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Seasonal assessment of antibiotic-resistant bacteria and
pathogenicity in rural tap water

ABSTRACT

Ordinary people lack constant drinking water and rely on tap water for their daily needs. Among
them, approximately 20% of families used a water purifier, and 80% used tap water directly. In
rural areas, this water is carried to houses through pipelines, which pass through the drainage and
are contaminated due to pipeline leakage. Mostly, these waters contain antibiotic-resistant
bacteria, and direct water use causes a high risk of waterborne disease in humans. In this study,
an assessment of antibiotic-resistant bacteria was done during the winter and summer seasons of
the tap water. The pathogenicity analysis by bile esculin, D-mannitol test, and their identification
by biochemical reactions with the help of Advanced Bacterial Identification Software (ABIS) was
carried out. Bacterial colonies were isolated from agar plates through Total Viable Counts (TVC) to
determine the specificity of the microbes present in a water sample. Isolates of bacteria were
identified based on their morphological, physiological, and biochemical appearances.
Susceptibility patterns of isolates were resistant to ofloxacin, cefotaxime, ornidazole, sparfloxacin,
co-trimoxazole, cefixime, metronidazole, and norfloxacin through zone of inhibition analysis. This
determined the resistance pattern in isolated bacterial strains as per Clinical and Laboratory
Standards Institute, 2020, in petriplates after 24 hours. This study is designed to determine the
presence of antibiotic-resistant bacteria and their pathogenicity in the collected drinking water,
which is alarming for people who insist on demanding additional treatment from different water

sources.
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1. INTRODUCTION

Antibiotic-resistant  bacteria derived from
different human activites and atmospheric
pressure are the cause of the deaths of human
beings worldwide, as stated by the World Health
Organization (WHO) [1, 2]. Bacteria are prevalent
in surface water, soil, and plants and constitute the
colonization of humans [3] and food products [4]
[5], contaminated rural environments [6] [7],
environmental pollutants [8] [9], livestock [10][11],
and pet animals [12]. These bacteria can adapt to
environmental conditions and exchange their
genetic material with other microorganisms by
horizontal gene transfer [13, 14].
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This adaptation of resistance increases the
failure of clinical treatment and the risk of infecting
human beings [15].All genes are directly and
indirectly responsible for clinical and environmental
antibiotic resistance; it is not restricted to hospitals
[16]. Hence, detecting antibiotic-resistant bacteria
in drinking water is necessary to identify the high
risk of gastrointestinal diseases caused by the
transmission of antimicrobial resistance (AMR) [3].
The gastroenteritis outbreaks due to diarrheagenic
bacteria are also caused by contaminated drinking
water; they are responsible for several waterborne
diseases [17]. Water systems interconnect people,
agronomy, and animal farming, originating from
various surroundings [18]. These environments are
connected with microbes, antibiotic-resistant
bacteria (ARE), phages, plasmids, antibiotic
resistance genes, and different living beings [19].
An environmental factor of an ecosystem varies,
such as the richness of organic matter, as well as
temperature, redox condition, and level of
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antibiotics, which also affect the antibiotic
resistance of bacteria [20]. It has been reported
that the resistance of bacteria to cephalosporins is
because of point mutations that have their origin in
different forms of extended-spectrum beta-
lactamase (ESBL) genes like blaSHV, blaTEM, and
blaCTX-M [21]. Carbapenem antibiotics, including
meropenem, imipenem, and ertapenem, treat
ESBL bacteria [22]. It has been found that the
transmission of environment-isolated ESBL-
producing bacteria is a significant issue for urban
water bodies [23, 24]. There is an observation that
antibiotic resistance is increasing daily because of
human activities that are prone to the environment
[15]. As per the WHO reports, 4.6% of global
deaths are due to adverse water quality, and
millions of people are killed by waterborne
diseases all over the world [25]. However,
contaminated drinking water causes 50% of global
diseases. Contamination of drinking water is the
reason for the spread of skin, gastrointestinal,
cancer, and other infectious diseases [26]. The
spread of pathogens primarily in water comes from
excretory products of humans and animals through
the oral means of living organisms. Drinking water
analysis is necessary to determine its quality and
protect human beings from diseases caused by
microorganisms [27]. The contamination of
groundwater is caused by the improper operation
of septic tank systems and their inadequate
maintenance; consequently, there is the direct
injection of surface application of wastewater [28].
Treating diseased humans and animals frequently
takes antibiotics to protect them [29]. It has been
noticed that inappropriate usage of antibiotics
carries resistance in microorganisms, which
requires much effort for their treatment [30].
Microorganisms can survive in adverse conditions
or inhibit their growth [31]. Resistance to antibiotics
is a universal issue, whereas medicines used as
antibiotics are ineffective and are specifically
customized for patients. There is an alert from the
World Health Organization about the careful use of
antibiotics. Recently, many drug-resistant bacteria
have shown their inability to treat the emerging
infectious disease [32]. The mishandling of
antibiotics has resulted in new resistance to
antibiotic-resistant infections. WHO has reported
that the highest menace humans face is the fear of
antimicrobial resistance [33].

Recently, antibiotics have assisted in saving
many living beings, which has minimized the
disease in numerous human beings worldwide [34].
However, it is significant to know that antibiotics
reduce the death rates of emerging drug-resistant
bacterial strains [35]. Infections caused by
antibiotic-resistant bacteria are estimated to affect
10 million humans annually by 2050, and are

estimated to cost the global economy about $100
trillion [36]. Overuse of antibiotic drugs leads to
financial burdens for underdeveloped countries due
to their poor health care systems. They need
advanced tools to identify the many infectious
diseases [37]. In rural areas, water passes through
the pipelines to the respective houses, and these
pipelines are connected through the drainage
system, which is contaminated due to faecal,
agricultural waste, rainwater, cattle infection, and
the disposal of other polluted materials in the dam.
Hence, people have always had discomfort with
their health, like dysentery, stomach upset, typhoid,
jaundice, food poisoning, tuberculosis, etc. So far,
the polluted water is treated with chlorine at
frequent intervals; however, the chlorination
process is unsuitable for treating all types of
microorganisms. At this point, the water qualities
were checked using the chemical method to
evaluate the presence of chemical composition and
its concentration. However, a report on the
microbiological analysis of water in these rural
areas needs to be conducted. It is necessary to
analyze the presence of microorganisms to know
the water quality for public health and hygiene
benefits.

Present investigations state that bacterial
strains were isolated in two seasons, winter and
summer, to determine the specificity of microbes in
the tap water. In contrast, these strains were
analyzed and aimed for antibiotic resistance
patterns. Objectives are also included to find the
presence of antibiotic-resistant bacteria and their
pathogenicity in the drinking water to understand
the threats to the usage of drinking water and the
challenges of its treatment.

2. MATERIAL AND METHODS

2.1 Sample collection:

A total of 48 samples of drinking water were
collected during the winter (December 2023) and
summer (May 2024) seasons in sterile, non-
contaminated bottles in triplicate [38].

2.2 Isolation of bacteria

To identify bacterial resistance in the collected
drinking water samples, bacteria were isolated
under sterile conditions. The water sample was
serially diluted, and 0.1 ml of the respective dilution
was plated on nutrient agar. All plates were
incubated at 37°C for 24 hours. After incubation,
bacterial density was estimated as colony-forming
units (CFU)/ml [39]. Presumptive colonies of
different bacteria were then selected based on
morphological features from each culture plate and
sub-cultured in the nutrient broth to preserve the
pure culture of the bacterial colonies.
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2.2.1 Antibiotic susceptibility analysis:

The Kirby—Bauer disk diffusion method was
used to analyze the antibiotic susceptibility of pure
cultures of bacterial isolates on Mueller-Hinton
agar, which was solidified in Petri dishes. Bacterial
cultures were then swabbed onto the agar plates.
The susceptibility patterns of the isolates were
determined against Ofloxacin (OF, 5 pg/disc),
Cefotaxime (CTX, 30 pg/disc), Ornidazole (ORD,
30 pug/disc), Sparfloxacin (SPX, 5 pg/disc), Co-
trimoxazole (COT, 25 pg/disc), Cefixime (CFM, 5
pg/disc), Metronidazole (20 pg/disc), and
Norfloxacin (NX, 10 upg/disc). After 24 hours, the
zone of inhibition was measured in the Petri dishes,
and the resistance pattern in the isolated bacterial
strains was determined [40].

2.2.2 Pathogenicity analysis:

Pathogenicity analysis was performed to detect
the presence of specific pathogens in collected
water samples. Bile esculin agar and mannitol tests
confirmed the presence of pathogenic bacteria and
their ability to hydrolyze esculin in the presence of
bile.

2.2.3 Biochemical analysis:

A biochemical test was performed to identify
bacterial species based on their morphological,
biochemical, and metabolic characteristics in the
collected water samples [41]. Tests for dextrose

production, lactose fermentation, glucose
production, glycerol production, sucrose
production, Maltose production, D-Mannitol,

Gelatine production, indole production, methyl red,
V.P test, citrate utilization, oxidase activity, urease
activity, pigment production, nitrate reduction,
starch hydrolysis, casein hydrolysis, growth at
45°C, growth at 65°C, growth at 7% NacCl, growth
with lysozyme, H2S production, motility Test, bile
esculin testwere conducted to assess the metabolic
activities of the bacteria and identify the microbes
[42].

The morphological and biochemical
characteristics of the isolated strains were
compared with standard values from the ABIS
database to establish an identification scheme. The
accuracy and similarity percentage with species
from the database were determined using the ABIS
encyclopedia. A total of 25 tests were conducted
for this process. Detailed information on the
isolated strains, including  the species'
morphological-biochemical characteristics, cultural
traits, ecology, and pathogenicity, was quickly
retrieved from the ABIS encyclopedia, including the

species' morphological-biochemical characteristics,
cultural traits, ecology, and pathogenicity.

3. RESULTS

3.1 Results of Isolation of Bacteria

A total viable count was performed to isolate
bacterial colonies from a selected sample of
drinking tap water. Temperature variation is a key
factor that affects bacterial growth, as it is directly
influenced by microbial activity [43]. Bacterial
community composition also depends on
geographical location and weather conditions [44].
Furthermore, the maximum number of bacterial
colonies was detected in winter, compared to
summer. A lower number of bacterial colonies was
observed in summer due to higher temperatures
[45, 46]. Samples 1 and 2 showed more bacterial
growth in three different tap water (TW)
samplesTW1, TW2, and TW3 (Table 1). However,
fewer bacterial colonies were found in sample 8in
TW3. Compared to the winter season, the summer
season exhibited less microbial activity in all
selected drinking water regions. It was noted that
sample5 showed the least bacterial growth
(0.6x10%) in TW3.

A total of 99 colonies were isolated based on
their morphological features, which were then used
to prepare pure cultures for further analysis. The
sample codes are referred to as S1-S10 based on
the number of isolated bacteria per season and
area (Table 2). Colonies with similar characteristics
were selected: 6, 7, 7, 5, 10, 7,6, and 7 in the
winter season based on their shape, surface
texture, color, margin, height, and opacity.
Similarly, 5, 5, 6, 5, 5, 7, 5, and 6 bacterial colonies
were isolated in the summer season based on their
morphological characteristics. Bacterial isolates
were found to have smooth, moist, or dry surfaces.
In addition, most colonies were visually selected
based on their differences in white, yellow, or
cream color. Some bacterial colony margins were
observed to be entire, swarming, or undulating.
The elevation of the colonies ranged from convex
and flat to slightly raised. In addition to flat and
umbellate borders, most bacterial isolates had
convex colonies. The opacity of the colonies was
primarily either opaque or translucent.

Gram staining analysis of the isolated colonies
revealed that 35 of the 40 strains were rod-shaped
(Fig. 1). Among them, 80% were gram-negative
rods, 7.5% were gram-positive rods, and 12.5%
were gram-positive COCCi.
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Table 1 Total Viable Count of different drinking tap water (TW) samples

Winter season Summer season
Area TW1 (cfu/ ml) | TW2 (cfu/ ml) | TW3 (cfu/ ml) | TW1 (cfu/ ml) | TW2 (cfu/ ml) | TW3 (cfu/ ml)
Sample 1 4.9x10° 5.6 x10° 4.2x103 2.0x103 1.5 x10° 1.3x103
Sample2 6.6 x10° 5.2 x10% 6.2x103 3.4x10° 3.6 x108 2.0x103
Sample 3 1.8 x10° 1.6 x10°3 1.5x10°3 1.0x10° 1.6 x10° 1.2x103
Sample 4 4.2 x10° 3.6 x103 4.8x10° 2.5x10° 2.4 x10° 2.1x10°3
Sample 5 1.2 x103 1.8 x10° 1.6x10° 0.8x10° 1.0 x103 1.0x108
Sample 6 3.4 x108 3.2 x108 4.9x10° 4.3x10° 3.3 x108 2.3x10°
Sample 7 4.9 x103 2.8 x10° 4.3x103 3.4x10° 2.1 x10°8 3.1x103
Sample 8 6.0 x108 3.9 x108 0.6 x108 2.3x10° 1.7 x103 1.2x108
TW= tape water from different tap i.e. 1, 2, 3
Table 2: Total number of bacteria samples isolated from water samples
Area No. of bacteria The number of Total no. of
isolated in the bacterial bacteria.
winter season colonies isolated
in the summer
season

Sample 1 6 (S1-S6) 5 (S1-S5) 11

Sample 2 7 (S1-S7) 5 (S1-S5) 12

Sample 3 7 (S1-S7) 6 (S1-S6) 13

Sample 4 5 (S1-S5) 5 (S1-S5) 10

Sample 5 10 (S1-S10) 5 (S1-S5) 15

Sample 6 7 (S1-S7) 7 (S1-S7) 14

Sample 7 6 (S1-S6) 5 (S1-S5) 11

Sample 8 7 (S1-S7) 6 (S1-S6) 13

Total no. of bacteria. 55 44 99

Figure 1. Rod-shaped gram-positive bacteria
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3.2 Results of Antibiotic Susceptibility Analysis

Antibiotic  susceptibility  analysis  was
performed on 99 isolated bacteria against eight
antibiotics. Resistance and sensitivity analyses
were conducted for 55 isolates in the winter
season and 44 isolates in the summer season
(Fig. 2). In the winter season, the isolates
showed the highest resistance to metronidazole
(96.36%), followed by ornidazole (96.36%),
cefixime (74.54%), and ofloxacin (72.73%). Co-
trimoxazole (23.64%) and cefotaxime (20%)
exhibited the least resistance, with sparfloxacin
(5.45%) and norfloxacin (3.64%) showing the
lowest resistance. Sensitivity analysis indicated
the effectiveness of the antibiotics in inhibiting
bacterial growth [47]. Sparfloxacin (94.55%) and
norfloxacin (96.36%) were the most effective,
followed by cefotaxime 80%, co-trimoxazole
(76.36%), ofloxacin (27.27%), cefixime (25.46%),
ornidazole (3.64%), and metronidazole (3.64%)
during the winter season. During the summer
season, the resistance pattern was similar, with
metronidazole  (98%), ornidazole (91%),
ofloxacin (85%), cefixime (84%), co-trimoxazole
(33%), and cefotaxime (18.2%). Both
sparfloxacin  and norfloxacin showed no
resistance (0%). The sensitivity pattern in the
summer season was as follows: sparfloxacin and
norfloxacin  (100%), followed by cefotaxime
(81.8%), co-trimoxazole (77%), cefixime (16%),
ofloxacin  (15%), ornidazole (9%), and
metronidazole (2%) (Fig. 2).
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Figure 2. Comparison of the percentage of
resistant isolates by season with different
antibiotics

3.3 Results of Pathogenicity Analysis

Regarding Table 2, out of 55 isolated
bacteria, 38 bacterial samples were found to be
resistant during winter. The bile esculin test
confirmed that 17 samples were positive and 21
were negative, while the D-mannitol test showed
10 positive and 28 negative results. Pathogenic
bacteria were identified as standard from each
area sample, with 5 samples showing resistance
and pathogenicity in both the bile esculin and D-
mannitol tests (Fig. 3). In the summer season, 36
bacteria exhibited resistance in the selected
isolated samples. Among them, 13 bacteria
tested positive in the bile esculin test, and 23
tested negative. In contrast, the D-mannitol test
analysis showed that 8 samples were positive,
while the remaining 28 were negative. Of these,
3 samples displayed resistance and
pathogenicity in both the bile esculin and D-
mannitol tests (Fig. 4).
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Figure 3. Resistance and pathogenicity of
bacteria in the winter season
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Figure 4. Resistance and pathogenicity of
bacteria in the summer season

3.4 Results of Biochemical Analysis

Biochemical analysis was conducted for the
winter and summer season for the selected
colonies of isolated bacteria using a set of
reactions, including a test for dextrose
production, lactose fermentation, glucose
production,  glycerol  production,  sucrose
production, maltose production, D-mannitol,
gelatine production, indole production,
methylred, V.P test, citrate utilization, oxidase
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activity, urease activity, pigment production,
nitrate reduction, starch hydrolysis, casein
hydrolysis, H2S production, motility test, and bile
esculin test and for gram-positive Bacillus (rod)
and Streptococcus (cocci) growth at 45°C,
growth at 65°C, growth at 7% NaCl test were
also conducted. It was observed that during the
winter and summer seasons, gram-negative
E.coli, E. harmanni, Pseudescherichia vulneris,
Klebsiella pneumoniae. subsp pnheumonia,
Bacillus  licheniformis,  Citrobacter  gillenii,
Brenneria rubrifaciens, Londaleaquercina,
Kluyvera ascorbata, were dominant bacteria.
However, Staphylococcus nepalensis
Enterococcus lemanii, and Bacillus licheniformis
are gram-positive bacteria, which were also
identified in the collected samples. Identification
was carried out using Advanced Bacterial
Identification Software [38] (Tables 3 and 4). The
total number of identified bacteria in the winter
and summer seasons is 22 and 18, respectively
(Fig. 5).
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Figure 5. Total number of identified bacteria in
winter and summer seasons
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4. DISCUSSION

The emergence and presence of antibiotic-
resistant bacteria in tap water resources pose a
significant threat to human health [48,49].
Monitoring the appearance of antibiotic-resistant
bacteria in tap water is essential, as there is
insufficient awareness of their toxicity in water
and the surrounding environments. Although
drinking water is treated before distribution, it
must still be safe for consumption[50]. This study
aimed to investigate the presence of antibiotic-
resistant bacteria in tap water. 48 water samples
were collected in triplicate during the winter and
summer to determine the presence of antibiotic-
resistant bacteria at the selected sites. Ninety-
nine bacterial isolates (55 from winter and 44
from summer) were identified based on their
similar morphological features. Twelve bacterial
genera were identified, showing an unexpectedly
high level of bacterial diversity, likely due to
multiple sources of environmental pollution.

Seven and ten categories of bacteria were found
in the winter and summer seasons.E. coli, E.
harmanni, Pseudescherichia vulneris, Klebsiella
pneumoniae subsp pneumoniae, Kluyvera
Ascorbata, Bacillus licheniformis, and
Staphylococcus nepalensis, found in both winter
and summer seasons. However, Trabulsiella
gaumensis was found only during the winter
season, while Citrobacter gillenii, Brenneria
rubrifaciens, Londalea quercina, and
Enterococcus lemanii were found only during the
summer season. Overall, the most commonly
identified bacterial genera were E. coli,
Pseudomonas, Klebsiella, Citrobacter,
Salmonella, Bacillus, and Streptococcus [51].
Solar radiation was found to negatively affect
bacterial growth during the summer season [52],
while continuous rainfall during the summer
eliminated a substantial number of microbes and
reduced their activity [39]. The current findings
indicate fecal contamination of drinking water in
the sampling sites with the majority of drinking
water sources showing rapid bacterial growth
and the presence of coliforms. The presence of
E. coli in drinking water is primarily attributed to
human activities, which must be addressed by
implementing targeted policies, particularly in
rural areas [53]. Pseudescherichia vulneris,
which is naturally resistant to various antibiotics
or exhibits multidrug resistance, was widely
detected [54].

The presence of Streptococcus, Citrobacter,
and Klebsiella  further indicates fecal
contamination in the drinking water systems [55].
Additionally, the presence of Bacillus
licheniformis, Kluyvera ascorbata, and
Enterococcus faecalis poses a serious public
health threat due to their presence in drinking
water [56,57]. Consumption of water containing
fecal pathogenic microorganisms seriously
endangers human health. Further studies are
necessary to identify the microorganisms
responsible for antibiotic resistance in drinking
water and the environment and to monitor these
in all states and regions worldwide. The
implementation of preventive measures and a
global surveillance program is essential to
protect water bodies from antibiotic-resistant
bacteria.

Funding: There is no funding for this work.

Conflict of interest: The authors have no
conflict of interest.

Ethical approval: Not applicable.

Informed Consent: All authors have
consented to participate.

6 ZASTITA MATERIJALA 66 (2025) broj



Richa Jain, Vinita Vishwakarma

Author

contribution: Rich Jain (R J)

performed the analysis and contributed to the
write-up and final draft of the manuscript. Vinita
Vishwakarma (V V) coined the title and idea,

designed the study, wrote a section, and
finalized the write-up.

Data Availability Statement: Not
applicable.

5. REFERENCES

(1]

(2]

(3]

(4]

(5]

(6]

[7]

(8]

R. L. Finley, P. Collignon, D. G. J. Larsson, S. A.
Mcewen, X. Z. Li, W. H. Gaze, R. Reid-Smith, M.
Timinouni, D. W. Graham, E. Topp (2013) The
scourge of antibiotic resistance: The important
role of the environment. Clinical Infectious
Diseases, 57, 704-710,
https://doi.org/10.1093/cid/cit355

P. Holmstrup, J. Plemons, J. Meyle (2018) Non
plaque-induced gingival diseases. Journal of
Clinical Periodontology, 20, S28-5S43,
https://doi.org/10.1111/jcpe.12938

Y. Ben, C. Fu, M. Hu, L. Liu, M.H. Wong, C.
Zheng (2019) Human health risk assessment of
antibiotic resistance associated with antibiotic
residues in the environment:. A review.
Environmental Research, 169, 483-493,
https://doi.org/10.1016/j.envres.2018.11.040.
scitotenv.2016.01.042.

R. Leistner, L. Kankura,A. Bloch, D. Sohr, P.
Gastmeier, C. Geffers (2013). Attributable costs
of ventilator-associated lower respiratory tract
infection (LRTI) acquired on intensive care units:
A retrospectively matched cohort study.
Antimicrobial Resistance and Infection Control, 2,
1-6, https://doi.org/10.1186/2047-2994-2-13

Q. Ye,N. Georges, C. Selomulya (2018).
Microencapsulation of active ingredients in
functional foods: From research stage to
commercial food products. Trends in Food
Science &  Technology, 78, 167-179,
https://doi.org/10.1016/j.tifs.2018.05.025

Hajj Hussein, N. Chams, S. Chams, S. El
Sayegh, R. Badran,M. Raad, A. Gerges-
Geagea, A. Leone, A. Jurjus (2015) Vaccines
Through Centuries: Major Cornerstones of Global

Health. Frontiers in Public Health, 1-16,
https://doi.org/10.3389/fpubh.2015.00269
D. Ghosh, S. Chaudhary, S. Sarkar, P. Singh

(2024) Water pollution in rural areas: Primary
sources, associated health issues, and remedies.
In Water Resources Management for Rural
Development (pp. 15-28). Elsevier,
https://doi.org/10.1016/B978-0-443-18778-
0.00017-9

A. M. Hammerum, J. Larsen, V.D. Andersen, C.
H. Lester, T. S. Skytte, F. Hansen, S. S. Olsen,
H. Mordhorst, R. L. Skov, F. M. Aarestrup, Y.
Agersg (2014) Characterization of extended-
spectrum B-lactamase (ESBL)-producing

9]

(10]

[11]

(12]

(13]

(14]

(15]

[16]

(17]

Escherichia coli obtained from Danish pigs, pig
farmers and their families from farms with high or
no consumption of third- or fourth-generation

cephalosporins.  Journal  of  Antimicrobial
Chemotherapy 69, 2650-2657,
https://doi.org/10.1093/jac/dkul80

H. Blaak, G. Lynch, R. Iltaliaander, R. A.

Hamidjaja, F. M. Schets, A. M. R. De Husman
(2015) Multidrug-resistant and extended
spectrum beta-lactamase-producing escherichia
coli in dutch surface water and wastewater. PLoS
ONE, 10, 1-16,
https://doi.org/10.1371/journal.pone.0127752.

H. Mdller, E. Sib, M. Gajdiss, U. Klanke, F. Lenz-
Plet, V. Barabasch, C. Albert, A. Schallenberg, C.
Timm, N. Zacharias, R. M. Schmithausen, S.
Engelhart, M. Exner, M. Parcina, C. Schreiber,
G. Bierbaum (2018) Dissemination of multi-
resistant Gram-negative bacteria into German
wastewater and surface waters. FEMS
Microbiology Ecology, 1, 94-99,
https://doi.org/10.1093/femsec/fiy057

S. Sabour, T. Azimi, A. Nasser, N. Hadi, A.
Mohsenzadeh, A. Shariati (2022) A global
overview of the most important zoonotic bacteria
pathogens transmitted from Rattus norvegicus to
humans in wurban environments. Infectious
Medicine, 1, 192-207,
https://doi.org/10.1016/.imj.2022.07.002

C. A. Fuchsman, R. E. Collins, G. Rocap, W. J.
Brazelton (2017) Effect of the environment on
horizontal gene transfer between bacteria and
archaea. PeerJ, 29, e3865,
https://doi.org/10.7717/peerj.3865

Y. Hu, L. Jiang, X. Sun, J. Wu, L. Ma, Y. Zhou, K.
Lin, Y. Luo, C. Cui (2021) Risk assessment of
antibiotic resistance genes in the drinking water
system. Science of the Total Environment, 800,
149650,
https://doi.org/10.1016/j.scitotenv.2021.149650

S. Santajit, N. Indrawattana (2016). Mechanisms
of antimicrobial resistance in Pasteurellaceae.
PBioMed Research International, p. 1-8.

|. Samreen, Ahmad,H.A. Malak, H. H. Abulreesh
(2021) Environmental antimicrobial resistance
and its drivers: a potential threat to public health.
Journal of Global Antimicrobial Resistance, 27,
101-111,
https://doi.org/10.1016/j.jgar.2021.08.001

Y. Ben, C. Fu, M. Hu, L. Liu, M. H. Wong , C.
Zheng, C (2019) Human health risk assessment
of antibiotic resistance associated with antibiotic
residues in the environment: A review.
Environmental Research, 169, 483-493,
https://doi.org/10.1016/j.envres.2018.11.040

M. Quintela-Baluja, M. Abouelnaga, J. Romalde,
J. Q. Su, Y. Yu, M. Gomez-Lopez, B. Smets, Y.
G. Zhu, D. W. Graham, (2019) Spatial ecology
of a wastewater network defines the antibiotic
resistance genes in downstream receiving

ZASTITA MATERIJALA 66 (2025) broj 7



(18]

[19]

(20]

[21]

[22]

(23]

[24]

[25]

(26]

(27]

Richa Jain, Vinita Vishwakarma

waters. Water Research, 162, 347-357,
https://doi.org/10.1016/j.watres.2019.06.075

E. Pfeifer, R. A. Bonnin, E. P. C. Rocha (2022)
Phage-Plasmids Spread Antibiotic Resistance
Genes through Infection and Lysogenic
Conversion. MBio, 13(5), e01851-22,
https://doi.org/10.1128/mbio.01851-22

P. Chaturvedi, B. S.Giri, P. Shukla, P. Gupta
(2021) Recent advancement in remediation of
synthetic organic antibiotics from environmental
matrices: Challenges and perspective.
Bioresource Technology, 319, 124161,
https://doi.org/10.1016/j.biortech.2020.124161

F. Ozsolak, P. M. Milos (2010) and
Opportunities. Nature Publishing Group, 12, 87—
98.
http://www.pubmedcentral.nih.gov/articlerender.fc
gi?artid=3031867&tool=pmcentrez&rendertype=a
bstract%5Cnhttp://dx.doi.org/10.1038/nrg2934

I. Karaisko, H. Giamarellou (2020) Carbapenem-
sparing strategies for ESBL producers: When
and how, Antibiotics, 5(9), 61-67.
https://doi.org/10.3390/antibiotics9020061

T. A. O. Sierra, A. C. Acosta, R. P. B. de Melo, P.
R. F. de Oliveira, R. de Moraes Peixoto, E. F. T.
S. F. Cavalcanti, J. W. P. Junior, R. A. Mota
(2023) Occurrence of extended-spectrum [3-
lactamase-producing Enterobacteriaceae in raw

milk from cows with subclinical mastitis in
northeast Brazil. Brazilian Journal of
Microbiology, 54, 1303-1307,

https://doi.org/10.1007/s42770-023-00955-x

A. Keer,Y. Oza, D. Mongad, D. Ramakrishnan, D.
Dhotre, A. Ahmed, A. Zumla, Y. Shouche, A.
Sharma (2025) Assessment of seasonal
variations in antibiotic resistance genes and
microbial communities in sewage treatment
plants for public health monitoring. Environmental
Pollution, 375, 126367,
https://doi.org/10.1016/j.envpol.2025.126367

X. Wen, F. Chen, Y. Lin, H. Zhu, F. Yuan, D.
Kuang, Z. Jia, Z. Yuan (2020) Microbial
indicators and their use for monitoring
drinkingwater quality-A review. Sustainability
(Switzerland), 12, 1-14,
https://doi.org/10.3390/su12062249

L. Lin, H. Yang, X. Xu (2022) Effects of Water
Pollution on Human Health and Disease
Heterogeneity: A  Review. Frontiers in
Environmental Science, 10, 43-51.
https://doi.org/10.3389/fenvs.2022.880246

N. Singh, S. Kamboj, S. S. Siwal, A. L. Srivastav,
R. K. Naresh (2024) Toxic, non-toxic, and
essential elements in drinking water: sources and
associated health issues in rural Asia. In Water
Resources Management for Rural Development,
p.171-190.. https://doi.org/10.1016/B978-0-443-
18778-0.00012-X Elsevier, 2024

C. R. Fitts (2024). Groundwater contamination.
In Groundwater Science, p. 497-580, Elsevier,

(28]

[29]

(30]

(31]

(32]

(33]

(34]

(35]

(36]

[37]

(38]

(39]

https://doi.org/10.1016/B978-0-12-811455-
1.00017-4

T. T. H. Van, Z. Yidana, P. M. Smooker, P. J.
Coloe (2020) Antibiotic use in food animals
worldwide, with a focus on Africa: Pluses and
minuses. Journal of Global Antimicrobial
Resistance, 20, 170-177,
https://doi.org/10.1016/j.jgar.2019.07.031

S. Arbab, H. Ullah, W. Wang, J. Zhang (2022)
Antimicrobial drug resistance against Escherichia
coli and its harmful effect on animal health,
Veterinary Medicine and Science, 8, 1780-1786,
https://doi.org/10.1002/vms3.825

D. Tewatia (2007) PDF processed with CutePDF
evaluation edition www.CutePDF.com. 24, 149—
154. https://doi.org/10.1016/S0140

Y. Zhu, W. E. Huang, Q. Yang (2022) Clinical
Perspective of Antimicrobial Resistance in
Bacteria. Infection and Drug Resistance, 15,
735-746, https://doi.org/10.2147/IDR.S345574

WHO (2017) Prioritization of pathogens to guide
discovery, research and development of new
antibiotics for drug-resistant bacterial infections,
including tuberculosis.

T. M. Uddin, A. J. Chakraborty, A. Khusro, B. R.
M. Zidan, S. Mitra, T. Emran, Bin, K. Dhama, M.
K. H. Ripon, M. Gajdacs, M. U. K. Sahibzada, M.
J.  Hossain, N. Koirala (2021) Antibiotic
resistance in microbes: History, mechanisms,
therapeutic strategies and future prospects,
Journal of Infection and Public Health, 14, 1750-
1766, https://doi.org/10.1016/j.jiph.2021.10.020

S. K. Ahmed, S. Hussein, K. Qurbani, R. H.
Ibrahim, A. Fareeq, K. A. Mahmood, M. G.
Mohamed  (2024)  Antimicrobial resistance:
Impacts, challenges, and future prospects.
Journal of Medicine, Surgery, and Public Health,
2, 100081,
https://doi.org/10.1016/j.glmedi.2024.100081

S. A. Strathdee, S. C. Davies, J. R. Marcelin
(2020) Confronting antimicrobial resistance
beyond the COVID-19 pandemic and the 2020
US election. The Lancet, 396, 1050-1053,
https://doi.org/10.1016/S0140-6736(20)32063-8

S. Pokharel, S. Raut, B. Adhikari (2019)
Tackling antimicrobial resistance in low-income
and middle-income countries. BMJ Global Health,

4, 4-6, https://doi.org/10.1136/bmjgh-2019-
002104
APHA  (2012) Standard Methods for the

Examination of Water and Waste Water (W. E. F.
American Public Health Association, American
Water Works Association (ed.); 14 edition).

APHA standers (1989) Standard methods for the
examination of water and waste water (American
Public Health Association (ed.); 14th ed.

M. P. Weinstein, J. S. Lewis (2020) The clinical
and laboratory standards institute subcommittee
on Antimicrobial susceptibility testing:

ZASTITA MATERIJALA 66 (2025) broj



[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

Richa Jain, Vinita Vishwakarma

Background, organization, functions, and
processes. In Journal of Clinical Microbiology,
58(3), 01864-19.
https://doi.org/10.1128/JCM.01864-19

A. Wanger, V. Chavez, R. S. P. Huang, A.
Wahed, J. K. Actor, A. Dasgupta, (2017)
Biochemical Tests and Staining Techniques for
Microbial Identification. In Microbiology and
Molecular Diagnosis in Pathology, p. 61-73.
https://doi.org/10.1016/B978-0-12-805351-
5.00005-3. Elsevier, 2017

H. Tassadaqg, R. Aneela, M. Shehzad, A. Iftikhar,
K. Jafar, E. H. Veronique, Y. K. Kil, A.
Muhammad (2013) Biochemical
characterization and identification of bacterial
strains isolated from drinking water sources of
Kohat, Pakistan. African Journal of Microbiology
Research, 7, 1579-1590,
https://doi.org/10.5897/ajmr12.2204

S. Zhang, R. Du,H. Chen, W. Ren, P. Du
(2019) Seasonal variation of microbial activity
and pathogenic bacteria under non-serious
pollution levels in Beijing. Aerosol and Air Quality
Research, 19, 1798-1807,
https://doi.org/10.4209/aaqr.2019.05.0256

X. Li, S. M. Robinson, A. Gupta, K. Saha, Z.
Jiang, D. F. Moyano, A. Sahar, M. A. Riley, V. M.
Rotello (2014) Functional gold nanoparticles as
potent antimicrobial agents against multi-drug-
resistant bacteria. ACS Nano, 8, 10682—-10686,
https://doi.org/10.1021/nn5042625.

A. Tiwari, A. Kauppinen, P. Rasanen, J.
Salonen, L. Wessels, J. Juntunen, I. T.
Miettinen, T. Pitkdnen  (2023)  Effects of

temperature and light exposure on the decay
characteristics of fecal indicators, norovirus, and
Legionella in mesocosms simulating subarctic
river water. Science of the Total Environment,
859(2), 160340
https://doi.org/10.1016/j.scitotenv.2022.160340

M. Wolf-Baca, A. Siedlecka (2023) Seasonal
and spatial variations of antibiotic resistance
genes and bacterial biodiversity in biofilms
covering the equipment at successive stages of
drinking water purification. Journal of Hazardous
Materials, 456, 131660,
https://doi.org/10.1016/j.jhazmat.2023.131660

B. Sajjad, A. Siddique,K. Rasool, K. A. Jabbar,
S. S. El-Malah, F. Almomani, M. R. Alfarra
(2024)  Seasonal and spatial variations in
concentration, diversity, and antibiotic resistance
of ambient bioaerosols in an arid region.
Environmental Research, 262(P2), 119879,
https://doi.org/10.1016/j.envres.2024.119879

E. Sanganyado, W. Gwenzi (2019) Antibiotic
resistance in  drinking  water  systems:
Occurrence, removal, and human health risks.
Science of the Total Environment, 669, 785797,
https://doi.org/10.1016/j.scitotenv.2019.03.162

(48]

[49]

[50]

[51]

[52]

(53]

[54]

[55]

[56]

[57]

J. Feng, L. Zhou, X. Zhao, J. Chen, Z. Li, Y.
Liu, L. Ou, Z. Xie,M. Wang, X. Yin, X. Zhang,
Y. Li, M. Luo, L. Zeng, Q. Yan, L. Xie, L. Sun
(2023) Evaluation of environmental factors and
microbial community structure in an important
drinking-water  reservoir across  seasons.
Frontiers in Microbiology, 14, 1-14,
https://doi.org/10.3389/fmicb.2023.1091818

T. Zhang, P. Liao, L. Fang, D. Zhang (2024)
Effect of booster disinfection on the prevalence of
microbial antibiotic resistance and bacterial
community in a simulated drinking water
distribution system. Environmental Pollution, 341,
122902,
https://doi.org/10.1016/j.envpol.2023.122902

R. S. Mclnnes, G. E. McCallum, L. E. Lamberte,
W. Van Schaik (2020) Horizontal transfer of
antibiotic resistance genes in the human gut
microbiome. Current Opinion in Microbiology, 53,
35-43, https://doi.org/10.1016/j.mib.2020.02.002

J. W. Tang (2009) The effect of environmental
parameters on the survival of airborne infectious
agents. Journal of the Royal Society Interface, 6,
54-62.
https://doi.org/10.1098/rsif.2009.0227 .focus

S. T. Odonkor, T. Mahami (2020) Escherichia
coli as a Tool for Disease Risk Assessment of
Drinking Water Sources. International Journal of
Microbiology, 2020, D 2534130,
https://doi.org/10.1155/2020/2534130

D. Costa, A. Bousseau, S. Thevenot, X.
Dufour,CX. Laland, C. Burucoa, O. Castel
(2015) Nosocomial outbreak of Pseudomonas
aeruginosa associated with a drinking water
fountain. Journal of Hospital Infection, 91, 271—
274, https://doi.org/10.1016/j.jhin.2015.07.010

S. Some, R. Mondal, D. Mitra, D. Jain, D.
Verma, S. Das (2021) Microbial pollution of
water with special reference to coliform bacteria
and their nexus with the environment. Energy
Nexus, 4, €100008,
https://doi.org/10.1016/j.nexus.2021.100008

G. Cai, T. Liu, J. Zhang, H. Song, Q. Jiang, C.
Zhou (2022) Control for chlorine-resistant spore-
forming bacteria by the coupling of pre-oxidation
and coagulation sedimentation, and UV-AOPs
enhanced inactivation in drinking water
treatment. Water Research, 219, 118540,
https://doi.org/10.1016/j.watres.2022.118540

H. Liu, C. A. Whitehouse, B. Li (2018).
Presence and Persistence of Salmonella in
Water: The Impact on Microbial Quality of Water
and Food Safety. Frontiers in Public Health, p.1—
13, https://doi.org/10.3389/fpubh.2018.00159

S. Sharma, A. Bhattacharya (2017). Drinking
water contamination and treatment techniques.
Applied Water Science, 7, 1043-1067,
https://doi.org/10.1007/s13201-016-0455-7

ZASTITA MATERIJALA 66 (2025) broj 9



Richa Jain, Vinita Vishwakarma

Table 3 Biochemical analysis of bacteria in the winter season

S1 S2 S3 S3 S3 S3 S3 S4 S4 S5 S5 S5 S6 S6 S6 S7 S7 S7 S7 S7 S8 S8
C1 C4 C1l C2 C3 C4 Cc7 C3 C5 C6 C7 C9 C1l C4 C7 C1 C2 C3 C4 C5 C3 C4
G. -ve -ve -ve -ve -ve -ve +ve | -ve | -ve -ve -ve -ve +ve | -ve -ve | -ve -ve -ve -ve -ve | +ve | -ve
Staining road | road | road road |road |road |coc |roa |[road |road |road | road |roa | road | roa | road | road road | road | roa | coc | road
enter | enter | enter | enter | enter | enter | Ci d enter | enter | enter | enter | d enter | d enter | enter | enter | enter | d ci enter
o] 0 0 o] o] o o} 0 0 o] o] o] o] o] o] 0
Dextrose | +ve +ve +ve +ve +ve +ve -ve +ve | +ve +ve +ve +ve +ve | +ve +ve | +ve +ve +ve +ve +ve | -ve +ve
Lactose +ve +ve +ve -ve +ve -ve +ve | +ve | +ve +ve -ve +ve +ve | +ve -ve | +ve -ve +ve +ve -ve | +ve | +ve
Glucose +ve +ve +ve +ve +ve +ve +ve | +ve | +ve +ve +ve +ve +ve | +ve +ve | +ve +ve +ve +ve +ve | +ve | +ve
Glycerol +ve +ve +ve -ve -ve -ve -ve +ve | +ve +ve -ve -ve +ve | -ve -ve | -ve -ve -ve -ve -ve | -ve -ve
Sucrose +ve +ve +ve -ve +ve -ve +ve | +ve | +ve +ve -ve +ve +ve | +ve -ve | +ve -ve +ve +ve -ve | tve | +ve
Maltose -ve +ve -ve +ve -ve +ve +ve | -ve | +ve -ve +ve -ve -ve | -ve +ve | +ve -ve -ve +ve -ve | +ve | -ve
Mannitol +ve +ve +ve +ve +ve +ve +ve | +ve | +ve +ve +ve +ve -ve | -ve -ve | +ve +ve +ve -ve -ve | tve | +ve
Gelatine +ve +ve +ve +ve +ve +ve +ve | -ve | +ve +ve +ve +ve -ve | -ve -ve | +ve +ve +ve -ve -ve | tve | +ve
Indole +ve +ve +ve -ve +ve -ve +ve | -ve | +ve +ve -ve +ve +ve | -ve +ve | +ve -ve +ve -ve +ve | tve | +ve
Methyl +ve +ve +ve +ve +ve +ve -ve -ve | +ve +ve +ve +ve +ve | -ve +ve | +ve +ve +ve -ve +ve | -ve +ve
Red
V.P. -ve -ve -ve -ve -ve -ve -ve +ve | -ve -ve -ve -ve -ve | +ve -ve | -ve -ve -ve +ve -ve | -ve -ve
Citrate -ve -ve -ve -ve -ve -ve -ve +ve | -ve -ve -ve -ve +ve | -ve +ve | -ve -ve -ve -ve +ve | -ve -ve
Catalase +ve +ve +ve +ve +ve +ve +ve | +ve | +ve +ve +ve +ve +ve | +ve +ve | +ve +ve +ve +ve +ve | tve | +ve
Oxidase -ve -ve -ve -ve -ve -ve +ve | -ve | -ve -ve -ve -ve +ve | -ve -ve | -ve -ve -ve -ve -ve | +tve | -ve
Urease -ve -ve -ve -ve -ve -ve +ve -ve -ve -ve -ve +ve | -ve -ve | -ve -ve -ve -ve -ve | +ve | -ve
Pigment -ve -ve -ve +ve ve -ve +ve | -ve | -ve -ve -ve ve -ve | -ve -ve | ve -ve ve -ve -ve | +ve | ve
Productio
n
Nitrate +ve +ve +ve +ve +ve +ve +ve | +ve | +ve +ve +ve +ve +ve | +ve +ve | +ve +ve +ve +ve +ve | +ve | +ve
Reductio
n
Starch -ve -ve -ve -ve -ve -ve -ve -ve | -ve -ve -ve -ve +ve | -ve -ve | -ve -ve -ve -ve -ve | -ve -ve
Hydrolysi
s
Casein -ve -ve -ve +ve -ve +ve +ve | -ve | -ve -ve +ve -ve +ve | -ve -ve | -ve +ve -ve -ve -ve | +ve | -ve
Hydrolysi
S
Blood -ve -ve -ve -ve -ve -ve -ve -ve -ve -ve -ve -ve -ve | -ve -ve | -ve -ve -ve -ve -ve | -ve -ve
Haemolys
is
Growth at | +ve -ve +ve +ve -ve +ve -ve +ve | -ve -ve -ve -ve +ve | +ve +ve | -ve +ve -ve +ve +ve | -ve -ve
7% NaCl
Growth +ve +ve +ve +ve +ve +ve +ve | +ve | +ve +ve +ve +ve +ve | +ve +ve | +ve +ve +ve +ve +ve | +ve | +ve
with
Lysozym
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e
H.S -ve -ve -ve -ve -ve -ve -ve -ve | -ve -ve -ve -ve -ve | -ve +ve | -ve -ve -ve -ve +ve | -ve -ve
Productio
n
Motility +ve +ve +ve +ve +ve +ve -ve -ve | +ve +ve +ve +ve +ve | +ve +ve | +ve +ve +ve +ve +ve | -ve +ve
Test
Bile +ve +ve +ve -ve +ve -ve +ve | +ve | +ve +ve +ve +ve +ve | +ve +ve | -ve +ve +ve +ve +ve | -ve +ve
esculin
o o 2 2 @ @
= c @ = = @
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Table 4 Biochemical analysis of bacteria in the summer season
S1 S2 S2 S3 S3 S3 S3 S5 S5 S6 S6 S6 S7 S7 S7 S7 S7 S8
Cc2 C3 C4 C1 Cc2 C3 C4 C6 Cc7 C1 C4 C6 C1 Cc2 C3 C4 C5 C4
G. Staining -ve +ve -ve -ve -ve -ve -ve +ve -ve +ve -ve -ve -ve +ve -ve +ve -ve -ve
road road road road road road road cocci road cocci road road road road road cocci road road
entero entero | entero | entero | entero entero entero | entero | entero entero entero | entero
Dextrose +ve +ve +ve +ve +ve +ve +ve -ve +ve -ve +ve +ve +ve +ve +ve +ve +ve +ve
Lactose +ve +ve -ve -ve +ve -ve +ve +ve +ve +ve +ve +ve +ve +ve +ve +ve +ve -ve
Glucose +ve +ve +ve +ve +ve +ve +ve +ve +ve +ve +ve +ve +ve +ve +ve +ve +ve +ve
Glycerol +ve +ve +ve -ve -ve -ve +ve -ve +ve -ve +ve +ve +ve +ve -ve -ve -ve -ve
Sucrose +ve +ve +ve +ve +ve -ve +ve +ve +ve +ve +ve +ve +ve +ve +ve +ve +ve -ve
Maltose -ve -ve +ve -ve -ve +ve -ve +ve +ve +ve +ve +ve +ve -ve -ve +ve -ve +ve
Mannitol +ve -ve +ve +ve +ve +ve +ve +ve +ve +ve +ve +ve +ve -ve -ve +ve +ve +ve
Gelatine +ve -ve -ve -ve +ve +ve -ve +ve +ve +ve +ve -ve -ve -ve -ve -ve +ve +ve
Indole +ve +ve -ve -ve +ve -ve -ve +ve +ve +ve +ve -ve -ve +ve -ve +ve +ve -ve
Methyl Red +ve +ve +ve -ve +ve +ve -ve -ve +ve -ve +ve +ve +ve +ve -ve +ve +ve +ve
V.P. -ve -ve -ve +ve -ve -ve +ve -ve -ve -ve -ve -ve -ve -ve +ve -ve -ve -ve
Citrate -ve +ve +ve +ve -ve -ve +ve -ve -ve -ve -ve -ve -ve +ve -ve +ve -ve -ve
Catalase +ve +ve +ve +ve +ve +ve +ve +ve +ve +ve +ve +ve +ve +ve +ve +ve +ve +ve
Oxidase -ve +ve -ve -ve -ve -ve -ve +ve -ve +ve -ve -ve -ve +ve -ve -ve -ve -ve
Urease -ve +ve -ve -ve -ve -ve +ve -ve +ve -ve -ve -ve +ve -ve -ve -ve -ve
Pigment -ve -ve +ve -ve ve -ve -ve +ve -ve +ve -ve -ve -ve -ve -ve -ve ve -ve
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Production
Nitrate +ve +ve -ve -ve +ve +ve +ve +ve +ve +ve +ve +ve +ve +ve +ve +ve +ve +ve
Reduction
Starch -ve +ve -ve -ve -ve -ve -ve -ve -ve -ve -ve -ve -ve +ve -ve +ve -ve -ve
Hydrolysis
Casein -ve +ve -ve +ve -ve +ve -ve +ve -ve +ve -ve +ve +ve +ve -ve -ve -ve +ve
Hydrolysis
Growth at 45 +ve +ve +ve +ve +ve +ve -ve -ve +ve -ve +ve +ve +ve +ve +ve +ve +ve +ve
Blood -ve -ve -ve -ve -ve -ve -ve -ve -ve -ve -ve -ve -ve -ve -ve -ve -ve -ve
Haemolysis
Growth at 65 -ve -ve -ve -ve +ve +ve -ve -ve -ve -ve -ve +ve +ve -ve +ve +ve +ve +ve
Growth at 7% +ve +ve +ve +ve -ve +ve +ve -ve -ve -ve -ve -ve -ve +ve +ve +ve -ve +ve
NacCl
Growth at pH +ve +ve +ve +ve +ve +ve +ve +ve +ve +ve +ve +ve +ve +ve +ve +ve +ve +ve
5.7
Growth with +ve +ve +ve +ve +ve +ve +ve +ve +ve +ve +ve -ve -ve +ve +ve +ve +ve +ve
Lysozyme
H2S -ve -ve +ve +ve -ve -ve -ve -ve -ve -ve -ve +ve +ve -ve -ve +ve -ve -ve
Production
Motility Test +ve +ve +ve +ve +ve +ve -ve -ve +ve -ve +ve +ve +ve +ve +ve +ve +ve +ve
Bile esculin +ve +ve +ve -ve +ve -ve +ve +ve +ve +ve +ve -ve -ve +ve +ve +ve +ve -ve
= (3} =] %] 0 [} () —
= — (8] —3 — - (S)
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1ZVOD

SEZONSKA PROCENA BAKTERIJA REZISTENTNIH NA ANTIBIOTIKE I
PATOGENOSTI U RURALNOJ VODI

Obicni ljudi nemaju stalnu vodu za pice i oslanjaju se na koriS¢enje vode iz slavine za svoje
svakodnevne potrebe. Medu njima, priblizno 20% porodica koristilo je preéisciva¢ vode, a 80%
direktno vodu iz slavine. U ruralnim podrucjima, ova voda se dovodi do kuca kroz cevovode, koji
prolaze kroz drenazu i kontaminiraju se zbog curenja iz cevi. Uglavnom, ove vode sadrze bakterije
otporne na antibiotike, a direktha upotreba vode izaziva visok rizik od bolesti koje se prenose
vodom kod ljudi. U ovoj studiji, procena bakterija otpornih na antibiotike uradena je tokom zimske i
letnje sezone vode iz slavine. IzvrSena je analiza patogenosti Zu¢nim eskulinom, D-manitol testom
i njihova identifikacija biohemijskim reakcijama uz pomoc¢ softvera za naprednu identifikaciju
bakterija (ABIS). Bakterijske kolonije su izolovane sa agar plo¢a pomocu ukupnog broja odrzivih
celija (TVC) kako bi se utvrdila specificnost mikroba prisutnih u uzorku vode. Izolati bakterija su
identifikovani na osnovu njihovog morfoloskog, fizioloSkog i biohemijskog izgleda. Obrasci
osetljivosti izolata bili su rezistentni na ofloksacin, cefotaksim, ornidazol, sparfloksacin, ko-
trimoksazol, cefiksim, metronidazol i norfloksacin putem analize zone inhibicije. Ovo je utvrdilo
obrazac otpornosti kod izolovanih bakterijskih sojeva prema Institutu za klinicke i laboratorijske
standarde, 2020, u Petriploéama nakon 24 sata. Ova studija je osmiSliena da utvrdi prisustvo
bakterija otpornih na antibiotike i njihovu patogenost u sakupljenoj vodi za pice, $to je alarmantno
za ljude koji insistiraju na zahtevanju dodatnog tretmana iz razli¢itih izvora vode.

Kiljucne reci: Bakterije otporne na antibiotike, Voda iz slavine, Osetljivost na antibiotike
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