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BACKGROUND: Endometritis is a major cause of infertility in mares worldwide. 
In India, information on endometritis in mares is limited. Objectives: The purpose 

of this study was to identify uterine bacterial isolates from endometritis-affected mares 
in India and evaluate their antimicrobial susceptibility pattern. Methods: Endometritis 
was diagnosed based on history of infertility and findings from transrectal examination, 
visual inspection of low-volume uterine lavage samples, endometrial cytology and 
bacterial culture. Uterine lavage samples were collected from 15 mares with endometritis 
and subjected to bacterial culture and antimicrobial susceptibility test. Results: The most 
common bacterial isolates were Escherichia coli (E. coli, 40.0%), Staphylococcus (26.7%), 
Streptococcus (20.0%), and Klebsiella (13.3%) species. Most of the E. coli isolates were 
susceptible to gentamicin (83.3%), netilmicin sulphate (83.3%), tobramycin (83.3%), 
nitrofurantoin (83.3%), amikacin (66.7%), and ampicillin/sulbactam (66.7%). All of 
the Staphylococcus isolates were susceptible to gentamicin, amikacin, and ampicillin/
sulbactam. All Streptococcus and Klebsiella isolates were susceptible to gentamicin, 
amikacin, and netilmicin sulphate. Furthermore, all Klebsiella isolates were susceptible 
to sparfloxacin, ampicillin/sulbactam, tobramycin, cefadroxil, and co-trimoxazole. 
Ampicillin and amoxicillin were the least effective antimicrobials with susceptibility 
percentages ranging between 0 to 33.3% for the various isolates. Conclusions: The results 
suggest that E. coli is the most common cause of equine endometritis in India. Based on 
the antimicrobial susceptibility patterns, it can be concluded that gentamicin, amikacin, 
netilmicin sulphate and ampicillin/sulbactam may be the best first-line antimicrobials for 
clinical application in equine endometritis cases in India while awaiting antimicrobial 
susceptibility test results.
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Introduction                                                                                         

Endometritis is an important problem facing the 
global equine industry. In a survey completed by 
equine practitioners, it was ranked as the third 
most common medical condition in horses [1]. 
Endometritis is a major cause of infertility in 
mares [2] and it results in significant losses to the 
equine breeders due to conception failures, early 
embryonic losses, and diagnostic and therapeutic 
expenses [3-6]. Although endometritis in mares 
has been attributed to a multitude of infectious and 
non-infectious causes [7], bacteria are considered 
the most common infectious cause of this condi-
tion. Bacterial endometritis has been reported in 
as high as 60% of barren mares [8]. The most 
common isolates reported in the literature were 
Escherichia coli, Streptococcus species (more 
commonly Streptococcus equi subspecies zooepi-
demicus), Pseudomonas aeruginosa, Klebsiella 
species and  Staphylococcus species [9-14].

Treatment of bacterial endometritis in mares 
involves use of antibiotics, often in combination 
with other approaches such as uterine lavage 
and oxytocin to facilitate uterine clearance [2,7]. 
Selection of the first-line antimicrobial while 
awaiting results of antimicrobial susceptibility 
tests is usually based on clinician preferences and 
findings from previous antimicrobial susceptibility 
studies on equine uterine isolates. Antimicrobial 
susceptibility studies on equine uterine isolates 
have been conducted in different countries 
including Sweden [9], Italy [11], Egypt [12], and 
Spain [13]. However, to our knowledge there is 
no published information about bacterial causes 
of equine endometritis and their antimicrobial 
susceptibility in India. The present study was, 
therefore aimed at identifying uterine bacterial 
isolates from mares with endometritis in India 
and evaluating their antimicrobial susceptibility 
pattern.

Material and Methods                                                        

Animals
All animal handling and clinical procedures 

performed in this study were approved by the 
Institutional Ethics Committee for Veterinary 
Clinical Research. Forty-eight Thoroughbred 
mares from three different stud farms in and around 
Pune, India were used in this study. Fifteen out of 

the forty-eight mares had a history of infertility 
and were diagnosed to have endometritis on 
the basis of transrectal examinations indicating 
excessive intrauterine fluid accumulation (> 2 cm), 
turbid appearance of low-volume uterine lavage 
samples, inflammatory endometrial cytology 
(greater than 2 neutrophils per high power field), 
and positive bacterial culture [2,15].

Collection of low-volume uterine lavage samples
Mares were sampled during oestrus detected 

on the basis of behavioural signs and results 
of transrectal examinations. After restraining 
each mare in stocks, the tail was wrapped, 
and the perineum was cleaned using soap and 
water. A low-volume uterine lavage sample was 
transcervically collected from each mare using 
sterile water and a sterile lavage assembly. 

Bacterial culture and characterization
The low volume uterine lavage samples were 

inoculated in BHI (Brain heart infusion) agar, 
MacConkey agar, EMB (Eosin-methylene blue) 
agar, Blood agar and Mannitol salt agar (MSA) 
plates using the streak plate method. The agar 
plates were then incubated at 37°C for 24 hours. 
The growth from agar plates was smeared on a 
clean glass slide followed by Gram staining to 
identify the type of bacteria. The pure culture was 
then inoculated in sterile BHI broth for overnight 
at 37°C followed by inoculation of the turbid 
broth on sterile BHI slant and kept at 37°C for 24 
hours for obtaining isolates. 

Various tests such as Methyl red (MR) test, 
Voges-Proskauer test (VP), Indole test, Nitrate 
reduction test, Urea hydrolysis test, Citrate 
reduction test, Catalase test, and oxidase test were 
performed for the biochemical characterization of 
the bacterial isolates. These tests included. 

Antimicrobial susceptibility test (AST)
The isolated bacterial cultures from the BHI 

slants were inoculated in the Mueller Hinton 
(MH) broth and kept at 37°C for overnight. 
After inoculation density (~0.5 McFarland), 
incubation time and temperature standardization, 
antibiotic sensitivity of each bacterial isolate 
was tested on MH agar via the Kirby-Bauer disk 
diffusion method. The ICOSA universal I and 
ICOSA universal II discs (HiMedia Laboratories 
Private Limited, Mumbai, India) containing 
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Amikacin, Ampicillin, Ampicillin/Sulbactam, 
Amoxicillin, Azithromycin, Cefaclor, Cefadroxil, 
Cefoperazone, Cefotaxime, Ceftazidime, 
Ceftriaxone, Cefuroxime, Chloramphenicol, 
Ciprofloxacin, Clarithromycin, Cloxacillin, 
Co-Trimoxazole, Erythromycin, Gentamicin, 
Nalidixic acid, Netilmicin, Nitrofurantoin, 
Norfloxacin, Penicillin-G, Roxithromycin, 
Sparfloxacin, Tobramycin, and Vancomycin 
were used in this test. Bacterial growth inhibition 
around each antibiotic disc was then estimated, 
compared with standard chart and isolates were 
categorized as susceptible (sensitive) and non-
susceptible (intermediate and resistant) for 
calculation of susceptibility percentage [16,17].

Statistical analyses
Data was analyzed using statistical software 

(IBM® SPSS® for Windows, Version 28.0. 
Armonk, NY: IBM Corp). Antibiotic susceptibility 
(in percentage) of each bacterial isolate was 
calculated and the associated 95% confidence 

intervals were determined using the Clopper-
Pearson exact method.

Results                                                                                               

Among the 48 uterine lavage samples subjected 
to culture, bacterial growth was observed in 15 
samples. Of the 15 isolates, 8 (53.0%) isolates 
were Gram-positive and 7 (47.0%) isolates were 
Gram-negative. The isolated bacterial species 
were E. coli (40.0%; 6/15), Staphylococcus 
(26.7%; 4/15), Streptococcus (20.0%; 3/15), and 
Klebsiella (13.3%; 2/15). Gram-negative rod-
shaped E. coli showed pink colour (suggestive 
of lactose fermentation), smooth round opaque 
colonies on MacConkey agar and characteristic 
green metallic sheen on EMB agar. Klebsiella 
isolates were Gram-negative rods and produced 
characteristic highly mucoid colonies on 
MacConkey agar. The golden-yellow colonies 
on BHI agar, pink colour colonies on MSA and 
Gram-positive cocci in characteristic irregular 

TABLE 1. Identification of the uterine bacterial isolates by biochemical tests

Name of the test Escherichia coli Staphylococcus spp. Streptococcus spp. Klebsiella spp.
Indole Positive Negative Negative Negative
Methyl red Positive Positive Positive Negative
Voges-Proskauer Negative Positive Negative Positive
Citrate reduction Negative Negative Positive Positive
Catalase Positive Positive Negative Positive
Oxidase Negative Negative Negative Negative
Urea hydrolysis Negative Positive Negative Positive
Nitrate reduction Positive Positive Negative Positive

Fig. 1. Antimicrobial susceptibility pattern of E. coli isolates from mares with endometritis in India
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Fig. 2. Antimicrobial susceptibility pattern of Staphylococcus isolates from mares with endometritis in India

Fig. 3. Antimicrobial susceptibility pattern of Streptococcus isolates from mares with endometritis in India
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grape fashion pointed towards Staphylococcus. 
While Streptococcus isolates reflected Gram-
positive cocci arranged in long chains and showed 
pinpoint haemolytic colonies on blood agar. The 
identification of the different types of bacterial 
isolates was further confirmed by biochemical test 
results (Table 1).

The antimicrobial susceptibility patterns 
of E. coli, Staphylococcus, Streptococcus, and 
Klebsiella isolates from mares in the present study 
are shown in Figures 1 to 4, respectively.

The overall antimicrobial susceptibility 
patterns for all 15 isolates are shown in Figure 
5. The percentages of the isolates susceptible to 
each antibiotic and the associated 95% confidence 
intervals are presented in Table 2. Most of the 
E. coli isolates were susceptible to gentamicin 
(83.3%), netilmicin sulphate (83.3%), tobramycin 
(83.3%), nitrofurantoin (83.3%), amikacin 
(66.7%), and ampicillin/sulbactam (66.7%). All 
of the Staphylococcus isolates were susceptible to 
gentamicin, amikacin, and ampicillin/sulbactam. 
Similar susceptibility percentage (100%) was 
observed for gentamicin, amikacin, and netilmicin 
sulphate against Streptococcus and Klebsiella 
isolates. Furthermore, all of the Klebsiella isolates 
were susceptible to sparfloxacin, ampicillin/
sulbactam, tobramycin, cefadroxil, and co-
trimoxazole. Ampicillin and amoxicillin were the 
least effective antimicrobials with susceptibility 
percentages ranging between 0 to 33.3% for the 

Fig. 4. Antimicrobial susceptibility pattern of Klebsiella isolates from mares with endometritis in India

various isolates. Low combined susceptibility 
percentages (<50%) were observed for 17 of the 
28 tested antibiotics (Table 2).

Discussion                                                                        

The bacterial isolates detected in the present 
study were similar to the isolates commonly 
reported in previous studies conducted elsewhere 
[9,10-13,18]. Many of those studies reported E. 
coli as the most frequent bacterial isolate with 
frequencies varying between 27.9% to 50.0% 
[9,10,12,14,18]. Similar results were observed 
in the present study with E. coli being the 
predominant isolated bacterial species from mares 
with endometritis. In contrast to our findings and 
the other studies mentioned above, Streptococcus 
group C and Staphylococcus were reported as 
the most common bacterial isolates, respectively 
[11,13]. Disparities in frequently isolated bacteria 
from mares between different studies have been 
previously attributed to different geographic 
locations, diverse mare populations, and 
exposure to different antimicrobial agents [19]. 
The other three bacterial isolates detected in the 
present study (Staphylococcus, Streptococcus, 
and Streptococcus species) have been reported 
previously in mares with endometritis in various 
countries [9-13,18]. Although the present study 
provides useful preliminary information, further 
studies involving larger and wider sample sizes 
are required to get a better understanding of the 
microbial populations associated with equine 
endometritis in India.
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Fig. 5. Combined antimicrobial susceptibility pattern of all isolates from mares with endometritis in India

The antimicrobial susceptibility patterns 
observed in the present investigation were similar 
to those reported in some of the previous studies 
[9,13,18] in which gentamicin was found to be a 
very effective antimicrobial drug. In addition to 
gentamicin, amikacin, netilmicin sulphate and 
ampicillin sulbactam were associated with a high 
susceptibility percentage in our study. Pertinently, 
amikacin was also reported to be highly effective 
in two retrospective studies conducted in Italy [18] 
and Spain [13]. However, slightly different results 
were reported in a few other studies. Enrofloxacin 
and amoxicillin-clavulanic acid were reported to 
be highly effective in one study [11], whereas 
ciprofloxacin, levofloxacin, and enrofloxacin were 
shown to be highly effective in another study [12]. 

Based on the antimicrobial susceptibility patterns 
observed in the present study, it was concluded 
that gentamicin, amikacin, netilmicin sulphate 
and ampicillin/sulbactam may be the best first-
line antimicrobials for clinical application in 
equine endometritis cases in India while awaiting 
antimicrobial susceptibility test results.

The high resistance rate of the uterine 
bacterial isolates to more than half of the 
antibiotics tested in this study is yet another 

confirmation of the wider antimicrobial 
resistance issue in India. Antimicrobial 
resistance is an ever-growing public health 
concern throughout the world, but the situation 
is significantly worse in developing countries 
such as India [20]. Reasons include a high 
burden of infectious diseases and unrestricted 
access to medications, resulting in increased 
and incorrect use of antimicrobial drugs [21,22]. 
The results of this study further underscore 
the need for antimicrobial stewardship in 
veterinary medicine in India.

Conclusions                                                                     

The present study demonstrated that E. coli is 
the most common uterine bacterial isolate from 
mares with endometritis in India. Antimicrobial 
susceptibility testing of the bacteria isolated from 
the mares indicated that gentamicin, amikacin, 
netilmicin sulphate and ampicillin/sulbactam may 
be the best first-line antimicrobials for clinical 
application in equine endometritis cases in India. 
The overall high rate of antimicrobial resistance 
observed in the present study further emphasizes 
the need to judiciously use antimicrobials in 
veterinary practice in India.
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TABLE 2. Antimicrobial susceptibility pattern of the uterine bacterial isolates from mares with endometritis (n=15)

Antibiotic E. coli
(n=6)

Staphylococcus spp. 
(n=4)

Streptococcus spp. 
(n=3)

Klebsiella spp.	
 (n=2)

Overall
(n=15)

Gentamicin 83.3 (35.9, 99.6) 100.0 (39.8, 100.0) 100.0 (29.2, 100.0) 100.0 (15.8, 100.0) 93.3 (68.1, 99.8)

Cefoperazone 33.3 (4.3, 77.7) 25.0 (0.6, 80.6) 66.7 (9.4, 99.2) 50.0 (1.3, 98.7) 40.0 (16.3, 67.7)

Chloramphenicol 33.3 (4.3, 77.7) 50.0 (6.8, 93.2) 0.0 (0.0, 70.8) 50.0 (1.3, 98.7) 33.3 (11.8, 61.6)

Ciprofloxacin 50.0 (11.8, 88.2) 50.0 (6.8, 93.2) 66.7 (9.4, 99.2) 50.0 (1.3, 98.7) 53.3 (26.6, 78.7)

Cefuroxime 50.0 (11.8, 88.2) 75.0 (19.4, 99.4) 66.7 (9.4, 99.2) 0.0 (0.0, 84.2) 53.3 (26.6, 78.7)

Roxithromycin 16.7 (0.40, 64.1) 75.0 (19.4, 99.4) 33.3 (0.80, 90.6) 0.0 (0.0, 84.2) 33.3 (11.8, 61.6)

Norfloxacin 50.0 (11.8, 88.2) 50.0 (6.8, 93.2) 66.7 (9.4, 99.2) 50.0 (1.3, 98.7) 53.3 (26.6, 78.7)

Ceftazidime 16.7 (0.40, 64.1) 25.0 (0.60, 80.6) 0.0 (0.0, 70.8) 50.0 (1.3, 98.7) 20.0 (4.3, 48.1)

Sparfloxacin 33.3 (4.3, 77.7) 50.0 (6.8, 93.2) 66.7 (9.4, 99.2) 100.0 (15.8, 100.0) 53.3 (26.6, 78.7)

Amikacin 66.7 (22.3, 95.7) 100.0 (39.8, 100.0) 100.0 (29.2, 100.0) 100.0 (15.8, 100.0) 86.7 (59.5, 98.3)

Penicillin-G 33.3 (4.3, 77.7) 25.0 (0.60, 80.6) 33.3 (0.80, 90.6) 0.0 (0.0, 84.2) 26.7 (7.8, 55.1)

Azithromycin 16.7 (0.40, 64.1) 25.0 (0.60, 80.6) 0.0 (0.0, 70.8) 50.0 (1.3, 98.7) 20.0 (4.3, 48.1)

Cefadroxil 50.0 (11.8, 88.2) 75.0 (19.4, 99.4) 66.7 (9.4, 99.2) 100.0 (15.8, 100.0) 66.7 (38.4, 88.2)

Cefotaxime 33.3 (4.3, 77.7) 50.0 (6.8, 93.2) 33.3 (0.8, 90.6) 0.0 (0.0, 84.2) 33.3 (11.8, 61.6)

Cefaclor 16.7 (0.40, 64.1) 50.0 (6.8, 93.2) 0.0 (0.0, 70.8) 50.0 (1.3, 98.7) 26.7 (7.8, 55.1)

N e t i l m i c i n 
Sulphate 83.3 (35.9, 99.6) 75.0 (19.4, 99.4) 100.0 (29.2, 100.0) 100.0 (15.8, 100.0) 86.7 (59.5, 98.3)

Co-Trimoxazole 33.3 (4.3, 77.7) 50.0 (6.8, 93.2) 0.0 (0.0, 70.8) 100.0 (15.8, 100.0) 40.0 (16.3, 67.7)

Clarithromycin 0.0 (0.0, 45.9) 25.0 (0.6, 80.6) 33.3 (0.8, 90.6) 50.0 (1.3, 98.7) 20.0 (4.3, 48.1)

A m p i c i l l i n /
Sulbactam 66.7 (22.3, 95.7) 100.0 (39.8, 100.0) 66.7 (9.4, 99.2) 100.0 (15.8, 100.0) 80.0 (51.9, 95.7)

Nalidixic acid 0.0 (0.0, 45.9) 50.0 (6.8, 93.2) 33.3 (0.8, 90.6) 50.0 (1.3, 98.7) 26.7 (7.8, 55.1)

Nitrofurantoin 83.3 (35.9, 99.6) 75.0 (19.4, 99.4) 66.7 (9.4, 99.2) 50.0 (1.3, 98.7) 73.3 (44.9, 92.2)

Tobramycin 83.3 (35.9, 99.6) 50.0 (6.8, 93.2) 66.7 (9.4, 99.2) 100.0 (15.8, 100.0) 73.3 (44.9, 92.2)

Vancomycin 33.3 (4.3, 77.7) 0.0 (0.0, 60.2) 33.3 (0.8, 90.6) 0.0 (0.0, 84.2) 20.0 (4.3, 48.1)

Ceftriaxone 50.0 (11.8, 88.2) 25.0 (0.6, 80.6) 33.3 (0.8, 90.6) 50.0 (1.3, 98.7) 40.0 (16.3, 67.7)

Cloxacillin 16.7 (0.4, 64.1) 50.0 (6.8, 93.2) 66.7 (9.4, 99.2) 50.0 (1.3, 98.7) 40.0 (16.3, 67.7)

Amoxicillin 16.7 (0.4, 64.1) 0.0 (0.0, 60.2) 33.3 (0.8, 90.6) 0.0 (0.0, 84.2) 13.3 (1.7, 40.5)

Ampicillin 0.0 (0.0, 45.9) 0.0 (0.0, 60.2) 33.3 (0.8, 90.6) 0.0 (0.0, 84.2) 6.7 (0.2, 31.9)

Erythromycin 16.7 (0.4, 64.1) 50.0 (6.8, 93.2) 33.3 (0.8, 90.6) 50.0 (1.3, 98.7) 33.3 (11.8, 61.6)

The percentages of the isolates susceptible to each antimicrobial are presented and the associated 95% confidence 
intervals are shown in the parentheses.
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