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Abstract: Minimum Inhibitory Concentration (MIC) measures the lowest concentration of antibiotic that
inhibits in-vitro growth of microorganisms. Canine pyometra is a frequently occurring reproductive disorder
where reliable antibiotics along with surgical excision of uterus predicts better prognosis. Scarce literature is
available to facilitate proper antibiotic selection to avoid septicemia in clinical cases. The present study was
conducted to determine sensitivity and potency of selected antibacterials based on MIC values against bacterial
isolates obtained from Canine Pyometra in Kathmandu district, Nepal by Agar Dilution method. Isolates
obtained from 63 intra-uterine samples after ovariohysterectomy were Enterococcus spp (n=41), Klebsiella spp.
(n=7), Staphylococcus spp. (n=11) and Streptococcus spp. (n=4). Enrofloxacin and Amikacin were found highly
sensitive (0% resistance) with a null hypothesis of resistance to all bacterial isolates and were significantly more
potent than other antibacterials tested (p<0.05; Kruskal-Wallis test) based on lower MIC ranks. Similarly,
ceftriaxone was found to be least potent and was highly resistant to Enterococcus spp. (75.61%) and completely
resistant to other bacterial species tested (100%). Comparative results on sensitivity and potency in the study
revealed Enrofloxacin and Amikacin to be better antibacterial of choice in pyometra innervation in in-vitro
setting. Further clinical trials considering other equally important variables along with MIC should be
conducted to predict actual clinical efficacy of antibacterials during therapeutic management of canine
pyometra in Nepal.

Keywords: Minimum Inhibitory Concentration (MIC); canine pyometra; antibiotic sensitivity;
potency; susceptibility; bacterial isolates; agar dilution method; Antimicrobial Resistance (AMR)

1. Introduction

Antibiotics have been documented to be used for medical purposes since 1500 BC; however, the
development of salvasran to treat syphilis in 1910 has been considered the hallmark of antibiotic
usage for chemotherapeutic purposes [1]. The selection of the most effective antibiotic regimen in a
specific clinical case depends on various factors such as availability, cost, dosage, adverse effects,
patient susceptibility, etc, however, the most critical considerations are good tissue penetration and
low Minimum Inhibitory Concentration (MIC) values [2]. The MIC is the lowest concentration of a
chemical that inhibits observable growth of a microorganism after incubating the media for 16-20
hours (longer for anaerobes) [3]. This concentration is typically determined through a complex
process involving a series of antibiotic dilutions in agar or culture media, where microorganisms are
inoculated, and their growth is assessed [4]. Previous studies have indicated that MIC, when
analyzed in conjunction with Pharmacokinetic/Pharmacodynamic (PK/PD) parameters, is of
paramount importance for clinicians and veterinarians in optimizing targeted antibiotic therapy [5,6].

Canine pyometra, also known as cystic endometrial hyperplasia complex, is a common
reproductive issue that affects approximately 23% of intact middle-aged female dogs [7]. Studies
show that in female dogs with pyometra, the major clinical findings include bacteremia,
endotoxemia, and systemic inflammation, which can affect organs such as the heart, liver, kidneys,
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and bone marrow, sometimes leading to unexpected deaths in affected animals [8,9]. Escherichia coli
is the most prevalent organism in canine pyometra, but Staphylococcus spp., Streptococcus spp.,
Pseudomonas spp., Proteus spp. can also be found [10-13].

The conventional treatment protocol for Canine pyometra, as outlined by ref. [14], typically
involves ovariohysterectomy, administration of PGF2a, and broad-spectrum antibiotics.
Ovariohysterectomy is widely acknowledged as the most effective treatment for pyometra, as
emphasized by [15-17]. The use of antibiotics alongside surgical intervention is a matter of debate.
Some experts advocate for the use of antibiotics in all cases of canine pyometra [18,19], while others
recommend antibiotics only for dogs that are clinically unstable and at risk of developing septicemia
[20,21]. However, there has been a growing consideration for alternative medical treatments with
minimal side effects, such as the repeated administration of aglepristone with or without additional
low doses of prostaglandins, as discussed by [22]. Amoxicillin, Ampicillin and Enrofloxacin are the
most commonly used antibiotics during pre-surgical and post-surgical management of canine
pyometra [23], however, some study insist that these antibiotics are highly resistance to bacteria
isolated from canine pyometra [12].

Early recognition, diagnosis, and the implementation of an appropriate treatment plan are
essential to avoid fatal consequences due to pyometra [24]. Therefore, identifying the causative agent
through antibiogram testing and determining the effective antibacterial dosage prior to initiating
treatment are considered more rational approaches in managing pyometra. This strategy also aids in
the detection and prevention of potential drug resistance in common canine pathogens [12]. Given
the frequent playful interactions between humans and their pets, the rising antibiotic resistance of
commonly used human antibiotics against canine pathogens poses a significant and concerning
threat to human health [25].

Several studies indicate that integrating MIC values with pharmacokinetic parameters such as
Half-life (T1/2), Maximum Clearance (Cmax), and Area Under Curve (AUC) enhances targeted
antibacterial therapy, with their effects on clinical efficacy well-documented [26]. The goal of
determining MIC is to provide a more precise quantification of resistance, allowing for adjustments
in antimicrobial concentrations to achieve effective serum or tissue levels based on pharmacokinetic
or pharmacodynamic data [27]. Interpretive cut-points for MIC, set by the Clinical and Laboratory
Standards Institute (CLSI) and the European Committee on Antimicrobial Susceptibility Testing
(EUCAST), are primarily based on human data, and veterinary-specific criteria for interpreting MIC
values for most antibacterials are limited and difficult to find [28]. Thus far, no published literature
has been found on the Minimum Inhibitory Concentration (MIC) of antibacterials against bacterial
isolates of Canine Pyometra in Nepal, with only a limited amount available globally.

According to ref.[29,30], the reliance on empirical therapy, irrational antibiotic use, poor drug
selection, and inappropriate antibiotic dosing are leading causes of treatment failure and the
emergence of resistant bacteria in many developing countries, including Nepal. Given this issue, our
study aims to identify bacteria causing canine pyometra and determine the effective concentration
and the most potent antibacterials against prevalent bacterial isolates based on MIC observations.
Additionally, this study will also compare MIC of antibacterials for bacterial isolates with standard
clinical breakpoints.

2. Materials and Methods

2.1. Study Period

The study took place between April 1, 2022, and April 30, 2023, and was organized into three
main phases: collecting samples, conducting laboratory work, and interpreting and analyzing the
data.

2.2. Study Design and Sampling

A cross-sectional study was carried out in five veterinary hospitals, clinics, and animal shelters
in the Kathmandu Valley, selected at random. The sampling method was purposive, with a minimum
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of 10 samples collected from each location. Clinical cases of canine pyometra were diagnosed based
on physical examination, blood tests, and radiographic evaluation, followed by referral for surgical
ovariohysterectomy (OVH) under general anesthesia. A total of 81 intrauterine swabs were
aseptically collected post-OVH from pyometra cases, following the method outlined by ref.[11]. The
swabs were stored at room temperature before being transported to the laboratory for primary
culture. Laboratory work was conducted at the Veterinary Diagnostic and Research Laboratory
(VDRL), Tripureshwor. From these samples, individual bacterial colonies were isolated, resulting in
the collection of 63 different bacterial species for the study.

2.3. Primary Culture, Isolation and Identification

Collected samples were transported to VDRL, Tripureshwor. Primary culture of samples were
inoculated in nutrient agar and incubating at 37°C for 24 hrs. The primary colonies thus obtained
were then subjected to secondary culture in Orientation Agar (®ChromAGAR of Hi-Media with 100%
sensitivity and 98% specificity) using streak-plate method to obtain individual colonies as described
by [31] for isolation and identification of bacterial species, which was further confirmed by the
MALDITOF (Vitek®MS, Biomerieux, France).The final pure bacterial colonies were further stored at
0-4°C until MIC determination study.

2.4. Determination of MIC

Agar dilution method was used as guided by [32], which is in reference to the protocol
developed by EUCAST. The procedure implemented in the study is as described below:
2.4.1. Selection of Agar

Mueller-Hinton Agar that meets Clinical and Laboratory Standards Institute’s standards [33]
was selected as the reference medium.
2.4.2. Preparation of Stock Solution

Stock solutions for the panels of selected antibiotics to be tested were prepared following a
standard method. The amount of antibacterial agent in the stock solution was calculated using the
formula as adopted my [34]

Volume of Solvent (ml) x Concentration (mg/L)

Wt. of Powder (mg) - Potency of powder (mg/g)

where by, concentration of the solution was 10240 mg/L.
Thus prepared stock solution was stored in -20°C until further use.

2.4.3. Preparation of Working Solutions

Working solutions were prepared according to the guidelines specified in [35] using a two-fold
serial dilution starting from 1 mg/L, as shown in (Table 1) below. To each solution, 19 ml of agar was
added to complete the two-fold serial dilution. The prepared dilutions were then arranged in the
corresponding wells of a microtiter plate.

Table 1. Preparation of dilution of antibiotics in agar dilution test.

Antimicrobial Antimicrobial Final concentration
Volume of Volume of
conc. In concn. Obtained after adding.
stock solution distilled water
stock solution (mg/L) 19 ml Agar
10240 1 0 10240 512
10240 1 1 5120 256

10240 1 3 2560 128
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2560 1 1 1280 64
2560 1 3 640 32
2560 1 7 320 16
320 1 1 160 8
320 1 3 80 4
320 1 7 40 2
40 1 1 20 1
40 1 3 10 0.5
40 1 7 5 0.25
5 1 1 2.5 0.125
5 1 3 1.25 0.06
5 1 7 0.625 0.03
0.625 1 1 0.3125 0.015
0.625 1 3 0.1562 0.008
0.625 1 7 0.0781 0.004

2.4.4. Preparation of Bacterial Inoculum

Bacterial colonies’ suspension with concentration of 5 x 105 CFU/ml was prepared. 0.5 McFarland
suspension was diluted 100x to a density of 106 CFU/mL (9.9 mL broth + 0.1 mL 0.5 McFarland
suspension) and then poured to wells containing the appropriate antibiotic concentrations in the
broth (10 pL inoculum to 100 uL diluted antibiotic).

2.4.5. Experimental Design

Antibiotics were selected based on their current usage preferences, ensuring that at least one
antibiotic from each group was included. Bacterial isolates with a prevalence of more than 5% were
included for MIC calculation.

A total of 8 antibiotics—Ampicillin, Ceftriaxone, Amikacin, Enrofloxacin, Azithromycin,
Doxycycline, Clindamycin, and a Sulfadimidine-Trimethoprim (5:1) combination from Hi-Media—
were selected for the study, provided by the Veterinary Diagnostic and Research Laboratory in
Kathmandu. 10 ml working solution of antibiotics were prepared having
concentration of 640 mg/l, 320 mg/l, 160 mg/l, 80 mg/l, 40 mg/l, 20 mg/l, 10 mg/l, 5
mg/l, 2.5 mg/l and 1.25 mg/l respectively in 20 ml test tubes.

Mueller Hinton Agar (®Hi-media) was prepared by adding 38 grams of agar in 1000 ml distilled
water as per manufacturer’s instructions. The prepared agar was kept in hot water bath until use. 19
ml of agar was mixed in test tubes with 1 ml of respective working solutions of antibiotics and then
poured to petri plates of diameter 9 mm such that the final concentration was achieved as shown in
(Table 1). Two petri plates of same concentration were prepared in similar fashion. Antibiotic control
plate was prepared by adding 1 ml of antibiotic solution of concentration 10240 mg/1 in 19 ml of agar
for each antibiotic Bacteria control plate was prepared by adding 1 ml of distilled water in 19 ml of
agar. Petri plates were refrigerated until further use.

Bacterial inoculums were standardized for all the bacteria as mentioned above to obtain 10*
colony forming units/ spot in agar. Replicator pins of diameter 2.5 mm was used to inoculate bacterial
colonies from non-selective culture media to test plates. 63 strains of bacteria were inoculated to
petriplates of each concentration of antibiotics. The inoculum was allowed to dry at room
temperature and then incubated at 35°C for 24 hours.
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2.4.6. Reading of Results

The Minimum Inhibitory Concentration (MIC) of antibiotics was visually determined as the
lowest concentration at which bacterial growth was inhibited. A single colony or a faint haze within
the inoculated area were disregarded. The MIC for trimethoprim-sulfamethoxazole was defined as
the concentration that inhibited at least 80% of bacterial growth compared to the growth control.

2.5. Data Storage and Analysis

Data was tabulated and stored using MS-Excel v10. Statistical analysis was performed using
SPSSv20. Descriptive statistics like median, mode, range, MIC50, MIC90, antibiotic susceptibility and
Potency were used.

MIC50 and MIC90 was calculated according to the formula described by ref.[36]

MICso= (n x 0.5)h value
MICo0= (n X 0.9)% value

where, graded series of MICs are arranged starting with the lowest values and n is the number of test
strains.

Comparision of Antibacterials for each bacterial isolates was studied using Kruskal-Wallis test
to determine the most potent antibacterial agent as stated by ref.[2]. Further Post-hoc Dunn’s test was
performed to determine significant differences in between antibacterial agents.

3. Results

3.1. Prevalence of Bacterial Species

A total of 63 bacterial isolates were collected from infected canine uterus after
ovariohysterectomy during the study period. Out of all the isolates, 65.08% of the isolates were
Enterococcus (n= 41), 17.46% were Staphylococcus spp. (n=11), 11.11% were Klebsiella spp. (n=7) and
only 6.35% were Streptococcus spp.(n=4). The data is represented in the (Figure 1) below:

17.46%

M Streptococcus spp. M Enterococcus spp. M Staphylococcus spp. Klebsiella spp.

Figure 1. Prevalence of Bacterial isolates in Canine Pyometra (N=63).
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3.2. Minimum Inhibitory Concentrations (MICs) of Different Antibacterials against Bacterial pyometra
Isolates

The specific MIC ranges, MIC50s, and MIC90s values, Mean MIC ranks, CLSI breakpoints along
with the resistance percentage for each bacterial species, are detailed in the (Table 2), providing a
comprehensive overview of the antimicrobial profiles observed. Result showed that Enrofloxacin and
Amikacin were found sensitive to all bacterial isolates. Ampicillin was found to be completely
resistant against Staphylococcus spp. but effective against Emnterococcus spp. and Klebsiella spp.
Ceftriaxone was found completely resistant against Klebsiella spp. (100%) and Streptocoocus spp. (100%)
and higher resistance was observed for Enterococcus spp. (75.61%). Little to no resistance was observed
for Azithromycin against Klebsiella spp. (100%) and Enterococcus spp. (2.44%) however Staphylococcus
and Streptococcus showed varying degree of resistance (27.27-50%). Doxycycline was completely
resistant to Enterococcus spp. whereas no resistance was observed for Klebsiella spp. and Staphylococcus
spp. Clindamycin was found highly sensitive for Staphylococcus spp.

The comparison of MIC50 and MIC90 of different antibacterials against bacterial isolates in
(Table 2) showed Enrofloxacin and Amikacin had the lowest value for both parameters i.e. MIC50
and MIC90. For Enterococcus, Enrofloxacin had the lowest MIC50 and MIC90 followed by Amikacin
while Doxycycline had the highest MIC50 and MIC90. Similarly Enrofloxacin and Amikacin had the
lowest MIC50 and MIC90 values while ceftriaxone had the highest MIC50 and MIC90 against
Klebsiella spp. For Staphylococcus, Enrofloxacin had the lowest MIC50 and MIC90 followed by
Amikacin while Ceftriaxone had the highest MIC50 and MIC90. Enrofloxacin and Amikacin had the
lowest MIC50 and MIC90 values while ceftriaxone had the highest MIC50 and MIC90 against
Streptococcus spp.

Table 2. Statistical Overview of Antibacterial MICs against Bacterial Isolates from Canine Pyometra.

Sulfadimidine+Trimethoprim (5:1)
Bacteria n | MIC Range | MIC50 | MIC90 Mean MIC cLet Resistivity
rank* Breakpoint
Enterococcus 41 0.25-64 2 8 200.34 <1 23(56.10%)
Klebsiella 7 1to4 2 2 41.50 2 2(28.57%)
Staphylococcus 11 1to 16 4 66.36 2 5(45.45%)
Streptococcus 4 0.25-8 0.25 8 21.13 N/A NA
Ampicillin
Enterococcus 41 0.03-2 0.5 2 200.34 <8 0(0%)
Klebsiella 7 0.03-2 0.5 2 26.71 <8 0(0%)
Staphylococcus 11 0.25-1 0.25 1 44.94 <0.12 11(100%)
Streptococcus 4 0.015-0.5 0.06 0.5 9.00 <0.25 1(25%)
Ceftriaxone
Enterococcus 41 0.25-32 8 32 237.18 <1 31(75.61%)
Klebsiella 7 8-32 16 32 52.00 <1 7(100%)
Staphylococcus 11 2-64 64 64 79.64 N/A 11(100%)
Streptococcus 4 1-64 8 64 28.50 <0.5 4(100%)
Azithromycin
Enterococcus 41 0.06-32 1 4 164.02 <16 1(2.44%)
Klebsiella 7 0.25-4 1 4 36.43 <16 0(0%)
Staphylococcus 11 0.125-8 0.5 8 52.18 2 3(27.27%)
Streptococcus 4 0.5-4 0.5 2 21.63 <0.5 2(50%)
Doxycycline
Enterococcus ‘ 41 ‘ 8-128 ‘ 32 ‘ 64 ‘ 294.61 <4 41(100%)
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Klebsiella 7 0.25-1 1 1 29.36 <4 0(0%)
Staphylococcus 11 1to4 1 4 59.25 <4 0(0%)
Streptococcus 4 1to4 1 4 24.25 2 0(0%)
Enrofloxacin
Enterococcus 41 | 0.015-0.125 0.03 0.06 4791 <2 0(0%)
Klebsiella 7 0.03-0.06 0.06 0.06 9.86 <2 0(0%)
Staphylococcus 11 0.015-0.06 0.03 0.06 15.95 <1 0(0%)
Streptococcus 4 0.03-0.06 0.03 0.06 5.75 N/A 0(0%)
Amikacin
Enterococcus 41 0.015-0.5 0.03 0.125 59.87 <16 0(0%)
Klebsiella 7 0.03-0.06 0.06 0.06 8.71 <16 0(0%)
Staphylococcus 11 0.015-0.06 0.03 0.06 17.27 N/A 0(0%)
Streptococcus 4 0.03-0.06 0.06 0.06 7.13 N/A 0(0%)
Clindamycin
Enterococcus 41 0.015-2 0.06 2 111.72 N/A NA
Klebsiella 7 0.125-0.5 0.125 0.5 18.00 N/A NA
Staphylococcus 11 0.03-0.06 0.03 0.06 17.77 <0.5 0(0%)
Streptococcus 4 0.06-0.5 0.25 0.5 14.63 <0.25 2(50%)

Notes: N/A indicates not available on CLSI guidelines MIC50 represents the antibiotic concentration required
to inhibit the growth of 50% of the bacterial isolates tested, while MIC90 refers to the concentration needed to
inhibit 90% of the isolates. * Indicates the using of non-parametric Krushkal Wallis test.

3.3. In Vitro Susceptibility and Potency Estimation of Bacteria pyometra Isolates to Different Antibiotics

(Table 3) presents the statistical comparison of in vitro susceptibility of the bacterial pyometra
isolates to eight different antibiotics and their relative potency. The results showed that all four
bacterial isolates— Enterococcus spp., Klebsiella spp., Staphylococcus spp., and Streptococcus spp.—were
100% susceptible to Enrofloxacin and Amikacin. In contrast, Ceftriaxone was the least effective
against Klebsiella spp., Staphylococcus spp., and Streptococcus spp., while Doxycycline was the least
susceptible for Enterococcus spp.

The potency of different antibiotics against each bacterial isolates was calculated using non-
parametric Krushkal Wallis test using mean MIC rank. MIC were ranked from lowest to highest for
antibiotics and variance of ranks were compared at 0.05 level of significance.

For Enterococcus spp, Enrofloxacin was significantly found to be most potent antibiotic followed
by Amikacin and Clindamycin whereas Doxycycine and Ceftriaxone were found to be least potent
(p<0.05; Kruskal-Wallis test). For Kiebsiella spp, Amikacin was found to be significantly most potent
followed by Enrofloxacin whereby Ceftriaxone and Sulfadimidine+Trimethoprim was found to be
least potent (p<0.05, Kruskal-Wallis test). For Staphylococcus spp. Enrofloxacin was significantly the
most potent antibiotic followed by Amikacin and Clindamycin whereas Ceftriaxone was found least
potent (p<0.05, Kruskal-Wallis test). Similarly, for Streptococcus spp. Enrofloxacin was found to be
significantly most potent followed by Amikacin whereby Ceftriaxone and Doxycycline were found
to be least potent.

No significant differences was observed in between first two most potent antibiotics while
significant differences was observed in between most potent and least potent antibacterials
(p<0.05,Dunn’s test), which is shown in (Table 3).
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Table 3. Comparative Analysis of In Vitro Antibiotic Susceptibility and Potency against Bacterial
Isolates from Pyometra.

Bacteria Isolated (n=tests) Susceptibility Potency

Enterococcus spp. (n=328) E=AK=AP>AZ>ST>CR>D E*>AK>C>AZ>AP=ST>CR>D*
Klebsiella spp. (n=56) E=AK=AP=AZ=D>ST>CR AK*>E>C>AP>D>AZ>ST>CR*
Staphylococcus spp. (n=88) E=AK=C=D>AZ>ST>AP=CR E*>AK>C>AP>AZ>D>ST>CR*
Streptococcus spp. (n=32) E=AK>AP>C=D=AZ>CR E*>AK>AP>C>ST>AZ>D>CR*

Notes: E: Enrofloxacin, AK: Amikacin, AP: Ampicillin, C: Clindamycin, D: Doxycycline, ST:

Sulfadimidine+Trimethoprim, AZ: Azithromycin, CR: Ceftriaxone. *

Indicates significant difference
(p<0.05,Dunn’s test) observed in between most potent and least potent antibacterials. The antibiotic
susceptibility for each bacterial group was evaluated by comparing their MICs with the established CLSI

breakpoints.

4. Discussion

The MIC of an antibiotic is a key parameter for optimizing therapy when combined with various
pharmacokinetic and pharmacodynamic factors. In this study, the MICs of eight antibiotics—
Ampicillin, Ceftriaxone, Doxycycline, Azithromycin, Enrofloxacin, Clindamycin, Amikacin, and
Sulfadimidine-Trimethoprim (5:1)—were determined against four bacterial isolates: Enterococcus
spp., Klebsiella spp., Streptococcus spp., and Staphylococcus spp., all from canine pyometra, using the agar
dilution method. To our knowledge, this is the first study that depicts MIC data of anti-bacterial
agents from intrauterine bacterial isolates of Canine pyometra. The interpretive cut-off points
provided by CLSI and EUCAST are based on human data and veterinary interpretation criteria of
MIC value for most of the antibacterials are very scarce to find [28]. The above study may serve as a
milestone in depicting MIC of antibiotics of various classes in veterinary pharmacology and
microbiology studies.

Process of choosing proper antibiotic for therapeutic innervation during clinical management of
canine pyometra induces dilemma in canine veterinary medicine practices due to conflicting data of
pharmaceutical companies and research limitations in quantitative antibiotic susceptibility. Any
apparent clinical advantage of one antibiotic over another is correlated to in-vitro descriptive
statistics of antibiotics which in turn depicts better clinical management and prognosis of disease.
The study hereby aims to develop a therapeutic protocol based on descriptive data analysis of
antibiotics against bacterial species involved in canine pyometra rather than most commonly studied
and used antibiotic disc diffusion tests.

Enterococcus, Klebsiella, Staphylococcus and Streptococcus were isolated from pyometra cases
presented to different animal hospitals and clinics of Kathmandu valley which was similar to the
findings reported by [21,37]. Enterococcus spp. was the most prevalent isolates obtained from 65.08%
of the samples in our study which was different from the findings reported by ref.[38] and ref.[11]
and ref.[12] Where E. coli was found to be the most prevalent bacteria in canine endometrial
collection. Differences in findings might be attributed to differences in sampling individuals, study
area and isolation methods used.

The MIC range for ampicillin against Enterococcus spp., Klebsiella spp., Streptococcus spp.,
and Staphylococcus spp. was 0.03-2 pg/ml, 0.03-2 ug/ml, 0.25-1 pg/ml, and 0.015-0.5 pg/ml,
respectively. The MIC50 ranged from 0.06 to 0.5 ug/ml, with the lowest (0.06 ug/ml) for
Staphylococcus spp. and the highest (0.5 pg/ml) for Enterococcus spp. and Klebsiella spp. The
MIC values for Enterococcus and Streptococcus are below the CLSI sensitivity breakpoint [33],
indicating high in-vitro efficacy of ampicillin against these bacteria. In contrast, the MIC values for
Staphylococcus are above the CLSI breakpoint, suggesting intermediate efficacy. Our findings for
Enterococcus sensitivity to ampicillin are consistent with [39], but differ from [40], which reported
resistance linked to mutations in the PBP5 gene. The variation in MIC values may be due to
differences in bacterial infection sites and strains. Additionally, the MIC50 and MIC90 for
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Staphylococcus in our study are double the values reported by [39]. For Enterococcus, the MIC50
was found lower than that reported by ref. [41] but MIC90 was higher in our study. Similar results
were reported by ref. [42] for Streptococcus, where they highlighted that horizontal gene transfer of
resistance genes such as bla (B-lactamase), erm (macrolide resistance), and van (vancomycin
resistance), along with mutations in the bacterial genome and various environmental and host
factors, contribute to the development and spread of antibiotic-resistant pathogens.

MIC range of Ceftriaxone was found higher than interpretative cut-points stated by CLSI for
Klebsiella, Staphylococcus and Streptococcus spp. indicating resistance to Ceftriaxone in the strains
isolated. The MIC50 and MIC90 of ceftriaxone for Streptococcus spp. were higher than those
reported by [39,42,43]. This increase may be attributed to the overuse or misuse of ceftriaxone at the
study site, leading to bacterial resistance. In contrast, the MIC values for ceftriaxone inhibiting 50%
and 90% of Staphylococcus spp. were similar to those reported by [43]. Overall, the MIC90 values
against all isolates exceeded the CLSI clinical breakpoints, indicating a higher prevalence of resistant
strains.

The MIC50 and MIC90 of Azithromycin were below CLSI breakpoint for Enterococcus, Klebsiella
and Streptococcus strains indicating sensitivity to Azithromycin. The MIC90 of Azithromycin for
Staphylococcus was found to be 8 mg/l which is greater than the breakpoint value indicating presence
of resistant strains. The possible mechanisms by which staphylococci develop resistance to
Azithromycin include (i) the modification of the 235 rRNA through methylation, (ii) the upregulation
of Msr family efflux pumps, and (iii) the enzymatic inactivation of macrolides by
phosphotransferases or esterases [44].

The MIC90 of enrofloxacin was 0.06 pg/ml for all bacterial isolates, lower than the value reported
by [39]. This result is below the clinical breakpoint set by CLSI 2020 [33], showing that enrofloxacin
is very effective against the bacteria found in canine pyometra. MIC range, MIC50 and MIC90 were
found lower for Staphylococcus spp. than that reported by ref.[45] and ref.[46], which might be due to
differences in sites of sample collection. The MIC parameters for Enterococcus were also found lower
than the study conducted by ref.[41] and lower for Kiebsiella than reported by [47].

Similarly the MIC range of Amikacin against all bacterial isolates were found <0.06 depicting
high sensitivity of Amikacin against pyometra isolates. The result of our study is in contrast to the
finding reported by ref.[48] who reported 50% sensitivity of Amikacin for bacterial isolates of Canine
pyometra which might be due to difference in bacterial strains isolated and antibiotic sensitivity tests
employed. The MIC range, MIC50 and MIC90 were found lower than that of ref.[47] for Klebsiella spp.

The MIC90 of Doxycycline against Enterococcus and Streptococcus was higher than CLSI
breakpoints but were lower than CLSI breakpoints against Klebsiella and Staphylococcus spp. thus
indicates efficacy of Doxycycline in Pyometra imposed by later bacterial isolates but not in former
isolates. The MIC parameters were higher than that reported by ref.[41] for Enterococcus spp. in our
study but lower than that reported by ref.[47] for Klebsiela spp.

MIC of Clindamycin was found to be within clinical breakpoints against Klebsiella, Streptococcus
and Staphylococcus isolates but not for Enterococcus spp. since Enterococcus are intrinsically resistant to
Clindamycin as supported by the findings of ref.[49] and ref.[50].

The MIC90 of Sulfadimidine-Trimethorim (5:1) for Klebsiella was found to be within the CLSI
breakpoint indicating sensitivity of the drug against Klebsiella, whereby its MIC90 for other bacteria
were found higher suggesting resistance to Sulfadimidine-Trimethorim. The results obtained are in
contrast to the findings of ref.[43] where the drug was sensitive to Streptococcus and Staphylococcus
spp. isolated from conjunctiva of dogs probably attributed to the difference in sample sites.

Potency studies among the 8 antibiotics tested for 4 bacterial isolates revealed Enrofloxacin to be
significantly most potent antibiotic against Enterococcus, Staphylococcus and Streptococcus spp. and
second most potent against Klebsiella spp. for which Amikacin was determined most potent and
enrofloxacin being second most potent(p<0.05). Amikacin was found to be the second most potent
antibiotic for Enterococcus, Staphylococcus and Streptococcus. Thus, Enrofloxacin and Amikacin can be
concluded as having potency advantage in pyometra infections relating to studied bacterial isolates.
There was no any significant differences among the potency of two antibacterials. Susceptibility
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studies based on MIC also revealed null resistance of bacterial strains against Enrofloxacin and
Amikacin making the two drugs better antibacterial of choice in pyometra innervation.

Ceftriaxone was found to be significantly less potent than other antibiotics against all bacterial
isolates (p<0.05), offering no potency advantage. Similar findings were observed in susceptibility
studies, where ceftriaxone showed complete resistance to Klebsiella, Streptococcus, and
Staphylococcus, and 75.61% resistance was observed in Enterococcus spp. The primary
mechanism of resistance to ceftriaxone involves the production of AmpC (-lactamases, such as CMY
and DHA, and extended-spectrum (3-lactamases (ESBLs), including TEM, SHV, CTX-M, VEB, and
GES enzymes [51]. These results suggest minimal efficacy of this antibiotic in clinical settings based
on in vitro studies. The increasing resistance to ceftriaxone over time may be attributed to improper
use of antibiotics and inadequate infection control practices, raising concerns for both public and
animal health [52].

Doxycycline was found susceptible for Klebsiella, Staphylococcus whereas varying resistance
(>50%) was observed in Enterococcus and Streptococcus spp. however, potency studies did not indicate
any comparative advantage over other antibiotics. Similar results were obtained for sensitivity of
Ampicillin to Enterococcus, Klebsiella and Streptococcus (75-100%) but were less potent in comparison
to other antibiotics against the isolates. Azithromycin was highly sensitive to Klebsiella but was less
potent than all antibacterials except Ceftriaxone and Sulfadimidine-Trimethoprim.

The study offers a preliminary guide for selecting antibiotics in the pre- and post-surgical
management of pyometra and associated septicemia. However, further research is needed to test
additional antibacterial agents and compare their potency against the bacterial isolates identified.
Additionally, testing the susceptibility and potency of other bacterial isolates from canine pyometra
is recommended to better inform treatment decisions. Clinical efficacy of an antibacterial agent
depends on multiple factors beyond in vitro MIC studies, including drug concentration, serum levels,
pharmacokinetics, pharmacodynamics, dosing, and safety margins. Therefore, no single parameter
can determine superiority. Further clinical trials considering these factors for potent agents like
Enrofloxacin and Amikacin could aid clinicians in successfully managing canine pyometra.

5. Conclusions

The study revealed that Enferococcus was the most prevalent pathogen associated with Canine
pyometra, while Klebsiella, Streptococcus, and Staphylococcus species were also isolated.
Enrofloxacin and Amikacin were found to be highly sensitivity against all isolates, indicating their
effectiveness as treatment options. Ampicillin showed sensitivity towards Enterococcus and
Klebsiella species but was ineffective against Streptococcus. Notably, Klebsiella and
Staphylococcus strains exhibited high sensitivity to Doxycycline, whereas Enterococcus species
were completely resistant. Ceftriaxone showed the highest resistance across all isolates, followed by
Sulfadimidine-Trimethoprim (5:1). The findings highlight the superior potency of Enrofloxacin and
Amikacin against the tested bacterial isolates, while Ceftriaxone was the least effective. These results
provide critical guidance for the selection of antibiotics in the treatment and post-surgical
management of Canine pyometra.
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