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ARTICLE INFO ABSTRACT

An opportunistic Gram-negative bacterium of veterinary and public health significance, Klebsiella pneumoniae is
increasingly linked to the synthesis of extended-spectrum B-lactamase (ESBL) and multidrug resistance (MDR).
The purpose of this study was to ascertain the distribution of B-lactamase genes (bla., ,, bla,,, and bla.,, ), an
tibiotic susceptibility profile, and prevalence of K. pneumoniae isolated from sheep in Tuban Regency, Indonesia.
Sheep in Ngrayung Village, Plumpang District, provided 150 rectal swab samples. These samples were cultured
on MacConkey Agar, followed by Gram staining, biochemical identification (TSIA and IMViC), and antimicrobial
susceptibility testing using the Kirby-Bauer disk diffusion method. PCR was subsequently performed on selected
resistant isolates to detect ESBL-associated genes (bla,, . blag,, and bla.,, ). K. pneumoniae was identified in
17 isolates (11.3%) out of the 150 samples. Testing for antimicrobial susceptibility showed 100% resistance to
erythromycin and 88.2% resistance to ampicillin, but 100% susceptibility to aztreonam. No isolate fulfilled the
international consensus definition of multidrug resistance (MDR) after exclusion of intrinsic resistance traits.
Only one of the two selected resistant isolates (50%) carried the bla,,, gene, according to PCR analysis, while
no isolates had bla ., or bla,,. The detection of antimicrobial-resistant K. pneumoniae in sheep that appear
to be in good condition suggests that animals could act as reservoirs for bacteria resistant to antibiotics. The
limited detection of ESBL-associated genes suggests that additional resistance mechanisms may contribute to
the observed phenotypic resistance. In order to reduce the spread of resistant bacteria, these results emphasize
the necessity of ongoing surveillance and careful antibiotic usage in animal production under the One Health
framework.
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Introduction
K. pneumoniae, include genes like bla

Known for being an opportunistic pathogen in both humans and an-
imals, Klebsiella pneumoniae is a Gram-negative, encapsulated bacterium
that is a member of the Enterobacteriaceae family (Thesia et al.,, 2025). K.
pneumoniae has been more frequently identified in veterinary medicine
as the cause of gastrointestinal issues, mastitis, respiratory infections, and
urinary tract infections in animals (Putri et al., 2026). In addition to its clin-
ical significance, this bacterium is thought to be a significant part of the
animal gut microbiota, where it may serve as a reservoir for antimicrobial
resistance (AMR) determinants (Riwu et al., 2022).

A significant public health concern is the growth and worldwide
spread of AMR bacteria, especially in light of the One Health concept
that connects environmental, animal, and human health (Widodo et al.,
2022). Because they are frequently exposed to antimicrobial drugs used
for treatment, prevention, and growth promotion, livestock animals, es-
pecially sheep, can act as reservoirs and sources of transmission of re-
sistant bacteria (Khairullah et al., 2025). This selection pressure speeds
up the emergence of resistant strains and makes it easier for resistance
genes to spread throughout bacterial populations (Enshaie et al., 2025).

One of the most important resistance mechanisms to B-lactam antibi-
otics is the formation of B-lactamase enzymes, especially extended-spec-
trum B-lactamases (ESBLs) (Khalifa et al., 2021). The most commonly doc-

al., 2026). These genes are frequently found on mobile genetic elements
like plasmids, which facilitate horizontal gene transfer between bacteria
and hasten the spread of resistance in both agricultural and clinical con-
texts (Pishtiwan and Khadija, 2019).

Concerns about animal-to-human transmission and the possible ef-
fects on food safety and public health have been raised in recent years
due to an increase in reports of ESBL-producing K. pneumoniae in live-
stock habitats (Li et al., 2022). As one of the most common ruminants cul-
tivated in Indonesia, sheep may serve as a potential reservoir for antimi-
crobial-resistant bacteria (Dewi et al., 2025). Nevertheless, little is known
about the molecular traits and prevalence of K. pneumoniae in sheep
populations, especially in rural agricultural settings (Liu et al., 2025).

Indonesia confronts difficulties in implementing biosecurity and an-
timicrobial stewardship because it is an agricultural nation with a large
amount of small-scale livestock production (Sumiati et al., 2025). K. pneu-
moniae and other resistant bacteria may arise as a result of the frequent
and occasionally unchecked use of antibiotics in animal husbandry (Eissa
et al., 2025). Despite this, there is currently a lack of surveillance informa-
tion on phenotypic resistance patterns and related resistance genes in
isolates linked to livestock (Nasilele et al., 2026).

Thus, the purpose of this investigation was to ascertain the frequency
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of K. pneumoniae in sheep rectal swabs from Tuban, Indonesia, to de-
scribe its antimicrobial susceptibility profile, and to identify ESBL-associ-
ated B-lactamase genes among selected antimicrobial-resistant isolates.
This study advances knowledge of antimicrobial resistance dynamics in
livestock systems and provides insight into the occurrence of resistant K.
pneumoniae in sheep by combining phenotypic and genotypic approach-
es.

Materials and methods

Study location and period

This study employed a descriptive design with an exploratory lab-
oratory approach aimed at isolating and identifying K. pneumoniae and
determining its antimicrobial resistance profile. Sample collection was
conducted at sheep farms located in Ngrayung Village, Plumpang Dis-
trict, Tuban Regency, Indonesia. Laboratory procedures, including bac-
terial isolation, phenotypic identification, antimicrobial susceptibility
testing, and molecular detection of resistance genes, were carried out at
the Division of Veterinary Public Health Laboratory, Faculty of Veterinary
Medicine, Universitas Airlangga, Indonesia, from May to June 2025.

Sample collection and sampling strategy

The study population comprised sheep reared in farms located in
Ngrayung Village, Plumpang District, Tuban Regency. The minimum sam-
ple size was calculated using the Slovin formula with a 10% margin of
error, based on a total population of 1,080 sheep, resulting in 92 ani-
mals. To increase representativeness and improve statistical robustness,
the sample size was expanded by 50%, yielding a final total of 150 rectal
swab samples.

Rectal swab samples were collected using sterile cotton swabs select-
ed through a random sampling approach. Each swab was immediately
placed into Amies transport medium, properly labeled, and transported
in a cool box to preserve bacterial viability until processing in the labo-
ratory.

Phenotypic detection and identification of Klebsiella pneumoniae

All rectal swab samples were cultured on MacConkey Agar (MCA)
(HiMedia, India) and incubated at 37°C for 24 h to isolate Gram-negative
enteric bacteria. Colonies suspected as K. pneumoniae were identified
based on typical morphology, namely pink, mucoid colonies measuring
approximately 2-5 mm, indicative of lactose fermentation. Suspected col-
onies were further purified through subculture on fresh MCA plates to
obtain pure isolates.

Gram staining was performed to confirm microscopic morphology.
Bacterial smears were heat-fixed and sequentially stained using crystal
violet, iodine solution, alcohol decolorizer, and safranin. Microscopic ex-
amination was conducted under oil immersion at 1000x magnification.
Isolates showing Gram-negative short rod-shaped morphology were
considered presumptive K. pneumoniae (Purbowati et al., 2025).

Biochemical confirmation was conducted using Triple Sugar Iron
Agar (TSIA) and IMVIC tests (Indole, Methyl Red, Voges—Proskauer, and
Citrate). TSIA testing was performed using the stab-and-streak method
followed by incubation at 37°C for 24 h, with typical results showing acid
slant/acid butt (A/A), gas production, and absence of H,S.

IMVIC testing included indole production using Sulfide Indole Mo-
tility (SIM) medium with Kovac's reagent, methyl red (MR) and Vog-
es—Proskauer (VP) reactions using MR-VP broth, and citrate utilization
using Simmons Citrate Agar (SCA). Isolates exhibiting indole-negative,
MR-negative, VP-positive, and citrate-positive profiles were confirmed as
K. pneumoniae (Effendi et al., 2018).

Phenotypic detection of antimicrobial resistance

Antimicrobial susceptibility testing of confirmed K. pneumoniae iso-
lates was performed using the Kirby-Bauer disk diffusion method on
Mueller-Hinton Agar (MHA) (HiMedia, India).

A bacterial suspension was prepared from fresh colonies in 0.9%
sterile physiological saline and adjusted to a 0.5 McFarland standard
(=1.5x10% CFU/mL). The suspension was evenly inoculated onto MHA
plates using sterile cotton swabs.

Antibiotic disks used in this study included erythromycin (15 pg), am-
picillin (10 pg), tetracycline (30 pg), cefoxitin (30 pg), and aztreonam (30
Mg) (Oxoid, UK). Plates were incubated at 37°C for 24 h.

Inhibition zone diameters were measured using a digital caliper with
0.02 mm precision. Results were interpreted as resistant (R), intermediate
(), or susceptible (S) according to Clinical and Laboratory Standards Insti-
tute (CLSI) guidelines (Clinical and Laboratory Standards Institute (CLSI),
2024). Multidrug resistance (MDR) was assessed according to the inter-
national consensus criteria proposed by Magiorakos et al. (2012), which
define MDR as acquired non-susceptibility to at least one agent in three
or more antimicrobial categories. Intrinsic resistance characteristics of K.
pneumoniae, including resistance to ampicillin and non-susceptibility to
erythromycin, were excluded from MDR classification.

Genotypic detection of antibiotic resistance genes by PCR

Molecular detection of antibiotic resistance genes was performed
on selected resistant isolates K. pneumoniae isolates using Polymerase

CTX-M" b[aSHV'
and bla,,,, which are widely recognized as key determinants of extend-

Chain Reaction (PCR) targeting B-lactamase genes, namely bla

ed-spectrum B-lactamase (ESBL) production in Enterobacteriaceae.

Genomic DNA was extracted from overnight bacterial cultures using
a commercial DNA extraction kit following the manufacturer’s protocol.
The extracted DNA served as the template for PCR amplification.

Each PCR reaction was prepared in a final volume of 25 L, consisting
of 12.5 uL PCR master mix, 1 L forward primer, 1 pL reverse primer, 2 pL
DNA template, and 8.5 pL nuclease-free water.

Thermal cycling conditions were as follows: initial denaturation at
95°C for 5 min; 35 amplification cycles consisting of denaturation at 95°C
for 30 s, annealing at 55°C for 30 s, and extension at 72°C for 1 min; fol-
lowed by a final extension step at 72°C for 7 min.

PCR products were separated by electrophoresis on 1.5% agarose
gel stained with a nucleic acid dye and visualized under UV transillumina-
tion. Positive amplification was determined by comparison with expected
amplicon sizes. Primer sequences used in this study are listed in Table 1.

Table 1. Primers used for PCR amplification of ESBL-associated genes.

Gene  Primer sequence (5°-3") Amplicon size Reference
bl F: CGCTTTGCGATGTGCAG 550 b Prayudi et al.
Yerxm R; ACCGCGATATCGTTGGT P (2023)
bla F: GGTTATGCGTTATATTCGCC 367 b Sulaiman et
sHv. - R: TTAGGTTGCCAGTGCTC P al. (2025)
Bl F: ATAAAATTCTTGAAGACGAAA 1086 b Ansharieta et
Drem R: GACAGTTACCAATGCTTAATC P al. (2021)

Note: F = forward primer; R = reverse primer.

Data analysis

All data obtained from bacterial isolation, phenotypic identification,
antimicrobial susceptibility testing, and molecular assays were analyzed
descriptively. The prevalence of K. pneumoniae, distribution of resistance
patterns, frequency of multidrug-resistant isolates, and detection rates
of resistance genes were presented using tables and figures. Antibiotic
susceptibility interpretations were based on CLSI 2024 standards.
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Results

Isolation and phenotypic identification of Klebsiella pneumoniae

A total of 150 rectal swab samples were obtained from sheep reared
in farms located in Ngrayung Village, Plumpang District, Tuban Regency,
Indonesia. All samples were cultured on MacConkey Agar (MCA) and in-
cubated at 37°C for 24 h to isolate Gram-negative enteric bacteria.

Out of the total samples, 43 isolates (28.6%) exhibited colony char-
acteristics suspected as K. pneumoniae on MCA, represented by pink,
mucoid colonies indicative of lactose fermentation (Figure 1). These pre-
sumptive isolates were further purified and subjected to Gram staining
and biochemical confirmation.

//

Figure 1. Representative colony morphology of presumptive K. pneumoniae isolates on
MacConkey Agar showing pink and mucoid colonies.

Microscopic examination revealed Gram-negative short rod-shaped
bacteria consistent with the morphology of K. pneumoniae (Figure 2). Bio-
chemical identification using Triple Sugar Iron Agar (TSIA) and IMVIC tests
demonstrated typical reactions of K. pneumoniae, including acid slant/
acid butt (A/A), gas production, indole negativity, methyl red negativity,
Voges—Proskauer positivity, and citrate utilization (Figure 3).

Based on combined phenotypic confirmation, 17 isolates (11.3%)
were identified as K. pneumoniae, as summarized in Table 2.

Table 2. Isolation and phenotypic identification of K. pneumoniae from sheep
rectal swabs.

Parameter Number of isolates  Percentage (%)
Total samples examined 150 100
Suspected K. pneumoniae on MCA 43 28.6
Confirmed K. pneumoniae isolates 17 11.3

Figure 2. Gram staining of confirmed K. pneumoniae isolates observed under 1000x magni-
fication showing Gram-negative short rods.

Figure 3. Representative biochemical identification results of K. pneumoniae including: (A)
SCA, (B) TSIA, (C) SIM, (D) MR, and (E) VP tests.

Antibiotic susceptibility profile of Klebsiella pneumoniae isolates

All confirmed K. pneumoniae isolates (n = 17) were evaluated for
antimicrobial susceptibility using the Kirby-Bauer disk diffusion method
against five antibiotics: erythromycin, ampicillin, tetracycline, cefoxitin,
and aztreonam.

Because K. pneumoniae is intrinsically resistant to ampicillin through
chromosomally encoded B-lactamases and intrinsically non-susceptible
to macrolides such as erythromycin due to the limited permeability of the
Gram-negative outer membrane, resistance to these two antibiotics was
reported only to describe the overall antimicrobial susceptibility profile
and was not considered for MDR classification according to the interna-
tional consensus criteria proposed by Magiorakos et al. (2012).

Erythromycin showed the highest resistance level, with all isolates
(17/17; 100%) categorized as resistant. High resistance was also observed
for ampicillin (15/17; 88.2%). In contrast, resistance to tetracycline and
cefoxitin was detected in 2 (11.8%) and 1 (5.9%) isolates, respectively. All
isolates (17/17; 100%) remained susceptible to aztreonam (Table 3, Figure
4). Therefore, the resistance frequencies observed for erythromycin and
ampicillin represent the intrinsic antimicrobial resistance characteristics
of K. pneumoniae rather than acquired resistance phenotypes.

Table 3. Antibiotic susceptibility profile of confirmed K. pneumoniae isolates
(n=17).

Antibiotic Resistant n (%) Intermediate n (%) Susceptible n (%)
Erythromycin 17 (100) 0 0
Ampicillin 15 (88.2) 0 2(11.8)
Tetracycline 2 (11.8) 0 15 (88.2)
Cefoxitin 1(5.9) 0 16 (94.1)
Aztreonam 0 0 17 (100)

Note: Resistance to ampicillin and non-susceptibility to erythromycin are intrinsic charac-
teristics of K. pneumoniae and were therefore excluded from MDR classification in accor-
dance with the international consensus criteria of Magiorakos et al. (2012).

Antimicrobial-resistant Klebsiella pneumoniae isolates

MDR was defined as acquired non-susceptibility to at least one agent
in three or more antimicrobial classes according to the international con-
sensus criteria proposed by Magiorakos et al. (2012), excluding antibiot-
ics to which K. pneumoniae is intrinsically resistant. Based on these crite-
ria, none of the 17 isolates fulfilled the definition of MDR.

Isolate S21 exhibited acquired resistance to tetracycline, whereas
isolate S28 exhibited acquired resistance to tetracycline and cefoxitin. Al-

Table 4. Antibiotic resistance patterns of selected antimicrobial-resistant K. pneumoniae isolates.

Isolate code Erythromycin Ampicillin Tetracycline Cefoxitin Aztreonam Acquired resistance Classification
S21 R R R S S Tetracycline Non-MDR
S28 R S R R S Tetracycline + Cefoxitin Non-MDR
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though these isolates were selected for subsequent molecular character-
ization because they displayed resistance to clinically relevant antibiotics,
neither fulfilled the international consensus definition of MDR (Table 4,
Figure 4).

Figure 4. Representative antibiotic susceptibility test of K. pneumoniae isolates on Muel-
ler-Hinton Agar using the disk diffusion method. ATM: aztreonam, TE = tetracycline; FOX
= cefoxitin, AMP = ampicillin, E = erythromycin.

Genotypic detection of antibiotic resistance genes

To investigate the molecular basis of antimicrobial resistance, two se-
lected antimicrobial-resistant K. pneumoniae isolates were analyzed using
CTX-M! blaSHV’ and blaTEM)'
PCR results revealed that only one isolate (S21; 50%) carried the

PCR targeting B-lactamase-associated genes (bla,

and

bla,,, gene, whereas both isolates (100%) were negative for bla_, ,,

SHV

bla.., (Table 5, Figures 5-7).

TEM

Table 5. Distribution of B-lactamase-associated genes among selected antimicro-
bial-resistant K. pneumoniae isolates

Isolate code bla .y blag,, bla .,
S21 Negative Positive Negative
S28 Negative Negative Negative

Specifically, isolate S21 showed positive amplification of bla,,,, while
isolate S28 did not harbor any of the investigated resistance genes.

Overall, bla,,, was the only B-lactamase gene detected among the
analyzed isolates in this study. Although isolate S28 exhibited phenotypic
resistance to cefoxitin, no bla

blag,, or bla,, genes were detected.

CTX-M! TEM
Because cefoxitin resistance is more commonly associated with AmpC
B-lactamase production or alterations in outer membrane porins than

with classical ESBL enzymes, the resistance phenotype observed in isolate

<— 1086 bp

M =
K = Negative control (nuclease-free water)

100 bp DNA Ladder (Thermo Scientific)

K+ = Positive control (blargy, 1086 bp)
S21, S28 = Sample isolates

Figure 7. PCR amplification results for bla, ., gene among selected antimicrobi-
al-resistant K. pneumoniae isolates.

S28 may be explained by alternative mechanisms that were not investi-
gated in the present study.

M K K+ S21 S28

bp
1500 —

1000 —
900 —
800 —
700 —
600 —
500 —

400 —
300 —

«+— 550 bp

200 —

100 —

M = 100 bp DNA Ladder (Thermo Scientific)
K = Negative control (nuclease-free water)
K+ = Positive control (blacrx.m, 550 bp)

S21, 828 = Sample isolates

Figure 5. PCR amplification results for bla ., ,, gene among selected antimicro-
bial-resistant K. pneumoniae isolates.

M K K+ S21 S28

<« 867bp

M =100 bp DNA Ladder (Thermo Scientific)
K = Negative control (nuclease-free water)
K+ = Positive control (blaguy, 867 bp)

S21, S28 = Sample isolates

Figure 6. PCR amplification results for bla
al-resistant K. pneumoniae isolates.

suy gene among selected antimicrobi-

Discussion

Based on phenotypic confirmation, this study showed that rectal
swab samples of sheep from Ngrayung Village, Tuban Regency, had K.
pneumoniae, with a prevalence of 11.3%. K. pneumoniae's importance as
a component of the gut microbiota and as a possible reservoir for AMR
is highlighted by its isolation from seemingly healthy livestock (De Maio
et al., 2025). Similar results have been documented in livestock systems,
where Enterobacteriaceae, including K. pneumoniae, are regularly found
in gastrointestinal samples. This is indicative of the bacteria’s widespread
presence in agricultural settings and their capacity to endure in animal
hosts without manifesting symptoms (Tuhamize and Bazira, 2024).

The characteristic profile of K. pneumoniae, which includes lac-
tose-fermenting mucoid colonies, Gram-negative short rods, and an
IMVIC pattern of indole-negative, methyl red-negative, Voges—Proskau-
er-positive, and citrate-positive reactions, was confirmed by the pheno-
typic identification approach used in this study, which combined culture
on MacConkey Agar, Gram staining, and biochemical testing (TSIA and
IMVIC). These results support the validity of traditional diagnostic tech-
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niques for first identification in veterinary diagnostic labs, especially in re-
source-constrained environments, and are in line with traditional micro-
biological descriptions of K. pneumoniae (Bermidez-Fornos et al., 2025).

Testing for antimicrobial susceptibility showed that the isolates had
a worrying pattern of resistance. The poor effectiveness of widely used
antibiotics in livestock systems is indicated by universal resistance to
erythromycin and considerable resistance to ampicillin (Liu et al., 2024).
Even though erythromycin is not usually used as a first-line medication
for Enterobacteriaceae, co-selection associated with mobile genetic ele-
ments or broader macrolide resistance determinants may be the cause
of its resistance (Miklasinska-Majdanik, 2021). The high ampicillin resis-
tance is in line with global trends in K. pneumoniae, where reports of both
intrinsic and acquired B-lactam resistance are common (Zdarska et al.,
2026). On the other hand, total susceptibility to aztreonam indicates that
this monobactam is still rather effective against the isolates in this group,
possibly as a result of less selective pressure or restricted use in local
veterinary practice (Sader et al,, 2021).

The detection of antimicrobial-resistant K. pneumoniae isolates is
noteworthy from a One Health perspective. The observed resistance to
tetracycline and cefoxitin indicates ongoing selective pressure within the
livestock environment and highlights the circulation of resistant bacteria
in sheep production systems (Rahayu et al, 2025). The resistance pat-
terns observed, particularly resistance to tetracycline and cefoxitin, may
reflect the circulation of resistant clones or horizontal dissemination of
resistance determinants among Enterobacteriaceae in sheep farms (Bucur
et al, 2025). Livestock production systems with weak biosecurity and
routine antibiotic usage are known to enhance the establishment and
maintenance of antimicrobial-resistant organisms (Widodo et al., 2023).
sy Was detected
in one of the two antimicrobial-resistant isolates analyzed, whereas bla_

and bla

TX-M TEM
isolate S28 demonstrated phenotypic resistance to cefoxitin despite test-

PCR analysis of B-lactamase genes showed that bla
were not detected (Twinomujuni et al., 2026). Interestingly,

ing negative for bla blag,, and bla,,. Since cefoxitin belongs to the

CTX-M
cephamycin group, resistance to this antibiotic is generally more indica-
tive of AmpC B-lactamase production or alterations in outer membrane
porins than of classical ESBL-mediated resistance (Jacoby, 2009; Tamma
et al, 2019). Therefore, the absence of the investigated ESBL genes does
not necessarily indicate the absence of B-lactam resistance mechanisms
in isolate S28.

Alternative mechanisms, including plasmid-mediated or chromo-
somal AmpC B-lactamases, reduced outer membrane permeability
caused by porin loss (e.g., OmpK35/0mpK36 alterations), or other resis-
tance determinants not evaluated in this study, may explain the observed
cefoxitin-resistant phenotype. Because AmpC-associated genes were not
included in the PCR panel, their contribution could not be determined
and should be regarded as a limitation of the present study.

The discrepancy between the cefoxitin-resistant phenotype and the

CTX-M" b[aSHV’
of antimicrobial resistance in K. pneumoniae. This finding suggests that

absence of bla, and bla,,,, further highlights the complexity
screening only the three classical ESBL genes is insufficient to explain
all B-lactam resistance phenotypes in livestock-associated isolates (Pires
et al, 2024; Wibisono et al., 2025). Future investigations should include
AmpC B-lactamase genes and comprehensive genomic approaches,
such as whole-genome sequencing, to better characterize the molecular
mechanisms underlying cefoxitin resistance.

Since animals can act as reservoirs for resistant bacteria that may
spread through direct contact, environmental contamination, or the food
chain, the detection of antimicrobial-resistant K. pneumoniae in sheep is
significant from a public health standpoint within the One Health frame-
work (Wareth and Neubauer, 2021). The existence of resistant Entero-
bacteriaceae in agricultural settings emphasizes the necessity of using
antibiotics carefully, maintaining better hygiene, and routinely observing
resistance patterns in animals raised for food (Abraham et al., 2025).

Overall, the results of this study demonstrate the presence of K.

pneumoniae isolates exhibiting clinically relevant antimicrobial resistance
characteristics, including cefoxitin resistance and the detection of a bla,,,,
B-lactamase-associated gene, in sheep from Tuban Regency. These find-
ings demonstrate the need for ongoing monitoring and integrated anti-
microbial stewardship techniques to stop the spread of resistant bacteria
in animal production systems and lower possible health hazards (Liza et
al., 2024).

A limitation of this study is that molecular screening was restricted
™ ew)- AmpC B-lact-
amase genes and other mechanisms associated with cefoxitin resistance,

to three ESBL-associated genes (bla bla,, and bla

such as porin alterations or efflux pump overexpression, were not investi-
gated. Consequently, the molecular basis of cefoxitin resistance observed
in isolate S28 could not be fully elucidated.

Conclusion

Based on phenotypic identification, this study reveals that K. pneu-
moniae is present in sheep from Tuban Regency, Indonesia, with a prev-
alence of 11.3%. A small proportion of isolates exhibited acquired resis-
tance to tetracycline and cefoxitin, whereas resistance to ampicillin and
erythromycin reflected intrinsic characteristics of K. pneumoniae.

Overall, these findings indicate that sheep may serve as reservoirs of
antimicrobial-resistant K. pneumoniae, underscoring their potential role
in the dissemination of antimicrobial resistance within the One Health
framework. Therefore, to prevent the emergence of resistant bacteria,
careful antibiotic use in livestock production and ongoing surveillance
are crucial.
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