affected by 
uterine infections. Our study specifically examined the 
risk of developing metritis and endometritis in dairy 
cows. Metritis had a cumulative incidence of 11.4%, while 
endometritis had a cumulative incidence of 7.6%. These 
results suggest that both metritis and endometritis are 
significant concerns among dairy cows, although metri-
tis appears to be slightly more common. Since the post-
partum period is critical to a cow’s future lactation and 
fertility, the observation of a high incidence of uterine 
infections in the cows studied has significant implications 
for farmers, veterinarians, and policy makers. Timely 

diagnosis and treatment by veterinarians can protect 
cows’ welfare, while policymakers can create a support-
ive environment for preventive measures. Good man-
agement practices are crucial, including proper hygiene, 
avoiding trauma to the genital tract, reducing stress, 
feeding animals appropriately, and monitoring cow 
health. Educating dairy farmers about proper herd health 
is also important [22].

The cumulative incidence of metritis observed in the 
current study is consistent with previous studies con-
ducted in Ethiopia, which reported cumulative incidence 
ranging from 5.6% to 16.63% [13, 14]. However, other 
countries have reported higher cumulative incidence, 
ranging from 20 to 40% [23–27]. The cumulative inci-
dence of endometritis in the present study is lower than 
previous reports from other countries, such as 27% in the 
UK [28] and 67.2% in Rwanda [29]. These differences in 
cumulative incidence may be attributed to various fac-
tors, including herd management, healthcare practices, 
breed compositions, environmental conditions, or diag-
nostic methods.

The present study revealed a significant association 
between retained placentas (RP), dystocia, and abor-
tion with the cumulative incidence of uterine infection. 
In line with the current finding, several previous reports 
[16, 28, 30, 31] indicated that uterine infection, such as 
metritis and endometritis, can be caused by various 
factors, including primiparity, season, dystocia, twins, 
RP, stillbirths, abortions, and uterus prolapse. These 
reproductive disorders can lead to a delay in the com-
plete clearance of lochia and the maintenance of cervi-
cal patency, creating favourable conditions for bacterial 

Table 4 Antimicrobial susceptibility patterns of bacteria isolated from uterine discharge from cows with postpartum problems

*R Resistant, I  Intermediate, S Susceptible, T  Tetracycline, Ch Chloramphenicol, G Gentamicin, St Streptomycin, Am Amoxicillin, Amp Ampicillin, CPS Coagulase positive 
staphylococci, CNS Coagulase negative staphylococci

Type and number 
of isolates tested

Antimicrobial tested

T10μg/disc Ch30μg/disc G10μg/disc St10μg/disc Am20μg/disc AMP25μg/disc

R I S R I S R I S R I S R I S R I S

E.coli (6) 50 0 50 0 16.7 83.3 0 0 100 33.3 16.7 50 0 0 100 50 0 50

CPS (4) 0 0 100 0 0 100 0 0 100 0 50 50 25 0 75 75 25 0

Klebsiella (3) 100 0 0 66.7 0 33.3 0 0 100 33.3 33.3 33.3 0 0 100 0 0 100

A. pyogenes (2) 50 0 50 50 50 0 0 0 100 50 50 0 0 50 50 50 50 0

Fusobacterium (3) 33.3 0 66.7 66.7 0 33.3 0 0 100 0 0 100 0 0 100 33.3 0 66.7

E.aerogenes (2) 0 0 100 0 0 100 0 0 100 0 50 50 0 0 100 0 0 100

CNS (2) 50 0 50 0 0 100 0 50 50 50 50 0 0 100 0 0 0 100

Streptococus (1) 0 100 0 0 0 100 0 0 100 0 0 100 0 0 100 0 0 100

Salmonella (1) 0 0 100 0 100 0 0 0 100 0 0 100 0 0 100 0 0 100

Proteus (1) 100 0 0 0 100 0 0 0 100 100 0 0 0 100 0 0 0 100

Pasteurella (1) 100 0 0 0 0 100 0 0 100 0 0 100 0 0 100 100 0 0

Total (26) 42.3 3.8 53.8 19.2 15.4 65.4 0 3.8 96.2 23.1 26.9 50 3.8 15.4 80.8 34.6 7.7 57.7
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invasion and growth [28, 32, 33]. Additionally, unsanitary 
housing environments can increase the risk of infection, 
even when the uterine defense mechanisms are intact 
[17]. Overall, these findings indicate that reproductive 
disorders, combined with unhygienic assistance during 
dystocia, serve as risk factors for uterine infection.

The present study successfully identified 62 bacte-
rial isolates from 10 genera, both aerobic and anaerobic. 
Among these, E. coli was the most prevalent bacteria, 
present in 45% of uterine swabs. It was the primary cause 
of metritis and the second most common cause of endo-
metritis. These findings are consistent with other studies 
that have also listed E. coli as a leading cause of post-
calving uterine infections in dairy cows [4, 23, 32, 34, 35]. 
According to the literature, E. coli is a primary pathogen 
that can invade the uterus during calving or contami-
nated procedures. It is typically more common in the 
early postpartum period and appears to pave the way 
for later infection with other bacterial species or viruses 
[9]. In addition to E. coli, other frequently isolated bac-
teria included CPS, Klebsiella spp., A. pyogenes, Fusobac-
terium spp., E. areogenes and CNS. These findings are 
consistent with numerous previous studies worldwide, 
which have also reported the isolation of these bacteria 
frequently from the uterus of postpartum cows and their 
involvement in the pathogenesis of uterine disease [10, 
17, 36–40]. However, different studies do not uniformly 
identify a single or group of bacteria as the main cause 
of uterine infection in cows. Rather, they acknowledge 
mixed contamination as the cause. The lack of agreement 
in the literature may be partly attributed to the timing 
of the isolations, as well as the methods used to collect, 
transport, and process the uterine samples for bacterial 
isolation [40]. It has been reported that more than 90% 
of cows carry microorganisms in their uterus during the 
postpartum period, regardless of any signs of illness [17, 
41]. However, in the present study, the isolation of the 
reported bacteria from cows with uterine infection may 
be due to heavy bacterial colonization following dystocia, 
retained fetal membranes, poor hygiene, and weak uter-
ine defense mechanisms [42, 43].

More than a quarter (27.5%) of samples taken from 
cows with typical clinical signs of metritis and endo-
metritis were bacteriologically negative. This could be 
attributed to various factors such as the low sensitiv-
ity of the culture-based testing method used, the use of 
undisclosed antibiotics, errors in sample collection and 
transportation, or the spontaneous recovery of the cases 
and the presence of some fastidious bacteria [40]. As a 
result, further research using cutting-edge culture-inde-
pendent molecular methods such as MALDI-TOF mass 
spectrometry, is necessary to study uterine microbiota/
pathogens.

Our investigation into the antimicrobial susceptibil-
ity profile of bacteria isolated from the uterus of post-
partum dairy cows revealed that eight out of the eleven 
bacterial species exhibited varying degrees of resistance 
to two or more tested antimicrobial drugs. All antimicro-
bials tested, except gentamycin showed AMR. Further-
more, the present study highlighted the urgent concern 
of MDR, which has been observed in E. coli, Klebsiella 
spp., A. pyogenes and Fusobacterium spp. These bac-
teria have demonstrated resistance to three or more 
antimicrobials, albeit with different patterns of MDR. 
The most severe case of MDR was observed in A. pyo-
genes, which developed resistance to four antimicrobi-
als: tetracycline, chloramphenicol, streptomycin and 
ampicillin. E. coli, Klebsiella spp. and Fusobacterium 
spp exhibited resistance to three antimicrobials each: 
tetracycline––streptomycin–ampicillin, tetracycline–
chloramphenicol–streptomycin, and tetracycline–chlo-
ramphenicol–ampicillin, respectively. These findings 
highlight the limited treatment options available for 
these bacterial species. Similar MDR profiles have been 
reported in other studies where the same bacteria were 
isolated from the uterus of dairy cows [12, 15, 32, 35]. 
However, in contrast to our findings, Santos et  al. [44] 
reported excellent activity of tetracycline and streptomy-
cin against E. coli isolates.

The study found that among the tested antimicrobial 
agents, gentamicin was the most effective, with 96.2% 
of all bacterial isolates being susceptible. Amoxicillin 
was the second most effective, 80.8% of bacterial isolates 
being susceptible. Therefore, dairy farmers should con-
sider using these antimicrobials to treat acute or chronic 
uterine infections. Previous studies have also shown 
gentamicin to be highly effective against Gram negative 
bacteria [32, 45, 46]. However, in contrast to our results, 
some studies found resistant to gentamicin and amoxicil-
lin in cows with metritis and endometritis [15, 47]. It is 
important to note that while gentamicin and amoxicil-
lin have shown promising efficacy against a wide range 
of bacterial isolates, the decision to use these antimicro-
bials should be made in consultation with a veterinar-
ian as the effectiveness of antimicrobial agents can vary 
depending on various factors such as geographical loca-
tion, bacterial resistance patterns, and individual animal 
health conditions [48]. In this study, tetracycline was the 
least effective antimicrobial agent, with seven out of the 
eleven bacterial species showing resistance. Tetracyclines 
are widely applied in veterinary practice, including for 
treating uterine infections like metritis [49]. In general, 
and specifically in the present study areas of Ethiopia, 
long-acting oxytetracycline in systemic form is widely 
employed by veterinary practitioners to treat uterine 
infections due to the absence of intrauterine antibiotics 
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in the market. In some cases, dairy farmers themselves 
administer the antibiotics. Therefore, it is believed that 
the indiscriminate use of tetracycline, which is eas-
ily accessible in local markets by non-professionals may 
have contributed to the emergence of tetracycline-resist-
ant bacterial species observed in this study.

Conclusions
The study found that a significant number of cows in the 
population were affected by uterine infections, namely 
metritis and endometritis. The research identified vari-
ous species of bacteria, both aerobic and anaerobic, that 
cause uterine infections, with E. coli, coagulase-positive 
staphylococci, and Klebsiella spp being the most fre-
quently isolated. The bacteria isolated from infected cows 
demonstrated varying degrees of resistance to many of 
the antimicrobials tested, with MDR occurring in E. coli, 
Klebsiella spp., A. pyogenes and Fusobacterium spp. The 
worst AMR profile was found for tetracycline, with seven 
of the eleven bacteria showing varying levels of resist-
ance to it. While most of the antimicrobials developed 
resistance, gentamicin proved to be effective for nearly all 
bacterial isolates. The study emphasizes the importance 
of early diagnosis and treatment of uterine infections to 
prevent adverse effects on the health and productivity 
of cows. Additionally, responsible use of antimicrobials 
is necessary to prevent the emergence of antimicrobial 
resistance, and further research is needed to understand 
the mechanisms of antimicrobial resistance. It is also 
important to raise awareness among dairy farmers about 
good herd health management practices and the negative 
consequences of indiscriminate antimicrobial use.

Acknowledgements
The authors would like to express their gratitude to the Office of the Vice 
President for Research and Technology Transfer at Hawassa University for their 
financial support. They also extend their thanks to the dairy farm owners and 
attendants for granting permission and providing support during the sample 
collection.

Authors’ contributions
BM designed the study, analyzed and interpreted the data, and wrote the 
draft manuscript. MB, GB and BA participated in data collection and labora-
tory examinations. RA participated in data analysis and critically reviewed 
and drafted the final manuscript. All authors read and approved the final 
manuscript.

Funding
Not applicable.

Availability of data and materials
All data generated or analyzed during this study are included in this article 
and are available from the corresponding author upon reasonable request.

Declarations

Competing interests
The authors declare no competing interests.

Ethics approval and consent to participate
The study received ethical approval from the Institutional Research Ethics 
Review Committee of Hawassa University. All procedures and methods 
adhered to the relevant guidelines and regulations. Prior to conducting the 
study, the objectives, expected outcomes, and benefits, as well as the absence 
of any potential harm or risk to the study animals, were explained to the 
participating dairy farm owners or managers. Written informed consent was 
also obtained from the dairy farms involved in the study.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details
1 Faculty of Veterinary Medicine, Hawassa University, P.O.Box 05, Hawassa, 
Ethiopia. 2 Dunna District Agriculture Office, Hadiya Zone, Central Ethiopia 
Region, Ethiopia. 3 Collegeof Veterinary Medicine and Agriculture, Addis Ababa 
University, P.O.Box 34, Bishoftu, Ethiopia. 4 School of Veterinary Medicine, Ambo 
University, P.O.Box 19, Ambo, Ethiopia. 

Received: 25 October 2023   Accepted: 14 December 2023

References
 1. Central Statistical Agency (CSA). Agricultural Sample Survey. Report on 

Livestock and Livestock Characteristics, vol. II. Addis Ababa: Statistical 
Bulletin 587; 2020. p. 9–11.

 2. Gebreyohanes G, Yilma Z, Moyo S, Mwai OA. Dairy industry development 
in Ethiopia: Current status, major challenges and potential interventions 
for improvement. ILRI Position Paper: Nairobi, Kenya; 2021.

 3. Goshu G, Singh H. Lactation specific and lifetime demographic param-
eters in a Holstein Friesian herd in the central highlands of Ethiopia. Livest 
Res Rural Dev. 2013;25:5.

 4. Sheldon IM, Lewis GS, LeBlanc S, Gilbert RO. Defining postpartum uterine 
disease in Cattle. Theriogenology. 2006;65:1516–30.

 5. Sheldon IM, Price SB, Cronin J, Gilbert RO, Gadsby JE. Mechanism of 
infertility associated with clinical and sub- clinical endometritis in high 
producing dairy cattle. Reprod Domest Anim. 2009;44:1–9.

 6. Coleman DA, Thayne WV, Dailey RA. Factors affecting reproductive perfor-
mance of Dairy cows. J Dairy Sci. 1985;68:1793–803.

 7. Galvão KN. Uterine diseases in dairy cows: Understanding the causes and 
seeking solutions. Anim Reprod. 2013;10:228–38.

 8. Bicalho ML, Machado VS, Oikonomou G, Gilbert RO, Bicalho RC. Associa-
tion between virulence factors of Escherichia coli, Fusobacterium necro-
phorum, and Arcanobacterium pyogenes and uterine diseases of dairy 
cows. Vet Microbiol. 2012;157:125–31.

 9. Williams EJ, Fischer DP, Noakes DE, England GC, Rycroft A, Dobson H, et al. 
The relationship between uterine pathogen growth density and ovarian 
function in the postpartum dairy cow. Theriogenology. 2007;68:549–59.

 10. Palanisamy K, Udhayavel S, Malmarugan S, Rajeswar J. Antibiogram pat-
tern of bacteria causing endometritis in cows. Vet World. 2013;6:100–2.

 11. Shukla SP, Sharma RD. Bacteriological studies on the uterine biopsy and 
conception Rate following treatment in repeat breeding crossbred cows. 
Indian J Anim Reprod. 2005;26:17–9.

 12. Santos T, Caixeta L, Machado V, Rauf A, Gilbert R, Bicalho R. Antimicrobial 
resistance and presence of virulence factor genes in Arcanobacterium 
pyogenes isolated from the uterus of postpartum dairy cows. Vet Micro-
biol. 2010;145(1–2):84–9.

 13. Hadush A, Abdella A, Regassa F. Major prepartum and postpartum 
reproductive problems of dairy cattle in Central Ethiopia. J Vet Med Anim 
Health. 2013;5(4):118–23.

 14. Hundie D, Beyene F, Duguma G. Early Growth and Reproductive Perfor-
mances of Horro Cattle and their F1 Jersey Crosses in and around Horro-
Guduru Livestock Production and Research Centre. Ethiopia Sci Tech Arts 
Res J. 2013;2(3):134–41.



Page 9 of 9Mekibib et al. BMC Microbiology            (2024) 24:4  

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

 15. Moges N, Regassa F, Yilma T, Unakal TG. Isolation and Antimicrobial 
Susceptibility of Bacteria from Dairy Cows with Clinical Endometritis. J 
Reprod Infertil. 2013;4(1):04–8.

 16. LeBlanc SJ, Duffield TF, Leslie KE, Bateman KG, Keefe GP, Walton JS, 
Johnson WH. Defining and diagnosing postpartum clinical endometritis 
and its impact on reproductive performance in dairy cows. J Dairy Sci. 
2002;85:2223–36.

 17. Földi J, Kulksar M, Pecsi A, Lohuis JACM. Bacterial complications of post-
partum uterine involution in cattle. Anim Reprod Sci. 2006;96:265–81.

 18. Quinn PJ, Markey BK, Leonard FC, Hartigan P, Fanning S, Fitzpatrick E. Vet-
erinary microbiology and microbial disease. Chichester: Wiley-Blackwell; 
2011.

 19. Clinical and Laboratory Standards Institute (CLSI). M100-S18 Performance 
Standards for Antimicrobial Susceptibility Testing. Clinical Laboratory 
Standards Institute: Wayne, Pennsylvania; 2008.

 20. Huber H, Giezendanner N, Stephan R, Zweifel C. Genotypes, antibiotic 
Resistance profiles and microarray-based characterization of methicillin-
resistant Staphylococcus aureus strains isolated from livestock and veteri-
narians in Switzerland. Zoo Pub Hlth. 2011;58:343–9.

 21. Rota C, Yanguela J, Blanco D, Carraminana J, Arino A, Herrera A. High 
Prevalence of multiple resistances to antibiotics in 144 Listeria isolates 
from Spanish Dairy and meat products. J Fo Prot. 1996;59:938–43.

 22. Sheldon IM, Molinari PCC, Ormsby TJR, Bromfield JJ. Preventing postpar-
tum uterine disease in dairy cattle depends on avoiding, tolerating and 
resisting pathogenic bacteria. Theriogenology. 2020;150:158. https:// doi. 
org/ 10. 1016/j. theri ogeno logy. 2020. 01. 017

 23. Sheldon IM, Williams EJ, Miller NA, Nash DM, Herath S. Uterine diseases in 
cattle after parturition. Vet J. 2008;176(1–3):115–21.

 24. Galvão KN, Greco LF, Vilela JM, Sá Filho MF, Santos JEP. Effect of intrau-
terine infusion of ceftiofur on uterine health and fertility in dairy cows. J 
Dairy Sci. 2009;92:1532–42.

 25. LeBlanc SJ, Osawa T, Dubuc J. Reproductive tract defense and disease in 
postpartum dairy cows. Theriogenology. 2011;76:1610–8.

 26. Haimer P, Heuwieser W. Invited review: Antibiotic treatment of metritis in 
dairy cows: A systematic approach. J Dairy Sci. 2014;97:6649–61.

 27. Bicalho MLS, Machado VS, Higgins CH, Lima FS, Bicalho RC. Genetic and 
functional analysis of the bovine uterine microbiota. Part I: metritis versus 
healthy cows. J Dairy Sci. 2017;100:3850–62.

 28. Potter TJ, Guitian J, Fishwick J, Gordon PJ, Sheldon IM. Risk factors 
for clinical endometritis in postpartum dairy cattle. Theriogenology. 
2010;74(1):127–34.

 29. Nyabinwa P, Kashongwe OB, Habimana JP, Hirwa CD, Bebe BO. Estimating 
prevalence of endometritis in smallholder zero-grazed dairy cows in 
Rwanda. Trop Anim Health Prod. 2020;52(6):3135–45.

 30. Martinez N, Risco CA, Lima FS, Bisinotto RS, Greco LF, Ribeiro ES, Maunsell 
F, Galvão K, Santos JEP. Evaluation of peripartal calcium status, energetic 
profile, and neutrophil function in dairy cows at low or high risk of devel-
oping uterine disease. J Dairy Sci. 2012;95:7158–72.

 31. Giuliodori MJ, Magnasco RP, Becu-Villalobos D, LacauMengido IM, Risco 
CA, de la Sota RL. Metritis in dairy cows: Risk factors and reproductive 
performance. J Dairy Sci. 2013;96:3621–31.

 32. Takamtha A, Phanaratkitti V, Adirekkiet O, Panyapornwitaya V, Boonyayatra 
S, Kraeusukol K. Prevalence of isolated bacteria from clinical endome-
tritis uterine And antimicrobial susceptibility in postpartum dairy cows. 
Chiang Mai Vet J. 2013;11(3):237–45.

 33. Adnane M, Kaidi R, Hanzen C, England GCW. Risk factors of clinical 
and subclinical endometritis in cattle: a review. Turk J Vet Anim Sci. 
2017;41:1–11.

 34. Pohl A, Lubke-Becker A, Heuwieser W. Minimum inhibitory concentra-
tions of frequently used antibiotics against Escherichia coli and Trueperella 
pyogenes isolated from uteri of postpartum dairy cows. J Dairy Sci. 
2018;101:1355–64.

 35. Basbas C, Garzon A, Byrne BA, Karle B, Aly SS, Champagne JD, Wil-
liams DR, Lima FS, Machado VS, Pereira RV. Evaluation of antimicrobial 
resistance and risk factors for recovery of intrauterine Escherichia coli 
from cows with metritis on California commercial dairy farms. Sci Rep. 
2022;12(1):1–14.

 36. Sheldon IM, Cronin J, Goetze L, Donofrio G, Joachim-Schuberth H. 
Defining Postpartum Uterine disease and the mechanisms of infection 
and immunity in the Female reproductive tract in cattle. Biol Reprod. 
2009;81:1025–32.

 37. Wagener K, Grunert T, Prunner I, Ehling-schulz M, Drillich M. Dynamics 
of uterine infections with Escherichia coli, Streptococcus uberis and 
Trueperella pyogenes in post-partum dairy cows and their association 
with clinical endometritis. Vet J. 2014;202:527–32.

 38. Gilbert RO, Santos NR. Dynamics of postpartum endometrial cytology 
and bacteriology and their relationship to fertility in dairy cows. Theriog-
enology. 2016;85:1367–74.

 39. Cunha F, Jin S, Daetz R, Vieira-neto A, Laporta J, Jeong KC, Barbet AF, Risco 
CA, Galv KN. Quantifying known and emerging uterine pathogens, and 
evaluating their association with metritis and fever in dairy cows. Theriog-
enology. 2018;114:25–33.

 40. Paiano RB, Moreno LZ, Gomes VTM, Parra BM, Barbosa MR, Sato MIZ, 
Bonilla J, Pugliesi G, Baruselli PS, Moreno AM. Assessment of the main 
pathogens associated with clinical and subclinical endometritis in cows 
by culture and MALDI-TOF mass spectrometry identification. J Dairy Sci. 
2022;105:3367–76.

 41. Sheldon, I.M. The postpartum uterus. The Veterinary Clinics of North 
America. Food Animal Practice, 2004; 20 (3): 569–591, doi: https:// doi. org/ 
10. 1016/j. cvfa. 2004. 06. 008.

 42. Hussain AM, Daniel RCW. Phagocytosis by uterine fluid and blood neutro-
phils and haematological changes in postpartum cows following normal 
and abnormal parturition. Theriogenology. 1992;37:1253–67.

 43. Dohmen MJW, Huszenicza Gy Fodor M, Kulcsár M, Vámos M, Porkoláb L, 
SzilágyiM, Lohuis J. Bacteriology and fertility in healthy postpartum cows 
and cows with acute endometritis. In: British Cattle Veterinary Association 
(BCVA), editor. Proc XIX World Buiatric Congress. Edinburgh: MSD Agvet; 
1996. p. 238–241.

 44. Santos T, Gilbert R, Caixeta L, Machado V, Teixeira L, Bicalho R. Susceptibil-
ity of Escherichia coli isolated from uteri of postpartum dairy cows to 
antibiotic and environmental bacteriophages. Part II: In vitro antimicro-
bial activity evaluation of a bacteriophage cocktail and several antibiotics. 
J Dairy Sci.2009; 93(1): 105–114. https:// doi. org/ 10. 3168/ jds. 2009- 2299

 45. Sadig NBM. Identification of aerobic bacteria isolated from vagina of 
cross-bred Dairy cows during early postpartum. M.Sc. Thesis: Khartoum, 
North Sudan; 2010.

 46. Malinowski ED, Lassa HE, Markiewicz HA, Kaptur MA, Nadolny M, Nie-
witecki W, Zietara J. Antimicrobial resistance of aerobic bacteria isolated 
from the inflamed uterus of cows. Med Weter. 2010;66(3):192–5.

 47. Rezanejad M, Karimi S, Momtaz H. Phenotypic and molecular characteri-
zation of antimicrobial resistance in Trueperella pyogenes strains isolated 
from bovine mastitis and metritis. BMC Microbiol.2019. 19. https:// doi. 
org/ 10. 1186/ s12866- 019- 1630-4

 48. Reygaert WC. An overview of the antimicrobial resistance mechanisms of 
bacteria. AIMS Microbiol. 2018;4(3):482–501.

 49. Armengol R, Fraile L. Comparison of two treatment strategies for 
cows with metritis in high-risk lactating dairy cows. Theriogenology. 
2015;83:1344–51.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1016/j.theriogenology.2020.01.017
https://doi.org/10.1016/j.theriogenology.2020.01.017
https://doi.org/10.1016/j.cvfa.2004.06.008
https://doi.org/10.1016/j.cvfa.2004.06.008
https://doi.org/10.3168/jds.2009-2299
https://doi.org/10.1186/s12866-019-1630-4
https://doi.org/10.1186/s12866-019-1630-4

	Incidence of uterine infections, major bacteria and antimicrobial resistance in postpartum dairy cows in southern Ethiopia
	Abstract 
	Background 
	Methods 
	Results 
	Conclusion 

	Introduction
	Materials and methods
	Study area
	Study population
	Study design, sample size and sampling technique
	Field observation and physical examination
	Case definition
	Sample collection and microbiological examinations
	Antibacterial susceptibility testing
	Statistical analysis

	Results
	Cumulative incidence of uterine infection
	Bacteria isolated
	Antimicrobial susceptibility profiles of the bacterial isolates

	Discussion
	Conclusions
	Acknowledgements
	References


