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Abstract: The study investigates the prevalence and antibiotic resistance with molecular detection of
antibiotic resistance genes of Escherichia coli (E. coli) in donkey milk. A total of 100 milk samples were
collected from March to May 2023, with mastitis prevalence assessed using the California Mastitis Test
(CMT) during the seasonal lactation period. Milk samples were transported to the laboratory for mic-
robiological tests. E. coli detection involved initial cultivation on MacConkey agar and subsequent sub-
culturing on Eosin-Methylene Blue agar. Biochemical identification was performed using IMViC, Urea,
and TSI reactions. Kirby-Bauer disk diffusion method was used for antimicrobial susceptibility testing.
DNA extraction and PCR analysis were performed on phenotypically resistant isolates to detect specific
resistance genes using established primers.

The results show that 7% of samples tested positive for clinical mastitis, while 14% had subclinical
mastitis. Notably, Kisana Mori exhibited the highest rate of subclinical mastitis at 20%, whereas Rahooki
had the highest clinical mastitis prevalence at 10%. Month-wise analysis revealed the highest occur-
rence of E. coliin April (23.5%), with an overall E. coli prevalence of 21%. Clinical and subclinical mastitis
were most prevalent in March 10%, and 20%, respectively, statistical analysis indicated no significant
variations in the prevalence of E. coli, clinical, or subclinical mastitis across the studied months and
villages (P<0.05). Antimicrobial susceptibility testing revealed that E. coli was sensitive to enrofloxacin,
tetracycline, and trimethoprim/sulfamethoxazole, while showing resistance to -ciprofloxacin,
erythromycin, and streptomycin. Molecular analysis identified significant resistance genes, particularly
those for aminoglycosides (strA, 86%), tetracyclines (tetD, 71%; tetC, 57%), and chloramphenicol (cat1,
34%; cmlA, 23%). These findings highlight the critical need for effective mastitis management practices
in donkey milk production to mitigate the risks associated with E. coli contamination and improve the
quality and safety of donkey milk. The absence of significant differences in prevalence rates suggests a
uniform spread of mastitis and E. coli across the regions and seasons studied.

Introduction

coli strains is multifactorial, influenced by factors such as the wi-
despread and indiscriminate use of antibiotics in healthcare, agri-

Antibiotics are widely used not only to treat bacterial infections in
humans and animals (during common veterinary practice) but
also in animal production. Since the 1990s, antibiotics have been
considered one of the most important discoveries of the century.
The global consumption of antimicrobial drugs will increase by 67
% between 2010 and 2030 (1). The rise of antibiotic-resistant E.

culture, and aquaculture. This phenomenon jeopardizes the effi-
cacy of commonly prescribed antibiotics, rendering once-reliable
treatments ineffective and limiting options for infection control
(2). Consequently, the study of antibiotic sensitivity patterns in E.
coli is pivotal for the proactive identification of resistance trends,
enabling healthcare providers to make informed decisions about
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the selection and administration of antibiotics. 80 % of antibiotics
sold in the world are widely used as supplements in livestock to
promote healthy growth, prevent infections, and obtain a high-
quality product (3).

In the past, the Miranda donkey (Equus asinus) played a signifi-
cant role in agricultural practices and transportation in the rural
regions of Sindh, (southern part of Pakistan) (4). However, due to
the advent of agricultural mechanization, rural migration, and a
substantial proportion (35-50%) of females giving birth to infer-
tile foals (resulting from equine x asinine or asinine x equine
hybrids), this once vital species is now facing the threat of endan-
germent. In response to the demanding landscape of mounta-
inous rural regions with sparse populations and subpar soil qua-
lity, the Miranda donkey breed faces a current risk. Therefore, this
breed offers a valuable model for investigating the behaviors of
resistant microbes and the presence of resistance genes.

As a result, this breed serves as a valuable model for understan-
ding the behavior of resistant microorganisms and the prevalence
of resistance genes (5). There are significant risks to public health
associated with the development and spread of E. coli strains re-
sistant to antibiotics. To protect the quality and safety of these
innovative dairy products, it is imperative to evaluate the antibi-
otic susceptibility profiles of the E. coli isolates obtained from
donkey milk (6). The pathogen's susceptibility to particular drugs
is typically taken into consideration when selecting antibiotics to
treat bacterial infections. Determining the effectiveness of diffe-
rent antibiotics against a particular strain of bacteria requires the
use of antibiotic sensitivity testing. Evaluating the antibiotic sen-
sitivity profiles of E. coli in the context of donkey milk is essential
for developing recommendations for sensible antibiotic use and
stopping the formation and spread of antibiotic-resistant strains

(7).

Moreover, the identification of antibiotic resistance genes using
molecular tools in E. coli isolates offers a significant understan-
ding of the genetic processes underlying resistance. The identifi-
cation of genes that give resistance to particular antibiotics can
help guide focused approaches aimed at preventing the spread of
resistance. Our knowledge of the changing patterns of antibiotic
resistance in microbial populations is improved by this technique,
which also helps in identifying potential environmental reservoirs
of antibiotic resistance genes (8). Both human and animal gastro-
intestinal tracts frequently include the gram-negative bacteria
Escherichia coli. Antibiotic-resistant genes have the potential to
spread to other harmful microbes through these strains, serving
as repositories for such genes. Antimicrobial resistance (AMR) is
a major public health hazard that affects the entire world.

Escherichia coli, a gram-negative bacterium, is commonly found
in the human and animal gastrointestinal tracts. These strains can
serve as reservoirs of antibiotic-resistant genes that may be trans-
mitted to other pathogenic bacteria. Antimicrobial resistance
(AMR) is a global concern and a significant public health issue (9,
10). Antimicrobial usage will be increasing by 99% in some coun-
tries, including South Africa, China, and India, which could be up
to seven times higher than the predicted rate of population
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growth. Antibiotic resistance among E. coli strains has emerged
and is spreading quickly, which presents a serious challenge to
current medicine and complicates the effective management of
E. coliinfections (11).

This research endeavors to bridge the gap between the microbial
safety of donkey milk and the potential risk posed by antibiotic-
resistant E. coli strains. By combining traditional antibiotic sensiti-
vity testing with molecular techniques, we aim to provide a com-
prehensive analysis of the antibiotic resistance profiles of E. coli
isolates from donkey milk. This information is essential for both
the dairy industry and public health authorities to establish effec-
tive measures for ensuring the safety of donkey milk products and
mitigating the risk of antibiotic resistance transmission through
the food chain.

Materials and methods

Sampling and detection of Escherichia coli

Overall, 100 milk samples were collected from the donkey milk
samples were collected from six villages in the vicinity of Tando-
jam, Hyderabad, from March 2023 to May 2023. The lactating pe-
riods of donkeys, in Pakistan, are seasonal (from March through
May), and donkey, milk samples were only available through
these months within the aforementioned time frame. At each
site, sampling of milk was performed according to the Internatio-
nal Dairy Federation Guidelines. Samples (50 mL, in sterile glass
containers) were transported to the laboratory at 4°C within a
maximum of 6-12 h after sampling. The subclinical mastitis was
determined using the California Mastitis Test.

The initial cultivation of the samples was performed on MacCon-
key (MC) agar (Quelab, Canada). After the incubation period at 37
°C for 24-36 h, a pink colony from each plate suspicious to E. coli
was subcultured on MC agar and Eosin-Methylene blue (EMB)
agar (Quelab, Canada). Biochemical identification of the isolates
as was determined based on IMViC, Urea, and TSI reactions. The
isolates were cultured in Luria-Bertani broth (Merck, Germany),
and after adding 15% glycerol, they were stored at -20 °C until
further molecular analysis.

Antimicrobial analysis

Bacterial isolates were tested for antimicrobial susceptibility as
recommended by the Clinical and Laboratory Standards Institute
(CLSI), by the Kirby-Bauer method. The antimicrobial sensitivity
test was performed on Mueller-Hinton agar (Sigma-Aldrich, USA),
according to the previously published procedures (12). The anti-
microbial agents tested were amoxicillin (10 mg), ampicillin (10
mg), streptomycin (10 mg), gentamicin (10 mg), erythromycin (15
mg), ciprofloxacin (5 mg), oxytetracycline (30 mg), trimet-
hoprim/sulfamethoxazole (25 mg), tetracycline (30 mg), chlo-
ramphenicol (30 mg) and enrofloxacin (5 mg). Plates were incuba-
ted at 37°C for 24 h, and the sensitivity patterns were read and
reported according to the diameter of the inhibition zone as sen-
sitive, intermediate, or resistant.



DNA extraction and PCR amplification

DNA extraction will be performed on all E. coli isolates that were
phenotypically resistant on the disk diffusion sensitivity test. Bac-
terial DNA was extracted using a Qiagen DNeasy Blood and Tissue
Kit (Life Technologies, USA), according to the manufacturer’s in-
structions. The quality and quantity of isolated DNA were verified
using NanoDrop 2000c (Thermo Fischer Scientific, USA) and sto-
red at -20°C until further use.

PCR analysis was performed to detect 10 resistance using previo-
usly published primers (Table 1) (13). Briefly, each PCR reaction
was performed in a volume of 25 pl that contained the following
substrates: 1.5 uL MgCl2, 2.5 uL PCR buffer, 200 uM dNTPs, 1 uM
each primer, 5 U of Taq DNA polymerase, and 1 uL (50-200 ng/uL)
of test DNA. The PCR machine was set using the following pro-
gram: Denaturation for 5 min at 95°C, then 30 cycles of 1 min at
94°C, 60 s at 52-58°C, and 1 min at 72°C. The final extension step
was set to 10 min at 72°C. The resultant PCR products were
viewed using 1.5% agarose gel using electrophoresis (13).

Table 1: Oligonucleotide primers used to detect antimicrobial re-
sistance genes

Gro.u;.) o.f Target Primer sequence Size Ref
antibiotics genes
dme | i eanencomacecnees | 37 | @3)
w0 | o Carcontccoomareatace | 46 | 03
sheme | <@ | & armrreatranccarrerace | 47 | 04
A | Cacerroccraccearcatiae | 608 | 44
munaone | T | & ontcascamacTTaceTea | 516 | 03)
F: GGGTATGGATATTATTGATAAAG
anr R: CTAATCCGGCAGCACTATTTA 670 | (15)
ot || & coantcocnontacaacee | %8 |
8| comcemamcamatiooe | 5 | 13)
e | Ceaonanatoacchcaats | 768 | @49
bez | L remcotoactose | %67 | (13

Statistical analysis

The data were analyzed using Statistical Package for the Social
Sciences version 8.6. Descriptive statistics were calculated to
determine the prevalence (%) of clinical and subclinical masti-
tis, as well as the proportion of E. coli-positive samples across
different villages and months. The Chi-square (x?) test was used
to compare the prevalence of clinical and subclinical mastitis
and E. coli infections among different villages and months. A p-
value < 0.05 was considered statistically significant.

Results

Prevalence of clinical and subclinical mastitis in different vil-
lages

Table 2 shows the prevalence of clinical and subclinical mastitis
in donkey milk samples collected from villages near Tandojam.
The percentage of subclinical mastitis-positive samples was de-
termined by the California Mastitis Test (CMT). Out of the total
100 samples collected, 7% were positive for clinical mastitis, and
14% were positive for subclinical mastitis. Kisana Mori had the
highest subclinical mastitis prevalence at 20%, while Tando Qai-
sar and Detha also showed notable subclinical mastitis rates of
18.1% and 16.6%, respectively. Rahooki had the highest clinical
mastitis prevalence at 10%, followed by Tando Qaisar at 9%. Ki-
sana Mori reported no clinical mastitis-positive samples, indica-
ting potentially better clinical management in this village or the
absence of overt mastitis symptoms in sampled donkeys. The
statistical analysis using the Chi-square test for independence
indicates that there is no significant (P<0.05) difference in the
prevalence of both clinical and subclinical mastitis among the six
villages near Tandojam.

Month wise prevalence of E. coli, clinical mastitis, and subclin-
ical mastitis in donkey milk

Table 3 shows the prevalence data of E. coli, clinical mastitis, and
subclinical mastitis in donkey milk samples collected over three
months (March, April, and May). The highest percentage of E.
coli positive samples was observed in April (23.5%), followed by
March (20%) and May (19.44%). Overall, E. coli was detected in
21% of the total samples. The prevalence of clinical mastitis was
highest in March (10%), indicating a peak in visible mastitis sym-
ptoms early in the lactation season. The prevalence decreased
in April (5.8%) and May (5.5%), with an overall prevalence of 7%.
Subclinical mastitis was also most prevalent in March (20%),
suggesting that both clinical and subclinical mastitis were more
common at the start of the lactation season. The prevalence
decreased in April (11.7%) and May (11.1%), with an overall pre-
valence of 14%. Statistically, there are no statistically significant
(P<0.05) differences in the prevalence of E. coli, clinical mastitis,
and subclinical mastitis across March, April, and May.
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Table 2: Prevalence by village for clinical and subclinical mastitis in donkey milk

Villages Total samples col- Clinical mastitis- Clinical mastitis-posi- | Subclinical mastitis- | Subclinical mastitis
8 lected positive samples tive samples (%) positive samples occurrence (%)
Tando Qaisar 22 2 9% 4 18.1%
Moosa Khatian 16 1 6.2% 2 12.5%
Detha 18 1 5.5% 3 16.6%
Kisana Mori 10 0 0% 2 20%
Rahooki 20 2 10 1 5%
Kunnar Plant 14 1 7.1% 2 14.2%
Total 100 7 7% 14 14%
Analysis Chi-square -value Interpretation
¥ (x?) value P P
Clinical mastitis occurrence x3=2.284 0.809 No significant difference among villages
Subclinical mastitis occurrence X3=2.743 0.739 No significant difference among villages
Table 3: Prevalence by month for E. coli-positive clinical and subclinical mastitis
E. coli positive sample Clinical mastitis-positive Subclinical mastitis oc-
Months Total samples collected and (%) samples and (%) currence (%)
March 30 6 (20%) 3 (10%) 6 (20%)
April 34 8 (23.5%) 2 (5.8%) 4(11.7%)
May 36 7 (19.44) 2 (5.5%) 4(11.1%)
Total 100 21 (21%) 7 (7%) 14 (14%)
. Chi-square .
Analysis () value p-value Interpretation
E. coli occurrence x*=0.293 0.863
Clinical mastitis occurrence X*=1.666 0.434 . not statistically 5|gn|.f|cant
differences were found in months
Subclinical mastitis occurrence x*=1.029 0.597

Antimicrobial susceptibility against E. coli isolated from donkey
milk

Table 4 shows the results of antimicrobial susceptibility testing
for various antibiotics against E. coli isolates from donkeys.
Enrofloxacin, Tetracycline, and Trimethoprim/Sulfamethoxazole
exhibited significant effectiveness, with clear zones of inhibition
indicating sensitivity. Gentamicin and Ampicillin showed inter-
mediate effectiveness, suggesting a possible need for higher do-
ses or combination therapy for effective treatment. Ciprofloxa-
cin, Erythromycin, Oxytetracycline, and Streptomycin were lar-
gely ineffective against the isolates, as indicated by the small zo-
nes of inhibition and resistance interpretation.

Molecular characterization of resistance genes in E. coli isolates

Table 5 shows the presence of specific antimicrobial resistance
genes in E. coli isolates obtained from donkey milk samples. The

4| Slovenian Veterinary Research 2026 | Vol XX No X

data includes the group of antibiotics, target genes, the number
of E. coliisolates carrying each gene, and the corresponding per-
centage of isolates among the total samples tested (n = 35). The
highest prevalence of resistance genes was observed for amino-
glycosides (strA, 86%), indicating significant resistance among E.
coli isolates to this antibiotic group. Both tetC (57%) and tetD
(71%) were present in a considerable number of isolates, sug-
gesting moderate resistance to tetracycline. The resistance ge-
nes catl (34%) and cmlA (23%) indicate variable levels of resi-
stance to chloramphenicol among the isolates. Resistance ge-
nes for beta-lactams (blal and bla2) were present at lower
frequencies (17% and 12%, respectively), and no isolates carried
fluoroquinolone resistance genes (gnrA and gnr), indicating low
to no resistance to these antibiotics.




Table 4: Antimicrobial susceptibility against E. coli isolated from donkey
milk

. . Zone of in-
Antimicrobial - .
Potency hibition Interpretations
Agents
(mm)

Amoxicillin 10 mg 15 Sensitive
Ampicillin 10 mg 10 Intermediate
Chloramphenicol 30 mg 16 Sensitive
Ciprofloxacin 5mg 8 Resistant
Erythromycin 15 mg 6 Resistant
Enrofloxacin 5mg 22 Sensitive
Gentamicin 10 mg 20 Intermediate
Oxytetracycline 30 mg 12 Resistant
Streptomycin 10 mg 5 Resistant
Tetracycline 30 mg 20 Sensitive
Trimethopri

rimethoprim/ 25 mg 17 Sensitive
sulfamethoxazole

Discussion

The prevalence rates of clinical and subclinical mastitis in donkey
milk from villages near Tandojam present notable differences
when compared to previous research. While the present study

Table 5: Identification of antimicrobial resistance genes in E. coli isolates

identified a clinical mastitis prevalence of 7% and a subclinical
mastitis prevalence of 14%, these figures show some variance
with data from other regions and studies. The 7% prevalence rate
for clinical mastitis in the current study is relatively moderate. This
study agreed with (16) that Saudi Arabia reported a higher preva-
lence of clinical mastitis (12%) in donkeys, indicating potential dif-
ferences in environmental or management factors between re-
gions. Similarly, as reported by (17) in Italy revealed a clinical
mastitis prevalence of approximately 10% in donkeys, which
aligns more closely with the findings from the current study in Ra-
hooki (10%). The relatively lower clinical mastitis rate observed in
our study may indicate better overall management practices or
reduced environmental exposure to pathogens. The prevalence
of subclinical mastitis, which was 14% in this study, closely aligns
with data reported in a previous study (18), A study in Brazil re-
ported a subclinical mastitis rate of 15% in donkeys, which is con-
siderably lower than the 24% prevalence reported by another so-
urce (19) in Egypt. The variability in subclinical mastitis rates can
be attributed to differences in detection methods, management
practices, and environmental factors. The higher prevalence of
subclinical mastitis in Kisana Mori (20%) compared to other villa-
ges may indicate specific local factors or practices that contribute
to increased risk, such as hygiene issues or variations in handling
and milking practices. The Chi-square test results show no signifi-
cant differences in mastitis prevalence among the six villages near
Tandojam, suggesting a relatively uniform risk across the region.
Similar findings were seen in the South Indian study by (20), which
showed no discernible regional variations in the prevalence of
mastitis across different villages. This suggests that the observed
uniformity is probably the result of similar environmental and
management conditions.

Group of antibiotics Target genes Ic\lau:y?:gr :;:g:zlé i(?l:a;‘;; Percentage (%)
Tetracycline tetC 20 57%
tetD 25 71%
Chloramphenicol catl 12 34%
cmiA 08 23%
Fluoroquinolone gnrA 00 0%
qnr 0 0%
Aminoglycosides StrA 30 86%
strB 13 38%
Beta-lactams blal 06 17%
bla2 04 12%
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Figure 1: Agarose gel showing PCR amplification of E. coli blal gene
product (768 bp) P: Positive control, N: Negative control, L: DNA Ladder,
Lane 1 to 4: Positive samples

Figure 2: Agarose gel showing PCR amplification of E. coli tetC gene pro-
duct (397 bp) P: Positive control, N: Negative control, L: DNA Ladder,
Lane 1 to 4: Positive samples

Figure 3: Agarose gel showing PCR amplification of E. coli strA gene pro-
duct (548 bp) P: Positive control, N: Negative control, L: DNA Ladder,
Lane 1
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Figure 4: Agarose gel showing PCR amplification of E. coli strA, tetC and
tetD gene product (548 bp, 397 bp and 436 bp ) P: Positive control, N:
Negative

In donkey milk samples, E. coli was found in 21% of samples ove-
rall. April had the highest detection rate (23.5%), followed by
March (20%) and May (19.44%). The observed pattern suggests a
potential seasonal impact on bacterial contamination, which is
probably related to environmental variables that impact bacterial
growth and transmission, like humidity and temperature. There
are seasonal and regional variations in the incidence of E. coli in
donkey milk. This study highlights geographical variations in hygi-
ene methods and environmental conditions in contrast to the fin-
dings of (21) in Morocco, where a lower prevalence of E. coli
(about 10%) was identified in donkey milk samples. Conver-
sely, (22) observed a higher percentage of E. coli (28%) in samples
of donkey milk, which is in line with the present results concer-
ning variability and increased prevalence. Remarkably, March
had the largest percentage of cases of clinical mastitis (10%), sug-
gesting an early lactation season peak. After that, the percentage
decreased in April and May (5.8% and 5.5%, respectively), yiel-
ding an overall prevalence of 7%. Other investigations have
shown similar seasonal behaviors. For example, studies carried
out in Spain by (23) found that the start of the lactation season is
associated with a rise in clinical mastitis, which they attributed to
stress and physiological udder changes.

According to a study conducted in Egypt by (24), there is a corre-
lation between greater exposure to pathogens and variations in
temperature in the environment, which might lead to a raised in-
cidence of clinical mastitis early in the nursing process phase.
March had the highest frequency of subclinical mastitis (20%),
with a decrease in April (11.7%) and May (11.1%) leading to an
overall prevalence of 14%. This implies that as the lactation sea-
son carried on, subclinical mastitis decreased. Notably, the
study's findings on prevalence are consistent with those from ot-
her areas. Consider the 15% subclinical mastitis rate in donkey
milk reported by (25) in Israel, where comparable seasonal dec-
reases were seen as lactation developed.

According to studies conducted on other animals, the early sea-
son increase in subclinical mastitis could be related to physiologi-
cal stress and greater susceptibility to infections after parturition



(26). There could be some reasons affecting the prevalence pat-
terns of E. coli, clinical mastitis, and subclinical mastitis that were
seen in March, April, and May. The increased frequency of E. coli
in April raises the possibility that the month's climate, which inc-
ludes higher humidity and warmer temperatures may encourage
the growth of bacteria. Previous research has also shown similar
patterns, with rising temperatures leading to higher contamina-
tion rates and surrounding bacterial populations.

Early in the lactation season in March, there was a peak incidence
of both clinical and subclinical mastitis. This finding is consistent
with previous studies indicating higher rates of mastitis immedi-
ately after pregnancy as a result of udder stress and immune
system changes. The following fall in occurrence in April and May
could be interpreted as evidence of good nursing adaption and
early stressor recovery. Over time, the prevalence of both clinical
and subclinical mastitis can be decreased with good management
techniques and prompt management of early cases.

The high effectiveness of Enrofloxacin against E. coli isolates in
donkey milk aligns with findings from various studies. The study
reported by (27) that E. coli isolates in dairy cattle exhibited a high
susceptibility rate to Enrofloxacin, which aligns with its known
efficacy against Gram-negative bacteria. Enrofloxacin functions by
inhibiting bacterial DNA gyrase and topoisomerase IV. The effec-
tiveness observed in our current study suggests that Enrofloxacin
remains a viable treatment option for E. coli infections in donkeys.
The sensitivity recorded of E. coli isolates to Tetracycline and Tri-
methoprim/Sulfamethoxazole are corroborated by (28), reported
similar susceptibility patterns in E. coliisolated from bovine masti-
tis cases. The mechanisms of action for Tetracycline (protein
synthesis inhibition) and Trimethoprim/Sulfamethoxazole (folic
acid synthesis inhibition) are effective against a broad spectrum
of bacterial strains, including E. coli. However, the emergence of
resistance in certain regions underscores the importance of cau-
tious and targeted antibiotic use. The intermediate effectiveness
of Gentamicin and Ampicillin suggests that while these antibiotics
can inhibit E. coli growth, their efficacy may vary based on factors
such as dosage and bacterial load. This study agreed with (29) has
reported similar results, demonstrating that Gentamicin exhibits
moderate effectiveness against E. coli in dairy animals. Notably,
the moderate sensitivity of Ampicillin, a beta-lactam antibiotic, is
significant, considering that resistance mechanisms such as beta-
lactamase production can reduce its efficacy. This aligns with fin-
dings by (30) observed a growing resistance trend to Ampicillin in
E. coli from livestock The fact that E. coli isolates are resistant to
Ciprofloxacin, Erythromycin, Oxytetracycline, and Streptomycin is
worrisome, although not entirely surprising. Specifically, Cipro-
floxacin resistance has been on the rise as reported by (31) that E.
coli from various animal sources discovered notable levels of resi-
stance. The inefficacy of Erythromycin aligns with its limited acti-
vity against Gram-negative bacteria, primarily due to poor pene-
tration of the outer membrane. This observation is supported by
(32) that resistance observed in E. coli isolates to Oxytetracycline
and Streptomycin, both of which have been extensively used in
veterinary medicine, underscores the critical issue of antimicro-
bial resistance (AMR). Different published data highlighted the

significance of AMR (33). The presence of the aminoglycoside re-
sistance gene strA in 86% of the E. coli isolates indicates a high
level of resistance to this class of antibiotics. The widespread pre-
valence of aminoglycoside resistance genes, such as strA, aligns
with findings from various studies across different animal hosts. A
study by (34) on dairy cattle in China reported a prevalence of
aminoglycoside resistance genes in E. coli isolates at 82%, closely
mirroring the current findings. Similarly, reported by (35) that 89%
of E. coli isolates from swine harbored aminoglycoside resistance
genes, highlighting the widespread problem of aminoglycoside
resistance in livestock. Notably, the resistance genes tetC and tetD
were present in 57% and 71% of the isolates, respectively, indica-
ting a moderate to high level of resistance to tetracycline. These
findings align with global trends in tetracycline resistance preva-
lence. A study by (36) reported that 65% of E. coli isolates from
poultry in Malaysia carried tetracycline resistance genes, with
tetA and tetB being the most common. Another study by (37) con-
ducted in China revealed that 70% of E. coli isolates from cattle
carried tetracycline resistance genes, which is similar to the pre-
valence of tetD observed in our current study. Additionally, the
chloramphenicol resistance genes catl and cmlA were detected
in 34% and 23% of the isolates, respectively, indicating varying le-
vels of resistance to chloramphenicol. Although chloramphenicol
resistance is less common than resistance to other antibiotic clas-
ses due to its restricted use in food-producing animals, it has still
been reported in various studies. For instance, a study by (12) fo-
und chloramphenicol resistance genes in 28% of E. coli isolates
from dairy cattle in the USA, comparable to the prevalence found
in this study. The study by (38) in South Korea, reported that 30%
of E. coliisolates from pigs carried chloramphenicol resistance ge-
nes, suggesting consistent resistance patterns across various live-
stock. Additionally, beta-lactam resistance genes, specifically blal
and bla2, were detected in 17% and 12% of the isolates, respecti-
vely, indicating moderate resistance levels to beta-lactam antibio-
tics. Notably, the prevalence of beta-lactam resistance genes in E.
coli appears to be increasing, as reported by various studies. This
study contrasts with [35] found bla genes in 25% of E. coli isolates
from dairy cows in Canada, slightly higher than the prevalence fo-
und in the current study. Another study by (39) reported that 20%
of E. coli isolates from poultry in Spain carried beta-lactam resi-
stance genes. The absence of fluoroquinolone resistance genes is
a positive finding, contrasting with the increasing resistance
trends reported in other studies. The study (40) reported gnr ge-
nes in 12% of E. coli isolates from dairy cattle in France, reflecting
growing concerns over fluoroquinolone resistance in livestock.

Conclusion

This study highlights the substantial occurrence of clinical and
subclinical mastitis in donkey milk. Subclinical mastitis is parti-
cularly prevalent in Kisana Mori. Escherichia coli was frequently
detected, displaying high resistance to multiple antibiotics. The
findings emphasize the need for better mastitis management
and prudent antibiotic usage in donkey milk production. No sig-
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nificant seasonal or regional variations in mastitis or E. coli pre-
valence were observed. Regular surveillance and improved hygi-
ene practices are crucial to ensure the safety of donkey milk and
reduce the risk of antibiotic-resistant bacteria.
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