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Multidrug resistance to antibiotics in Escherichia coli bacteria isolated 
from bats on Lombok Island, Indonesia

Introduction

Antimicrobial-resistant (AMR) is not only a problem that occurs in 
Indonesia, but is a global health problem, the increasing incidence of 
AMR has an impact on the global economic decline and increases the 
number of deaths due to non-healing of patients who are infected with 
bacteria (Ansharieta et al., 2021; Siahaan et al., 2022). Irrational use of 
antibiotics in animals and humans leads to an increase in the incidence 
of AMR which later develops into multidrug resistance (MDR) (Khairullah 
et al., 2020; Sweileh, 2021). The potential for transmission of antibiotic re-
sistance between humans, animals, and wildlife is a global concentration 
that is studied by multidisciplinary sciences in collaboration through a 
“One Health” approach (Velazquez-Meza et al., 2022). 

Recent incidents of AMR Escherichia coli have not only been reported 
detected in domesticated animals, but have also been reported detected 
in wild animals, one of which is bats (Lagerstrom and Hadly, 2021). The 
ability to fly long distances, long lives, come from colonies, and can oc-
cupy various habitats make bats have the potential to acquire resistant 
bacteria and spread them (Rainho and Palmeirim, 2011). Wild animals 
that can move long distances are used as bioindicators or sentinels for 
the spread of antibiotic resistance in the environment (Plaza-Rodríguez et 
al., 2021). E. coli bacteria is a digestive tract microbiota that is often stud-

ied to see antibiotic resistance profiles (Bong et al., 2022). This bacterium 
reflects the use of antibiotics in humans, livestock, and pets.

 Wild animals usually do not receive antibiotics for treatment, only 
wild animals in zoos and captivity receive antibiotics for therapy (da Costa 
and Diana, 2022). Bacterial AMR in bats is believed to be acquired from 
an environment contaminated with bacteria when they eat and drink 
(Devnath et al., 2022). Wild animals are contaminated with bacteria that 
are resistant to antimicrobials due to contact with humans, animals and 
the environment, anthropogenic activities carried out by humans such 
as hospitals, pharmaceutical industries, agricultural and fishing activities, 
water sources contaminated by feces are significant contamination vec-
tors (Radhouani et al., 2014). Resistance genes from one bacterium can 
be transferred horizontally to other bacteria through mobile genetic el-
ement (MGE) mechanisms such as transponses, integrons, and plasmids 
(Khairullah et al., 2019; Riwu et al., 2022).

Extended Spectrum β-Lactamase (ESBL) is a serious problem faced 
by global health, widespread use of β-Lactam antibiotics such as third 
generation cephalosporins has resulted in the ineffectiveness of these 
drugs which can result in complications in the treatment of infections 
(Farizqi et al., 2023). The ESBL enzyme can hydrolyze higher β-Lactam 
antibiotics such as monobactam and cephalosporin but can be inhibit-
ed by β-Lactam inhibitors, one of which is clavulanate, this enzyme can 
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ARTICLE INFO ABSTRACT

Wild animals such as bats usually do not receive antibiotic therapy, however bats can have bacteria that have 
developed resistance to antibiotics due to water contamination from pharmaceutical factory waste disposal, 
expired medicines that are thrown away carelessly, feces and urine that pollute the environment. This research 
aimed to look at cases of multidrug resistance (MDR) in bats on the island of Lombok, Indonesia. A total of 135 
bat rectal swab samples were taken using sterile cotton buds. Isolation of E. coli bacteria using Eosin Methylene 
Blue Agar media then looking at morphology and biochemical tests. The bacterial sensitivity test used the disk 
diffusion method using seven antibiotics, namely the antibiotics amoxicillin, ciprofloxacine, trimethoprim/sul-
famethoxazole, tetracycline, gentamicin, cefotaxime and azithromycin. The research results showed that from 
135 samples tested, 97 samples were positive for E. coli. Samples that were positive for E. coli were tested for 
sensitivity, showing that 41 (41/97, 42.26%) samples were still sensitive to all tested antibiotics and 56 samples 
experienced resistance with the results of samples experiencing resistance to the antibiotic azithromycin (AZM) 
as many as 37 samples (38.1%), amoxicillin (AML) 24 samples (24.7%), tetracycline (TE) 24 samples (24.7%), 
sulfamethoxazole/trimethoprim (SXT) 22 samples (22.6%), ciprofloxacine (CIP) 14 samples (14.4%), gentamicin 
(CN) 1 sample (1%), and for cefotaxime (CTX) 0 samples experienced resistance (0%), and 14 samples experi-
enced multidrug resistance. These results explain that bats in caves on the Indonesian island of Lombok act as 
transmitters of MDR E. coli to public health. 
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be tested phenotypically (Prayudi et al., 2023). ESBL has been detected 
in communities, water environments, wildlife, pets, livestock, and food 
products (Kawamura et al., 2017). 

Monitoring MDR and ESBL E. coli is important because it can be used 
as an indicator of the wildlife environment. Monitoring results can be 
compared to determine the transfer of resistance genes from humans to 
animals and vice versa. Apart from that, it can also be used to monitor 
the spread of antibiotic resistance in different ecosystems. This research 
was carried out to determine whether the E. coli bacteria in bats on the 
Indonesian island of Lombok are resistant to any antibiotics and to see 
the potential for ESBL genes in bats to obtain an overview of the situation 
in Lombok. The results of this research can later be used as a preventive 
measure for E. coli bacterial infections to reduce the use of antibiotics and 
as epidemiological surveillance.

Materials and methods

Ethical approval

Animal ethics approval was obtained via the ethical clearance com-
mittee of the Faculty of Veterinary Medicine, Universitas Airlangga, Indo-
nesia (Ethics no: 1.KEH.046.03.2023).

Research design

Samples were obtained by swabbing the rectum of live bats caught 
from caves on the island of Lombok, namely Gua Lawah in West Lombok 
and Pengembar cave in Central Lombok. This research was carried out 
from September 2023 to December 2023. Bats were caught using mist 
nets 20x20 mm mesh from 4 pm to 10 pm. Jaring selalu dimonitor dan 
apabila terdapat kelelawar yang terjaring diambil secara berkala dan sile-
takan ada kandang. Caught bats are handled for physical examination 
(sex and arm length) and rectal swab. Sampling in this study was ap-
proved by Balai Konservasi and Sumber Daya Alam Nusa Tenggara Barat. 

Sample collection was carried out by cleaning the hair around the 
anus using 70% isopropyl alcohol to avoid bacterial contamination from 
the hair. A cotton swab was inserted into the rectum and rotated for a 
few moments to ensure that bacteria stick to the cotton swab. The swab 
were placed on transport media (Oxoid, UK) to be taken to the laboratory.

Isolation and identification of bacteria

A total of 135 samples on Blair carry media were planted in Brain 
Heart Infusion (BHI) fertilizing media (Oxoid, UK) and incubated at 37ºC 
for 24 hours in the Bacteriology and mycology Laboratory, Faculty of 
Veterinary Medicine, Airlangga University, Surabaya. The samples were 
then planted on Eosin Methylene Blue Agar (EMBA) media (Oxoid, UK) by 
stretching and then incubated at 37ºC for 24 hours. Colonies that grow 
metallic green are replanted to purify the bacteria on EMBA media and 
incubated at 37ºC for 24 hours. Gram staining tests and biochemical tests 
of Indol-motility (Oxoid, UK), Methyl Red and Voges Proskauer (Oxoid, 
UK) and Citrate (Oxoid, UK) (IMViC) were carried out at a temperature 

of 37ºC for 24 hours and Gram staining of bacteria growing from puri-
fication. Gram staining test was carried out by placing the bacteria on a 
glass object and fixing it, dripping with crystal violet for 2 minutes and 
washing with running water, then dripping with iodine, acetone alcohol 
for 1 minute, dripping with safranin for 2 minutes. The stained bacteria 
were examined using a microscope at 1000X magnification. Bacterial iso-
lates confirmed to be E. coli were grown on Nutrient Agar (NA) media 
(Oxoid, UK). 

Test the sensitivity of E. coli to antibiotics

Bacterial isolates confirmed to be E. coli were tested for antibiot-
ic sensitivity using the Kirby-Bauer agar diffusion method on Mueller 
Hinton Agar (MHA) media (Oxoid, UK). Bacterial isolates in NA media 
were taken and a suspension was made in a tube containing NaCl and 
homogenized to the McFarland 0.5 standard. Suspension adjusted with 
McFarland 0.5 was swabbed on a plate containing MHA media, 7 antibi-
otics were tested to determine the sensitivity of the bacteria, namely the 
antibiotics amoxicillin 25 µg (AML) (Oxoid, UK), ciprofloxacine 5 µg (CIP) 
(Oxoid, UK), sulfamethoxazole-trimethoprim 25 µg (SXT) (Oxoid, UK), tet-
racycline 30 µg (TE) (Oxoid, UK), gentamicin 10 µg (CN) (Oxoid, UK), ce-
fotaxime 30 µg (CTX) (Oxoid, UK), azithromycin 15 µg (AZM) (Oxoid, UK). 
Antibiotics that have been placed in MHA media are incubated at 37ºC 
for 24 hours. Interpretation of results is equated with Clinical Laboratory 
Standard Institute (CLSI) standards, results that show resistance to three 
or more families of antibiotics are said to be multidrug resistant (MDR).

Results

A total of 97 E. coli (53%) from 135 bat rectal swab samples were suc-
cessfully isolated and identified. E. coli bacteria on EMBA media showed a 
metallic green metachromatic luster (Figure 1), in Gram stain test results 
showed a rod-shaped morphology and a reddish-pink color (Figure 2). 
The IMViC biochemical test results showed the presence of a pink ring, 
no color change in the MR medium after the methyl red reagent was 
dropped and there was no color change in the VP medium when the al-
pha naphthol reagent and 40% KOH were dropped, indicating positive E. 
coli. The green color of citrate media indicates a positive result for E. coli.
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Group of antibiotics Resistance pattern Number of resistant isolates Total number of isolates

0 No one is resistant 41 41

3 TE – SXT – CIP
AZM – SXT – AML

2
1 3

4
TE – AZM – SXT – AML
TE – AZM – SXT – CIP
TE –  SXT –  CIP –  AML

3
1
1

5

5 TE– AZM– SXT– CIP– AML 6 6

Note: TE = tetracycline, CIP = Ciprofloxacin, AML = Amoxicillin, AZM = Azithromycin, SXT = sulfamethoxazole-trimethoprim

Table 1. Resistance to several antibiotics in E. coli bacteria from cave bats on the island of Lombok.

Fig. 1. Bacterial colonies growing on EMBA media glow metallic green metachromatic.



Bacteria identified as positive for E. coli were tested for sensitivity 
(Figure 3) with the results showing that 41 samples were still sensitive 
to all the antibiotics tested, 56 samples were resistant. Various resistanc-
es were shown by the test samples, where 437 samples (38.1%) were 
resistant to the antibiotic azithromycin (AZM), 24 samples (24.7%) of 
amoxicillin (AML), 24 samples (24.7%) of tetracycline (TE), sulfamethoxaz-
ole-trimethoprim (SXT) 24 samples (24.7%), ciprofloxacine (CIP) 14 sam-
ples (14.4%), gentamicin (CN) 1 sample (1%), and for cefotaxime (CTX) 0 
samples experienced resistance (0%).

Discussion

The existence of antibiotic resistance against E. coli bacteria origi-
nating from bats indicates that the environment in which bats live, or 
the environment used for foraging for food has been contaminated with 
antibiotics. E. coli bacteria in wild animals are used as a parameter for 
antibiotic resistance of livestock, differences in geographic location and 
taxonomy of wild animals interpret different antibiotic exposure, areas 
that have high human and animal populations and intensive agricultural 
activities show higher antibiotic resistance results than with areas with 
lower populations (van den Honert et al., 2021). The emergence of antibi-
otic resistance in Enterobacteriaceae can cause problems in public health 
(Aslam et al., 2018). 

The spread of genetic elements such as transpon, intergon and in-
sertion in Enterobacteriaceae can cause the rapid spread of antibiotic 
resistance between humans and animals or vice versa, this spread can 
occur due to low levels of hygiene in humans, pollution of water and 
soil, as well as watering in agriculture (Sabbagh et al., 2021). Of the 97 
samples of E. coli bacteria that were resistant to antibiotics, it was found 
that 14 (14.4%) samples had multidrug resistance, 3 (3.09%) samples had 
resistance to three classes of antibiotics, 6 (6.18%) samples resistant to 
four classes of antibiotics and 5 (5.15%) samples were resistant to five 
classes of antibiotics, azithromycin 38.1%, amoxicillin 24.7%, tetracycline 
23.7%, sulfamethoxazole-trimethoprim 22.6%, and ciprofloxacine 14.4 % 
are antibiotics that often appear as antibiotics that have experienced re-
sistance (Table 1). 

There is still little research on antibiotic resistance in wild animals, 
especially bats in Indonesia. In previous research, E. coli in the bats stud-
ied was resistant to trimethoprim, sulphametoxazole, and cephalotin 
(Devnath et al., 2022). Cephalotin antibiotic showed the greatest resis-
tance during the test, namely 21.42%. In contrast to this study, the β-lac-
tam antibiotic was in second place with a total resistance of 24.7%. The 

macrolide class of antibiotics in this study showed the highest resistance 
results, namely 38.1%. The antibiotic azhithromycin is an antibiotic that 
has great antibacterial activity for Gram-positive and Gram-negative, this 
macrolide class antibiotic is used for treatment in humans and prevention 
of disease in animals because this antibiotic has low toxicity (McMullan 
and Mostaghim, 2015).

The results of third generation cephalosporin antibiotic tests on E. 
coli bacteria from bats from Lombok showed that all samples were still 
sensitive to this antibiotic. Third generation cephalosporin antibiotics 
such as cefotaxime are antibiotics that often appear as resistant antibiot-
ics in test samples (Menkem et al., 2023). The results of the sample sensi-
tivity test to tetracycline antibiotics showed that 24.7% had experienced 
resistance. In Indonesia, tetracycline antibiotics and the macrolide group 
are antibiotics that are often used on dairy farms. This antibiotic is used as 
a treatment for the digestive tract, respiratory tract and mastitis (Raman-
dinianto et al., 2020). The results of research on antibiotic sensitivity tests 
on E. coli bacteria in cattle and chickens in Lombok show a correlation 
with the results that occur in bats, the results of resistance tests against 
macrolide and tetracycline antibiotics show quite high levels of resistance 
as in this study, namely erythromycin (macrolide group) 94.4% in bats, 
tetracycline 61.1% in cattle and tetracycline 66.6% in chickens (Agustin et 
al., 2022; Kholik, 2022). 

Tetracycline and sulfamethoxazole class antibiotics are used to in-
crease production in chicken, pig, and fish farms (Chowdhury et al., 2021). 
The antibiotics tetracycline, chlortetracycline, bacitracin, neomycin, ty-
losin, virginiamycin, and avopracin are antibiotics that are often chosen 
for disease prevention and growth promoters at doses that are lower than 
doses for therapy, the use of antibiotics that do not reach the drinking 
dose to kill the bacteria can cause resistance bacteria in animals (Chopra 
and Roberts, 2001). The gentamicin antibiotic in this study showed a very 
low level of resistance, namely only one sample showed resistance, but 
in contrast to research conducted by Nowakiewicz et al. (2020) amino-
glycoside antibiotics showed the highest level of resistance, namely 84%. 

Based on this research, it can be assumed that the bats that were 
the object of the research looked for food in the form of insects in the 
livestock environment around the cave. Bats can fly away from the nest 
to a location where the insects come out every night (Bhalla et al., 2023). 
Higher deforestation activities or in places with fewer food sources will 
also affect bat numbers (Appel et al., 2023). Most of the antibiotics given 
to livestock are excreted in feces and urine, only small amounts of ef-
fective antibiotics are metabolized by livestock (Zubair et al., 2020). The 
results of the report show that 80% of antibiotics sold in the United States 
are used to increase animal growth and protect livestock from infection 
(Tian et al., 2021). The use of feed additives containing antibiotics can 
form antibiotic resistance in bacteria (Riwu et al., 2022). 

The excretion of antibiotics given to livestock along with urine and 
feces can pollute the environment where the insects that feed bats live 
(Tian et al., 2021). Insects which are a food source for bats on farms con-
sume organic product waste for food and development, especially feces 
from livestock experiencing diarrhea or soft feces which provide a place 
to breed (Paliy et al., 2021). Apart from contamination from livestock near 
the cave, we also assume that bats can be contaminated by antibiotics in 
the soil and water environment when they are looking for water (Mpakosi 
and Mironidou-Tzouveleki, 2023). 

There are antibiotics in the soil and water environment because hu-
man feces and urine treated with antibiotics are not disposed of proper-
ly in storage tanks and there is poor wastewater treatment, disposal of 
unused medicines and careless disposal of expired medicines (Polianciuc 
et al., 2020). Bats are wild animals that are difficult to control. Preventing 
the spread of multidrug resistance in wild animals needs to be done to 
reduce risks to human health and animal health (da Costa et al., 2013). 
Farmers need to create good livestock programs and improve biosecurity 
to minimize the use of antibiotics. Communities need to maintain sanita-
tion hygiene, prevent antibiotic contamination of soil and water so that 
wild animals are not contaminated (Wibisono et al., 2021).

Conclusion

The presence of bats showing multidrug resistance results explains 
that bats have the potential to spread MDR and can endanger animal and 
human health.
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Fig. 2. The morphology of the bacteria is rod-shaped and pink-reddish in color

Fig. 3. Results of the sensitivity test for E. coli bacteria from cave bats on the island of 
Lombok
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