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Abstract
Water contamination with pathogenic microorganisms is one of the serious threats to human health, particularly in

developing countries. In Pakistan, due to a lack of awareness about water-borne diseases and poor infrastructure water-
borne diseases are common. Additionally, contamination of surface freshwater sources increases the frequency of
waterborne disease outbreaks such as diarrhea, cholera, typhoid fever, intestinal infections, and jaundice. Therefore, the
purpose of this present work was to study the quality of water in District Barkhan, Quetta Pakistan, which included
identification and bacteriological characterization of antibiotic-resistant bacteria found in drinking water. A total of
500 drinking water samples were randomly collected from district Barkhan for analysis of pathogenic bacteria. Out of
500 drinking water samples, 334 (66.8%) were found contaminated with pathogenic bacteria where the prevalence of
Salmonella typhi was 28%, followed by E. coli (22.4%) and P. aeruginosa (16.4%) respectively. According to our
result, all S.typhi isolates were highly resistant to Ampicillin (95%), Chloramphenicol (90%), Ceftriaxone (85%),
Gentamicin (85%), Sulfamethoxazole/ Trimethoprim (80%), E. coli isolates were resistant against Ampicillin (90%)
followed by Ceftriaxone (85%), Chloramphenicol (80%), Azithromycin (75%) and Sulfamethoxazole/ Trimethoprim
(70%), while P.aeruginosa isolates were found resistance against Ampicillin (100%), Ceftriaxone (95%),
Chloramphenicol (90%), Azithromycin (75%) and Sulfamethoxazole/ Trimethoprim (70%), and while all pathogenic
isolates were highly sensitive to Imipenem. The study concluded that continuous screening and treatment of water
sources is essential for managing and preventing infectious diseases caused by pathogenic microorganisms. Therefore,
prompt and consistent bacteriology research is needed to address the crisis caused by poor water quality.
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INTRODUCTION

Water is one of the most essential elements for survival. According to the World Health

Organization (WHO), having access to water is a "prime tool for improving public health because it can
greatly improve hygiene and avert many diseases. According to the International Monetary Fund (IMF),
Pakistan ranks third among countries with poor sanitation and inadequate water supplies, with 2.1 million
without access to clean water (1). In 2017, about 2.5 million deaths were recorded in Pakistan where
literature reported that consumption of contaminated water is the main cause of 50% of illnesses and 40% of
deaths in the country (2). Numerous contaminants comprise different types of microbes, feces, metallic
toxins, household as well as factorial waste, antibiotics, and various hazardous drugs that make water
contaminated. Innumerable types of harmful bacteria with enteric origins have been identified in water
sources representing a broad spectrum of diversity. They comprise Shigella spp, Campylobacter jejuni,

Salmonella typhi, enterotoxigenic. Escherichia coli, enterotoxigenic Bacteroides fragilis Vibrio cholerae O1, Aeromonas
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spp, Pseudomonas aeruginosa, enteropathogenic E. coli, and V. cholerae 0139 (3). Contamination of surface
freshwater sources increases the frequency of waterborne disease outbreaks such as diarrhea, cholera,
typhoid fever, intestinal infections, and jaundice. As a result, in developing countries, this is an ongoing
issue for the environment as well as for public health (4-5).

In the lower gastrointestinal tracts of warm-blooded animals as well as humans, Escherichia coli
bacteria are more frequently found (6). Detection of E. coli in potable water is a typical microbiological
indicator of water quality and fecal contamination (7). The most common pathogenic bacteria, Enteritis
Salmonella typhi, primarily affects people living in low- and middle-income nations with inadequate sanitary
facilities for disposing of waste and clean, drinkable water (8). Globally, each year there are about 21 million
cases of enteric fever and 200,000 deaths are reported by typhoid fever (9). Pakistan has an annual incidence
of 493.5 cases per 100,000 people, making it one of the highest-burden countries. Pseudomonas aeruginosa is
naturally found in water and it is also one of the most common causes of HAIs (such as skin and soft tissue
infections, ear and eye infections, respiratory and urinary tract infections, and bacteremia), which primarily
affect patients with compromised immune system (10-11).

Since their discovery in the early 20th century, antibiotics have been used extensively to treat a
broad spectrum of illnesses and infections caused by pathogenic bacteria. Furthermore, antibiotic resistance
developed as a result of misappropriation and overuse. Consequently, over time bacteria acquired resistance
genes through either horizontal gene transfer or mutation (12). It is estimated that due to antimicrobial
resistance (AMR) infections, approximately 10 million people will die each year (13-14). Additionally, new
infections that are challenging to treat with the previous medication of choice for the same infection have
emerged as a result of this antibiotic resistance. Concerns regarding future resistance to currently available
antibiotics have been raised by antibiotic resistance, particularly if treatment is not appropriately addressed
(15). The biggest hazard to public health is the transmission of resistance genes from environmental bacteria
to pathogenic and clinically relevant microorganisms. The main cause for concern is the contamination of
drinking water and the resulting infections, which can eventually cause diseases and even death (16-17). The
purpose of the current study was to determine the prevalence of pathogenic bacteria in drinking water as

well as the pattern of antibiotic resistance against these pathogens.

MATERIALS AND METHODS
STUDY AREA DESCRIPTION

Barkhan is the eighth-smallest district of Balochistan and has an area of 3410 square
kilometers with 171025 populations. Barkhan District lies between 69°3'-70° 4' East longitude and 29°37'-

30°21' North latitude. Barkhan's hot, semi-arid climate results in sweltering summers and moderate winters.

COLLECTION OF WATER SAMPLE AND PRESERVATION

A total of 500 samples of drinking water were randomly collected from district Barkhan (Rarkan,
Rakni, Barkhan city, Nahar kot, and Baghao) in 200 ml sterile collection bottles and the caps were replaced
immediately to prevent air bubbles. After that, the water samples were transported in ice boxes to the
CASVAB laboratory where they were kept cold at 4 °C until examination (18).

TIME PERIOD

The present study was conducted in Barkhaan district of Balochistan from April 2022 to September
2022.

IDENTIFICATION OF BACTERIA

Water samples were processed according to the International Organization for Standardization
(ISO) 5667-5:2006 with some modifications. All the water samples were cleared out with the aid of a
membrane filtration approach. In this method, the water sample could be passed through the cellulose
nitrate sterile membrane. After the analysis of microbial growth, the filter paper will be placed on

differential media, followed by selective media for suspected bacteria including salmonella-shigella (SS)
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agar for salmonella typhi, eosin methylene blue (EBM) agar for E. coli, and cetrimide agar for Pseudomonas
aeruginosa and was incubated at 37°C for 24hrs (19-20).

CONFIRMATION OF ISOLATES

From selective media typical colonies were chosen and then subjected to gram staining, microscopic

examination, biochemical testing, and then finally PCR.

MOLECULAR IDENTIFICATION

A DNA purification kit (Thermos Scientific) was used to extract DNA from the culture. DNA
templates were kept at -20 °C for future use. The specific primers were used for each three pathogenic
bacteria to amplify their respective. PCR fragments as shown in Table I. The PCR reaction mixture for the
three isolates was subjected to thermal cycles including initial denaturation at 94°C for 5 minutes, final
denaturation at 94°C for 1 minute, annealing has a specific temperature and time based on their primers,
initial extension for 1 min at 72°C, and final extension for 10 min at 72°C followed by 30 cycles for three

isolates. The final product was observed using gel electrophoresis on a 1.5% agarose gel under UV light.

Table I. Specific primers used for the confirmation of pathogenic microbes

P. aeruginosa Forward | 5-ATG GAA ATG CTG AAA TTC GGC-3° 21 (Khattb et
Reverse | 5-CTT CTT CAG CTC GAC GCG ACG-3" oprLgene | al., 2015)

S. typhi Forward |5-TATGCCGCTACATATGATGAG-3 fliC gene | 22 (Song et
Reverse | 5-TTAACGCAGTAAAGAGAG-3" al.,1993)

E. coli Forward | 5-ACA CTG GAT GAT CTC AGT GG-3' 23 (Gannon et
Reverse | 5-CTG AAT CCC CCT CCA TTA TG-3' SLTI al., 1992)

ANTIMICROBIAL SUSCEPTIBILITY TESTING

The Analytical Profile Indexing (API) was used to identify the bacteria. Antimicrobial susceptibility
was tested against eight different antimicrobials using the Kirby Bauer disk diffusion method. The
antibacterial drugs were chosen because due to their regular use against these pathogens. They included
Gentamicin (30ug), Ampicillin (10ug), Ciprofloxacin (5ug), Ceftriaxone (30ug), Chloramphenicol (30ug),
Azithromycin (15ug), Sulfamethoxazole/trimethoprim (25ug) and Imipenem (10ug). The agar plates were
supplemented with commercially made antimicrobial discs, and the clear zones of bacterial growth

inhibition were measured after incubation (24-19).

RESULTS

The current study evaluated the microbiological quality of 500 drinking water samples that were
randomly picked from different locations within the Barkhan district. The frequency of bacterial
contamination in drinking water samples is presented in Table II. Out of 500 drinking water samples, 334
(66.8%) were found contaminated with pathogenic bacteria where the prevalence of Salmonella typhi was
28%, followed by E. coli (22.4%) and P. aeruginosa (16.4%) respectively. The suspected positive samples were
confirmed by colony morphology, microscopy, or biochemical tests like, catalase, oxidase, citrate, methyl
red, voges- proskauer, indole, and sugar fermentation tests, the results are shown in Table III, and molecular
identification was done by PCR.

By using the Kirby-Bauer method, antibiotic sensitivity was performed against S. typhi, E. coli and P.
aeruginosa as shown in Table IV. In our findings all S.typhi isolates were highly resistant to Ampicillin (95%),
Chloramphenicol (90%), Ceftriaxone (85%), Gentamicin (85%), Sulfamethoxazole/ Trimethoprim (80%) and
sensitive to imipenem (90%), azithromycin (85%) and Ciprofloxacin (70%). E. coli isolates were resistant
against Ampicillin (90%) followed by Ceftriaxone (85%), Chloramphenicol (80%), Azithromycin (75%),
Sulfamethoxazole/ Trimethoprim (70%), and sensitive to Imipenem (95%), Gentamicin (90%), Ciprofloxacin

(85%) to while P.aeruginosa isolates were found resistance against Ampicillin (100%), Ceftriaxone (95%),
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Chloramphenicol (90%), Azithromycin (75%), Sulfamethoxazole/ Trimethoprim (70%), and sensitive to
Imipenem (90%), Gentamicin (75%), Ciprofloxacin (70%).

Table Il. The prevalence of identified pathogenic bacteria in drinking water

Sample Sample size Number of samples Samples of positive
positive percentage prevalence
Drinking water 500 334 66.8%
S. typhi 140 28%
E. coli 334 112 22.4%
P. aeruginosa 82 16.4%

Table Ill. Biochemical characterization of pathogenic bacteria
Selective media used for isolated Bacteria

Growth of selective E. coli S. typhi P. aeruginosa

media On EMB agar E. coli OnSS agar, colonies of P. aeruginosa colonies
are circular shaped, Salmonella typhi are smooth on Cetrimide agar,
and are 1-3mm in and opaque or colorless medium range in size
size. The green and are 2-3mm in size from 1 to 3 mm and
metallic sheen can appear blue, blue-
indicates E. coli can green, or
ferment lactose to unpigmented

produce strong acid
end-products.
Gram staining results of isolated bacteria

Gram staining E. coli is aGram- Salmonella typhi isrod- P.aeruginosaisa
negative, rod-shaped, shaped about 1-3 um x gram-negative, rod-
about 1.5 um long 0.5-0.6 um and Salmonella shaped,
and 0.5 um wide typhi is arranged singly or asporogenous, and

in pairs monoflagellated
bacterium. The size of
a cell is about 1-5 um
long and 0.5-1.0 um

wide
Biochemical tests result of isolated bacteria from drinking water
Organism Catalase Oxidase Citrate Indole MR Vp
S. typhi + _ _ - + -
E. coli + _ _ + _
P. aeruginosa + + + _ _ _
Sugar fermentation tests
Organism Glucose Lactose  Sorbitol Mannitol Sucrose Xylose
S. typhi + - + + _ +
E. coli + + + + + +
P. aeruginosa _ _ _ + _ _
Table IV. Antibiogram of isolated pathogenic bacteria
Antibiotic Conc. S. typhi E. coli P. aeruginosa
(20) isolates (20) isolates (20) isolates
R S R S R S
Ampicillin 10ug 19/20 1/20 18/ 20 2/20 20/20 0/20
(95%) (5%) (90%) (10%) (100%) (0%)
Ceftriaxone 30ug 17/20 3/20 17/20 3/20 19/20 1/20
(85%) (15%) (85%) (15%) (95%) (5%)
Chloramphenicol 30ug 18/20 2/20 16/20 4/20 18/20 2/20
(90%) (10%) (80%) (20%) (90%) (10%)
Gentamicin 30ug 17/20 3/20 3/20 17/20 5/20 15/20
(85%) (15%) (15%) (85%) (25%) (75%)
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Ciprofloxacin Sug 6/20 14/20 4/20 16/20 6/20 14/20
(30%) (70%) (20%) (80%) (30%) (70%)
Azithromycin 15ug 3/20 17/20 15/20 5/20 15/20 5/20
(15%) (85%) (75%) (25%) (75%) (25%)
Sulfamethoxazole/ 25ug 16/20 4/20 14/20 6/20 14/20 6/20
trimethoprim (80%) (20%) (70%) (30%) (70%) (30%)
Imipenem 10 ug 2/20 18/20 1/20 19/20 2/20 18/20
(10%) (90%) (5%) (95%) (10%) (90%)
DISCUSSION

The occurrence of antibiotic-resistant bacteria and contaminated drinking water sources raises the
risk to public health. It is very important to have comprehensive information about such issues. According
to published research, inadequate water sanitation and hygiene account for 13.6% of all deaths in Pakistan.
In certain remote areas where individuals usually depend on surface reservoirs without any quality
assessment, the magnitude of the disease is higher and incalculable (25). Hence, this present study aimed to
examine the pathogenic bacteria in the drinking water of Barkhan city. According to our findings out of 500
drinking water samples 334 (66.8%) were found contaminated with pathogenic bacteria where the
prevalence of Salmonella typhi was 28%, followed by E. coli (22.4%) and P. aeruginosa (16.4%) respectively. In
agreement with the study by Ni et al, several biochemical tests were conducted to determine the
conformation of pathogenic bacteria (26). This suggests that the drinking water in Barkhan city was highly
contaminated which raises the risk of illnesses caused by these bacteria. In contrast to our findings a
research study conducted in Lahore, the outcomes of this research work exhibited that 76% of water samples
were contaminated with pathogenic bacteria, where the occurrence of E. coli was 22%, Pseudomonas
aeruginosa 12% which shows a higher prevalence and S. typhi was not detected from any water sample (20).

In addition, antibiotics remained the first drug of choice for treating microbial diseases. Likewise, E.
coli is one of the most important bio-indicator models for surveillance studies on antibiotic resistance
because of its propensity to develop resistance. Using the disc diffusion method, antibacterial resistance
testing was carried out against S. typhi, E. coli, and P. aeruginosa using eight different antibiotics. According
to our result, all S.typhi isolates were highly resistant to Ampicillin (95%), Ceftriaxone (85%),
Chloramphenicol (90%), Gentamicin (85%), Sulfamethoxazole/ Trimethoprim (80%), E. coli isolates were
resistant against Ampicillin (90%) followed by Ceftriaxone (85%), Chloramphenicol (80%), Azithromycin
(75%) and Sulfamethoxazole/ Trimethoprim (70%) while P.aeruginosa isolates were found resistance against
Ampicillin (100%), Ceftriaxone (95%), Chloramphenicol (90%), Azithromycin (75%) and Sulfamethoxazole/
Trimethoprim (70%) while all pathogenic isolates were highly sensitive to imipenem.

Compared with the current study Anjum ef al., obtained data about the antimicrobial resistance profile

of S. typhi, which exhibited high resistance rates of 98.7% against Ampicillin, 96% against Trimethoprim-
sulfamethoxazole and Chloramphenicol, 94.7% to Ceftriaxone and 82.2% to Ciprofloxacin, 2.63% to
Azithromycin (27). Similarly, the previous study published by Khan et al., documented that S. typhi is
resistant against Trimethoprim-sulfamethoxazole and Ampicillin with a ratio of 89%, and 82% respectively
(28). However, all the isolates of S. typhi were sensitive against Imipenem. In late 2000, since the 1st line
antibiotics for S.typhi showed resistance, Fluoroquinolones, and 3rd-generation Cephalosporin were used in
many endemic places and countries including Pakistan (29).
Furthermore, in agreement with our findings, the result of previous research work revealed that E. coli
isolates were resistant to Chloramphenicol (94.29%), Ampicillin (82.86%), and Trimethoprim-
Sulfamethoxazole (65.71%) (30). Another study also shows that E. coli isolates were resistant to (82.6%)
against Ampicillin followed by Chloramphenicol, Trimethoprim-Sulfamethoxazole (32.7%), Ceftriaxone
(30.7%), and Ciprofloxacin (21.1%) respectively (31).

Currently, high resistance rates of Pseudomonas aeruginosa with Ampicillin, Chloramphenicol,
Cotrimoxazole, and Tetracycline are frequently observed (32). Another study of P. aeruginosa isolated from

river water showed higher sensitivity to Ciprofloxacin and Imipenem and showed resistance to
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Erythromycin and Trimethoprim/sulfamethoxazole (33). Likewise, Okafor et al., also reported that isolates of
P. geruginosa showed complete resistance to Amoxicillin (100%) while sensitive to Ciprofloxacin (69.89%)
and Gentamicin (91.97%) was also observed (33).

The differences in results of all studies discussed above may be due to several reasons including
geographical differences, types of sample collection and isolation methods, socioeconomic conditions,
number of microorganisms that were isolated, and type of water samples. Additionally, a broken water
supply system may cause drinking water contamination. Likewise, overflow from the sewer collection
system is another source of contamination of drinking water. Worldwide reports of antimicrobial

susceptibility are wide-ranging due to the impact of geographical location and variations in antibiotic use.

CONCLUSION

The findings of the current study revealed that the water of Barkhan City is tainted with numerous
pathogenic bacteria and unfit for human consumption. Unscrupulous dumping of domestic wastes, poor
drainage facilities, Open defecation, and a water-logging environment are the main causes of deterioration
of water quality in this city. The study also displayed that widespread water-borne illnesses are common in
this region. Thus, this study concluded that globally accepted guidelines for treatment and prevention
policies should be implemented through national authorities and at the individual level. Awareness of the
use of clean water must be emphasized. In addition, filtration and boiling of tap and boring water reduces

the number of pathogens in it, making it safer and better for human consumption.
Conflict of Interest:
The authors have no conflict of interest.

References:

1. Zhang D, Sial MS, Ahmad N, Filipe AJ, Thu PA, Zia-Ud-Din M, Caleiro AB. Water scarcity and
sustainability in an emerging economy: a management perspective for future. Sustainability.
2020;13(1):144.

2. Daud MK, Nafees M, Ali S, Rizwan M, Bajwa RA, Shakoor MB, Arshad MU, Chatha SA, Deeba F,
Murad W, Malook I. Drinking water quality status and contamination in Pakistan. BioMed research
international. 2017;2017(1):7908183.

3. Saima S, Ferdous ], Sultana R, Rashid RB, Almeida S, Begum A, Jensen PK. Detecting enteric
pathogens in low-risk drinking water in Dhaka, Bangladesh: An assessment of the WHO water safety
categories. Tropical Medicine and Infectious Disease. 2023; 8(6):321.

4. Paruch L, Paruch AM, Eiken HG, Serheim R. Faecal pollution affects abundance and diversity of
aquatic microbial community in anthropo-zoogenically influenced lotic ecosystems. Scientific Reports.
2019; 9(1):19469.

5. Qamar K, Nchasi G, Mirha HT, Siddiqui JA, Jahangir K, Shaeen SK, Islam Z, Essar MY. Water
sanitation problem in Pakistan: A review on disease prevalence, strategies for treatment and
prevention. Annals of Medicine and Surgery. 2022; 82:104709.

6. Kichana E, Addy F, Dufailu OA. Genetic characterization and antimicrobial susceptibility of
Escherichia coli isolated from household water sources in northern Ghana. Journal of water and
health. 2022;20(5):770-80.

7. Price RG, Wildeboer D. E. coli as an indicator of contamination and health risk in environmental
waters. Escherichia coli-Recent Advances on Physiology, Pathogenesis and Biotechnological
Applications. 2017; 3.

8. Matono T, Morita M, Yahara K, Lee KI, Izumiya H, Kaku M, Ohnishi M. Emergence of resistance
mutations in Salmonella enterica serovar Typhi against fluoroquinolones. InOpen Forum Infectious
Diseases. US: Oxford University Press. 2017;4(4): 0fx230).

9. Das JK, Hasan R, Zafar A, Ahmed I, Ikram A, Nizamuddin S, Fatima S, Akbar N, Sultan F, Bhutta ZA.
Trends, associations, and antimicrobial resistance of Salmonella typhi and paratyphi in Pakistan. The
American journal of tropical medicine and hygiene. 2018;99(3 Suppl):48.

10. Bogiel T, Depka D, Rzepka M, Kwiecinska-Pirég J, Gospodarek-Komkowska E. Prevalence of the
genes associated with biofilm and toxins synthesis amongst the Pseudomonas aeruginosa clinical
strains. Antibiotics. 2021; 10(3):241.

@ @ Copyright © 2024 Authors. This is an open access article distributed under the Creative Commons Attribution License, which permits
unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.



11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Pak Euro Journal of Medical and Life Sciences. Vol. 7 No. 2

Behzadi P, Barath Z, Gajdacs M. It's not easy being green: a narrative review on the microbiology,
virulence and therapeutic prospects of multidrug-resistant Pseudomonas aeruginosa. Antibiotics.
2021;10(1):42.

Banin E, Hughes D, Kuipers OP. Bacterial pathogens, antibiotics and antibiotic resistance. FEMS
microbiology reviews. 2017; 41(3):450-2.

Prestinaci F, Pezzotti P, Pantosti A. Antimicrobial resistance: a global multifaceted phenomenon.
Pathogens and global health. 2015;109(7):309-18.

Tule A, Hassani U. Colonization with antibiotic-resistant E. coli in commensal fecal flora of newborns.
International Journal of Current Microbiology and Applied Science. 2017; 6:1623-9.

Pan M, Chu LM. Occurrence of antibiotics and antibiotic resistance genes in soils from wastewater
irrigation areas in the Pearl River Delta region, southern China. Science of the total environment. 2018;
624:145-52.

Bengtsson-Palme J, Larsson DJ. Concentrations of antibiotics predicted to select for resistant bacteria:
Proposed limits for environmental regulation. Environment international. 2016; 86:140-9.

Webber A, Baker ], Gaudry L, Swatuk LA. Water as threat and solution: improving health outcomes in
developing country contexts. Water, Energy, Food and People across the Global South: “The Nexus” in
an Era of Climate Change. 2018:187-206.

Biirgmann H, Frigon D, H Gaze W, M Manaia C, Pruden A, Singer AC, F Smets B, Zhang T. Water
and sanitation: an essential battlefront in the war on antimicrobial resistance. FEMS microbiology
ecology. 2018;94(9):fiy101.

Ahmad B, Liaquat M, Ali ], Bashir S, Mohammad S, Abbas S, Hassan S. Microbiology and evaluation
of antibiotic-resistant bacterial profiles of drinking water in Peshawar, Khyber Pakhtunkhwa. World
Applied Sciences Journal. 2014; 30(11):1668-77.

Zahra FT, Saleem S, Imran M, Javed N, Ghazal A, Ch S. Association of Drinking Water and Enteric
Fever: A Disguised Source of Infection. Pakistan Journal of Medical & Health Sciences. 2022;16(05):41-.
Khattab MA, Nour MS, ElSheshtawy NM. Genetic identification of Pseudomonas aeruginosa
virulence genes among different isolates. ] Microb Biochem Technol. 2015; 7(5):274-7.

Song JH, Cho H, Park MY, Na DS, Moon HB, Pai CH. Detection of Salmonella typhi in the blood of
patients with typhoid fever by polymerase chain reaction. Journal of Clinical Microbiology. 1993;
31(6):1439-43.

Gannon VP, King RK, Kim JY, Thomas EJ]. Rapid and sensitive method for detection of Shiga-like
toxin-producing Escherichia coli in ground beef using the polymerase chain reaction. Applied and
environmental microbiology. 1992; 58(12):3809-15.

Bauer AW, Kirby WM, Sherris JC, Turck M. Antibiotic susceptibility testing by a standardized single
disk method. American journal of clinical pathology. 1966; 45(4_ts):493-6.

Khan NM, Bano A, Khan GI. Contaminated Waste Water Irrigation and its Impacts on Human Health.
Pak-Euro Journal of Medical and Life Sciences. 2021;4(Special Is):5126-37.

Ni J, Zhu W, Wang Y, Wei X, Li ], Peng L, Zhang K, Bai B. A Reference chart for clinical biochemical
tests of hemolyzed serum samples. Journal of Clinical Laboratory Analysis. 2021; 35(1):e23561.

Anjum M, Soomro S, Kulsoom S, Bibil S, Asim S, Riaz M. Clinical Spectrum, Laboratory Profile and
Antibiotic Susceptibility Pattern of Children with Enteric Fever at a Tertiary Care Hospital of Karachi.
Journal of Islamic International Medical College (JIIMC). 2021;16(1):4-9.

Khan S, Ali 5, Muhammad S, Khan B, Ali A, Hesham EL, Begum S. Bacterial contamination in
drinking water of urban Peshawar: a comparative study at the sources and user points of tube wells.
Desalination and Water Treatment. 2020; 181:221-7.

Ahmad S, Zahid SB, Salahuddin A, Khan A, Khan MH, Ali HM. Trends in antibiotic susceptibility of
enteric fever isolates among children attending a tertiary care hospital of Peshawar, KP. Journal of
Rehman Medical Institute. 2020;6(3):20-3.

Shekhar C, Joshi N, Singh A. Prevalence of Multidrug-Resistant Escherichia coli in Drinking-Water in
and around Ayodhya (UP), India. Indian Journal of Veterinary Sciences & Biotechnology. 2023;
19(1):112-5.

Odonkor ST, Addo KK. Prevalence of multidrug-resistant Escherichia coli isolated from drinking
water sources. International journal of microbiology. 2018; 2018.

Mercy OA, Nagaraja S. Occurrence, Molecular Characterisation and Antibiogram of Water Quality
Indicator Bacteria (Pseudomonas Aeruginosa and Enterobacter Aerogenes) in Water Samples from
Klang River. 2019;4(1):1-17.

@ G) Copyright © 2024 Authors. This is an open access article distributed under the Creative Commons Attribution License, which permits

unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.



Pak Euro Journal of Medical and Life Sciences. Vol. 7 No. 2

33.  Ogu GI, Madar IH, Olueh AA, Tayubi IA. Antibiotic susceptibility profile of bacteria isolated from
drinking water sources in Amai Kingdom, Delta State, Nigeria. Annual Research & Review in Biology.
2017; 14(1):1-9.

@ G) Copyright © 2024 Authors. This is an open access article distributed under the Creative Commons Attribution License, which permits
unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.



