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Abstract

Escherichia coli (E. coli) is an important indicator of faecal contamination in aquatic
environments and has been increasingly reported as a reservoir of antibiotic resistance in river
ecosystems. This study aimed to review the prevalence and antibiotic resistance patterns of E.
coli isolated from river basins in Indonesia through a literature review approach. Scientific
articles published in national journals between 2014 and 2024 were collected and analysed
descriptively. The results showed that the prevalence of E. coli in river water ranged from
68.51% to 100%. High resistance levels were reported against B-lactam antibiotics, particularly
ampicillin and amoxicillin (45-82%), followed by tetracycline (37-71%), streptomycin
(73.3%), and tobramycin (57%). In addition, multidrug-resistant (MDR) isolates were
identified in several studies, with multidrug-resistant (MDR) prevalence reaching
approximately 24% in the Citarum River. These findings indicate that river basins in Indonesia
may act as reservoirs for antibiotic-resistant E. coli, highlighting the importance of routine
environmental monitoring and proper wastewater management to reduce the spread of
antimicrobial resistance.
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Abstrak

Escherichia coli (E. coli) merupakan indikator penting kontaminasi fekal pada lingkungan
perairan dan semakin banyak dilaporkan sebagai reservoir resistansi antibiotik di ekosistem
sungai. Penelitian ini bertujuan untuk meninjau prevalensi dan pola resistansi antibiotik E. coli
yang diisolasi dari daerah aliran sungai (DAS) di Indonesia melalui pendekatan studi literatur.
Artikel ilmiah yang dipublikasikan pada jurnal nasional tahun 2014-2024 dikumpulkan dan
dianalisis secara deskriptif. Hasil kajian menunjukkan bahwa prevalensi E. coli pada air sungai
berkisar antara 68,51% hingga 100%. Tingkat resistansi tertinggi ditemukan terhadap antibiotik
golongan B-laktam, terutama ampisilin dan amoksisilin (45-82%), diikuti tetrasiklin (37-71%),
streptomisin (73,3%), dan tobramisin (57%). Selain itu, beberapa penelitian juga melaporkan
adanya isolat multidrug-resistant (MDR), dengan prevalensi MDR mencapai sekitar 24% pada
Sungai Citarum. Temuan ini menunjukkan bahwa DAS di Indonesia berpotensi menjadi
reservoir E. coli resisten antibiotik, sehingga diperlukan pemantauan lingkungan secara rutin
dan pengelolaan limbah yang baik untuk menekan penyebaran resistansi antimikroba.

Kata kunci: resistensi antibiotik, Escherichia coli, multidrug-resistant, DAS
INTRODUCTION

Escherichia coli (E. coli) is commonly used as an indicator of faecal contamination in river
water because its presence reflects contamination originating from human and animal waste.
However, studies related to river basins in Indonesia remain limited. Increasing evidence has
shown that E. coli isolated from aquatic environments, including rivers and other water bodies,
exhibits resistance to various antibiotics, indicating that rivers are no longer merely indicators
of faecal contamination but also reservoirs of antibiotic-resistant bacteria. For example, a study
conducted in river basins in Mexico reported that E. coli isolates from surface water showed
high resistance to antibiotics such as ampicillin, tetracycline, and streptomycin (Diaz-Zaragoza
etal., 2025). Similarly, studies in urban riverine systems demonstrated that E. coli isolates from
surface water exhibited significant levels of antibiotic resistance, particularly in areas located
near wastewater discharge points (Watkinson et al., 2007).

Antibiotic resistance in E. coli within aquatic environments such as rivers has major
implications for public health and environmental quality. When river water is used for domestic
purposes, irrigation, consumption, or recreational activities, the presence of antibiotic-resistant
E. coli may increase the risk of transmission of resistant bacteria to humans and animals. A
systematic review and meta-analysis of E. coli isolates from water sources in Africa reported a
very high prevalence of resistance to penicillins (penicillin/fampicillin), reaching approximately
93.4% (Ramatla et al., 2023). In addition, studies comparing E. coli isolates from river water
and sediment demonstrated that both surface water and sediment/biofilm environments may
serve as reservoirs of resistant bacteria, thereby contributing to the long-term persistence of
antibiotic resistance in river ecosystems (Skof et al., 2024). Therefore, effective waste
management strategies, pollution control, and regular resistance monitoring are essential to
prevent the spread of antibiotic-resistant bacteria in aquatic environments and to minimize their
impact on public health.

This study aimed to conduct a literature review on the prevalence and antibiotic resistance of
Escherichia coli isolated from rivers or water bodies within river basins in Indonesia. The
analysis focused on antibiotic resistance patterns identified in E. coli isolates and the potential
role of river aquatic environments as reservoirs of antibiotic-resistant bacteria. In addition, this
article aimed to provide an overview of the importance of monitoring aquatic environmental
quality as part of efforts to control the spread of antimicrobial resistance.
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RESEARCH METHODS
Ethical Approval

This study did not require ethical approval because it did not involve humans or animals
directly as research subjects. The study was conducted using a literature review approach based
on secondary data obtained from various scientific publications regarding the prevalence and
antibiotic resistance of Escherichia coli isolated from river basins.

Research Object

The research object was Escherichia coli isolated from river water or other water bodies within
river basins, based on data reported in various scientific publications. The data used were
secondary data, including the number of samples, number of E. coli-positive samples,
prevalence, types of antibiotics tested, and levels of antibiotic resistance.

Research Design

This study was a descriptive literature review conducted by collecting, reviewing, and
comparing findings from previous studies regarding the prevalence and antibiotic resistance of
Escherichia coli in river basins in Indonesia.

Data Collection Method
Literature was obtained through searches of the Google Scholar, PubMed, and ScienceDirect

29 ¢ 9% ¢

databases using the keywords “Escherichia coli”, “antibiotic resistance”, “river”, “watershed”,
“Indonesia”, “resistansi antibiotik”, “sungai”, and “DAS”. The articles included were national
and international scientific publications published between 2014 and 2024. Article selection
was performed through identification, title and abstract screening, and full-text evaluation

based on their relevance to the research topic.
Research Parameters

The parameters analyzed included river basin location, sample type, number of samples,
number of Escherichia coli-positive samples, prevalence, types of antibiotics tested, levels of
antibiotic resistance, and the presence of multidrug-resistant (MDR) isolates reported in each
study.

Data Analysis

The collected data were analyzed descriptively by presenting the findings in tables and
narrative form to compare the prevalence and antibiotic resistance patterns of Escherichia coli
among different river basins in Indonesia.

RESULTS AND DISCUSSION
Results

Escherichia coli was detected in all river basins/rivers investigated in Indonesia, with prevalence
ranging from 68.51% to 100%. The highest prevalence was reported in the Boyong River,
Yogyakarta, and the downstream area of the Bekasi River, both reaching 100%, whereas the
Sekanak River, Palembang and the Citarum River, Bandung showed prevalence rates of 70.73%
and 68.51%, respectively. Antibiotic susceptibility testing demonstrated that E. coli isolates
exhibited the highest resistance to f-lactam antibiotics such as ampicillin and amoxicillin (45%-
82%), followed by tetracycline (37%-71%), streptomycin (73.3%), and tobramycin (57%). In
addition, the presence of multidrug-resistant (MDR) isolates was reported in the Citarum River
study, with a prevalence of approximately 24% (Table 1).
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Discussion

The high prevalence and antibiotic resistance of Escherichia coli in river basins in Indonesia
indicate that river waters function not only as indicators of faecal contamination but also as
reservoirs for the dissemination of antibiotic resistance in the environment. The findings of this
study showed that the highest resistance was consistently observed against f-lactam antibiotics
such as ampicillin and amoxicillin, indicating strong antibiotic selective pressure in aquatic
environments. The discharge of domestic waste is considered one of the main contributing factors
to the high prevalence of E. coli and antibiotic resistance in rivers. Untreated household
wastewater may contain faecal bacteria as well as antibiotic residues that create selective pressure
on environmental microorganisms (Binawati, 2024; Daramusseng, 2021). In addition, livestock
activities may also contribute through waste runoff carrying antibiotics and resistant bacteria into
water bodies, thereby accelerating the spread of antibiotic resistance in aquatic environments
(Karkman et al., 2018).

The high resistance to B-lactam antibiotics observed in this study is consistent with previous
reports indicating that these antibiotics are among the most widely used in clinical and livestock
practices, thereby increasing the likelihood of resistance development (Laxminarayan et al.,
2013). Furthermore, the occurrence of resistance to tetracyclines and aminoglycosides suggests
exposure to antibiotics originating from various environmental sources (Mauwalan et al., 2022).
The presence of multidrug-resistant (MDR) isolates and the detection of resistance genes such as
blaCTX-M in several river basins indicate that antibiotic resistance is not only phenotypic but
also involves genetic mechanisms. These resistance genes may spread among bacteria through
horizontal gene transfer, particularly in aquatic environments rich in microbial communities
(Rizzo et al., 2013; Zhang et al., 2020). This finding is further supported by a study conducted in
the Bekasi River, which reported the presence of the blaCTX-M gene in E. coli isolates (Gusti et
al., 2024). Compared with studies conducted in other regions, the resistance patterns identified
in Indonesia show trends similar to global findings, where water bodies receiving domestic
wastewater runoff and wastewater treatment plant effluents exhibit higher resistance levels (Diaz-
zaragoza et al., 2025). These findings suggest that antibiotic resistance in aquatic environments
is a global issue closely associated with human activities.

In addition to pollution sources, environmental conditions also play an important role in
maintaining resistant bacteria in aquatic ecosystems. Slow river flow, the presence of sediments,
and biofilm formation may facilitate the accumulation of resistant bacteria and antibiotic
resistance genes (Skof et al., 2024). Seasonal factors such as rainfall may also influence the
distribution of E. coli, as surface runoff during the rainy season can increase the concentration of
faecal bacteria in water bodies (Leko, 2023). Nevertheless, this study has several limitations,
including heterogeneity among the reviewed studies in terms of methodology, limited
quantitative data in several articles, and the predominance of conventional culture-based methods
without more comprehensive molecular analyses (Haryani et al., 2019). In addition, the lack of
longitudinal data makes it difficult to identify long-term trends in antibiotic resistance in
Indonesia. Based on these findings, more comprehensive environmental management efforts are
needed, including improvements in domestic and industrial wastewater treatment systems,
stricter antibiotic use surveillance, and the implementation of the One Health approach as
recommended by the World Health Organization to control the spread of antibiotic resistance in
the environment (WHO, 2022; WHO, 2023).

However, the findings of this study should be interpreted with consideration of several
limitations. There was substantial heterogeneity among the analyzed studies regarding bacterial
isolation techniques, antibiotic susceptibility testing methods, and the types of antibiotics
examined, which may have contributed to variations in the reported results and limited direct

501
Terakreditasi Nasional Sinta 4, berdasarkan Keputusan Direktur Jenderal
Pendidikan Tinggi, Riset, dan Teknologi No. 158/E/KPT/2021


https://doi.org/10.24843/bulvet.2026.v18.i03.p01

Buletin Veteriner Udayana Volume 18 No. 3: 498-504
PISSN: 2085-2495; elSSN: 2477-2712 June 2026
https://doi.org/10.24843/bulvet.2026.v18.i03.p01

comparison between studies. In addition, most reviewed studies relied on conventional culture-
based methods; therefore, the possible presence of viable but non-culturable bacteria and broader
diversity of resistance genes may not have been fully detected. Limited application of molecular
approaches also restricted the comprehensiveness of information related to the genetic
mechanisms underlying antibiotic resistance (Rizzo et al., 2013).

Furthermore, limited quantitative data and inconsistent reporting among studies hindered more
in-depth analyses, particularly in accurately determining the prevalence of antibiotic resistance.
Most of the analyzed studies were cross-sectional in nature and therefore unable to adequately
describe temporal dynamics or long-term trends of antibiotic resistance in aquatic environments.
Measurable environmental factors, such as antibiotic residue concentrations, water quality
parameters, and population density surrounding the river basins, were also rarely analyzed
comprehensively in the reviewed studies. Considering these limitations, future studies are
recommended to adopt more integrated approaches, including genomics-based molecular
analyses, longitudinal study designs, and quantitative environmental assessments, in order to
provide a more comprehensive understanding of the dissemination of antibiotic resistance in
aquatic environments.

CONCLUSION AND SUGGESTIONS
Conclusion

Based on the literature review, Escherichia coli was detected in various river basins in
Indonesia, with prevalence ranging from 68.51% to 100%. E. coli isolates showed the highest
resistance to B-lactam antibiotics such as ampicillin and amoxicillin, followed by tetracycline,
streptomycin, and tobramycin. In addition, several studies also reported the presence of
multidrug-resistant (MDR) isolates. These findings indicate that river waters in Indonesia have
the potential to serve as reservoirs of antibiotic-resistant bacteria influenced by anthropogenic
activities, particularly domestic waste and livestock activities.

Suggestions

Routine monitoring of the presence and antibiotic resistance of Escherichia coli in river waters
in Indonesia is needed as part of environmental quality surveillance. Management of domestic,
industrial, and livestock waste should also be improved to reduce contamination by antibiotic-
resistant bacteria in water bodies. Future studies are recommended to apply molecular
approaches and longitudinal study designs to obtain more comprehensive information
regarding the dissemination of antibiotic resistance in aquatic environments.
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Table

Table 1. Prevalence and antibiotic resistance profile of Escherichia coli in various river basins
in Indonesia

River
Basin/ Sample  Prevalence  Antibiotics  Resistance
N River Year Type (%) Tested %) MDR Reference
Location

1. Boyong 2014 River 100 Amoxicillin, 80%; Not (Sasongko,
River, water & streptomycin 73.3% reported 2014)
Yogyakarta househo

Id water

2. Sekanak 2020 River 70.73 Ampicillin; 82%; Not (Verawaty
River, water Tetracycline; 71%; reported etal.,
Palembang Tobramycin 57% 2020)

3. Citarum 2023  River 68.51 Ampicillin; 45%); 124%  (Megantara
River, water Tetracycline; 37%; etal.,
Bandung Azithromyci 29% 2023)

n

4. Bekasi 2024 River 100 - - blaCTX-  (Gusti et
River water M al., 2024)
(downstrea

m)
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