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Abstract

Background: Diarrhea is.ascommon health problem in captive long-tailed macaques
(Macaca fascigularis), often associated with Escherichia coli infection. Antimicrobial
use in captive breeding facilities may contribute to the emergence of antimicrobial-
resistant bacteria, posing risks to both animal and public health through potential zoonotic
transmission. However, information regarding antimicrobial resistance in E. coli isolated
from captive long-tailed macaques remains limited.

Objective: This study aimed to determine the antimicrobial resistance profiles and
multidrug-resistant (MDR) patterns of E. coli isolated from diarrheic macaques in a
breeding facility.

Material and Methods: A total of 30 previously characterized E. coli isolates were tested
using the Kirby—Bauer disk diffusion method against seven antibiotics: ceftazidime
(CAZ), sulfamethoxazole—trimethoprim (SXT), doxycycline (DO), meropenem (MEM),
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streptomycin (S), chloramphenicol (C), and nalidixic acid (NA). Results: 10 isolates
(33.3%) were sensitive to all tested antibiotics, while 20 isolates (66.7%) were resistant
to at least one antibiotic. The highest resistance was observed against streptomycin
(56.7%), followed by sulfamethoxazole—trimethoprim (30%), doxycycline (26.7%),
chloramphenicol (13.3%), ceftazidime (10.0%), meropenem (6.7%), and nalidixic acid
(6.7%). Multidrug resistance, defined as resistance to three or more antibiotic classes, was
identified in 6 isolates (20%).

Conclusion: These findings indicate the presence of MDR E. coli in captive long-tailed
macaques and highlight the importance of antimicrobial resistance Surve€illance and
prudent antibiotic use in captive primate facilities.

Keywords: Antibiotic resistance, Breeding facility, Diarrhea,/ E. eoli, Long-tailed
macaque.

1. Introduction

Long-tailed macaques are among the most frequently‘used.animals in biomedical
research. Their genome shares 92.83% similarity with that of humans, making them more
suitable than other animal models [1]. These macagues, are mainly sourced through
captive breeding. One major health management challenge in captivity is diarrhea.

Diarrhea in long-tailed macaques is commonly caused by E. coli, Salmonella,
Shigella, or other enteropathogens [2]. It can lead to malnutrition, dehydration, growth
retardation, weakened immunity, weight loss, and even death, significantly affecting their
reproductive potential. One commonly used treatment is antibiotics that are effective in
eradicating the causative bacteria.[3]:

Bacteria exhibit remarkable genetic adaptability, allowing them to counter various
environmental stressors, ineluding exposure to antibiotics that threaten their survival [4].
Through. evolution, bacteria coexisting with antimicrobial-producing organisms have
developed sophisticated mechanisms to withstand harmful compounds, thus enabling
intrinsic resistance. Evolutionarily, bacteria adopt two main genetic strategies to survive
antibiotic pressure: (i) genetic mutations that alter antibiotic targets or mechanisms, and
(i1) acquisition/of exogenous DNA encoding resistance determinants via horizontal gene
transfer (HGT), facilitating the spread of resistance traits [5].

The development of multidrug resistance in bacteria involves acquiring genetic
mutations that provide survival advantages under antimicrobial pressure. Some bacterial
cells in a susceptible population undergo mutations altering drug mechanisms, allowing
these cells to survive and proliferate despite antibiotic intervention. When resistant
mutants emerge, susceptible populations are eliminated, enabling resistant bacteria to
dominate. This raises treatment costs significantly. Molecular mechanisms underlying
MDR are multifaceted, involving strategies such as target site modification, decreased
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drug uptake, efflux pump activation, and regulatory network modulation [6,7].

Bacterial evolution and antimicrobial resistance development are significantly
influenced by HGT, a process facilitating the acquisition of foreign DNA. Environmental
reservoirs, comprising genetic resistance determinants, are a productive source of
resistance genes in clinically relevant bacteria. Mobile genetic elements (MGEs) such as
plasmids and transposons play crucial roles in the development and spread of resistance
[8], while integrons, site-specific recombination systems, facilitate antimicrobial
resistance gene accumulation [8,9].

Antibiotic resistance is a major global health concern due to increasing treatment
failures and mortality, as well as rising therapy costs [10]. Antibiotic resistance in captive
long-tailed macaques poses a potential public health threat. Thus, understanding
pathogenic bacteria and associated antibiotic resistance is crugial for managing and
treating disease outbreaks [11]. Although numerous studiesthave reported antibiotic
resistance profiles in livestock and poultry [12], data on antibiotie. resistance in captive
long-tailed macaques remain limited. Significant resistance may ‘exist. Therefore, this
study aims to evaluate antibiotic resistance and identify effective treatments for diarrhea
in captive long-tailed macaques.

2. Materials and Methods

This study used 30 E. coli isolates obtained from the collection of the Primate
Research Center (PSSP), IPB University, originally isolated from 30 diarrheic long-tailed
macaques out of approximately 150 individuals maintained in the breeding facility. The
isolates were re-identified using EMB agar, Gramstaining, and microscopic examination.
The isolates used in this study were previously characterized for virulence factors,
including hemagglutination, hemolytic activity, and adhesion profiles, in our previous
study [12],which served as the basis for the present antimicrobial resistance investigation.
The seven antibiotics “selected for susceptibility testing represented different
antimicrobial classes commonly used in human and veterinary medicine and frequently
includedin antimicrobial resistance surveillance programs. Several of these antibiotics
had not been administered to the macaques, allowing assessment of resistance patterns
that may be associated with environmental exposure or other transmission pathways.

2.1 Procedures Antibiotic Susceptibility Testing

Escherichia coli susceptibility to antibiotics was tested using the Kirby-Bauer disk
diffusion method on MHA (Oxoid, UK) media. McFarland-standard suspensions were
applied to MHA plates and tested with seven antibiotics to determine bacterial
susceptibility: ceftazidime 30ug (CAZ), streptomycin (S) 10ug, sulfamethoxazole-
trimethoprim 25ug (SXT), chloramphenicol (C) 30upg, doxycycline (DO) 30ug,
meropenem (MEM) 10ug, and nalidixic acid (NA) 30ug (all Oxoid, UK). The plates were
incubated at 37°C for 24 hours. Results were compared with the Clinical Laboratory
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Standards Institute [20] guidelines. Bacteria resistant to three or more antibiotic classes
were classified as multidrug-resistant (MDR).
2.2 Data analysis

Data on MDR E. coli resistance in M. fascicularis with diarrhea were tabulated
and analyzed descriptively.

3. Results

A total of 30 E. coli isolates re-identified on EMB agar showed characteristic
metallic green sheen colonies (Figure 1), and Gram staining confirmed rod-shaped
bacterial morphology (Figure 2). Antimicrobial susceptibility testing.<demonstrated
marked variation in resistance across isolates. Of the 30 isolates, 10 (33.3%), were fully
susceptible to all seven antibiotics tested, while 20 isolates (66.7%)-exhibited resistance
to at least one antibiotic.

Figure 1. Bacteria colony grown in EMB medium showed a characteristic metallic
green sheen

Figure 2. The morphology of the bacteria is rod-shaped and pink in color

The highest resistance rate was observed against streptomycin, with 17 isolates
(56.7%) classified as resistant. Resistance to sulfamethoxazole—trimethoprim (SXT)
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occurred in 9 isolates (30%), followed by doxycycline, with 8 resistant isolates (26.7%).
Resistance to chloramphenicol was identified in 4 isolates (13.3%), while meropenem
and nalidixic acid each showed resistance in 2 isolates (6.7%). Three isolates (10%)

exhibited resistance to ceftazidime. Several

isolates also showed

susceptibility, particularly to streptomycin, nalidixic acid, and doxycycline, The overall
resistance distribution is summarized in Table 1, while the sensitivity patterns are
illustrated in Figure 3.
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Figure 3. Sensitivity patterns of E. coli causing diarrhea in‘Mafascicularis to various
types of antibiotics

Table 1. Resistance to several antibiaties in E. /coli isolated from captive macaques

C?ar;ts:bcl;:;lljp Resistance Pattern Resli\lsl:;?si;;tes Total Isolates
0 No resistance detected 10 10
1 MEM 1
S 6 7
2 CAZ-S 1
CAZ-SXT 1
DO-S 1
S-C 1
SXT-DO 1
SXT-S 2 7
3 SXT-DO-S 2 2
4 SXT-DO-S-C 2
SXT-DO-S-NA 1 3
6 CAZ-DO-MEM-S-C-NA 1 1
Total MDR 5 5

(>3 classes)

intermediate
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Note: DO = Doxycycline, SXT = Sulfamethoxazole—Trimethoprim, MEM = Meropenem,
C = Chloramphenicol, NA = Nalidixic Acid, S = Streptomycin, CAZ = Ceftazidime

Analysis of resistance patterns revealed variability in the number of antibiotic
classes resisted by each isolate. Seven isolates (23.3%) were resistant to a single antibiotic
class, while another seven isolates (23.3%) were resistant to two classes. Two isolates
(6.7%) exhibited resistance to three antibiotic classes, three isolates (10%) to four classes,
and one isolate (3.3%) to six classes. Based on the definition of multidrug resistance
(MDR), characterized by resistance to three or more antibiotic classes, six.iSolates (20%)
were identified as MDR.

The MDR profiles observed included SXT-DO-S (three classes), SXT-DO-S-C
and SXT-DO-S-NA (four classes), as well as a highly resistant isolate exhibiting CAZ—
DO-MEM-S-C-NA (six classes). These findingsshighlight the presence of varied
antimicrobial resistance and multiple MDR patterns among E. coliiselates from diarrheic
long-tailed macaques, suggesting persistent antimicrobial selection pressure within the
captive environment. These MDR profiles correspond to the,patterns summarized in
Table 1.

4. Discussion

This study provides new insights into the antimicrobial resistance patterns of
Escherichia coli isolated from diarrheicilong-talled macaques in captivity. Although
antimicrobial resistance has sbeen” extensively studied in livestock, poultry, and
companion animals, antimicrobial resistancewsurveillance in nonhuman primates
especially long-tailed maecaques remains limited and is often overlooked. As a result, data
on antimicrobial resistance in captive macaque populations are scarce, despite their close
genetic similarity te humans and their widespread use as important biomedical research
models¢ The present study. therefore contributes valuable baseline information to an area
of primate health management that has received insufficient scientific attention.

The high proportion of isolates resistant to at least one antibiotic (66.7%) reflects
possible environmental, management, or antimicrobial-related pressures within the
breeding facility. The highest resistance rate was observed against streptomycin (56.7%),
consistent with previous findings that aminoglycosides often show substantial resistance
due to their long-standing use in human and veterinary medicine [15,16]. Environmental
contamination from agricultural or human sources may also contribute to
aminoglycoside-resistant strains [17].

Resistance to sulfamethoxazole—trimethoprim (30%) and doxycycline (26.7%)
aligns with reports indicating frequent resistance in Enterobacteriaceae due to extensive
use of these antibiotics in poultry and livestock. Long-term tetracycline use contributes
to a high environmental load of tetracycline resistance genes [18], which may explain the
observed doxycycline resistance.
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Detection of meropenem resistance (6.7%), despite carbapenems not being used
in primate husbandry, is noteworthy and warrants further investigation. Because
molecular characterization was not performed in this study, the underlying resistance
mechanisms could not be determined. However, carbapenem-resistant Enterobacterales
and carbapenem resistance determinants have been increasingly reported in domestic
animals, wildlife, and environmental sources worldwide [19-21]. Future studies
incorporating molecular approaches are needed to identify the genetic determinants
associated with carbapenem resistance in these isolates.

Nalidixic acid resistance was relatively low (6.7%), although quinolone resistance
in E. coli is increasingly reported worldwide. Environmental and anthropegenic factors
may play a substantial role in shaping resistance patterns in captive primates. Captive
facilities often harbor higher abundances of antimicrobial resistance.genes, andshuman—
primate interactions may further facilitate transmission pathways [22]. Prior work in the
same facility reported contamination of water and feed sources.exceeding permissible
thresholds [2], reinforcing the likelihood of environmental contributions, to resistance.

The presence of MDR phenotypes—particularly isolates resistant to three, four,
and six antibiotic classes—highlights the potential for resistant E. coli to serve as
reservoirs for resistance genes within captive environments. E,/coli is well recognized as
an indicator organism for resistance due to its ability to acquire and disseminate genetic
elements rapidly [13]. Similar patterns of chloramphenicol resistance have been described
in other primates and animal species [23,24], emphasizing the broader ecological
relevance.

Multidrug-resistant bacteria represent @ major public health concern due to their
ability to spread across species_ boundaries [22].,Given the close interactions between
humans and captive magcagues, monitaring resistance trends is essential for both animal
health and zoonotic risk mitigation.”Although molecular analyses were not repeated in
this study because these isolates had been previously characterized for virulence factors,
future research should incorporate genomic approaches to better elucidate mechanisms
and-pathways of resistance’dissemination.

ThisStudy has several limitations. The sample size was relatively small and
originated fram,a subset of macaques within the breeding population, which may limit
the generalizability of the findings. In addition, molecular analyses of antimicrobial
resistance genes were not performed; therefore, the genetic mechanisms underlying the
observed resistance patterns could not be determined.

5. Conclusion

This study revealed that Escherichia coli isolated from diarrheic long-tailed
macaques in captivity exhibited diverse antimicrobial resistance patterns, with 66.7% of
isolates showing resistance to at least one antibiotic and 20% classified as multidrug-
resistant (MDR). Streptomycin, sulfamethoxazole—trimethoprim, and doxycycline
presented the highest resistance levels, indicating notable antimicrobial pressure within
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the captive environment. The presence of MDR isolates highlights the potential risk of
resistance transmission and emphasizes the need for continuous monitoring, responsible
antibiotic use, and improved health management practices in captive macaque
populations.
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