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A B S T R A C T

Background and Aim: Antibiotic resistance (ABR) in food animals poses a significant threat to public health under the One 
Health framework. In Malaysia, Escherichia coli is a key indicator organism for antimicrobial resistance (AMR) surveillance. 
However, limited data exist on the resistance profiles of E. coli in goats, particularly in relation to antibiotic usage. This study 
aimed to evaluate the effect of antibiotic use on the temporal development of ABR in E. coli isolated from goat farms in 
Selangor.

Materials and Methods: A prospective cohort study was conducted on two goat farms: one with a documented history 
of antibiotic use (Farm 2) and one without (Farm 1). A total of 60 goats (30/farm) were followed for 3 months, with fecal 
samples collected monthly. E. coli isolates were identified and subjected to antimicrobial susceptibility testing using the 
Kirby–Bauer disk diffusion method. Data were analyzed using Chi-square tests, logistic regression, and Cox proportional 
hazards modeling.

Results: A significant association was found between antibiotic use and the presence of ABR E. coli (odds ratio = 5.82; 95% 
confidence interval [CI]: 1.12–30.20; p < 0.05). The highest resistance was observed in Farm 2 (96.74%) compared to Farm 
1 (57.14%). A hazard ratio of 1.74 (95% CI: 1.03–2.94) indicated increased risk over time. Resistance was detected against 
critically important human antibiotics, including ciprofloxacin, ampicillin, chloramphenicol, and tetracycline. Notably, resis-
tance to meropenem, an antibiotic not approved for veterinary use, was detected in both farms, suggesting possible envi-
ronmental or interspecies transmission.

Conclusion: This study confirms that antibiotic use in goat farming significantly influences the development of ABR in E. coli. 
The detection of resistance in farms without antibiotic use underscores the need to investigate other contributing factors, 
such as environmental residues and horizontal gene transfer. These findings support policy recommendations to restrict 
antibiotic use in livestock and highlight the urgency for comprehensive AMR surveillance and intervention strategies.
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INTRODUCTION
Antimicrobial resistance (AMR) is a critical global 

health challenge that affects both human and animal 
populations [1]. Inadequate or ineffective treatment 
of bacterial infections can result in persistent infec-
tions, ultimately increasing mortality among affected 
hosts [2]. In goats, AMR has particularly severe conse-
quences, with persistent bacterial infections contribut-
ing to mortality rates as high as 86% [2, 3]. Furthermore, 

AMR negatively impacts productivity, leading to esti-
mated monthly income losses of nearly 11% for goat 
farmers [4]. In Malaysia, goat production has experi-
enced fluctuations in population size over time [5], and 
bacterial infections have been implicated in mortality 
rates of up to 22%, further contributing to the declining 
goat population [6].

Surveillance of AMR is essential for develop-
ing targeted prevention strategies and evaluating the 
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magnitude of resistance threats in animal popula-
tions [7]. The World Organization for Animal Health 
(WOAH) has designated Escherichia coli as a key senti-
nel organism for AMR monitoring due to its widespread 
presence and ability to acquire and disseminate resis-
tance genes. As such, E. coli is routinely monitored in 
feed, animals, and the environment [8].

E. coli is a well-established indicator organism for 
AMR surveillance because of its genetic adaptability 
and propensity to transfer resistance elements across 
bacterial populations [9, 10]. It is considered a signif-
icant contributor to the development of resistance 
among Gram-negative bacteria in livestock [11]. In 
Malaysia, the AMR Action Plan emphasizes AMR sur-
veillance, public awareness, and research efforts to mit-
igate the spread of resistance [7]. The Department of 
Veterinary Services has conducted routine monitoring 
of AMR in E. coli from major livestock species, includ-
ing cattle, pigs, and poultry [12]. However, surveillance 
data on AMR in goats remain sparse. A previous study 
by Mansor et al. [13] has reported E. coli resistance 
rates ranging from 27% to 100% in dairy goats. This high 
level of resistance underscores the growing importance 
of AMR in the goat sector, which constitutes approxi-
mately 20% of Malaysia’s total livestock population [5]. 
Antibiotic use has been identified as a key driver of 
resistance in goats [14].

Despite growing concern over AMR in livestock, 
current surveillance in Malaysia has largely focused 
on cattle, poultry, and swine, with limited attention to 
goats. This underrepresentation persists even though 
goats account for approximately one-fifth of Malaysia’s 
total livestock population [5]. Most available studies 
on AMR in goats have concentrated on clinical cases or 
dairy populations [13, 15], which may not reflect the 
broader resistance dynamics within healthy, non-dis-
eased goat herds. Moreover, these studies are typically 
cross-sectional and fail to capture the temporal evolu-
tion of resistance following antibiotic exposure. There is 
also a lack of longitudinal data examining how antibiotic 
usage in farm settings influences the resistance profile 
of E. coli–a key surveillance organism and reservoir for 
resistance genes–in goat populations. This presents a 
significant knowledge gap in understanding the devel-
opment and drivers of AMR under field conditions, 
particularly in relation to antibiotic use practices on 
Malaysian goat farms.

To address this gap, the present study aimed to 
investigate the impact of antibiotic use on the antibiotic 
resistance (ABR) profile of E. coli isolated from goats 
in Selangor, Malaysia, through a longitudinal cohort 
approach. Specifically, this study sought to (i) monitor 
the development of ABR over time in goat farms with 
and without a history of antibiotic use, (ii) identify spe-
cific antibiotics to which resistance emerges following 
usage, and (iii) determine the magnitude of association 
between antibiotic administration and the likelihood 

of resistant E. coli emergence. By capturing resistance 
patterns at multiple timepoints and comparing farms 
with different antibiotic use histories, this study pro-
vides valuable insights into the temporal dynamics of 
AMR in goats. The findings are intended to support the 
implementation of Malaysia’s National Action Plan on 
AMR and inform prudent antibiotic use policies in small 
ruminant production systems.

MATERIALS AND METHODS

Ethical approval
Ethical clearance was granted by the Institutional 

Animal Care and Use Committee of Universiti Putra 
Malaysia (Approval No: UPM/IACUC/AUP-015/2022). 
This study followed the Animals in Research: Reporting 
In vivo Experiments guidelines.

Study period and location
This study was conducted from July to October 

2023 in Selangor, Malaysia.

Sample size determination
A prospective cohort study was conducted based 

on a preliminary cross-sectional assessment involving 
450 goats from 27 farms in Selangor, Malaysia. The 
sample size for the cross-sectional phase was calculated 
using a standard formula with a Z-score of 1.96, a 5% 
margin of error (d = 0.05), and an expected prevalence (p) 
of 50%, yielding a required minimum of 384 goats. The 
sample size was calculated and increased based on the 
previous studies [16, 17]. For the cohort phase, assum-
ing a relative risk of 1.9, a baseline incidence of 38% in 
the unexposed group, 80% power, and 95% confidence, 
the minimum required sample size was determined to be 
60 goats (30 per group), using Epitools [18–20].

Farm selection criteria
Farms were selected based on uniformity in 

key management practices to minimize confounding. 
Selected farms utilized non-pasture systems, limited 
outsider access, and followed similar feeding regimes. 
Environmental variables such as antibiotic residue lev-
els, disinfectant use, and metal exposure were not con-
trolled due to the unavailability of baseline data. Two 
farms were selected from the cross-sectional study: 
Farm 1 (no antibiotic use) and Farm 2 (routine antibiotic 
use, as documented in farm records). Both farms pre-
viously yielded E. coli isolates susceptible to the antibi-
otics tested, which included ampicillin (AMP), amikacin 
(AK), gentamicin (CN), amoxicillin/clavulanic acid (AMC), 
chloramphenicol (C), ciprofloxacin (CIP), nalidixic acid 
(NA), norfloxacin (NOR), ceftriaxone (CRO), meropenem 
(MEM), sulfamethoxazole/trimethoprim (SXT), and tet-
racycline (TE).

Longitudinal sampling procedure
The study was conducted between July and 

October 2023. Thirty goats aged approximately 
1.5 years were randomly selected per farm and tagged 
for follow-up. Fecal samples were collected monthly 
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for 3  months (3  timepoints per goat). Samples were 
obtained aseptically through rectal collection using ster-
ile gloves, stored in sterile containers, and transported 
in cool boxes (≤4°C) to the laboratory for immediate 
processing [21]. This sampling frequency was designed 
to capture temporal shifts in AMR and detect latent or 
emerging resistance profiles [22–24].

Isolation and identification of E. coli
E. coli isolation followed protocols from the Faculty 

of Veterinary Medicine, Universiti Putra Malaysia, and 
the WOAH guidelines [25]. Fecal samples were diluted 
in sterile distilled water and plated on MacConkey agar. 
Colonies exhibiting typical E. coli morphology were 
subcultured and confirmed through Gram staining and 
standard biochemical assays, including urease, citrate, 
oxidase, triple sugar iron, and sulfide indole motility 
tests [25, 26].

Antimicrobial susceptibility testing (AST)
AST was performed using the Kirby–Bauer disk dif-

fusion method on Mueller–Hinton agar in accordance 
with Clinical and Laboratory Standards Institute (CLSI) 
M100 guidelines (30th edition) [27]. Inocula were stan-
dardized to 0.5 McFarland turbidity and tested against 
12 antibiotics: AMP, AK, CN, AMC, C, CIP, NA, NOR, CRO, 
MEM, STX, and TE [27]. Antibiotics were selected based 
on their relevance to livestock and human medicine and 
their classification under One Health surveillance prior-
ities [28].

Statistical analysis
All data analyses were performed using Statistical 

Package for the Social Sciences version 22 (IMB Corp., 
NY, USA). Descriptive statistics summarized resistance 
patterns, and Chi-square tests (p < 0.10) were used 
to identify potential predictors for multivariate anal-
ysis. Logistic regression was applied to determine the 
adjusted odds ratios (OR) for ABR. In addition, Cox pro-
portional hazards regression assessed time-dependent 
associations between antibiotic use and resistance 
emergence, with results presented as hazard ratios and 
95% confidence intervals (CIs) [29, 30].

RESULTS

Prevalence of ABR E. coli (ABREC)
E. coli isolates exhibiting resistance to at least one 

of the antibiotics tested were classified as ABREC. At the 
first sampling point, the prevalence of ABREC was 10% 
in Farm 1 (antibiotic free) and 16.67% in Farm 2 (anti-
biotic using). ABREC was consistently detected in sub-
sequent sampling rounds across both farms (Figure 1). 
Goats in Farm 2 demonstrated a significantly higher risk 
of harboring ABREC, with a hazard ratio of 1.74  (95% 
CI: 1.03–2.94), indicating a 74% increased likelihood of 
developing resistance compared to goats in Farm 1.

Although no statistically significant difference in 
ABREC prevalence was observed at baseline (p > 0.05), 
a significant divergence emerged during the second 

Initial
status

1st

sampling
2nd

sampling
3rd

sampling

Farm 1 0% 10.00% 53.33% 13.33%

Farm 2 0% 16.67% 83.33% 26.67%
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20%
30%
40%
50%
60%
70%
80%
90%

Figure  1: Comparison of antibiotic-resistant Escherichia 
coli levels across three sampling periods. A  significant 
increase in resistance was observed in the 2nd sampling for 
both farms, with Farm 2 showing the highest resistance 
(83.33%) (p < 0.05). 

sampling. At this point, 53.33% of goats in Farm 1 and 
83.33% in Farm 2 tested positive for ABREC, highlight-
ing a temporal association between antibiotic use and 
increased resistance levels.

Temporal changes in resistance profiles
AST revealed evolving resistance patterns during 

the study. In Farm 1, resistance developed against CIP, 
MEM, AMP, TE, STX, and C (Figure  2). Farm 2 exhib-
ited resistance to all of these antibiotics except STX 
(Figure 3). Notably, all goats across both farms remained 
consistently susceptible to CN, AMC, CRO, NOR, AK, and 
NA throughout the 3-month observation period.

Risk factors associated with ABREC occurrence
Out of 60 goats sampled over the study period, 

46  (76.67%) tested positive for ABREC—19  (63.33%) 
from Farm 1 and 27  (90%) from Farm 2. Univariate 
analysis showed that antibiotic use was significantly 
associated with ABREC (χ² = 5.96, p = 0.015) (Table 1). 
In addition, body cleanliness was also found to be sig-
nificantly associated with ABREC occurrence (χ2 = 4.10, 
p = 0.043). Goats from antibiotic-using farms were 
approximately 5  times more likely to harbor ABREC 
(OR = 5.21; 95% CI: 1.28–21.24).

Multivariate analysis of risk factors
Multivariable logistic regression further confirmed 

antibiotic use as a significant predictor of ABREC occur-
rence (OR = 5.82; 95% CI: 1.12–30.20; p < 0.05). In 
contrast, body hygiene was not significantly associated 
with ABREC presence after adjusting for other variables 
(p > 0.05), suggesting that antibiotic use was the domi-
nant factor influencing resistance emergence (Table 2).

DISCUSSION

Antibiotic use and time-dependent resistance 
development

This study demonstrated a significant relationship 
between antibiotic use in goats and the development 
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C AMC CN AMP NOR CRO MEM AK CIP STX NA TE

1st sampling 3.35% 0% 0% 4.50% 0% 0% 0% 0% 3.57% 0% 0% 7.14%

2nd sampling 3.35% 0% 0% 17.86% 0% 0% 50% 0% 3.57% 10.71% 0% 14.29%

3rd sampling 0% 0% 0% 3.57% 0% 0% 7.14% 0% 0% 0% 0% 3.57%
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Figure 2: Antibiotic resistance (ABR) profile during the study period in Farm 1. In Farm 1, ABR was observed for C, AMP, 
CIP, MEM, and TE across the study. C=Chloramphenicol, AMC=Amoxicillin/clavulanic acid, CN=Gentamicin, AMP=Ampicillin, 
NOR=Norfloxacin, CRO=Ceftriaxone, MEM=Meropenem, AK=Amikacin, CIP=Ciprofloxacin, STX=Sulfamethoxazole, 
NA=Nalidixic acid, and TE=Tetracycline.

C AMC CN AMP NOR CRO MEM AK CIP STX NA TE

1st sampling 0% 0% 0% 3.57% 0% 0% 7.14% 0% 7.14% 0% 0% 0%

2nd sampling 7.14% 0% 0% 10.71% 0% 0% 83.33% 0% 0% 0% 0% 7.14%

3rd sampling 3.57% 0% 0% 21.43% 0% 0% 7.14% 0% 0% 0% 0% 7.14%
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Figure 3: Antibiotic resistance profile during the longitudinal study in Farm 2. Resistance to C, AMP, MEM, and TE was 
observed throughout the study. C=Chloramphenicol, AMC=Amoxicillin/clavulanic acid, CN=Gentamicin, AMP=Ampicillin, 
NOR=Norfloxacin, CRO=Ceftriaxone, MEM=Meropenem, AK=Amikacin, CIP=Ciprofloxacin, STX=Sulfamethoxazole, 
NA=Nalidixic acid, and TE=Tetracycline.

of ABR over time. A hazard ratio of 1.74 indicated that 
goats on antibiotic-using farms had a 74% higher risk 
of developing E. coli resistance compared to goats on 
farms that did not administer antibiotics. These find-
ings align with previous reports that antibiotic expo-
sure accelerates the selection and spread of resistant 

bacteria in livestock populations [31, 32]. Antibiotics 
can induce resistance through multiple mechanisms, 
including porin modification, mutagenesis, and oxida-
tive stress-related DNA damage [33, 34]. The selective 
pressure exerted by subtherapeutic antibiotic concen-
trations also favors the survival of resistant strains, 

Table 1: Univariate analysis of the risk factors associated with ABREC in goats in Selangor.

Variable Number of samples Positive ABREC (%) Chi‑square (χ2) p‑value OR (95% CI)

Antibiotic use
Yes 30 90 5.96 0.015* 5.21 (1.28–21.24)
No 30 63.33 Ref.

Health status
Healthy, Yes 57 77.19 0.18 0.674 0.59 (0.50–7.049)
Sick, No 3 66.67 Ref.

Body cleanliness
Dirty 11 100 4.10 0.043* 1.40 (1.17–1.67)
Clean 49 71.43 Ref.

 *Statistically significant (p < 0.05), OR=Odds ratio, Ref.=Reference, ABREC=Antibiotic‑resistant Escherichia coli
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contributing to resistance propagation across microbial 
communities [34–37].

Resistance emergence timeline and the role of farm 
stressors

The onset of E. coli resistance was evident from 
the 1st  month of sampling, suggesting rapid micro-
bial adaptation following antibiotic exposure. While 
literature suggests that AMR emergence can occur 
within 1–6 months post-exposure, the timeline remains 
poorly defined and may vary based on antibiotic type, 
dosage, and host-microbiome dynamics [38, 39]. Farm-
related stressors such as biocides, pesticides, and heavy 
metals further contribute to resistance selection by 
inducing bacterial stress responses that promote muta-
genesis and gene transfer [40–42]. Our findings support 
the hypothesis that a greater number and diversity of 
stressors exacerbate resistance development. Notably, 
ABR may be reversible upon the removal of stressors, 
as prior studies have shown a reduction in resistance 
within weeks after eliminating selective pressures [43].

Resistance to critically important antibiotics
The study revealed that E. coli isolates exhibited 

resistance to multiple critically and highly important 
antibiotics for human medicine, including CIP, AMP, C, 
TE, and STX [44]. These antibiotics are frequently used 
in Malaysian livestock systems and have been detected 
as residues in terrestrial and aquatic farm environ-
ments [45–47]. The widespread detection of resistance, 
even in farms without documented antibiotic use, 
points to the potential role of environmental contam-
ination and indirect antibiotic exposure in resistance 
development [48].

Unexpected detection of MEM resistance
An unexpected and concerning finding was the 

detection of MEM-resistant E. coli on both farms. 
MEM, a last-resort carbapenem antibiotic not approved 
for veterinary use, is typically reserved for treating 

multidrug-resistant infections in humans [45, 49, 50]. 
The detection of resistance to such a drug in goats sug-
gests environmental or horizontal gene transfer mech-
anisms, possibly through plasmid-mediated resistance, 
contaminated feed, or co-resistance driven by disin-
fectant use [51]. Both farms reported regular use of 
disinfectants, which can promote co-selection of resis-
tance genes through mechanisms such as co-resistance, 
cross-resistance, and co-regulation [40]. These findings 
underscore the need for further molecular investigation 
into the origin and drivers of carbapenem resistance in 
livestock settings.

Second sampling and resistance surge
A pronounced increase in resistance, particularly to 

MEM, was observed during the second sampling period. 
This surge may be explained by cumulative exposure to 
stressors or increased selective pressure over time [52]. 
Elevated resistance levels correlate with higher inducer 
concentrations, including antibiotics, heavy metals, and 
biocides, which trigger cellular responses such as efflux 
pump activation, increased mutation rates, and hori-
zontal gene transfer events [33, 34, 41].

Resistance in antibiotic-free farms and environmental 
transmission

Interestingly, STX-resistant E. coli was isolated 
from goats in the antibiotic-free farm. Previous studies 
by Thiang et al. [46] and Marni et al. [47] have reported 
widespread antibiotic residues, including TE, sulfon-
amides, and quinolones, in livestock and aquaculture 
environments in Malaysia. The persistence of these 
residues in soil and water can contribute to resistance, 
even in the absence of direct antibiotic use. In addition, 
non-antibiotic selective agents such as biocides and 
metal residues can facilitate resistance through indi-
rect selection pathways [40]. The spread of resistance 
genes from wildlife, environmental sources, and human 
activity further complicates containment efforts [53, 
54]. These findings emphasize the importance of moni-
toring not only antibiotic usage but also environmental 
contaminants and interspecies transmission routes.

CONCLUSION

This longitudinal cohort study demonstrated a 
significant association between antibiotic use and the 
emergence of ABREC in goats. Goats raised on farms 
with antibiotic use exhibited a higher prevalence of 
ABREC (90%) compared to those on antibiotic-free 
farms (63.33%), with a hazard ratio of 1.74, indicat-
ing a 74% increased risk of developing resistance over 
time. Resistance was detected against several critically 
important antibiotics for human medicine, including CIP, 
AMP, TE, C, and STX. Importantly, resistance to MEM–
an antibiotic not approved for veterinary use–was 
observed on both farms, suggesting the potential role 
of environmental exposure or horizontal gene transfer 
in resistance development.

Table 2: Results of the multivariate logistic regression 
analysis of the risk factors associated with ABREC 
development in goats in Selangor.

Variable Coefficient SE Chi‑square 
(χ2)

p‑value OR  
(95% CI)

Intercept 39.14 1.39 0.078 0.999
Antibiotic 
use

Yes 1.76 0.84 4.40 0.036* 5.82 
(1.12–30.20)

No Ref.
Body 
cleanliness

Dirty − 38.70 1.39 0.077 0.999 0.015 (0.000 
– 1.000)

Clean Ref.

 *Statistically significant (p < 0.05), ABREC=Antibiotic‑resistant 
Escherichia coli, SE=Standard error, OR=Odds ratio, CI=Confidence 
interval, Ref.=Reference
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The findings have important practical implica-
tions for antimicrobial stewardship in livestock systems. 
Limiting antibiotic use in goat farming may help sup-
press resistance emergence, and surveillance programs 
should be expanded to include small ruminants under 
the Malaysian AMR Action Plan. The consistent detec-
tion of resistance even in farms that did not use antibi-
otics highlights the need for broader control measures, 
including improved farm hygiene, controlled use of bio-
cides and disinfectants, and environmental monitoring 
for antibiotic residues.

A key strength of this study is its prospective 
cohort design, which enabled the capture of temporal 
changes in resistance profiles and strengthened causal 
inference. Standardized sampling procedures and well-
matched farm conditions reduced potential confound-
ing. However, the study is limited by the absence of 
molecular characterization of resistance genes and the 
lack of quantification of environmental residues such as 
antibiotics, metals, or disinfectants. These gaps restrict 
the ability to fully determine the sources and mecha-
nisms driving resistance.

Future studies should incorporate genomic analy-
ses of resistant isolates, evaluate antibiotic and biocide 
residues in farm environments, and track the dissem-
ination pathways of resistance genes. Expanding the 
geographic and production scope of AMR surveillance 
in goats will further strengthen evidence-based policy 
development.

In conclusion, this study underscores the role of 
antibiotic use in driving AMR in E. coli from goats and 
highlights the importance of addressing indirect trans-
mission pathways involving environmental and inter-
species factors. These insights reinforce the necessity of 
a One Health approach to AMR mitigation, promoting 
sustainable livestock production while safeguarding 
public health.
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