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Access to clean drinking water is essential for human health, but many communities face challenges in
obtaining safe water. This study focuses on evaluating the presence of coliform bacteria, including
Escherichia coli (E. coli), in drinking water samples collected during pre- and post-monsoon seasons. A
total of 102 samples were analyzed using standard microbiological techniques to assess the prevalence
and distribution of multi-drug resistant (MDR) E. coli. The study also explores relationships between E.
coli occurrence and physicochemical water quality parameters using Pearson correlation analysis.

gfy:vords: lit Principal Component Analysis (PCA) was employed to identify the underlying patterns and factors
E a (;r Quality influencing antibiotic resistance in E. coli strains. The results revealed that calcium, chloride, total
P'Cf:l dissolved solids, total hardness, and total alkalinity significantly influenced E. coli resistance.

Additionally, fluoride and pH were found to be critical factors, with fluoride strongly associated with
microbial activity, particularly with multi-drug-resistant E. coli, while pH affected water chemistry and
bacterial dynamics. This study presents a novel and comprehensive approach to assessing drinking
water quality through physicochemical analysis, microbial contamination evaluation, and antibiotic
susceptibility testing. The findings provide valuable insights into antibiotic resistance dynamics in urban
water systems, supporting efforts to develop targeted strategies for mitigating public health risks from

Multidrug Resistant Bacteria

waterborne pathogens.

1. Introduction

The consumption of water is a fundamental requirement for the
sustenance of human life. There is a pressing need for a supply that is
suitable, cost-effective, and secure for consumers. The provision of clean
drinking water is expected to result in significant improvements in public
health. It is imperative to strive towards attaining the highest level of
purity in drinking water quality [1]. Amidst the present circumstances,
individuals are facing challenges in accessing potable water for
consumption. Ingestion of water contaminated with human or animal
faecal matter poses the most significant infectious hazards. Micro-
organisms, including bacteria, viruses, etc, have been identified as
significant contributors to various health hazards. These microorganisms
have the ability to thrive, multiply, and spread within water systems,
thereby posing a significant risk to human health [2]. According to the
World Health Organization (WHO) approximately 1.7 billion children
under the age of five in developing nations succumbed to diarrhoea,
primarily as a result of consuming polluted water [3]. In 2018, a global
estimate of 525,000 child fatalities was attributed to inadequate water
quality, sanitation, and hygiene conditions, with infectious diarrhoea
being the primary cause [4]. 1.9 billion people worldwide drink faeces-
contaminated water [5]. Waterborne infections affect 37.7 million Indians,
with 1.5 million children dying from diarrhoea. According to Elzein et al.
(2016), water has the potential to enhance the hydration levels of the
internal organs within the human body [6]. The human body's
integumentary system is responsible for various functions, including the
maintenance of consistent volume and fluid uniformity akin to blood and
lymph [7]. Additionally, it plays a crucial role in regulating body
temperature and eliminating toxins from the body through urine, sweat,
and respiration [8]. These functions are vital to the regulation of skin
functions [9].

The E. coli is one of the pathogenic bacteria that is gram-negative, non-
spore forming, and has a rod-shaped morphology. These bacteria are
capable of producing gas in the designated growth medium through
fermentation within a period of 48 hours at a temperature of 35 °C [10].
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The recognition of Escherichia coli as a human pathogen dates back to
1982 [11]. The classification of this entity can be delineated into three
distinct categories, namely commensal, diarrheagenic, and extraintestinal
groups [12]. The group of bacteria known as faecal coliforms includes
Citrobacter, Enterobacter, Hafnia, Klebsiella, and Escherichia coli. Among
these, Escherichia coli is the predominant species that typically thrives in
the gastrointestinal tract of endothermic animals. Certain bacterial strains,
such as the commensal varieties, are considered benign, whereas others
are pathogenic in [13]. Diarrheagenic strains have the potential to cause a
range of gastrointestinal illnesses, including diarrhoea, haemorrhagic
colitis, haemolytic uremic syndrome, inflammatory colitis, and dysentery.
According to Evans & Evans, 1996, extraintestinal strains have the
potential to induce urinary tract infections, septicaemia, and neonatal
meningitis. Bacteria exhibit a diameter of approximately 0.5 um, while
their length ranges from 1.0 to 3.0 pum. According to research, the survival
duration of E. coli in water can range from 4 to 12 weeks, contingent upon
the prevailing environmental circumstances [14]. The main origin of
pathogenic microorganisms in water is faecal matter. To assess water
contamination that can affect various water bodies such as rivers, streams,
groundwater, surface water, and natural water, the E. coli is frequently
utilized as an indicator. Additionally, this contamination can have an
impact on the diverse activities associated with these water bodies [15].
As per the guidelines provided by the World Health Organization [16], the
United States Environmental Protection Agency [17], and the Indian
Standard 10500: 2012 [18], the presence of E. coli in a water sample of 100
mL should not be detectable.

The identification of E. coli in water sources is a crucial concern for
indicating the presence of faecal contamination from humans and animals.
The implementation of a monitoring technique aimed at detecting E. coli
bacterial cells is a crucial step towards enhancing water quality and
safeguarding public health. It is imperative for humans to mitigate the
transmission of infectious diseases caused by E. coli in order to minimize
associated risks. Inadequate and delayed treatment of the condition may
result in fatality, as it is associated with the manifestation of severe health
complications such as renal failure and bloody diarrhoea. Drinking water
quality is a critical concern for public health, as contaminated water can
lead to various waterborne diseases. Therefore, it is essential to assess the
microbial quality of drinking water sources to ensure its safety for
consumption. This study aimed to investigate the presence of coliform
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bacteria in drinking water samples collected from different areas of Jaipur,
Rajasthan, during the pre- and post-monsoon seasons along with
determination of the antibiotic susceptibility profiles of the bacterial
isolates and correlation observation of multidrug resistant E. coli in Jaipur,
Rajasthan.

The objective of this study is to assess the presence of coliforms in
drinking water samples collected from different areas of Jaipur, Rajasthan,
and determine their antibiotic susceptibility profile. The specific aims of
the research are as follows:

To determine the prevalence and concentration of viable count
analysis in drinking water samples collected during pre-and post-
monsoon periods in Jaipur, Rajasthan.

To isolate and identify coliform bacterial isolates from the positive
samples obtained from the culture in E. coli (EC) broth.

To perform antibiotic susceptibility testing of the coliform isolates
using the Kirby-Bauer disc diffusion method on Mueller-Hinton agar.

To analyse the resistance patterns of the coliform isolates to a set of
antibiotics commonly used in clinical practice.

To identify potential relationships between the occurrence of E. coli
and various physicochemical water quality parameters using Pearson
correlation analysis

To observe the underlying patterns and factors contributing to the
antibiotic resistance traits of E. coli strains in the water supply using
Principal Component Analysis (PCA).

.

2. Experimental Methods

2.1 Sample Collection

A total of 102 drinking water samples were collected during pre-and
post-monsoon from different areas of Jaipur, Rajasthan in sterilised
sample bottles in a standard manner. The samples were then brought up
to the laboratory in an ice bath for immediate analysis.

2.2 Test for Coliforms

All collected drinking water samples were cultured into E. coli (EC)
broth and incubated at 44.5 * 0.2°C in a water bath for ~48h. After this, a
loopful culture from EC broth which showed positive for gas production
was streaked onto Eosin Methylene Blue agar and incubated at 37 °C for
24 h. The flat, dark centred with or without green metallic sheen appeared
colonies were cultured on nutrient agar and incubated at 37 °C for 24 h to
obtain a pure culture.

A viable count of E. coli bacteria is conducted to quantify the quantity of
actively growing bacterial cells in the form of colony-forming units (CFU).
A CFU is a macroscopic aggregation of millions of bacteria originating from
a single bacterial cell that is visible under a microscope. The plate count
technique involves the serial dilution of a water sample to enumerate the
quantity of bacterial cells present within the sample. The digital colony
counter is a device utilized for the purpose of enumerating the quantity of
bacterial colonies present on a petri dish.

2.3 Antibiotic Susceptibility Test

The susceptibility profile of bacterial isolates to a set of antibiotics were
tested by the Kirby-Bauer disc diffusion method on Mueller-Hinton agar
(Hi Media) following the standard operational procedures of CLSI.
Antibiotics (all from Hi media) used in the study included, Amoxicillin
(Amx3°), Ampicillin (A25), Cefixime (CFM?>), Chloramphenicol (C39),
Ciprofloxacin (Cf39), Cloxacillin (Cx3°), Co-trimoxazole (Co2%3), Doxycycline
Hydrochloride (D039), Erythromycin (E!5), Gentamicin (G°), Imipenem
(IPM10), Kanamycin (K3°), Methicillin (M3°), Nalidixic acid (Na3°),
Neomycin (N3°), Nitrofurantoin (Nf3?), Oxacillin (Ox5), Polymyxin-B
(Pb300), Rifamycin (R3°) and Tetracycline (T3°). About 0.1 mL of overnight
grown fresh culture were spread over the MH agar plate followed by
aseptically placing an antibiotic disc and then incubated for 24h at 37°C.
The result of resistance and sensitivity was recorded and interpreted by
measuring the diameter of zones of inhibition using calibrated zone scales
and comparing it with the standard zone size interpretative chart as per
Clinical Laboratory Standards Institute (CLSI) and the European
Committee on Antimicrobial Susceptibility Testing (EUCAST).

2.4 Pearson Correlation Coefficient

The correlation coefficient is a measure of the relationship between two
variables [19]. It ranges between -1 and 1, denoted by a symbol (r). If the
two variables are in a perfect linear relationship, the correlation
coefficient will be either 1 or -1. The sign shows the correlation between
variables as positive or negative [20]. When there is no linear relationship
between the variables, the correlation coefficient's value is 0 [21]. A
https://doi.org/10.30799/jespr.267.26120103

statistical technique used to calculate the linear relationship and
dependence between two variables is the Pearson correlation. The
absolute value r of 0.1 is classified as small, the absolute value 0.3 is
classified as medium, and the absolute value 0.5 is classified as high,
according to Cohen [22]. The Pearson correlation coefficient (r) was used
in this study to evaluate the correlation between the physicochemical
parameters of water quality and E. coli. There was a low positive or
negative linear correlation when the correlation coefficient was between
+0.1 and #0.3, a medium positive or negative linear correlation when it
was between #0.3 and 0.7, and a high positive or negative linear
correlation when it was between *0.7 and +1.0. The statistical analysis
was performed using MATLAB 2024a software.
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where,

r = correlation coef ficient

x; = values of the x — variable in a sample
X = mean of the values of the x — variable
y; = values of the y — variable in a sample
¥ = mean of the values of the y — variable

2.5 Principal Component Analysis (PCA)

The principal component analysis (PCA) is a multivariate statistical
technique employed to diminish the dimensionality of a dataset
comprising a substantial number of observations, thereby facilitating an
enhanced comprehension of the variables involved [23]. PCA operates on
a mathematical algorithm rooted in linear algebra, delineating the
relationships within a dataset structured with variables as columns and
observations or samples as rows. The primary objective of PCA is to
construct a transformed matrix utilizing coefficients of principal
components to encapsulate the maximal amount of information,
subsequently facilitating the visualization of the data via a two-
dimensional plot in MATLAB software [24]. The PCA algorithm facilitates
the reduction of data dimensions to a manageable number of variables,
thereby enhancing interpretability. Subsequently, it generates
fundamental visualizations, such as score plots and loading plots, which
are instrumental in examining the correlations within a broadly clustered
dataset [24,25]. Variables that are correlated in this manner are referred
to as principal components [26].

3. Results and Discussion

The Durham's tubes are the tiny, inverted glass tubes in the EC broth in
Fig. 1. A gas bubble forming within the Durham's tubes is a sign that there
is gas present. This gas generation indicates contamination in the water
samples and is a positive indicator of the presence of coliform bacteria.
The faecal coliform bacteria are first detected in the drinking water
samples by the growth and gas generation shown in Fig. 1. This detection
is crucial because coliform bacteria are signs of faecal pollution, which may
endanger consumer health if found in drinking water. The existence of
coliform bacteria would have been confirmed, and their sensitivity to
antibiotics would have been determined, by further investigation and
testing.

T B K e .

Fig. 1 Growth of faecal coliform in EC broth showing gas production in Durham’s
tubes
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The growth of E. coli on eosin-methylene blue agar medium is
illustrated in Fig. 2. The visual depiction portrays an increase of E. coli
colonies on the agar medium, thereby signifying the existence of this
microorganism in the water specimens. The detection of E. coli colonies
serves as a significant marker for the existence of faecal contamination and
the probable health hazards linked with the water samples.

Fig. 2 Growth of E. coli on eosin-methylene blue agar medium showing green metallic
sheen

Fig. 3 Antibiotic susceptibility test of E. coli on Mueller-Hinton agar medium by Kirby-
Bauer disc method

A total of 49 bacterial isolates from 102 drinking water samples were
identified as E. coli by morphological and cultural (green metallic sheen on
EMB) characteristics. The antimicrobial susceptibility profile of bacterial
isolates to a set of antibiotics showed resistance against rifampicin
(85.71%), oxacillin (81.63%), methicillin (81.63%), cefixime (57.14%),
erythromycin (55.1%), tetracycline (51.02%), cloxacillin (51.02%),
ampicillin  (48.97%), amoxicillin (46.93%), nalidixic acid (44.89%),
kanamycin (38.77%), ciprofloxacin (34.69%), nitrofurantoin (32.65%),
chloramphenicol (18.36%), gentamicin (18.36%), co-trimoxazole
(14.28%), imipenem (10.2%), doxycycline hydrochloride (6.12%) and
neomycin (2.04%) while 100% of the isolates were susceptible to
polymyxin-B (Fig. 4).

The multiple antibiotic resistance index (MARI) was derived using a
mathematical formula as described earlier and expressed as MARgex =
a/b, where ‘a’ defined the number of antibiotics to which the isolates were
resistant and ‘b’ the total number of antibiotics to which an individual
isolated was tested. The MARI analysis revealed that isolates of MDR E. coli
isolates had very high MARI value (>0.2) which implied a high risk of
contamination. The MARI value of E. coli isolated from drinking water
ranged from 0.15 to 0.70.

The multidrug resistant characteristics of each isolate were
phenotypically identified by observing the resistant pattern of the isolates
against tested antibiotics as represented in Fig. 3. The study showed
number 46 (93.87%) were found to be multidrug resistant. Two of the
isolates ]J96-A3 and ]97-B4 showed highest MDR pattern against 14
antibiotics of 6 different classes including, quinolones, f-lactam,
sulfonamides, macrolides, tetracycline and aminoglycosides (Fig. 5).
https://doi.org/10.30799/jespr.267.26120103
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Fig. 4 Antibiotic susceptibility profile of E. coli isolates against a set of tested
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Fig 5 Multidrug resistant pattern of E. coli isolates from drinking water of Jaipur,
Rajasthan. Key antibiotics: Amoxicillin (Amx3°), Ampicillin (A25), Cefixime (CFMS),
Chloramphenicol (C39), Ciprofloxacin (Cf30), Cloxacillin (Cx3°), Co-trimoxazole (Co25),
Doxycycline Hydrochloride (DO3°), Erythromycin (E!5), Gentamicin (G1°), Imipenem
(IPM10), Kanamycin (K3°), Methicillin (M3°), Nalidixic acid (Na3?), Neomycin (N30),
Nitrofurantoin (Nf30), Oxacillin (0x5), Polymyxin-B (Pb300), Rifamycin (R3%) and
Tetracycline (T30)

The viable count analysis showed maximum cell count 1.59-13.66 x 105
CFU/mL. The findings of the present/absent test for faecal coliform
bacteria in the drinking water samples are depicted in Fig. 6. The objective
of the test is to ascertain the presence or absence of faecal coliform
bacteria in the samples. Among the 102 drinking water samples that were
collected, a total of 21 samples were detected to contain faecal coliform
bacteria. The presence of colonies suggestive of faecal contamination,
potentially encompassing E. coli, was detected in the aforementioned 21
samples.
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Fig. 6 Present/absent test for fecal coliform bacteria
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The findings depicted in Fig. 4 offer significant insights into the
existence or non-existence of faecal coliform bacteria in the potable water
specimens. The above information is of utmost importance in evaluating
the microbiological standard of the water and detecting plausible health
hazards linked with faecal pollution.

The heatmap was used to found the between the presence of E. coli like
isolates and water quality parameters measured in drinking water
samples. Each cell in the heatmap displays a correlation coefficient that
provides details how strongly each water quality parameter is associated
with the occurrence of E. coli-like isolates, as shown in Fig. 7. Positive
values indicate a direct correlation, where an increase in the parameter's
value tends to coincide with higher occurrences of E. coli-like isolates, and
negative values indicate an inverse relationship. The colour intensity in
the heatmap represents the strength of the correlation, with warmer
colours denoting higher positive correlations and cooler colours
indicating stronger negative correlations. This analysis is important for
identifying important parameters that may influence the prevalence of E.
coli in water systems, thereby guiding effective management and
treatment strategies to ensure water safety and public health.

The correlation analysis shows relationships between the presence of
E. colilike isolates in drinking water and various water quality parameters.
Water quality parameters such as total hardness, total alkalinity, and TDS
show stronger correlations with the occurrence of E. coli-like isolates
which indicative the environmental conditions that favour the growth and
presence of bacteria. Water quality parameters like pH and chloride show
a less correlation suggesting that they might not be as critical in
influencing E. coli concentrations under the conditions studied.
Understanding these correlations is essential for water quality
management, as it helps in identifying specific factors for monitoring and
treatment to reduce the risk of waterborne diseases associated with E. coli
contamination.

Correlation between E. coli-like Isolates and Water Quality Parameters
1.0

=06

Sulphate &

Fluoride SRS 02

Correlation Coefficient

Total Hardness = 3 0.16 0.40
2 0.0

Total Alkalinity = 0.03 0.22 0.23

E. coli like isolate:

Total Hardness
Total Alkalinity = &

E. coli like isolates

Fig. 7 Correlation between E.coli like isolates and water quality parameters
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A strong positive correlation was observed between calcium and
hardness, as calcium is a major contributor to water hardness. TDS and
other mineral-based parameters such as calcium, chloride, and sulphate
also show positive correlations that makes sense as TDS measures the
total amount of dissolved substances which include these minerals. The
correlation analysis shows in the heatmap provides a quantitative
https://doi.org/10.30799/jespr.267.26120103

assessment of various water quality parameters related to the presence of
E. coli-like isolates in drinking water samples. This analysis helps to
identify environmental factors that are most likely to influence the
prevalence of E. coli. Understanding these correlations is crucial for
developing targeted water treatment and management strategies. This
analytical approach helps in ensuring the safety of drinking water and also
supports the optimization of resource allocation in water quality
management efforts. The relationship between Eigen values and Eigen
vector numbers is plotted in Fig. 8, which gives the scree plot of PCA.

The three coefficients of principal component scores (PC1, PC2, and
PC3), derived from the principal component analysis were used as input
for prediction, effectively reducing the computational dimension of the
model and enhancing its operational efficiency. When three principal
components were taken, a stabilization in the observed trends was
observed. These components were organized in descending order based
on their respective variances. Furthermore, the cumulative contribution of
the top three principal components was observed to be 70%, as
demonstrated in Figure 8. Therefore, these three principal components
were selected for detailed analysis, as presented in Table 1.

Principal components expressions are given in below equations:

Principal Component 1 (PC1):

PC1 = (—0.26 X pH) + (0.356 X TDS) + (0.466 X Calcium)
+ (0.500 x Chloride) — (0.129 x Sulphate)
— (0.056 x Fluoride) + (0.452 x Total Hardness)
+ (0.407 x Total Alkalinity)

Principal Component 2 (PC2):

PC2 = (—0.617 X pH) + (0.339 x TDS) — (0.072 x Calcium)
+ (0.095 x Chloride) + (0.185 x Sulphate)
+ (0.616 X Fluoride) — (0.263 X Total Hardness)
— (0.086 x Total Alkalinity)

Principal Component 3 (PC3):

PC3 = (—0.364 x pH) + (0.227 x TDS) — (0.048 X Calcium)
—(0.020 x Chloride) — (0.720 X Sulphate)
— (0.384 x Fluoride) — (0.137 X Total Hardness)
— (0.360 x Total Alkalinity)

PC1 can be interpreted as influenced by mineral content like Calcium
and Chloride, whereas PC2 is more influenced by pH and Fluoride content.

Table 1 The coefficient of principal component score of variables

Variable PC1 PC2 PC3

pH -0.126 -0.617 -0.364
TDS 0.356 0.339 0.227
Calcium 0.466 -0.072 -0.048
Chloride 0.500 0.095 -0.020
Sulphate -0.129 0.185 -0.720
Fluoride -0.056 0.616 -0.384
Total Hardness 0.452 -0.263 -0.137
Total Alkalinity 0.407 -0.086 -0.360

Principal component 1 (PC1) appeared as a crucial factor, showing
strong positive loadings with total dissolved solids, calcium, chloride, total
hardness, and total alkalinity. This component suggests that the general
mineral content and hardness of the water are essential in explaining the
variance within the dataset. These parameters are often associated with
the overall quality of water, influencing everything from taste and safety
to chemical reactivity and the efficacy of disinfection processes. Principal
component 2 (PC2) shown a significant correlation between microbial
activity and the levels of Fluoride in the water. This relationship suggests
that fluoride levels can interact with microbial viability or growth,
potentially influencing the presence and survival of multi-drug-resistant
E. coli. The high loading of E. coli on this component highlights the
importance of microbial indicators in understanding water quality and
safety. Principal component 3 (PC3) is influenced by pH, which is a critical
factor in water chemistry, affecting solubility, chemical reactions, and
biological processes. The involvement of pH in this component points to
its role in the stability or reactivity of the water, which could impact
microbial dynamics and the effectiveness of water treatment methods.

It is evident from the PCA results that certain chemical properties of
water specifically, mineral content (TDS, calcium, chloride, total hardness
and alkalinity), fluoride levels, and pH are crucial in understanding the
dynamics of multi-drug-resistant E. coli in drinking water systems. Since
hardness and mineral content significantly influence water quality,
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adjusting these parameters through treatment processes could potentially
mitigate the risks associated with harmful bacterial presence. Managing
pH levels could be critical in maintaining chemical balance and preventing
conditions favourable for the growth of resistant bacteria. These
observations can help in developing targeted water treatment strategies
and regulatory measures to monitor and control the presence of multi-
drug-resistant E. coli in drinking water, ensuring public health safety.

4. Conclusion

This study aimed to assess the presence of coliforms in drinking water
samples collected from various areas of Jaipur, Rajasthan, and to
determine their antibiotic susceptibility profiles. The research objectives
were successfully achieved through methodical sample collection and
analysis. A total of 102 drinking water samples were collected during the
pre- and post-monsoon periods, and subjected to immediate laboratory
analysis. Coliform testing was conducted by culturing the water samples
in E. coli broth, followed by streaking on eosin-methylene blue agar. The
presence of E. coli colonies indicated faecal contamination, posing
potential health risks.

The Kirby-Bauer disc diffusion method was employed to test the
antibiotic susceptibility of isolated coliform bacteria, revealing resistance
patterns through zone of inhibition measurements. Out of the 102 water
samples, 21 tested positives for faecal coliform bacteria, underscoring the
presence of contamination and associated health risks. The study provides
valuable insights into the microbiological quality of drinking water,
highlighting the importance of water treatment and sanitation practices to
ensure safe drinking water. The antibiotic susceptibility profiles of
coliform bacteria offer key information for the effective treatment of
waterborne infections. Pearson correlation analysis was performed to
explore the relationship between water quality parameters and E. coli
isolates, providing critical information for water quality management. This
analysis aids in identifying specific factors to monitor and treat, reducing
the risk of E. coli contamination in drinking water.

The principal component analysis (PCA) revealed that certain chemical
properties of water, such as mineral content (calcium, chloride), fluoride
levels, and pH, are crucial in understanding the dynamics of multidrug-
resistant (MDR) E. coli in drinking water systems. PC1 was influenced
primarily by mineral content, while PC2 was more influenced by pH and
fluoride levels. These findings are essential for future studies and
interventions in water quality management, particularly in regions with a
growing concern for antibiotic resistance. Additionally, the study
highlighted the importance of examining how fluoride treatment impacts
microbial populations, particularly resistant strains. These findings
provide critical information for policymakers, public health officials, and
researchers to develop targeted interventions, surveillance programs, and
policies aimed at reducing antibiotic resistance and ensuring the safety of
drinking water.

This study also presents a novel and comprehensive approach to
assessing water quality through a combination of physicochemical
analysis, microbial contamination evaluation, and antibiotic susceptibility
testing. It demonstrates important relationships between water quality
parameters (pH, total dissolved solids, calcium, chloride, fluoride, total
hardness, and total alkalinity) and E. coli concentrations, offering unique
insights into how environmental factors influence bacterial contamination
and resistance. The identification of MDR E. coli strains and the use of the
multiple antibiotic resistance index (MARI) highlight significant public
health risks, particularly in areas where antibiotic resistance is a growing
concern. The study provides an understanding of seasonal variations in
contamination levels by including both pre- and post-monsoon samples.
Ultimately, these findings offer valuable guidance for policymakers and
public health officials in managing microbial contamination and mitigating
antibiotic resistance risks in drinking water systems.
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