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ABSTRACT

Aquatic environments can be the sources for the spread of antibiotic-resistant microorganisms and resistance genes.
Escherichia coli is one of the bacteria taken as an indicator of water contamination with human faecal matter. CTX-M
producing E. co/i is the most common type of extended-spectrum §3- lactamase (ESBL) producing E. co/i worldwide.
This study was conducted from October 2019 to December 2020 to determine the proportion of CTX-M gene among
ESBL E. coli isolated from the Bagmati River. Thirty-nine water samples in triplicates were collected from 13 different
points of Bagmati River in Kathmandu Valley and analyzed for isolation of E. co/. Antimicrobial susceptibility test
was performed by modified Kirby- Bauer disc diffusion method. ESBL was confirmed phenotypically by the
combination disk method recommended by CLSI guidelines. Alkaline hydrolysis method was used for plasmid DNA
extraction and CTX-M gene was detected by a polymerase chain reaction and agarose gel electrophoresis. E. co/i was
isolated from 76.9% (n= 30) samples and 80% (n= 24) of E. co/i isolates were multidrug-resistant (MDR). Out of 24
MDR E. ¢li, 33.3% (n= 10) were ESBL producers. Among 10 ESBL E. ¢/, 70% (n= 7) had CTX-M gene. It shows
that Bagmati River water is polluted due to anthropogenic activities. The resistant bacteria may circulate from water
to the community posing a potential threat of infection. Effective treatment of river water is recommended to prevent

the spread of antibiotic-resistant microorganisms.
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INTRODUCTION

The urban areas of developing countries directly dispose
excess wastewater into surface water, which impairs the
quality of water (Ismail & Abed, 2013). Faecal
contamination of river water has a direct impact on
catchment communities (Woldemichael ¢ af/, 2010).
Water has been identified as a significant reservoir of
antibiotic resistant bacteria (Rizzo e/ al, 2013). The
excessive use of antibiotics in human, animal health, and
food sectors may accelerate the development of
antibiotic resistant bacteria (ARB). Antibiotic resistant
genes (ARGs) in bacteria from water is becoming an
increasing concern. Many ARGs that encode resistance
to a variety of antibiotics in bacteria which are present
not only in hospital and animal production wastewater,
but also in wastewater treatment plants, sewage, surface

water, ground water, and even in drinking water (Kelly ez
al., 2023).

Escherichia coli is a normal flora of the gastrointestinal
tract in both humans and animals and most often used
as an indicator bacterium of fecal contamination of
water. E. ¢o/i is a very common cause of nosocomial and
community-acquired infections in humans. Extended-
spectrum B-lactamases (ESBLs) are an important cause
of [B-lactam antibiotics resistance in gram-negative
bacteria (Bradford, 2001) and are spreading globally
(Thenmozhi ef al., 2014). Among nine distinct structural
and evolutionary families of ESBL (Bajpai ez al., 2017),
the main types of ESBL variants include TEM, SHT,
CTX-M, and OXA. The CTX-M enzymes have been

found disseminated among a wide range of clinical
bacteria within and across the species worldwide (Ruppe
et al., 2009). CTX-M B- lactamase in commonly isolated
bacteria E. coli is a global public health problem. The
studies conducted in Nepal revealed high proportion of
ESBL producers in wastewater and river water (Khanal
¢t al., 2024; Ghimire ef al., 2024; Tandukar ¢ al., 2018)
and blaCTX-M gene as more frequent in E. co/i (Khanal
et al., 2024).

Due to the large diversity of pathogenic and commensal
microorganisms and continuous discharge of antibiotic
resistant bacteria and antibiotic resistance genes into the
environments, aquatic environments have been
identified as hotspots of antibiotic resistance. Hospital
and  municipal  wastewater,  effluents  from
pharmaceutical companies (Khanal ez al, 2024; KC ¢t al.,
2024), poultry, animal and aquaculture facilities (Young
et al., 2022) are the sources for antibiotic resistance.
Wastewater treatment plants do not completely remove
antibiotics and resistant microorganisms. Municipal
wastewater treatment does not exist in Nepal to address
the dumping of wastewater in Bagmati River. Municipal
wastewater treatment plants absorb human fecal waste
carrying a variety of ARB, and they have been regarded
as key reservoirs for several ARGs that are linked to
human infections (Rizzo e al, 2013). Although
wastewater treatment reduces upto 99% bacteria
(Papajova et al., 2022), remaining bacteria are discharged
in surface water bodies. Most treated wastewater is
dumped into rivers, which help spread ARB and ARGs
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further (Amos e al., 2018). The presence of ARB and
ARGs cause the serious complications in humans as well
as animals and increase the morbidity and mortality. In
Nepal, research shows that there is high prevalence of
ESBL producing E. ¢o/i in clinical samples and a couple
of research have been performed in river water samples.
It needs to generate more evidence to recommend
developing effective strategies and guidelines for
wastewater treatment in our context before discharging
it into river. Monitoring of ARGs for (-lactam,
quinolone, and vancomycin may help to identify
antibiotic resistance determinants in water (Amarasiri e#
al., 2022). Therefore, this research was conducted to
determine the proportion of CTX-M gene in ESBL
producing E. co/i isolated from the Bagmati River. This
helps in estimating the emergence of CTX-M linked
ESBL producers and their spread in the community and
hospitals.

Sample Collection and Measurement of Physical
Parameters

A total of 39 river water samples were collected from 13
sampling points of Bagmati River. Triplicate samples
were collected in acid washed sterile plastic bottles from
each sampling point as grab samples. The points with
turbulence were avoided during sample collection. Water
samples were collected facing the mouth of the
collection bottle towards the current of water. The bottle
had left few spaces at the top for aeration. Collected
water samples were labeled clearly and transported in an
insulated cold box. pH was measured using pH meter
(APHA/AWWA/WEF, 2017). Temperatute was
measured with a thermometer and turbidity with
turbidimeter (APHA/AWWA/WEF 2017).

Detection of Total Coliforms by Membrane
Filtration (MF) Method

Membrane filtration technique was used for detection of
bacteria. 100ml of water sample was used for filtration
and membrane filter was placed on the Eosin-Methylene
blue agar plate. It was incubated for 24 hours at 37°C for
total coliforms and 44°C for fecal coliforms. After
incubation, pink colonies with dark center having
greenish metallic sheen at 37°C indicated total coliforms
and growth at 44.5°C with colony characteristics specific
to coliforms confirmed fecal coliforms. For the
completed test, the colonies with metallic sheen at
different points at the media were transferred to lactose
broth and incubated at 37°C for 24 hours and obsetved
for gas production (APHA/AWWA/WEF 2017).

Identification of Isolates

Identification of bacterial isolates was done following
Bergey’s Manual from the cultural characteristics and
biochemical tests including catalase, oxidase, sulfide
indole motility medium (SIM), methyl red, Voges
Proskauer, citrate utilization, triple sugar iron (TSI) and
urease test (HiMedia Laboratories Private Ltd, India).

Antibiotic Susceptibility Test (AST)
The antibiotic susceptibility test of the isolates was
performed using modified Kirby-Bauer disc diffusion

MATERIALS AND METHODS

Research Design

This was a field and laboratory based cross-sectional
study. Water samples were collected from Bagmati River
and were processed at the laboratory of Central
Department of Microbiology, Tribhuvan University,
Kirtipur, Kathmandu. Water samples from Bagmati
River were collected from the five sites where
anthropogenic activities are relatively low and eight sites
where anthropogenic activities are high.

Study Sites and Duration

The study sites were 13 different sampling points of the
Bagmati River starting from Chobhar to Sundarijal. The
sampling point was taken 2 km apart as the
physicochemical composition of water may vary at this
distance. The study was conducted from October 2019
to December 2020.

method as recommended by CLSI (2018). The antibiotic
disc used for AST were cefotaxime (30 pg), ceftazidime
(30 pg), ceftriaxone (30 ng), cefepime (30 ng), aztreonam
(30 ng), imipenem (30 ng), ofloxacin (5 pg), ciprofloxacin
(5 ng), gentamicin (10 pg), ampicillin (10 pg), amikacin
(30 ng), pipetacillin (100 pg) and piperacillin/tazobactam
(100/10 pg) (HiMedia Laboratoties Private Ltd, India),
representing different classes of antibiotics. Antibiotic
discs were placed onto the medium then incubated at
37°C for 18 hours. After incubation, diameter of zone of
inhibition was measured and interpreted as sensitive,
intermediate, and resistant as per CLSI (2018).

Detection of Extended Spectrum beta-lactamase
(ESBL) Producer

A standard of 0.5 McFarland turbidity was maintained
for the inoculum and Mueller Hinton Agar plates were
inoculated with test bacteria. Ceftazidime (30pg) and
cefotaxime (30 pg) disks (HiMedia Laboratories Private
Ltd, India) were placed alone for screening of ESBL. For
confirmation, combination disk with clavulanic acid
(ceftazidime plus clavulanic acid, 30/10 pg), (cefotaxime
plus clavulanic acid, 30/10 pg) disks wete applied onto a
plate and then incubated for 24 hours at 37°C. Isolates
were confirmed as an ESBL producer if it showed an
increase of 5 mm or more in the zone of inhibition of
the combination disks compared to that of the
ceftazidime/cefotaxime disk alone (CLSI, 2018). E. co/i
isolates in pure culture were preserved in 20% glycerol
containing tryptic soya broth and kept at -70°C until
further processing for molecular detection.

Extraction of Plasmid and PCR Amplification of
CTX-M Gene

All phenotypically confirmed ESBL producer E. co/i was
analyzed for detection of blaCTX-M gene. The plasmid
DNA extraction was done from E. co/i by using alkaline
hydrolysis method (Sambrook and Russel, 2001). The
extracted plasmid was stored at -20°C. blaCTX-M gene
(544bp) in extracted plasmids were amplified by PCR
using the CITX-M specific primers (F: 5'-
TTTGCGATGTGCAGTACCAGTAA-3';  R: 5%
CGATATCGTTGGTGGTGCCATA-3") (Edelstein et



al., 2003). The PCR mixture of total volume 25ul was
prepared which consist of 3 ul of DNA template, 0.5ul
of 10Mm each of forward and reverse primer and 21pl
of master mix. Thermal and cycling conditions for the
blaCTX-M gene: Initial denaturation at 94°C for 1
minutes, denaturation at 95°C for 5 minutes of 35 cycles,
annealing at 55°C for 1 sec of 35 cycles, extension at
72°C for 1 minutes of 35 cycles, and final extension at
72°C for 10 minutes. After PCR amplification, 15ul of
each reaction was separated by electrophoresis in 1.5%
agarose gel for 60 minutes at 100V in 0.5x TAE buffer.
Positive and negative controls for CTX-M gene were
used in each PCR. DNA was stained with ethidium
bromide (5 pug/ml). Finally, the gel photo was taken in
UV transilluminator (Fig. 1). The band size of the PCR
products was compared with 100 bp DNA marker and
positive control.

Statistical Analysis
All the data were entered and analyzed using Statistical
Package for Social Science (SPSS) version 25 software.
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Mean and standard deviation were calculated for physical
parameters and frequency and percentages for
microbiological data.

RESULTS

Physical Quality of Water

The temperature of Bagmati water during sampling
ranged from 12° to 26° C. The temperature 12° to 16° C
was observed during the winter season while 25° to 26°
C in post—-monsoon. The pH of the Bagmati River water
at different sampling sites were between 6.5 to 8.0,
mostly around neutral pH in most of the sites. Turbidity
of the river water ranged from 3.5 to 557 NTU at
different sampling sites and only one upstream site had
turbidity less than 10 NTU (Table 1).

Microbiological Analysis of Water Samples

E. coli was detected in 30 (76.9%) water samples. Growth
of E. coli was seen low in the samples collected from
upstream sites while high growth of coliforms was found
in the samples collected from downstream sites.

Table 1. Physical parameters of water samples from Bagmati River

Sites Temperature (°C) pH Turbidity (NTU)
Sundarijal 12.0 7.620.01 3.520.20
Ghatte 12.0 7.510.00 70.5+4.27
Gokarna 13.0 7.3%10.17 127%4.00
Jotpati 12.0 7.710.26 55740.00
Guheswori 11.0 7.3+0.20 177£18.73
Tilganga 12.0 7.1+0.00 353+13.00
Baneshwor 13.0 7.7£0.10 312+13.75
Sankhamul 12.0 7.810.20 235%5.57
Thapathali 13.0 7.620.00 396£3.00
Teku 16.0 7.5+0.17 318+5.57
Balkhu 26.0 6.710.26 404+13.53
Sundarighat 26.0 6.6+0.10 399+15.72
Chobhar 25.5 7.5+0.17 396120.42

Antibiotic Susceptibility Pattern of E. coli Isolates
from Bagmati River Water

A total of 30 isolates of E. co/i from Bagmati water
samples were tested for their antibiotic susceptibility.
High number of E. /i were resistant towards ampicillin
(76.6%), sulphamethoxazole (70%) and third generation

cephalosporins; cefixime (60%), ceftazidine (46.6%),
cefotaxime (53.3%) and ceftriaxone (46.6%). While, less
proportion of E. co/i isolates were resistant to Amikacin
(10%), gentamicin (13.3%) and chloramphenicol
(23.3%). Out of 30 isolates of E. co/i from Bagmati River
water, 24 (80%) were MDR (Table 2).

Table 2. Antibiotic susceptibility pattern of E. coli (n=30)

Antibiotics Sensitive (%) Resistant (%)
Ampicillin 7 (23.4) 23 (76.6)
Amikacin 27 (90.0) 3 (10.0)
Amoxicillin clavulanate 15 (50.0) 15 (50.0)
Ceftazidime 14 (46.7) 16 (53.3)
Cefotaxime 14 (46.7) 16 (53.3)
Ceftriaxone 16 (53.4) 14 (46.6)
Cefixime 12 (40.0) 18 (60.0)
Ciprofloxacin 17 (56.7) 13 (43.3)
Chloramphenicol 23 (76.7) 7 (23.3)
Imipenem 16 (53.4) 14 (46.6)
Gentamicin 26 (86.7) 4 (13.3)
Sulphamethoxazole 9 (30.0) 21 (70.0)
Tetracycline 12 (40.0) 18 (60.0)




Extended Spectrum f-Lactamase Producing Escherichia Coli ...

ESBL Production Profile and CTX-M Gene among
E. coli from River Water

Among 30 E. cli isolates, 16 (53.3%) were screened
positive for ESBL production. Out of 16 ESBL
suspected isolates, 62.5% (n=10) were confirmed as
ESBL producer. Among ESBL producer E. coli, CTX-M

gene was detected in 70% (n=7) isolates. ESBL
producing E. /i were absent in the samples collected
from upstream sites (Sundarijal, Ghatte and Gokarna)
and also CTX-M genes were absent among them (Table
3). There was not any observable linkage of physical
parameters of water with isolation of ESBL E. co/i.

Table 3. Site wise presence of ESBL producing E. coli and CTX-M gene in E. coli isolates

Sites No. of E. coliisolates

No. of ESBL producer E. coli

No. of isolates with CTX-M gene

o

Sundarijal
Ghatte
Gokarna
Jorpati
Guheswori
Tilganga
Baneshwor
Sankhamul
Thapathali
Teku
Balkhu
Sundarighat
Chobhar
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Figure 1. Gel photograph of 544 bp CTX-M gene from E. coliisolates from Bagmati River water; Lane L1: DNA
marker (100-1000 bp), L2: positive control, L3: negative control, L4, L5, L8, L.10, L11, L12 and L14: positive bands of
CTX-M gene

DISCUSSION

Monitoring of river water quality help to understand
pollution sources and to design effective mitigation
measures. The wastewater treatment plant at
Guheshwari is not functional and there is also discharge
of wastewater directly from the communities in Bagmati
River. Therefore, generating data on ARBs and ARGs
could help to understand the extent of Bagmati River
pollution and thus enforcing effective treatment of
wastewater treatment before discharging into river.

In this study, we found a noticeable difference in river
water temperature, the lowest 12°C in winter and the
highest 26°C in summer. High temperature enhances
microbial growth and activity. Higher temperature in

water lowers the dissolved oxygen by enhancing
chemical reactions and increasing biological oxygen
demand (Chapra e# al., 2021). Due to increased amount
of water during the monsoon season as compared to
others, the Bagmati River water quality is said to be
somewhat better (Mishra e @/, 2017). High water
temperature can also worsen corrosion issues as well as
taste, odour, and color as they promote the growth of
organisms (Manga ¢/ al., 2021). The pH of the Bagmati
River was within the given pH standard similar to
previous reports (Mahat e 4/, 2020; Baniya et al., 2019).
The pH was relatively high in Shankhamul site which
might be due to the high discharge of sewage into the
river and presence of high ammonia in water (Soni ¢ a/.,
2022). The pH for the standard of industrial effluent



ranges from 5.5 to 9.0 (DOI, 2003), and the drinking
water standard is 6.5 to 8.5 (National Drinking Water
Quality Standard (NDWQS), 2005). River water pH is a
significant  physico-chemical parameter that has

significant impact on all biochemical processes (Tadesse
¢t al., 2018).

The turbidity value of Bagmati River water samples were
out of range as recommended by NDWQS 2005 (> 5
NTU). The minimum turbidity 3.5 NTU was observed
in the case of the water sample from Sundarijal site and
maximum 557 NTU was from Jorpati site. The high
turbidity towards the downstream sites must be due to
high sediment loading in the downstream. High turbidity
provides food and shelter enhancing the growth of
microorganisms (Cinque e al, 2004). The turbidity-
causing particles shield the bacteria, decreasing the
effectiveness of water disinfection (Lechevallier ¢ al.,

1981).

The microbiological analysis of the Bagmati River water
indicated a high level of contamination with a variety of
microorganisms similar to other reports (Shrestha ez al.,
2018; Tandukar ez /., 2018; Ghimire e# a/., 2024; Khanal
et al, 2024). The river water contaminates nearby
groundwater supplies in addition to polluting the area
around it. Chemical study has shown that ground water
and surface water are interconnected, allowing for the
interchange of pollutants between each water source
(Bajracharya & Tamrakar, 2008). There is an increased
risk of waterborne infections in the Kathmandu valley
due to the same interconnectedness of river water and
household ground water. Detection of E. ¢o/i in Bagmati
River water indicates that water quality has declined
because of utrbanization, inefficient household
management, and the unmanaged sewer
(Norman & Michel, 2009).

system

High numbers of E. cw/i were resistant towards
ampicillin, sulphamethoxazole, tetracycline, cefixime
while  susceptible to
gentamicin, chloramphenicol and ciprofloxacin. This
type of resistance could be due to production of several
beta-lactamase enzymes. In our study, around 90% of E.
coli isolated from Bagmati River water were sensitive to
amikacin. Antibiotics susceptibility pattern of E. cok
showed that most of the isolates were multidrug resistant
(MDR). High proportions of MDR bacteria have been
reported from rivers receiving treated effluents and
hospital sewage in China (Zhang e al, 2020). Many
enteric bacteria from feces that may carry ARGs may
enter the water system through a variety of channels.
ARB are therefore common in the environment as a
result of the use of antibiotics, not only in humans but
also in animals.

and cefotaxime amikacin,

In this study, one third of E. co/i were ESBL producers.
Other studies reported comparatively very high ESBL
rates in E. coli from river water from Ghana and Nigeria
(Adelowo et al, 2018; Banu e al, 2021), India and
Nicaragua (Amaya ¢ al., 2012), Bangladesh (Uddin ez /.,
2019), but lower rates of ESBL from wastewater in
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South Africa (Nzima ez al.,, 2020). Nepal has reported a
relatively higher percentage of ESBL prevalence in
clinical samples (Sharma ¢ a/., 2013; Rimal e al., 2017)
and Bagmati River water samples (Shrestha e al., 2018;
Tandukar ef al., 2018; Ghimire et al., 2024) there might
be circulation of bactetia between the environment and
infections in human.

In this study, ESBL producer E. /i had predominantly
CTX-M genes. CTX-M beta —lactamase enzyme is a
broad-spectrum beta-lactamase that has been expanding
in water such as India (Kaur & Aggarwal 2013; George
et al., 2015) and China (Zou et al., 2019). The ability to
transfer genetic material, a mutation in plasmid-mediated
genes, and mobile resistance genes are all implicated in
CTX-M. The mobile genetic material that may move
genes DNA molecules either
horizontally or vertically is responsible for antibiotic
resistant  bacteria  in  diverse = environments
(Koutsoumanis et al., 2021).

resistance aCross

The study has some limitations such as: we collected
water samples only one time from different sites of
Bagmati River and the season of sample collection varied
for different sites. We did not have data on coliform
count which limits the understanding of the level of
water contamination. We used only E. co/i for detection
of ESBL and CTX-M gene. Monitoring of more bacteria
in water and various ARGs can provide a broader picture
of origin and transmission of antibiotic resistance.

CONCLUSIONS

E. coli isolates from Bagmati River were resistant to most
of the commonly used antibiotics and more than half of
the resistant isolates were MDR. The presence of CTX-
M gene in significant number of ESBL producing E. co/i
in water may have ecological and public health
implications. Therefore, wastewater from households
and industries should be treated before discharging into
the river. Monitoring of ESBL E. ¢/ in river water and
sufficient treatment of wastewater before discharging
into river could help minimize the dissemination of
CTX-M gene in environments, humans and animals.

ACKNOWLEDGEMENTS
The authors would like to acknowledge Central
Department of Microbiology, Tribhuvan University for
providing laboratory facilities.

AUTHOR CONTRIBUTIONS

MN: designed the study, collected samples, performed
the laboratory work, and analyzed data; MRB: designed
the study, supervised the study, analyzed data and wrote,
reviewed and finalized the manuscript.

CONFLICT OF INTEREST
The authors declare that they have no conflict of interest.

ETHICAL STATEMENT
The study did not involve human participants and ethical
approval was not obtained.



Extended Spectrum [§-Lactamase Producing Escherichia Coli ...

DATA AVAILABILITY STATEMENT

The data that support the findings of this study are
available from the corresponding author, upon
reasonable request.

REFERENCES

Adelowo, O.0O., Vollmers, J., Mdusezahl, 1., Kaster,
AK, & Miller, J.A. (2018). Detection of the
carbapenemase gene blaynes in members of the
Psendomonas  putida group isolated from polluted
Nigerian wetlands. Scientific Report, 8(1), 15116.
https://doi.org/10.1038/s41598-018-33535-3

Amarasiri, M., Takezawa, T., Malla, B., Furukawa, T.,
Sherchand, J. B., Haramoto, E., & Sei, K. (2022).
Prevalence of antibiotic resistance genes in drinking
and environmental water sources of the Kathmandu
Valley, Nepal. Frontiers in Microbiology, 13, 894014.
https://doi.org/10.3389/fmicb.2022.894014

Amaya, E., Reyes, D., Paniagua, M., Calderon, S., Rashid,
M.U.,, Colque, P., Kiithn, 1., Méllby, R., Weintraub,
A., & Nord, C.E. (2012). Antibiotics resistance
patterns of Escherichia coli isolates from different
aquatic environmental sources in Leon, Nicaragua.
Clinical - Microbiology ~and  Infection, 18, 347- 354.
https://doi.org/10.1111/7.1469-0691.2012.03930.x

APHA/AWWA/WEF. (2017). Standard methods for
the examination of water and wastewater. 23rd
Edition, American Public Health Association,
American  Water Works Association, Water
Environment Federation, Denver.

Amos, G. C., Ploumakis, S., Zhang, L., Hawkey, P. M.,
Gaze, W. H,, & Wellington, E. M. (2018). The
widespread dissemination of integrons throughout
bacterial communities in a riverine system. The ISME
Journal, 12(3), 681-691. https://doi.org/10.1038/s41
396-017-0030-8

Bajpai, T., Pandey, M., Varma, M., & Bhatambare, G.S.
(2017). Prevalence of TEM, SHV/, and CTX-M beta-
lactamase genes in the urinary isolates of a tertiary
care hospital. Avicenna Jonrnal of Medicine, 7(1), 12- 16.
https://doi.org/10.4103/2231-0770.197508

Bajracharya, R., & Tamrakar, N.K. (2008).
Environmental status of Manahara  River,
Kathmandu, Nepal. Bulletin of the Department of Geology,
10, 21-32. https://doi.org
/10.3126/bdg.v10i0.1417

Baniya, B., Khadka, N., Ghimire, S.K., Baniya, H,,
Sharma, S., Dhital, Y.P., Bhatta, R., & Bhattarai, B.
(2019). Water quality assessment along the segments
of Bagmati river in Kathmandu valley, Nepal. Nepa/
Journal — of  Environmental — Science, 7, 1-10.
https://doi.otg/10.3126/njes.v7i0.34314

Banu, R.A., Alvarez, ].M., Reid, A.J., Enbiale, W., Labi,
AK., Ansa, ED., Annan, E.A., Akrong, M.O,,
Botbor, S., Adomako, L.A., & Ahmed, H. (2021).
Extended spectrum beta-lactamase Escherichia coli in
river waters collected from two cities in Ghana,
2018-2020. Tropical Medicine and Infections Disease, 6(2),
105. https:/ /doi.org/10.3390/tropicalmed 6020105

Bradford, P.A. (2001). Extended-spectrum beta-
lactamases in the 21st century: characterization,
epidemiology, and detection of this important

resistance threat. Clinical Microbiology Reviews, 14(4),
933-51.  https://doi.org/10.1128/CMR.14.4.933-
951.2001

Chapra, S.C., Camacho, L.A., & McBride, G.B. (2021).
Impact of global warming on dissolved oxygen and
BOD assimilative capacity of the world’s rivers:
Modeling analysis. Water, 13(17), 2408. https://doi.o
rg/10.3390/w13172408

Cinque, K., Stevens, M.A., Roser, D.J., Ashbolt, N J., &
Leeming, R. (2004). Assessing the health implications
of turbidity and suspended particles in protected
catchments. Water Science and Technology, 50(1), 205-
210. https://doi.org/10.2166/wst.2004.0055

CLSI. (2018). Performance Standards for Antimicrobial
Susceptibility Testing. Clinical and ILaboratory
Standards Institute (CLSI), Wayne.

DOI. (2003). Ground water project, Nepal Gazette,
2001 and 2003. Department of Irrigation (DOI), Nepal.

Edelstein, M., Pimkin, M., Palagin, 1., Edelstein, 1., &
Stratchounski, L. (2003). Prevalence and molecular
epidemiology of CTX-M extended spectrum -
lactamases producing Escherichia coli and Klebsiella
preumoniae in Russian hospitals. Antimicrobial Agents
and Chemotherapy, 47 (12), 3724- 3732. https://doi.ot
g/10.1128/AAC.47.12.3724-3732.2003

George, E.A., Sankar, S. Jesudasan, M.V,
Sudandiradoss, C., & Nandagopal, B. (2015).
Molecular charactetization of CTX-M type extended
spectrum beta-lactamase producing E. co/i isolated
from human and the environment. Indian Journal of
Medical Microbiology, 33, 73-79. https://doi.org/10.41
03/0255-0857.150896

Ghimire, B., Pokherel, M.K., Banjara, M.R., Rijal, K.R,,
& Ghimire, P. (2024). Extended spectrum beta
lactamase  Escherichia  coli in Bagmati River,
Kathmandu Valley. Journal of Nepal Health Research
Council, 21(4), 672—679.

Ismail, A., & Abed, G. (2013). BOD and DO modeling
for Tigris river at Baghdad city portion using
QUAL2ZK model. Journal of Kerbela University, 11(3),
257273.

Kaur, M. & Aggarwal, A. (2013). Occurrence of the
CIX-M, SHV” and the TEM genes among the
extended spectrum beta-lactamase producing isolates
of Enterobacteriaceae in a tertiary care hospital of
North India. Journal of Clinical and Diagnostic Research,
7, 642-645. https:/ /doi.org/10.7860/JCDR/2013/5
081.2872

KC, Sudeep, Khanal, S., Joshi, T.P., Khadka, D.,
Tuladhar, R., & Joshi, D.R. (2024). Antibiotic
resistance determinants among carbapenemase
producing bacteria isolated from wastewaters of
Kathmandu, Nepal. Emnvironmental Pollution, 343,
123155. https://doi.org/10.1016/j.envpol.2023.123155

Kelly, S.A., O'Connell, N.H., Thompson, T.P., Dillon,
L., Wu, J., Creevey, C., Kiely, P.A., Slevin, B., Powell,
J., Gilmore, B.F., & Dunne, C.P. (2023). Large-scale
characterization of hospital wastewater system
microbiomes and clinical isolates from infected
patients: profiling of multi-drug-resistant microbial
species. Journal of Hospital Infection, 141, 152-166.
https://doi.otg/10.1016/].jhin.2023.09.001



Khanal, S., Sudeep, K.C., Joshi, T.P., Han, Z., Wang, C.,
Maharjan, J., Tuladhar, R., & Joshi, D.R. (2024).
Extended-spectrum (-lactamase-producing bacteria
and their resistance determinants in different
wastewaters and rivers in Nepal. Journal of Hazardous
Materials, 473, 134660. https:/ /doi.org/10.1016/j.jha
zmat.2024.134660

Koutsoumanis, K., Allende, A., Alvarez-Ordéfiez, A.,
Bolton, D., Bover-Cid, S., Chemaly, M., Davies, R.,
De Cesare, A., Herman, L., ¢# a/. (2021). Role played
by the environment in the emergence and spread of
antimicrobial resistance (AMR) through the food
chain. EFSA Journal, 19(6), e06651.
https://doi.org/10.2903 /j.efsa.2021.6651

Lechevallier, M.W., Evans, T. M., & Seidler, R. J. (1981).
Effect of turbidity on chlorination efficiency and
bacterial persistence in drinking water. Applied and
Environmental Microbiology, 42, 159-187. https://doi.ot
g/10.1128/aem.42.1.159-167.1981

Mahat, A., Maharjan, K., Regmi, P., Ghimire, K., &
Mabhapatra, S. (2020). Assessment of water pollution
in Bagmati river of Kathmandu valley. Advances in
Plant Sciences, 33, 89- 93.

Manga, M., Ngobi, T.G., Okeny, L. Acheng, P.
Namakula, H., Kyaterekera, E., Nansubuga, 1., &
Kibwami, N. (2021). The effect of household storage
tanks/vessels and user practices on the quality of
water: a systematic review of literature. Environmental
Systems Research, 10, 18. https://doi.org/10.1186/s40
068-021-00221-9

Mishra, B.K., Regmi, R.K., Masago, Y., Fukushi, K.,
Kumar, P., & Saraswat, C. (2017). Assessment of
Bagmati river pollution in Kathmandu valley:
Scenario-based modeling and analysis for sustainable
urban development. Sustainability of Water Quality and
Ecology, 9-10, 67-77. https:/ /doi.otg/10.1016/j.swaq
€.2017.06.001

NDWQS. (2005). Implementation directives for
National Water Quality Standard (INWQS).
Department of Water Supply and Sewerage (DWSS),
Kathmandu, Nepal.

Norman, E.P. & Michel, M. (2009). Water quality
degradation effect on freshwater availability: Impact
of human activities. Water International, 25, 185-193.
https://doi.otg/10.1080/02508060008686817

Nzima, B., Adegoke, A.A., Ofon, U.A., Al-Dahmoshi,
H.O.M.,, Saki, M., Ndubuisi-Nnaji, U.U., & Inyang,
C.U. (2020). Resistotyping and extended-spectrum
beta-lactamase genes among Escherichia coli from
wastewater treatment plants and recipient surface
water for reuse in South Africa. New Microbes and New
Infections, 38, 100803. https://doi.org/10.1016/j.nm
ni.2020.100803

Papajova, 1, gmigové, J., Gregova, G, Soltys, I,
Venglovsky, J., Papaj, J., Szabéova, T., Dancova, N.,
Thnacik, L., Schusterova, 1., & Susinkova, J. (2022).
Effect of wastewater treatment
community,

on bacterial
antibiotic-resistant ~ bacteria  and
endoparasites. International - Journal of Environmental
Research and Public Health, 19(5), 2750. https://doi.otrg
/10.3390/1jerph19052750

M. Nironla, M.R. Banjara

Rimal, U., Thapa, S., & Maharjan, R. (2017). Prevalence
of extended spectrum of B-lactamases producing
Escherichia coli and Klebsiella species from urinary
specimens of children attending Friendship
International Children Hospital. Nepal/ Journal of
Biotechnology, 5, 32-38. https://doi.org/10.3126/njb.v
5i1.18868

Rizzo, L., Manaia, C., Metlin, C., Schwartz, T., Dagot,
C., Ploy, M.C., Michael, I., & Fatta-Kassinos, D.
(2013). Urban wastewater treatment plants as
hotspots for antibiotic resistant bacteria and genes
spread into the environment: a review. Science of the
Total Environment, 447, 345- 360. https://doi.org/10.
1016/j.scitotenv.2013.01.032

Ruppé, E., Hem, S., Lath, S., Gautier, V., Ariey, F,,
Sarthou, J.I.., Monchy, D., & Atrlet, G. (2009). CTX
beta-lactamase in Escherichia coli from community—
acquired urinary tract infections, Cambodia. Ewerging
infections diseases, 15(5), 741. https://doi.org/10.3201/
€id1505.071299

Sambrook, K.J. & Russell, D.W. (2001). Molecular
Cloning: A Laboratory Manual. 3rd Ed. Co/d Spring
Harbor Laboratory Press 1, 2100.

Sharma, A.R., Bhatta, D.R., Shrestha, J., & Banjara, M.R.
(2013). Antimicrobial susceptibility pattern of
Escherichia coli isolated from urinary tract infected
patients attending Bir hospital. Nepa/ Journal of Science
and Technology, 14,177-184. https://doi.org/10.3126/
njst.v14i1.8938

Shrestha, R.G., Tandukar, S., Bhandari, D., Sherchan,
S.P., Tanaka, Y., Sherchand, J.B., & Haramoto, E.
(2018). Prevalence of Arcobacter and other pathogenic
bacteria in river water in Nepal. Water, 11(7), 1416.
https://doi.otg/10.3390/w11071416

Soni, R., Pal, A.K., Tripathi, P., Jha, P. K., & Tripathi, V.
(2022). Physicochemical analysis of wastewater
discharge and impact on Ganges River of major cities
of North India. Water Supply, 22(6), 6157-6178.
https://doi.otg/10.2166/ws.2022.185

Tadesse, M., Tsegaye, D., & Girma, G. (2018).
Assessment of the level of some physico- chemical
parameters and heavy metals of Rebu river in Oromia
region, Ethiopia. MOJ Biology and Medicine, 3(4), 99-
118. https://doi.org/10.15406/mojbm.2018.03.00085

Tandukar, S., Sherchand, J.B., Bhandari, D., Sherchan,
S.P., Malla, B., Ghaju Shrestha, R., & Haramoto, E.
(2018). Presence of human enteric viruses, protozoa,
and indicators of pathogens in the Bagmati river,
Nepal. Pathogens, 7, 38. https://doi.org/10.3390/ pat
hogens7020038

Thenmozhi, S., Moorthy, K., Sureshkumar, B.T., &
Suresh, M. (2014). Antibiotic resistance mechanism
of ESBL producing enterobacteriaceae in the clinical
field: A review. Indian Journal of Pure & Applied
Biosciences, 2, 207-226.

Uddin, M., Hossain, M. T., Proshad, R., Kormoker, T.,
Chandra, K., & Rimi, T. A. (2019). Identification of
pathogenic Escherichia coli strain from river and
sewage water in Bangladesh. Arhives of Agriculture and
Environmental Science, 4(1), 39-44. https://doi.org/10.
26832/24566632.2019.040106



Extended Spectrum [§-Lactamase Producing Escherichia Coli ...

Woldemichael, G., Tulu, T., & Flechsig, G.U. (2016).
Solar UV-treatment of water samples for stripping-
voltammetric determination of trace heavy metals in
Awash River, FEthiopia. Heliyon, 2(3), e00092.
https://doi.org/10.1016/j.heliyon.2016.¢00091

Young, C.C., Karmacharya, D., Bista, M., Sharma, A.N.,
Goldstein, T., Mazet, J.A., & Johnson, C.K. (2022).
Antibiotic  resistance genes of public health
importance in livestock and humans in an informal
urban community in Nepal. Scientific Reports, 12(1),
13808. https://doi.org/10.1038/s41598-022-14781-y

Zhang, L., Ma, X,, Luo, L., Hu, N., Duan, J., Tang, Z.,
Zhong, R., & Li, Y. (2020). The prevalence of

extended-spectrum  lactamase and carbapenemase
producing bacteria from hospital sewage, treated
effluents and receiving rivers. International Journal of
Environmental Research and Public Health, 17(4), 1188.
https://doi.org/10.3390/ijerph17041183

Zou, H., Zheng, B., Sun, M., Ottoson, J., Li, Y,

Berglund, B., Chi, X,, Ji, X,, Li, X., Lundborg, C.S.,
& Nilsson, L.E. (2019). Evaluating dissemination
mechanisms of antibiotic-resistant bacteria in rural
environments in China by using CTX-M-producing
Escherichia coli as an indicator. Microbial Drug Resistance,
25(7), 975-984. https:/ /doi.org/10.1089/mdr.2018.0
431



