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Abstract. Agustin ALD, Effendi MH, Tyasningsih W, Khairullah AR, Plumeriastuti H, Riwu KHP, Dameanti FNAEP, Yanestria SM,
Tang JYH, Rehman S. 2025. ESBL-producing blaTEM-carrying Escherichia coli in cave bats of Lombok, West Nusa Tenggara,
Indonesia. Biodiversitas 26: 3701-3710. Bats are mammals known to carry Escherichia coli in their guano and inhabit diverse
environments such as caves, forests, and human settlements. Even without prior antibiotic exposure, bats can harbor antimicrobial-
resistant E. coli that may contaminate the environment and threaten public health. This study investigated bat species in Saung
Pengembur Cave, Lombok, West Nusa Tenggara, Indonesia, carrying antibiotic-resistant £. coli. Bats were captured using mist nets
from 4:00-10:00 PM, and their species identified through morphological measurements. Rectal swabs were collected aseptically, and
bacterial isolation was performed using Eosin Methylene Blue Agar, followed by biochemical identification (IMViC test). Antibiotic
susceptibility was assessed using the disk diffusion method, and isolates resistant to more than three antibiotic classes were screened for
the bla<sub>TEM</sub> gene via PCR, followed by sequencing for phylogenetic analysis. Of 85 bats captured, 77 were Rhinolophus
sp. and 8 Hipposideros diadema. Escherichia coli was isolated from 63 (74.1%) individuals, all exhibiting resistance to at least one
antibiotic. Multidrug Resistance (MDR) was observed in 19% (12/63) of isolates, with 9 (75%) carrying the Extended Spectrum Beta-
Lactamase (ESBL) gene bla<sub>TEM</sub>. The highest resistance rates were to azithromycin (46%), followed by tetracycline
(23.8%), amoxicillin (20.6%), sulfamethoxazole/trimethoprim (19%), and ciprofloxacin (16.7%), with no resistance to cefotaxime.
Phylogenetic analysis showed close relationships between bat isolates and E. coli from human and poultry sources in Southeast Asia and
Australia. These findings highlight the role of bats as reservoirs for ESBL-producing E. coli, underscoring the need for One Health-
based surveillance and public awareness regarding bat guano use, to mitigate environmental contamination and reduce the risk of
antimicrobial resistance transmission to humans, animals, and the environment.

Keywords: Hipposideros diadema, one health, public health, Rhinolopus, wildlife

Antimicrobial Resistance (AMR)is a global health
crisis, leading to bacterial infections that are increasingly
difficult or impossible to treat (Ansharieta et al. 2021).
Gram-negative bacteria like Escherichia coli are key
vectors of AMR, with resistance to multiple antibiotics
exacerbating treatment challenges, economic burdens, and
mortality rates in humans and animals (Pradika et al. 2019;
Riwu et al. 2022a; Mathur et al. 2023). The rise of AMR

underscores the urgent need for rational antibiotic use,
novel antimicrobial development, and robust surveillance
systems (Saeed et al. 2023). Resistant bacteria have been
detected in humans, livestock, and wildlife, including bats,
which serve as environmental sentinels and reservoirs for
AMR (Yunita et al. 2020; Widodo et al. 2022; Benavides et
al. 2024). Despite minimal direct antibiotic exposure, bats’
long-distance mobility, proximity to human settlements,
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and longevity make them potential carriers and spreaders of
resistant bacteria (Gaeta et al. 2023).

In Indonesia, bat guano used as fertilizer poses a
significant public health risk, as it may contaminate soil,
water, and food with antibiotic-resistant bacteria (Wibisono
et al. 2021; Reis et al. 2024). Studies show that guano alters
soil microbial communities and antibiotic resistance
profiles, threatening food security (Ajuzieogu et al. 2024;
Di Bella et al. 2025). Bats’ ecological adaptability and
dietary habits further amplify their role in AMR
dissemination. Insectivorous bats, for instance, consume
insects that often harbor resistant bacteria, while habitat
disruption forces them into closer contact with human-
dominated landscapes (Rojas-Sereno et al. 2023; Abdullah
et al. 2021). Metagenomic analyses reveal that bat gut
microbiota carries diverse Antimicrobial Resistance Genes
(ARGsS), including those resistant to critical drugs like
polymyxins (Huang et al. 2025).

In Southeast Asia, AMR in wildlife remains
understudied, though evidence suggests alarming trends.
For example, 100% of E. coli isolates from wild birds in
Malaysia  exhibited Multidrug  Resistance (MDR)
(Mohamed et al. 2022), while wild deer and elephants in
Thailand showed resistance to multiple antibiotics
(Duangurai et al. 2022). Anthropogenic activities, such as
antibiotic misuse and environmental contamination, are
primary drivers of AMR in wildlife (de la Pefia and
Kronholm 2024). In Indonesia, resistant £. coli has been
identified in humans, livestock, and wildlife, including
bats, rats, and deer (Sunarno et al. 2023; Riwu et al.
2024). The blaTEM gene, a predominant ESBL marker, is

116°00"E

BIODIVERSITAS 26 (8): 3701-3710, August 2025

widespread in Indonesian wildlife, highlighting the
potential for cross-species resistance transfer (Agustin et al.
2024).

The One Health approach is critical to addressing
AMR, yet wildlife remains a neglected component (Garcés
et al. 2019; Li et al. 2024). This study focuses on ESBL-
producing blaTEM-carrying E. coli in cave bats of Lombok,
Indonesia, to bridge this gap. By examining resistance
patterns and genetic linkages, the research aims to elucidate
the role of bats in AMR spread and inform strategies to
mitigate environmental and public health risks. Findings
will contribute to global AMR surveillance and underscore
the need for integrated interventions across human, animal,
and environmental health sectors.

MATERIALS AND METHODS

Ethical approval

In the current research, bat rectal swabs were carried
out that had obtained approval with number No.
1.KEH.046.03.2023 from the ethics commission Airlangga
University Animal Care and Use Committee (ACUC).

Bat samples

This was an observational study, conducted from
September to December 2023. Live bats captured from a
single cave, Saung Pengembur Cave in Central Lombok,
West Nusa Tenggara, Indonesia (Figure 1), provided the
samples.
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Figure 1. Saung Pengembur Cave area in Central Lombok, West Nusa Tenggara, Indonesia



AGUSTIN et al. — ESBL-producing blaTEM-carrying Escherichia coli in cave bats

Samples were collected during a single collection trip
using a mist net at the mouth of Saung Pengembur Cave
from 4 PM to 10 PM. The captured bats were used as
samples in this study. Bats captured in the net were placed
in cloth geological specimen bags, and individually
removed from the geological specimen bags using
protective hard rubber gloves and then anesthetized using
isoflurane-oxygen 1.5% and 0.5 L/min O; following
Wimsatt et al (2005). Physical examination was performed
when the bats were anesthetized including measuring body
length, wingspan, sex, and photographing the bats and then
guano samples were collected from the bats’ rectums by
cleaning the hair around the anus with 70% isoprophyl
alcohol to prevent bacteria contamination, followed by
inserting a sterile cotton swab into the rectum and swirled
for a short while to make sure the germs stuck to it
(Obodoechi et al. 2021). We used a carrier medium (Oxoid,
UK) to transport samples from the cave to the laboratory in
a cool state. In the bacteriology laboratory of the Faculty of
Veterinary Medicine, Universitas Airlangga, Surabaya,
Indonesia, E. coli isolates were identified and their
sensitivity tested. All bats were released after they
recovered. This research has obtained permission from
Balai Besar Konservasi Sumber Daya Alam dan Ekosistem

Nusa Tenggara Barat, Indonesia No:
SK.76/K.14/TU/KSA.2/8/2023.
Bat identification

The ethics committee has approved that bat

identification be carried out one by one with handling bats
in a geological specimen bag using protective hard rubber
gloves and then anesthetizing using isoflurane-oxigen 1.5%
and 0.5 L/min O, following Wimsatt et al (2005). Bats
(order Chiroptera) are the second-largest order of
mammals, comprising over 1,230 species worldwide,
which account for nearly 21% of all mammal species. They
are divided into two suborders: Yinpterochiroptera
(megabats) and Yangochiroptera (microbats) (Montiani-
Ferreira et al. (2022). Bat identification was carried out by
measuring body length, wingspan using a caliper, and sex
according to the identification key by Kitchener et al.
(1992) and et al. (1995). After identification and anal
swabs were carried out, all bats were released again after
they had recovered. Identification is based on body size, fur
color, tail shape, and facial structure. Species Rhinolophus
sp. is distinguished by the presence of a noseleaf and a
horseshoe-shaped facial structure and Hipposideros
diadema is similarly characterized by a horseshoe-shaped
nose and face.

Isolation and identification of Escherichia coli

By inoculating the sample on media and then
incubating it for 18 to 24 hours at 37°C, E. coli bacteria
were extracted using Eosin Methylene Blue Agar (EMBA)
(HI MEDIA M317). Biochemical tests and Gram staining.
To identify E. coli, IMVIC (indole, methyl red, Voges-
Proskauer, citrate) was utilized (Dameanti et al. 2023).
Bacterial isolation and sensitivity test at the laboratory of
bacteriology, Faculty of Veterinary Medicine, Universitas
Airlangga.
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Antibiotic sensitivity test

The sensitivity test (disk diffusion method) (HiMedia
M173) adapts Mueller-Hinton Agar (MHA) to the Clinical
Laboratory Standards Institute (CLSI) (2020). The
antibiotic disk (Oxoid, England) used in this study was
classified into seven classes: ciprofloxacine 5 ug (CIP)
(Oxoid, UK), cefotaxime 30 pg (CTX) (Oxoid, UK),
gentamicin 10 pg (CN) (Oxoid, UK), amoxicillin 25 ug
(AML) (Oxoid, UK), sulfamethoxazole/trimethoprim 25 pg
(SXT) (Oxoid, UK), tetracycline 30 pg (TE) (Oxoid, UK),
and azithromycin 15 pg (AZM) (Oxoid, UK). Using a
sterile tube, one or two colonies were extracted from
EMBA medium, put in physiological NaCl, and had their
opacity adjusted to McFarland standard 0.5 (1.5x10%
CFU/mL). A sterilized swab was used to apply a loopful of
bacterial suspension to the whole MHA. For 16-18 hours,
the plate was incubated in an aerobic environment at 35°C.
The results were interpreted using CLSI 2020 to alter the
diameter of the inhibitory zone (CLSI 2020).

Detection of blaTEM genes and phylogenetic analysis of
Escherichia coli isolates from bats

The ESBL blaTEM gene was detected in the
Escherichia coli bacterial culture in EMBA by employing
PCR with primers blaTEM (R) and blaTEM (F). E. coli
bacteria were inoculation in MHA medium and cultured for
24 hours at 37°C before extraction. One isolate was used to
examine multiple bacterial colonies in a safe-lock
Eppendorf tube with 300 pL of TE (10 mM Tris, pH 8, 10
mM  Ethylenediaminetetraacetic acid (EDTA)). The
solution was vortexed, and the boiling lysis process was
then carried out by placing it in the Eppendorf
ThermoStatTM for 10 minutes at 98°C. Following that, it
was centrifuged for ten minutes at 10,000 rpm. Then, 20
pL reaction mixture (12.5 pL Go tag green master mix,
primers blaTEM-F gene 5'-
ATGAGTATTCAACATTTCCG-3' and TEM-R 5'-
CTGACAGTTACCAATGCTTA-3' (Naelasari et al. 2018)
with an amplification size of 867bp each -1 pL each, 0.5
puL Dnase water, and 5 pL DNA template) was taken and
placed in an Eppendorf tube, then amplified.

The PCR thermal cycle consists of three phases:
denaturation, annealing, and extension. There were 35
cycles of annealing at 58°C for 1 minute, followed by
extension at 72°C for 1 minute, and a final extension at
72°C for 10 minutes, for amplification. The pre-
denaturation temperature was 96°C for 5 minutes, followed
by denaturation for 1 minute at 96°C. The product
amplification was separated on agarose gel 2% and stained
with gel-red.UV light used for visualized stained gel,
blaTEM gene was considered positive when a band was
observed at 867bp on gel, as seen in the positive control, E.
coli ATCC 35218, control negative PCR is master PCR
without DNA target. Results from PCR sequencing were
obtained at Genetic Science Indonesia. We used
sequencing data from GenBank 0Q096423.1 isolate from
human Filipina, MH744562.1 Isolate human Malaysia,
OP999009 isolate human Thailand, and OR680712.1
isolate pig Thailand to provide a data analysis section.
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RESULTS AND DISCUSSION

A total of 85 bats were captured using mist nets from
Saung Pengembur Cave, Central Lombok District.
Identification results showed 77 bats were Rhinolophus
spp. (Figure 2.A) and 8 bats were H. diadema (Figure 2.B),
as shown in Table 1.

We isolated 63 E. coli from 85 bat guano individuals
living in Saung Pengembur Cave, Central Lombok District,
West Nusa Tenggara. Colonies that grow on EMBA
showing metallic sheen phenomena (Figure 3.A)
morphology showed gram negative coccobacilli (Figure
3.B), from biochemical test positive E. coli indole ring
showed pink color on Sulfide Indole Motility (SIM) media
and looks motile (positive), MR is red (positive) and VP is
yellow (negative), and citrate green (negative). Our
research results showed that E. coli isolates from bat guano
in Saung Pengembur Cave, Central Lombok District, were
resistant to antibiotics (Table 2, Figure 5). The highest
resistance occurred to the antibiotic azithromycin 46%
(29/63), tetracycline 23.8% (15/63), amoxicillin 20.6%
(13/63), sulfamethoxazole/trimethoprim 19% (12/63),
ciprofloxacine 16.7% (6/63), gentamicin 1.5% (1/63), and
cefotaxime had no resistance 0% (0/63) (Figure 4).

We succeeded in isolating nine (9) E. coli ESBL
blaTEM genes carried by bats from Saung Pengembur

Figure 3. A. Colony of Escherichia coli bacteria on EMBA agar,
B. Gram staining of E. coli (Gram-negative coccobacilli)

90
—a— Hipposideros diadema
8ot 77 —m- Rhinolophus sp.
."u
-y
70 e
S
w ~s
- 60 .
= ~
g . S sb‘
B 50 .
>
o 40 N
-1 \
E ™\
=1
= 30 .,
\
N,
20 ™
by
\\
10} 8 8 ‘3
% 4
'\.\l
ol i ]
u= o w o
© S 2 2 2
N ok I S
= o3 o= s
E L I
& & &
Figure 5. Interpretation resistance and ESBL profile of

Escherichia coli bacteria from bats in Saung Pengembur Cave,
Central Lombok District, West Nusa Tenggara, Indonesia
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Cave, West Nusa Tenggara, Indonesia (Figure 6). From the
PCR result, we carried out a sequencing test to determine
the genetic closeness between our isolate and the isolate
blaTEM E. coli from GenBank. Result of sequencing our
isolate with 0Q096423.1, OR095844.1, ON221404.1,

MH744563.1, and JN037848.1, with samples 2.31, 2.33,
2.35, and 2.70 had a genetic relationship with a bootstrap
99% that indicates a strong relationship (Figure 7).

Figure 2. Bats caught from Saung Pengembur Cave, Central
Lombok, West Nusa Tenggara, Indonesia. A. Morfology of
Rhinolopus sp., B. Morfology of Hipposideros diadema
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Figure 4. Antibiotic susceptibility testing using disk diffusion of
Escherichia coli bacteria from bats in Saung Pengembur Cave,
Central Lombok District, West Nusa Tenggara, Indonesia, with
CLSI (2020) guidelines

Figure 6. PCR result blaTEM ESBL Escherichia coli 867bp
isolated from bats in Saung Pengembur Cave, West Nusa Tenggara,
Indonesia. Note: Negative control (K-); positive control (TEM);
positive results isolat E. coli from Rhinolophus sp.: 2.14, 2.15, 2.31,
2.33, 2.35, 2.38, and 2.61; positive results isolate E. coli from
Hipposideros diadema: 2.20 and 2.70 negative results 2.25, and
2.64 Rhinolophus sp., 2.50 negative result Hipposideros diadema
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Table 1. Body size identification bats were caught from Saung Pengembur Cave, Central Lombok, West Nusa Tenggara, Indonesia

Cave Species of bats

Sex Number of bats

Size of bats (cm)

Body length Wingspan
Saung Pengembur Cave Rhinolophus sp. Male 29 3-53 8.3-12.3
Female 48 3.1-5.7 8.5-14.8

Hipposideros diadema Male 5 7-10.1 22.3-26.4

Female 3 8.2-10.2 22.1-29.8

Table 2. Resistance and ESBL profile of Escherichia coli bacteria from bats in Saung Pengembur Cave, Central Lombok District, West

Nusa Tenggara, Indonesia

Number of Number of positive

Prevalence Prevalence Prevalence ESBL

Cave Species of bats samples isolates E. coli AMR MDR blaTEM from PCR
Saung Rhinolophus sp. 77 55(55/77,71.4%) 55 (55/55,100%) 9 (9/55, 16.3%) 7(7/9,77.8%)
Pengembur Hipposideros diadema 8 8 (8/8, 100%) 8 (8/8,100%) 3 (3/8,37.5%) 2 (2/3,66.7%)
Cave

Discussion wings than males, although both sexes emit high-frequency

There are no differences in wing size, shape, or other
functional parameters between male and female bats.
However, wing morphology in females suggests that
maternal  reproductive  advantages may influence
aerodynamic performance during pregnancy or migration
(O’Mara et al. 2016). Although bats encompass a wide
variety of species with similar external appearances,
morphological traits such as body size, fur color, facial
structure, tail shape, and tail length are often used for
species identification (Morgan et al. 2019; Cao et al. 2023).
The bat species Rhinolophus sp. is distinguished by the
presence of a noseleaf and a horseshoe-shaped facial
structure (Zhou et al. 2009), while H. diadema is similarly
characterized by a horseshoe-shaped nose and face
(Srinivasulu et al. 2010).

Both Rhinolophus sp. and H. diadema are insectivorous
species that hunt by flying parallel to vegetation,
particularly near forest edges, at approximately 50 cm
above ground. Occasionally, they perch to observe their
prey. Rhinolophus species have been documented to travel
at least 4.2 km from their roosts during foraging (Goiti et
al. 2003). Their primary diet includes insect orders such as
Hymenoptera, Coleoptera, Hemiptera, Diptera, and
Lepidoptera (Sin et al. 2020; Mohamed et al. 2023). Many
insects on farms, particularly Diptera, are known to carry
pathogenic bacteria such as E. coli, Salmonella, and
Campylobacter (Retamales et al. 2011), which can be
ingested by wildlife during feeding (Riwu et al. 2022b).
Escherichia spp. has been isolated from Diptera (Musca
domestica) with a prevalence of 21.45% were collected
from the Malabe Medical Officer of Health (MOH)
(Ranasinghe et al. 2023).

Wing morphology, including wing width and length, is
closely associated with the bat’s habitat and foraging
behavior, and is also utilized in echolocation (Salsamendi
et al. 2005). Female Rhinolophus bats tend to have broader

echolocation calls (Gy6rossy et al. 2020).

In this study, biochemical identification using SIM,
MR, VP, and citrate tests confirmed the presence of E. coli
through positive indicators: a pink ring in SIM, red MR,
yellow VP, and green citrate results (Prayudi et al. 2023).
Since bats are untamed animals that can travel around and
interact with different habitats without supervision, the
existence of antibiotic-resistant bacteria in bat guano could
be harmful to public health. While no direct cases of bat-to-
human transmission of resistant bacteria have been
reported, the possibility of zoonotic transmission must be
considered, especially due to increasing human-wildlife
conflict driven by habitat loss and fragmentation
(Gerbacova et al. 2020).

In this study, 63 isolates from insectivorous bats were
successfully obtained from 85 samples. The results will be
different in fruit bats, isolating E. coli from fruit bats will
obtain lower numbers than insectivorous because of
environmental and diet factors, fruit bat species that rarely
touch the ground are thus less to come into contact with E.
coli (McDougall et al. 2021). All 63 isolates (100%) were
resistant to the antibiotics used in this study. Consistent
with Mustika et al. (2024), this study found that E. coli
isolates from bats in East Lombok District, Indonesia,
showed the highest resistance to azithromycin (46%).
Kartasasmita et al. (2020) also reported that macrolide
antibiotics showed the highest resistance rates in a study
conducted across Asia by the Asian Network for
Surveillance of Resistant Pathogens (2008-2009). In
Indonesia, macrolides are the second-line treatment for
pneumonia after penicillin (Kurniawati et al. 2021).
Antibiotic consumption and population are closely related
to the level of resistance that occurs; in addition,
environmental conditions that have a humid and warm
climate promote the spread of bacteria (Sun et al. 2024).
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> ©Q096423.1 Escherichia coli TEM family class A beta-lactamase (blaTEM) Human Filipina

> OR095844.1 Escherichia coli ESBL Bats Australia

ON221404.1 Escherichia coli isolate blaTEM Human Vietnam

MH744563.1 Escherichia coli beta-lactamase TEM (blaTEM) Human Malaysia
A 270 E Coli Saung Pengembur

A 2 33 E Coli Saung Pengembur

A 2 31E Coli Saung Pengembur

A 2 35 E Coli Saung Pengembur

JNO037848.1 Escherichia coli blaTEM Poultry Australia

MK405592.1 Escherichia coli strain blaTEM Human Myanmar

OR672093.1 Escherichia coli TEM (blaTEM) Pig Thailand

OP999009.1 Escherichia coli TEM family class A beta-lactamase (blaTEM) Human Thailand

Figure 7. Phylogenetic analysis bJ/laTEM gene isolates Escherichia coli from bats in Saung Pengembur Cave, West Nusa Tenggara,
Indonesia, with data from GenBank 0Q096423.1, OR095844.1, ON221404.1, MH744563.1, IN037848.1, MK405592.1, OR672093.1,

and OP999009.1. Information:

Currently, antimicrobial resistance to macrolides has
surpassed resistance to penicillin in clinical isolates across
Asian countries. As a result, macrolides are increasingly
used in combination therapies rather than as monotherapies
(Idayanti et al. 2025). Azithromycin, with its long half-life,
allows for weekly dosing schedules (Sun and Li 2022).
However, its widespread use has led to a 50% increase in
resistance rates (Burow et al. 2020). Macrolides are widely
used not only for their antibacterial effects but also for their
role in modulating the host's immune response during
inflammation (Zhang et al. 2019). Azithromycin is
recommended as the first-line treatment for traveler’s
diarrhea, especially for high-risk populations such as
pregnant women, children, and immunocompromised
individuals (Trott et al. 2021).

The use of bat guano as fertilizer may introduce
antibiotic residues into soil and water, contributing to the
spread of AMR in humans and animals (Patyra et al. 2020).
Bats may ingest AMR bacteria through contaminated food
and water (Foti et al. 2022). E. coli is commonly used as an
indicator organism for water contamination. Human
exposure to these bacteria during recreational activities,
such as swimming, can increase infection risk (Devane et
al. 2020). Sulfamethoxazole (SMX), typically used in
combination with trimethoprim (TMP), is a widely
prescribed antibiotic for pneumonia (Tritle et al. 2021).
However, these compounds are not completely removed
through conventional wastewater treatment and may
negatively impact ecosystems. Advanced analytical
techniques such as Capillary Electrophoresis (CE), High-
Performance Liquid Chromatography (HPLC), and LC-MS
are used for environmental monitoring (Shen and Yan

: Isolates blaTEM E. coli from Saung Pengembur Cave

2023). Resistance to SMX/TMP is often linked to the
presence of sull, sul2, and sul3 genes (Ali et al. 2022).

Data from the Global Antimicrobial Resistance and Use
Surveillance System (GLASS) indicated that Indonesia has
a quite high level of AMR in livestock, fisheries, and
healthcare services (Siahaan et al. 2022). Indonesia has a
National Action Plan for AMR, but has been hindered
because limited evidence on AMR epidemiology (Limato
et al. 2022). The presence of resistant bacteria will disrupt
the treatment process and increase the cost of treatment
(Ramdhani et al. 2021). Resistance to antibiotics like
tetracycline, azithromycin, and ciprofloxacin is mediated
through multiple mechanisms, including reduced drug
absorption, porin channel modifications, antibiotic
degradation, and target site alterations (Sirindon et al.
2024). A study in Gabon found genetic similarities between
E. coli isolates from bats and humans, suggesting the
potential for cross-species transmission (Nguema et al.
2020). Shared resistance genes between animals and
humans are often carried on Mobile Genetic Elements
(MGEs) that facilitate horizontal gene transfer (McDougall
et al. 2024). The blaTEM gene is frequently detected in
isolates from Lombok Island, Indonesia (Kholik et al.
2023), with anthropogenic activities contributing to the
spread of ESBL-producing bacteria in the environment
(Rybak et al. 2022).

One of the main factors driving the AMR in bats is the
interaction of bats with diverse environments, which
facilitates the transmission of AMR with anthropogenic
activities, reducing natural roosting sites bringing bats
closer to human communities and transmission AMR can
spread from human-domesticated animals and wild animals
(Smith and Wang 2013). Bats from other countries have
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been shown to carry AMR E. coli, such as in Peru
(Benavides et al. 2018), Poland (Nowakiewicz et al. 2020),
Portugal (Sabenga et al. 2021), and Australia (McDougall
et al. 2021). Guano from insectivorous bats in Malaysia
showed that it contains not only bacterial pathogens, but
contain viruses that can affect to humans and animals
(Mahyudin et al. 2021). Species, sex, and acting habits are
factors that contribute to pathogens and resistant bacteria
found in bats (Ferreira et al. 2024). Increased frequent
wildlife-human interactions, sharing environments, and
contact with guano can transfer ARG when entering
through the digestive tract or respiratory tract via water,
food, or water and contact with skin (Huang et al. 2025).

Data from the World’s Best Award in 2020, Bali and
Lombok are the 10 best Asia’s islands in Asia (Alamsyah
et al. 2021). The close genetic relationship of bats to
humans from Malaysia could occur because Lombok is a
famous destination, and tourists come to Lombok to
explore the beaches, mountains, waterfalls, and caves (Jaya
et al. 2021). Travelers increase global dissemination and
emergence of AMR bacteria in other organisms (El Ghany
et al. 2020). Genetic closeness between blaTEM from bats
in this research with poultry b/laTEM E. coli from Australia
not far distance between Lombok and Australia, some
species of bats migrate seasonally because they have been
observed flying across the sea (Solick and Newman 2021).
From reported by Vasenkov et al. (2023) bats can migrate
2515 km. The report showed that wildlife can be a
reservoir of bacteria with high levels of AMR and spread
the bacteria to humans (Devnath et al. 2022). New data
from Australia, post-fire in Australis, many injured/ill bats
enter wildlife hospitals and some individuals received
antimicrobial therapy blaTEM gene was detected in 25.2%
(39/155) of bats. This data showed that not significant
difference in fire-affected bats pre-fire bats (P>0.05)
(McDougall et al. 2024). A longitudinal study by
Benavides et al. (2022) showed that isolates E. coli from
bats same with livestock, with high similar plasmid profiles
across samples from up to 100 km apart, in suggest that
long-term circulation of resistance in bat population.
Anthropogenic activities are closely related to the presence
of antibiotic resistance in bats. In Brazil, bats residing
protected natural park showed that isolates low resistance
level in bacteria (Claudio et al. 2018). The One Health
approach can be applied to overcome this problem of
antibiotic resistance. The One Health approach is essential
to address AMR across human, animal, and environmental
interfaces, including wildlife (Ramandinianto et al. 2020;
Adesoji et al. 2024). While E. coli is typically a commensal
bacterium in the gastrointestinal tract, certain strains can
cause opportunistic infections such as pneumonia, urinary
tract infections, and septicemia (McDougall et al. 2022).
The absence or lack data of resistance antibiotic in
Southeast Asian countries makes it difficult to estimate the
spread of antibiotic resistance carried by bats (Assefa et al.
2025).

The detection of antibiotic-resistant £. coli in bats from
Saung Pengembur Cave, Central Lombok, indicates
environmental contamination in the areas where bats live,
feed, and drink. Monitoring, regulating, and reducing
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antibiotic use is crucial to control the spread of
antimicrobial resistance (Khairullah et al. 2019, et al.
2023). The discovery of the blaTEM E. coli from bats
captured from Saung Pengembur Cave implies that
transmission can occur when bat guano is used as fertilizer,
guano excreted by bats when they search for food and drink
which contaminates the human living, livestock,
environment, and water environment. Socialization
regarding maintaining the natural habitat of bats or not
using guano as fertilizer is necessary to increase
conservation in order to ensure that there in No. horizontal
transfer of resistance between bats, humans, livestock, and
environmental in order to improve One Health. In this
research we did not use comparative data from another
host, so for future studies need to comparing isolate E. coli
or other bacteria from livestock and environment near from
Saung Pengembur Cave, Central Lombok District, West
Nusa Tenggara, Indonesia.

In conclusion, a total of 85 bats were successfully
identified, consisting of two species: Rhinolophus sp. and
H. diadema. Morphological analysis showed no significant
difference in wing length between male and female
individuals. From the samples collected, 63 Escherichia
coli isolates were successfully cultured. Antibiotic
resistance testing revealed the following resistance rates:
azithromycin (46%), tetracycline (23.8%), amoxicillin
(20.6%), sulfamethoxazole/trimethoprim (19%),
ciprofloxacin (16.7%), gentamicin (1.5%), and cefotaxime
(0%), indicating no resistance to cefotaxime. Among the 63
E. coli isolates, nine were found to carry the Extended
Spectrum Beta-Lactamase (ESBL) gene
bla<sub>TEM</sub>. Phylogenetic analysis indicated that
E. coli strains isolated from bats in Saung Pengembur Cave
shared a close genetic relationship with GenBank sequence
MH744563.1 from a human isolate in Malaysia and
JN037848.1 from a poultry isolate in Australia. The risk of
spreading AMR from bats can be reduced by not fertilizing
plants with bat guano, consuming water only after ensuring
it’s not contaminated with bacteria, and limiting interaction
with bats, especially from caves and where bats roost.
Therefore, ongoing monitoring and scientific investigation
are crucial to comprehend the patterns of Antimicrobial
Resistance (AMR) within bat populations and their
implications for public health. This involves examining the
origins of contamination and evaluating the ecological role
of bats in the spread and maintenance of AMR.

ACKNOWLEDGEMENTS

Researchers would like to thank the Faculty of
Veterinary Medicine, Universitas Airlangga, Surabaya,
East Java, Indonesia, for all the facilities provided during
conducting research and Center for Higher Education Fund
(BBPT) for give the funding. This research was supported
by funding for Doctoral Dissertation research from Center
for Higher Education Fund (BBPT) and Indonesia
Endowment Funds for Education (LPDP), with grant
number from Keputusan Kepala Pusat Layanan
Pembiayaan  Pendidikan =~ Kementerian  Pendidikan,



3708

Kebudayaan, Riset, Dan Teknologi No.
00087/J5.2.3./BP1.06/9/2022. BPI ID No.: 202209090573.

REFERENCES

Abdullah NI, Khodri NF, Arifin NAT, Rahim MRA, Razali SHA, Darbis
NDA, Nor SM. 2021. Small Mammals of Tekai Tembeling Forest
Reserve (TTFR), Jerantut, Pahang, Peninsular Malaysia. J Sustain Nat
Resour 2 (2): 12-21. DOI: 10.30880/jsunr.2021.02.02.002.

Adesoji TO, George UE, Sulayman TA, Uwanibe JN, Olawoye IB,
Igbokwe JO, Olanipekun TG, Adeleke RA, Akindoyin Al
Famakinwa TJ, Adamu AM, Terkuma CA, Ezekiel GO, Eromon PE,
Happi AN, Fadare TO, Shittu AO, Happi CT. 2024. Molecular
characterization of non-aureus staphylococci and mammaliicoccus
from Hipposideros bats in Southwest Nigeria. Sci Rep 14 (1): 6899.
DOI: 10.1038/s41598-024-57190-z.

Agustin ALD, Effendi MH, Tyasningsih W, Plumeriastuti H, Khairullah
AR, Ekawasti F, Moses 1B, Kinasih KN, Kusala MKJ, Mustika YR,
Fauziah I, Wibowo S. 2024. Phylogenetic analysis blaTEM gene of
Escherichia coli isolated from cave bats in West Nusa Tenggara
Province, Indonesia. Open Vet J 14 (12): 3460-3473. DOL
10.5455/0VJ.2024.v14.112.30.

Ajuzieogu C, Nwankwo UG, Ikedianya N. 2024. Impact of bat guano
fertilizer on soil bacteria community structure and antibiogram of
associated bacteria: An alert to food insecurity. Asian J Res Biosci 6
(1): 157-171.

Alamsyah A, Ditya IPW, Widarmanti T. 2021. Tourist Movement
Analysis using Social Media Data in Indonesia. 2021 International
Conference Advancement in Data Science, E-learning and
Information Systems (ICADEIS). IEEE, 13-14 October 2021. DOI:
10.1109/ICADEIS52521.2021.9701947.

Ali RAM, Alshara JMR, Tuwaij NSS, Al-Khilkhali HIB. 2022. Study of
antibacterial chemical substances and molecular investigation among
Sulfamethoxazole-trimethoprim (SXT)-Resistant Escherichia coli
Isolates. Rep Biochem Mol Biol 11 (1): 166-175. DOI:
10.52547/tbmb.11.1.166.

Ansharieta R, Ramandinianto SC, Effendi MH, Plumeriastuti H. 2021.
Molecular identification of blaCTX-M and blaTEM genes encoding
extended-spectrum PB-lactamase (ESBL) producing Escherichia coli
isolated from raw cow's milk in East Java, Indonesia. Biodiversitas 22
(4): 1600-1605. DOI: 10.13057/biodiv/d220402.

Assefa AY, Garcias B, Mourkas E, Molina-Lopez RA, Darwich L. 2025.
Global distribution of antimicrobial resistance genes in Escherichia
coli isolated from wild animals using genomes available in public
databases.  Sci  Total  Environ  985: 179742.  DOL
10.1016/j.scitotenv.2025.179742.

Benavides JA, Godreuil S, Opazo-Capurro A, Mahamat OO, Falcon N,
Oravcova K, Streicker DG, Shiva C. 2022. Long-term maintenance of
multidrug-resistant Escherichia coli carried by vampire bats and
shared with livestock in Peru. Sci Total Environ 810 (1): 152045.
DOI: 10.1016/j.scitotenv.2021.152045.

Benavides JA, Salgado-Caxito M, Torres C, Godreuil S. 2024. Public
health implications of antimicrobial resistance in wildlife at the one
health interface. Med Sci Forum 25 (1): 1. DOLIL
10.3390/MSF2024025001.

Benavides JA, Shiva M, Virhuez C, Tello A, Appelgren J, Vendrell J,
Solassol S, Godreuil DG, Streicker. 2018. Extended-spectrum beta-
lactamase-Producing Escherichia coli in common vampire bats
Desmodus rotundus and livestock in Peru. Zoo Publ Health 65: 454-
458. DOI: 10.1111/zph.12456.

Burow E, Grobbel M, Tenhagen BA, Simoneit C, Szab6 I, Wendt D,
Kiirbis C, Ladwig-Wiegard M, Banneke S, Kasbohrer A. 2020.
Antibiotic resistance in Escherichia coli from broiler chickens after
amoxicillin treatment in an experimental environment. Microb Drug
Resist 26 (9): 1098-1107. DOIL: 10.1089/mdr.2019.0442.

Cao Z, Li C, Wang K, He K, Wang X, Yu W. 2023. A fast and accurate
identification model for Rhinolophus bats based on fine-grained
information. Sci Rep 13 (1): 16375. DOI: 10.1038/s41598-023-
42577-1.

Cléudio VC, Gonzalez I, Barbosa G, Rocha V, Moratelli R, Rassy F.
2018. Bacteria richness and antibiotic-resistance in bats from a
protected area in the Atlantic Forest of Southeastern Brazil. Plos One
13 (9): €0203411. DOIL: 10.1371/journal.pone.0203411.

BIODIVERSITAS 26 (8): 3701-3710, August 2025

Clinical and Laboratory Standards Institute (CLSI). 2020. Performance
Standards for Antimicrobial Susceptibility Testing in CLSI
Supplement M 100, 30th Edition. CLSI, Wayne, PA.

Dameanti EPFNA, Yanestria S, Widodo A., Effendi MH, Plumeriastuti H,
Tyasningsih W, Akramsyah M. 2023. Incidence of Escherichia coli
producing Extended-spectrum betalactamase in wastewater of dairy
farms in East Java, Indonesia. Biodiversitas 24 (2): 1143-1150. DOI:
10.13057/biodiv/d240254.

de la Pefia MV, Kronholm I. 2024. Antimicrobial resistance in the wild:
Insights from epigenetics. Evol Appl 17 (6): el3707. DOL
10.1111/eva.13707.

Devane ML, Moriarty E, Weaver L, Cookson A, Gilpin B. 2020. Fecal
indicator bacteria from environmental sources; strategies for
identification to improve water quality monitoring. Water Res 185
(1): 116204. DOI: 10.1016/j.watres.2020.116204.

Devnath P, Karah N, Graham JP, Rose ES, Asaduzzaman M. 2022.
Evidence of antimicrobial resistance in bats and its planetary health
impact for surveillance of zoonotic spillover events: A scoping
review. Intl J Environ Res Publ Health 20 (1): 243. DOL
10.3390/ijerph20010243.

Di Bella S, Gambino D, Foti M, Orlandella BM, Fisichella V, Gucciardi
F, Guercio A. 2025. Exploring antimicrobial resistance in bacteria
from fecal samples of insectivorous bats: A preliminary study. Vet
Sci 12 (6): 516. DOL: 10.3390/vetscil2060516.

Duangurai T, Rungruengkitkul A, Kong-Ngoen T, Tunyong W,
Kosoltanapiwat N, Adisakwattana P, Pumirat P. 2022. Phylogenetic
analysis and antibiotic resistance of Escherichia coli isolated from
wild and domestic animals at an agricultural land interface area of
Salaphra wildlife sanctuary, Thailand. Vet World 15 (12): 2800. DOIL:
10.14202/vetworld.2022.2800-2809.

El Ghany AM, Fouz N, Hill-Cawthorme GA. 2020. Human movement and
transmission of antimicrobial-resistant bacteria. Antibiotic resistance
in the environment: A worldwide overview. In: Barcelo D, Kostianoy
AG (eds). The Handbook of Environmental Chemistry. Springer,
Heidelberg.

Ferreira ACR, Colocho RAB, Pereira CR, Veira TM, Gregorin R, Lage
AP, Dorneles EMS. 2024. Zoonotic bacterial pathogens in bats
samples around the world: A scoping review. Prev Vet Med 225:
106135. DOLI: 10.1016/j.prevetmed.2024.106135.

Foti M, Spena MT, Fisichella V, Mascetti A, Colnaghi M, Grasso M,
Piraino C, Sciurba F, Grasso R. 2022. Cultivable bacteria associated
with the microbiota of troglophile bats. Animals 12 (19): 2684. DOI:
10.3390/ani12192684.

Gaeta NC, Brito JEC, Batista JMN, de Mello BGV, Dias RA, Heinemann
MB. 2023. Bats are carriers of antimicrobial-resistant
Staphylococcaceae in their skin. Antibiotics 12 (2): 331. DOL
10.3390/antibiotics12020331.

Garcés A, Correia S, Amorim F, Pereira JE, Igrejas G, Poeta P. 2019. First
report on Extended-Spectrum Beta-Lactamase (ESBL) producing
Escherichia coli from European free-tailed bats (Tadarida teniotis) in
Portugal: A one-health approach of a hidden contamination problem.
J Hazard Mater 370: 219-224. DOI: 10.1016/j.jhazmat.2017.12.053.

Gerbacova K, Malinicova L, Kiskova J, MasliSova V, Uhrin M, Pristas$ P.
2020. The faecal microbiome of building-dwelling insectivorous bats
(Myotis myotis and Rhinolophus hipposideros) also contains
antibiotic-resistant bacterial representatives. Curr Microbiol 77 (9):
2333-2344. DOI: 10.1007/s00284-020-02095-z.

Goiti U, Aihartza JR, Garin I, Zabala J. 2003. Influence of habitat on the
foraging behaviour of the Mediterranean horseshoe bat, Rhinolophus
Euryale. Acta Chiropt 5 (1): 75-84. DOI: 10.3161/001.005.0106.

Gyorossy D, Gyo6rossy K, Estok P. 2020. Comparative analysis of the
echolocation calls of the lesser horseshoe bat (Rhinolophus
hipposideros) and the Mediterranean horseshoe bat (Rhinolophus
euryale) in the Carpathian Basin. North-West J Zool 16 (2): 204-210.

Huang L, Dai W, Sun X, Pu Y, Jiang FJ, Jin L, Sun K. 2025. Diet-driven
diversity of antibiotic resistance genes in wild bats: Implications for
public  health. Microbiol ~ Res  293: 128086. DOL:
10.1016/j.micres.2025.128086.

Idayanti TI, Wiqoyah NW, Rahayuningsih CK, Khairunnisa AK. 2025.
Prevalence of penicillin and macrolide resistance as first line empiric
therapy for Streptococcus Pneumonia: A systematic review. Asian
J Green Chem 9 2): 167-180. DOL:
10.48309/ajgc.2025.486178.1578.

Jaya AM, Rumiati AT, Gunawan J. 2021. Developing Design Concept of
Sekawan Sejati Tourism Area Location: Narmada District, West
Lombok District. 3rd International Conference on Business and


https://pubmed.ncbi.nlm.nih.gov/?term=Huang+L&cauthor_id=39892320
https://pubmed.ncbi.nlm.nih.gov/?term=Dai+W&cauthor_id=39892320
https://pubmed.ncbi.nlm.nih.gov/?term=Sun+X&cauthor_id=39892320
https://pubmed.ncbi.nlm.nih.gov/?term=Pu+Y&cauthor_id=39892320
https://pubmed.ncbi.nlm.nih.gov/?term=Jin+L&cauthor_id=39892320
https://pubmed.ncbi.nlm.nih.gov/?term=Sun+K&cauthor_id=39892320

AGUSTIN et al. — ESBL-producing blaTEM-carrying Escherichia coli in cave bats

Management of Technology (ICONBMT 2021). Surabaya, 31 July
2021. DOL: 10.2991/aebmr.k.211226.043.

Kartasasmita CB, Hadinegoro SR, Kurniati N, Triasih R, Halim C, Gamil
A. 2020. Epidemiology, nasopharyngeal carriage, serotype
prevalence, and antibiotic resistance of Streptococcus pneumoniae in
Indonesia. Infect Dis Ther 9 (4): 723-736. DOI: 10.1007/s40121-020-
00330-5.

Khairullah AR, Raharjo D, Rahmahani J, Suwarno, Tyasningsih W,
Harijani N. 2019. Antibiotics resistant at Staphylococcus aureus and
Streptococcus sp isolated from bovine mastitis in Karangploso, East
Java, Indonesia. Indian J Forensic Med Toxicol 13 (4): 439-444. DOL:
10.5958/0973-9130.2019.00329.3.

Khairullah AR, Sudjarwo SA, Effendi MH, Ramandinianto SC, Gelolodo
MA, Widodo A, Riwu KHP, Kurniawati DA. 2023. Pet animals as
reservoirs for spreading methicillin-resistant Staphylococcus aureus
to human health. J Adv Vet Anim Res 10 (1): 1-13. DOIL
10.5455/javar.2023.j641.

Kholik K, Srianto P, Aulanniam A, Abdul RF, Madyawati SP. 2023.
Characterization and phylogenetics of beta-lactamase Temoneira gene
in Escherichia coli of the Bali cattle on Lombok Island, Indonesia.
Iraq J Vet Sci 37 2): 487-493. DOI:
10.33899/ijvs.2022.135062.2441.

Kitchener DJ, How RA, Cooper NK, Suyanto A. 1992. Hipposideros
diadema (Chiroptera Hipposideridae) in the Lesser Sunda Islands,
Indonesia: Taxonomy and geographic morphological variation. Rec
West Aust Mus 16 (1): 1-60.

Kitchener DJ, Schmitt LH, Strano P, Wheeler A, Suyanto A. 1995.
Taxonomy of Rhinolophus simplex Andersen, 1905 (Chiroptera:
Rhinolophidae) in Nusa Tenggara and Maluku, Indonesia. Rec West
Aust Mus 17: 1-28. DOI: 10.1071/AM94002.

Kurniawati F, Yasin NM, Asvinigita LRM, Hapsari EV. 2021.
Appropriate empirical antibiotic treatment and vital sign outcome
among pneumonia patients in Universitas Gadjah Mada Academic
Hospital, Indonesia. Intl J Altern Complement Med 2 (1): 44-48.

Li X, Mowlaboccus S, Jackson B, Cai C, Coombs GW. 2024.
Antimicrobial resistance among clinically significant bacteria in
wildlife: An overlooked one health concern. Intl J Antimicrob Agent
107251. DOI: 10.1016/j.ijantimicag.2024.107251.

Limato R, Lazarus G, Dernison P, Mudia M, Alamanda M, Nelwan EJ,
Hamers RL. 2022. Optimizing antibiotic use in Indonesia: A
systematic review and evidence synthesis to inform opportunities for
intervention. Lancet Reg Health-Southeast Asia 2: 100013. DOI:
10.1016/j.1ansea.2022.05.002.

Mahyudin A, Hoque MZ, Subbiah VK. 2021. Detection of viral and
bacterial pathogens in the population of bats from the East Coast
Regions of Sabah, Malaysia. Short Commun Biotechnol 7: 23-34.

Mathur A, Parihar AS, Modi S, Kalra A. 2023. Photodynamic therapy for
ESKAPE pathogens: An emerging approach to combat antimicrobial
resistance (AMR). Microb Pathog 183 (1): 106307. DOI:
10.1016/j.micpath.2023.106307.

McDougall FK, Boardman WSJ, Power ML. 2021. Characterization of
beta-lactam-resistant Escherichia coli from Australian fruit bats
indicates anthropogenic origins. Microb Genom 7 (5): 000571. DOI:
10.1099/mgen.0.000571.

McDougall FK, Boardman WSJ, Power ML. 2022. High prevalence of
beta-lactam-resistant Escherichia coli in South Australian Grey-
Headed Flying Fox Pups (Pteropus poliocephalus). Microorganisms
10 (8): 1589. DOI: 10.3390/microorganisms10081589.

McDougall FK, Speight N, Funnell O, Boardman WSJ, Power ML. 2024.
Dynamics of antimicrobial resistance carriage in koalas
(Phascolarctos cinereus) and Pteropid bats (Pteropus poliocephalus)
before, during and after wildfires. Microb Ecol 87: 1-15. DOIL:
10.1007/s00248-024-02351-w.

Mohamed MSA, Sah SAM, Elias NA. 2023. Composition and temporal
variation in the diet of intermediate horseshoe bat, Rhinolophus
affinis, relative to insect abundance in a tropical rainforest
environment of Southeast Asia. Ecol Res 38 (5): 651-663. DOI:
10.1111/1440-1703.12398.

Mohamed M-YI, Abu J, Zakaria Z, Khan AR, Aziz SA, Bitrus AA, Habib
1. 2022. Multi-drug resistant pathogenic Escherichia coli isolated
from wild birds, chicken, and the environment in Malaysia.
Antibiotics 11 (10): 1275. DOI: 10.3390/antibiotics11101275.

Montiani-Ferreira F, Plummer CE, Adkins E. 2022. Ophthalmology of
Chiroptera: Bats. In: Montiani-Ferreira F, Moore BA, Ben-Shlomo G
(eds). Wild and Exotic Animal Ophthalmology. Springer, Cham.
DOLI: 10.1007/978-3-030-81273-7.

3709

Morgan CN, Ammerman LK, Demere KD, Doty JB, Nakazawa YJ,
Mauldin MR. 2019. Field identification key and guide for bats of the
United States of America. Occas Pap Tex Tech Univ Mus 360 (1):
360.

Mustika YR, Kinasih KN, Effendi MH, Puspitasari Y, Kurniawan SC,
Khairullah AR, Silaen OSM. 2024. Molecular detection of extended-
spectrum B-lactamase-producing Escherichia coli from bat caves on
Lombok Island. Open Vet J 14 (2): 699-706. DOIL
10.5444/0V].2024.v14.i2.10.

Naelasari DN, Koendhori EB, Dewanti L, Sulistiawati, Sarassari R,
Kuntaman K. 2018. The prevalence of Extended spectrum f-
lactamase (ESBL) producing gut bacterial floral among patients in dr.
Soetomo hospital and primary health care in Surabaya. Fol Med
Indones 54 (4): 256-262. DOIL: 10.20473/fmi.v54i4.10708.

Nguema PPM, Onanga R, Atome GRN, Mbeang JCO, Mabika AM, Yaro
M, Lounnas M, Dumont Y, Zohra ZF, Godreuil S, Bretagnolle F.
2020. Characterization of ESBL-producing enterobacteria from fruit
bats in an unprotected area of Makokou, Gabon. Microorganisms 8
(1): 138. DOL: 10.3390/microorganisms8010138.

Nowakiewicz A, Zigba P, Gnat S, Tro$cianczyk A, Osinska M, Lagowski
D, Koisir-Korzecka U, Puzio 1. 2020. Bats as a reservoir of resistant
Escherichia coli: A methodical view. Can we fully estimate the scale
of resistance in the reservoirs of free-living animals? Res Vet Sci 370:
219-224. DOI: 10.1016/j.rvsc.2019.10.017.

O’Mara MT, Bauer K, Blank D, Baldwin JW, Dechmann DK. 2016.
Common noctule bats are sexually dimorphic in migratory behaviour
and body size but not wing shape. Plos One 11 (11): €0167027. DOL:
10.1371/journal.pone.0167027.

Obodoechi LO, Carvalho I, Chenouf NS, Martinez-Alvarez S, Sadi M,
Nwanta JA, Chah KF, Torres C. 2021. Antimicrobial resistance in
Escherichia coli isolates from frugivorous (Eidolon helvum) and
insectivorous (Nycteris hispida) bats in Southeast Nigeria, with
detection of CTX-M-15 producing isolates. Comp Immunol
Microbiol Infect Dis 75 (1): 101613. DOL:
10.1016/j.cimid.2021.101613.

Patyra E, Kwiatek K, Nebot C, Gavilan RE. 2020. Quantification of
veterinary antibiotics in pig and poultry feces and liquid manure as a
non-invasive method to monitor antibiotic usage in livestock by liquid
chromatography mass-spectrometry. Molecules 25 (14): 3265. DOI:
10.3390/molecules25143265.

Pradika AY, Chusniati S, Purnama MTE, Effendi MH, Yudhana A.,
Wibawati PA. 2019. Total test of Escherichia coli on fresh cow milk
at dairy farmer cooperative (KPSP) Karyo Ngremboko Purwoharjo
Banyuwangi. J Med Vet 2 (1): 1-6. DOLI:
10.20473/jmv.vol2.iss1.2019.1-6.

Prayudi SKA, Effendi MH, Lukiswanto BS, Zahra RLA, Benjamin MI,
Kurniawan SC, Riwu KHP. 2023. Detection of genes on Eschericia
coli producing extended spectrum f-lactamase isolated from the small
intestine of ducks in traditional markets Surabaya City, Indonesia. J
Adv Vet Res 3 (8): 1600-1608.

Ramandinianto SC, Khairullah AR, Effendi MH, Hestiana EP. 2020.
Profile of multidrug resistance (MDR) and methicillin resistant
Staphylococcus aureus (MRSA) on dairy farms in east Java province,
Indonesia. Indian J Forensic Med Toxicol 14 (4): 3439-3445. DOI:
10.37506/ijfmt.v14i4.12157.

Ramdhani D, Kusuma SAF, Sediana D, Bima AH, Khumairoh 1. 2021.
Comparative study of cefixime and tetracycline as an evaluation
policy driven by the antibiotic resistance crisis in Indonesia. Sci Rep
11 (1): 18461. DOI: 10.1038/s41598-021-98129-y.

Ranasinghe HAK, Perera EHL, Mudalige MDDW, Perera WANS,
Hasangika MGPG, Prarthana WMP, Diwyanjalee DGR. 2023.
Detection of mechanically transmitted bacteria by Musca domestica
(Diptera: Muscidae) in Malabe Medical Officer of Health (MOH)
Division, Sri Lanka. J Sci Univ Kelaniya 16 (2): 105-112. DOL:
10.4038/josuk.v1612.8085.

Reis ALM, Clemente N, Faria ALLD, Bernardes RC, Costa LMD. 2024.
Chemical and physical characterization of swift guano in quartzitic
karst landscape in Brazil. Sociedade Natureza 36 (1): €70150. DOI:
10.14393/SN-v36-2024-70150.

Retamales J, Vivallo F, Robeson J. 2011. Insects associated with chicken
manure in a breeder poultry farm of Central Chile. Arch Med Vet 43
(1): 79-83. DOI: 10.4067/S0301-732X2011000100011.

Riwu KHP, Effendi MH, Rantam FA, Khairullah AR, Kurniawan SC,
Kurniawan A, Shehzad A. 2024. Molecular detection of b/laTEM gene
for encoding extended spectrum beta-lactamase (ESBL) on



3710

Escherichia coli isolated from deer feces in Indonesia. J Adv Vet Res
14 (4): 722-726.

Riwu KHP, Effendi MH, Rantam FA, Khairullah AR, Widodo A. 2022a.
A review: Virulence factors of Klebsiella pneumonia as emerging
infection on the food chain. Vet World 15 (9): 2172-2179. DOI:
10.14202/vetworld.2022.2172-2179.

Riwu KHP, Rantam FA, Effendi MH, Khairullah AR, Widodo A,
Kurniawan SC, Ugbo EN. 2022b. Molecular detection of extended
spectrum? lactamase producing Klebsiella pneumoniae from wild
deer. Biodiversitas 23 ®): 4256-4262. DOLI:
10.13057/biodiv/d230849.

Rojas-Sereno ZE, Streicker DG, Suarez-Yana T, Lineros M, Yung V,
Godreuil S, Benavides JA. 2023. Detection of antimicrobial-resistant
Enterobacterales in insectivorous bats from Chile. Royal Soc Open
Sci 10 (11): 231177. DOI: 10.1098/r508.231177.

Rybak B, Krawczyk B, Furmanek-Blaszk B, Wysocka M, Fordon M,
Ziolkowski P, Sikorska K. 2022. Antibiotic resistance, virulence, and
phylogenetic analysis of Escherichia coli strains isolated from free-
living birds in human habitats. Plos One 17 (1): ¢0262236. DOL:
10.1371/journal.pone.0262236.

Sabenca C, Romero-Rivera M, Barbero-Herranz R, Sargo R, Sousa L,
Silva F, Poeta P. 2024. Molecular characterization of multidrug-
resistant Escherichia coli from fecal samples of wild animals. Vet Sci
11 (10): 469. DOL: 10.3390/vetscil 1100469.

Saeed U, Insaf RA, Piracha ZZ, Tariq MN, Sohail A, Abbasi UA, Rana
MSEF, Gilani SS, Noor S, Noor E, Waheed Y, Wahid M, Najmi MH,
Fazal 1. 2023. Crisis averted: A world united against the menace of
multiple drug-resistant superbugs -pioneering anti-AMR vaccines,
RNA interference, nanomedicine, CRISPR-based antimicrobials,
bacteriophage therapies, and clinical artificial intelligence strategies
to safeguard global antimicrobial arsenal. Front Microbiol 14:
1270018. DOTI: 10.3389/fmicb.2023.1270018.

Salsamendi E, Aihartza J, Goiti U, Almenar D, Garin 1. 2005.
Echolocation calls and morphology in the Mehelyi’s (Rhinolophus
mehelyi) and Mediterranean (R. euryale) horseshoe bats: Implications
for resource partitioning. Hystrix 16 (2): 149-158. DOL
10.4404/hystrix-16.2-4353.

Shen X, Yan B. 2023. Europium chelate-anionic exchange functionalized
covalent organic frameworks for the sensing of aristolochic acid a in
humans and sulfamethoxazole/trimethoprim in surface water. Talanta
265 (1): 124869. DOI: 10.1016/j.talanta.2023.124869.

Siahaan S, Herman MJ, Fitri N. 2022. Antimicrobial resistance situation
in Indonesia: A challenge of multisector and global coordination. J
Trop Med 2022 (1): 2783300. DOIL: 10.1155/2022/2783300.

Sin S, Chhorn S, Doeurk B, Hak K, Ith S, Phauk S, Sor R. 2020. Diet
preferences of insectivorous bats (Mammalia: Chiroptera) in
Chambok, Kampong Speu Province, Cambodia. Cambodian J Nat
Hist 2020 (2): 69-77.

Sirindon M, Julianti E, Faisal F, Putra DA. 2024. Antibiotic resistance of
Escherichia coli isolated from broiler farms in Medan and Deli
Serdang Regency. Intl J Trop Vet Biomed Res 9 (1): 1-10. DOI:
10.21157/ijtvbr.v9i1.34602.

Smith I, Wang LF. 2013. Bats and their virome: An important source of
emerging viruses capable of infecting humans. Curr Opin Virol 3 (1):
84-91. DOL: 10.1016/j.coviro.2012.11.006.

Solick DI, Newman CM. 2021. Oceanic records of North American bats
and implications for offshore wind energy development in the United
States. Ecol Evol 11 (21): 14433-14447. DOI: 10.1002/ece3.8175.

BIODIVERSITAS 26 (8): 3701-3710, August 2025

Srinivasulu C, Racey PA, Mistry S. 2010. A key to the bats (Mammalia:
Chiroptera) of South Asia. J Threat Taxa 2 (7): 1001-1076. DOIL:
10.11609/J0TT.02352.1001-76.

Sun J, Li Y. 2022. Long-term, low-dose macrolide antibiotic treatment in
pediatric chronic airway diseases. Pediatr Res 91 (5): 1036-1042.
DOI: 10.1038/s41390-021-01613-4.

Sun ZH, Zhao YC, Li JK, Liu HY, Cao W, Yu F, Yan M. 2024.
Environmental factors influencing the development and spread of
resistance in erythromycin-resistant —streptococcus pneumoniae.
Environ Geochem Health 46 (12): 1-11. DOIL: 10.1007/s10653-024-
02264-0.

Sunarno S, Puspandari N, Fitriana F, Nikmah UA, Idrus HH, Panjaitan
NSD. 2023. Extended spectrum beta lactamase (ESBL)-producing
Escherichia coli and Klebsiella pneumoniae in Indonesia and South
East Asian countries: GLASS Data. AIMS Microbiol 9 (2): 218-227.
DOI: 10.3934/microbiol.2023013.

Tritle BJ, Hejazi AA, Timbrook TT. 2021. The effectiveness and safety of
low dose trimethoprim-sulfamethoxazole for the treatment of
pneumocystis pneumonia: A systematic review and meta-analysis.
Transpl Infect Dis 23 (6): e13737. DOI: 10.1111/tid.13737.

Trott DJ, Turnidge J, Kovac JH, Simjee S, Wilson D, Watts J. 2021.
Comparative macrolide use in humans and animals: Should
macrolides be moved off the World Health Organisation's critically
important antimicrobial list? J Antimicrob Chemother 76 (8): 1955-
1961. DOLI: 10.1093/jac/dkab120.

Vasenkov DA, Vasiliev NS, Sidorchuk NV, Rozhnov VV. 2023). Autumn
migration of greater noctule bat (Nyctalus lasiopterus): Through
countries and over mountains to a new migration flight record in bats.
Doklady Biol Sci 513 1): 395-399. DOL
10.1134/S0012496623700746.

Wibisono FJ, Sumiarto B, Untari T, Effendi MH, Permatasari DA,
Witaningrum AM. 2021. Cases of multidrug resistance (MDR) and
extended spectrum Beta-lactamase (ESBL) producing Escherichia
coli from broiler chicken in Blitar, Indonesia. Biochem Cell Arch 21
(1): 1923-1929. DOI: 10.13057/biodiv/d210638.

Widodo A, Lamid M, Effendi MH, Khailrullah AR, Riwu KHP,
Yustinasari LR, Kurniawan SC, Ansori ANM, Silaen OSM, Dameanti
FNAEP. 2022. Antibiotic sensitivity profile of multidrug-resistant
(MDR) Escherichia coli isolated from dairy cow's milk in
Probolinggo, Indonesia. Biodiversitas 23 (10): 4971-4976. DOL:
10.13057/biodiv/d231002.

Wimsatt J, O'Shea TJ, Ellison LE, Pearce RD, Price VR. 2005. Anesthesia
and blood sampling of wild big brown bats (Eptesicus fuscus) with an
assessment of impacts on survival. Journal Wildl Dis 41 (1): 87-95.
DOL: 10.7589/0090-3558-41.1.87.

Yunita MN, Effendi MH, Rahmaniar RP, Arifah S, Yanestria SM. 2020.
Identification of spa gene for strain typing of methicillin resistant
Staphylococcus aureus (MRSA) isolated from nasal swab of dogs.
Biochem Cell Arch 20: 2999-3004. DOL:
10.35124/bca.2020.20.S1.2999.

Zhang B, Kopper TJ, Liu X, Cui Z, Van Lanen SG, Gensel JC. 2019.
Macrolide derivatives reduce proinflammatory macrophage activation
and macrophage-mediated neurotoxicity. CNS Neurosci Therapeutics
25 (5): 591-600. DOI: 10.1111/cns.13092.

Zhou ZM, Guillén-Servent A, Lim BK, Eger JL, Wang YX, Jiang XL.
2009. A new species from southwestern China in the Afro-Palearctic
lineage of the horseshoe bats (Rhinolophus). J Mammal 90 (1): 57-73.
DOL: 10.1644/08-MAMM-A-048.1.



