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ABSTRACT 
 

Background: The quest for potability of drinking water in various homes led to the widely use of 
chlorine or chlorine compound in treatment of water. Which however has contributed to increasing 
incidences of antibiotic resistance in the environment.  
Aim: This study aimed to investigate the microbial reduction potential and contribution of Sodium 
hypochlorite, NaOCl, to incidence of stress response genes in antibiotic-resistant bacteria.  
Study Design: Experimental Design was adopted in this study  
Place and Duration of the Study: The study was carried out at the Department of Microbiology, 
Faculty of Science, Ekiti State University between October, 2019 and February, 2020.  
Methodology: Sixteen (16) different water samples were randomly collected from various homes in 
Ajilosun, Ado-Ekiti and were chlorinated following manufacturer’s instruction. Microbial load of both 
raw and chlorinated water was determined using standard pour plate technique. Standard streaking 
method was used to isolate bacteria from chlorinated water samples. Standard CLSI technique was 
used to test the sensitivity of isolates to different antibiotics and PCR technique was employed to 
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detect stress response genes (RpoS, RpoN, KatF genes) in multiple antibiotic-resistant bacterial 
isolates. 
Results: The result showed 24% and 52% reduction in the microbial load of well and pipe-borne 
water samples respectively following treatment with NaOCl for 180 sec. The different identified 
bacterial isolates recovered from chlorinated water samples included Enterobacter aerogenes (7.14 
%), Proteus vulgaris (10.71 %), Escherichia coli (25 %), Bacillus cereus (32.14 %), Bacillus 
licheniformis (14.29 %) and Staphylococcus aureus (10.70 %). The bacterial isolates demonstrated 
varying resistance pattern to the different antibiotics. RpoS, RpoN and KatF genes encoding stress 
responses were detected in some of the tested antibiotic-resistant isolates.  
Conclusion: The study therefore stresses the importance of chlorination in contributing to 
increasing incidence of resistance of bacteria to stressors in the environment. Hence, subverting 
chlorination efficacy in treatment of water. 
 

 

Keywords: Antibiotic resistance; drinking water; sodium hypochlorite; stress genes; total viable 
bacterial count. 

 

1. INTRODUCTION  
 

The lack of access to potable water, increasingly 
impaired by the presence of waterborne 
pathogens, continues to be a major contributor to 
the disease burden, morbidity, retardation of 
economic growth and well-being of the populace 
in many developing countries including Nigeria 
[1-2]. Due to this global challenge, many homes 
employ water disinfection strategies to ensure 
potability of the water available in their homes. 
Chlorine or chlorine compound becomes an 
attractive option for disinfection of water in most 
homes in the developing countries. This is 
because chlorine is easy to handle, destroys 
target microorganisms by oxidizing cellular 
materials, and is more cost-effective than either 
UV or ozone [3]. 
 

In this study, Sodium hypochlorite, NaOCl, with 
the product name “Water guard” was used as a 
chlorine compound in investigating its efficacy on 
reduction of bacterial load of water samples 
collected from different homes in Ado-Ekiti, Ekiti 
State, Nigeria. Generally, it has been observed 
that water guard is widely used in many homes in 
both urban and sub-urban areas in Ekiti as water 
disinfectants. Water guard is a greenish yellow 
liquid that is prepared by reacting dilute caustic 
soda solution with liquid or gaseous chlorine 
accompanied by cooling and is used as a 
disinfectant in water and waste water treatment, 
swimming pool and sanitary equipment among 
other uses [4]. 
 

Although, the use of chlorination is of benefits for 
the production of safe drinking water, chlorination 
may also promote the increase of antibiotic 
resistance genes (ARG) and free bacterial DNA 
in the environment [5]. Antibiotic resistance is 
due to the presence of ARGs in chromosomes 

and/or in mobile genetic elements such as 
transposons and plasmids [6]. Antibiotic 
resistance genes can be spatially or functionally 
associated with other genetic elements which 
can cause a positive co-selection of ARGs due to 
a primary selection of the associated genes [7]. 
Antibiotic and disinfectant resistance can be 
associated by sharing of function by co-
regulation of their genes [8].  On the other hand, 
ARGs, horizontally transferred in microbial 
communities, can as well be associated with 
cross-resistance factor such as efflux 
mechanisms capable of detoxifying multiple 
stressors [9]. 
 

Studies have reported resistance of antibiotic 
resistant-bacteria to chlorination [1,10-12]. This 
may likely be induced by the underlying 
mechanisms of cross- or co-resistance to 
disinfectants and antibiotics [11-12].  Hence, the 
need to continually monitor the occurrences of 
Antibiotic resistant bacteria in chlorinated water. 
This study therefore aimed to determine the level 
of microbial load of different water samples 
available for domestic use and determine the 
efficacy of the ‘water guard’ used in water 
treatment. Also, the effect of cross- or co-
resistance to chlorination and antibiotics will be 
determined by investigation the presence of 
Stress response genes, such as RpoS, RpoN, 
KatF which are generally important for bacterial 
survival during water treatments, in antibiotic 
resistant bacteria. 
 

2. MATERIALS AND METHODS 
 

2.1 Sampling Site and Water Sampling 
 

Eight (8) well and pipe-borne water samples 
each was randomly collected from different 
houses in Ajilosun Area, Ado-Ekiti following 
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standard procedure. Ajilosun area is located 7.62 
latitude and 5.22 longitudes. Each water              
sample was collected into 1 L sterile screw 
capped bottles and transferred into an ice             
pack. The samples were taken to                             
the laboratory immediately for                             
analyses. 
 

2.2 Chlorination of Water samples  
 
According to the manufacturer’s instruction, 0.03 
g of water guard was weighed and poured into 
500 mL of each water sample in different test-
tubes and mixed together properly. Then, 
exposure time was varied as follows: 30 sec, 60 
sec, 90 sec.120 sec, 150 sec and 180                   
sec. 
 
2.3 Enumeration of Bacterial Load of 

both Raw and Chlorinated Water 
Samples  

 
Each of the water samples was serially diluted to 
dilution 10

-3
 after which 1 ml of 10

-3 
was used to 

inoculate molten Nutrient agar plates using 
standard pour plates technique. Then incubated 
at 37 

o
C for 24 h. Thereafter, colonies were 

counted using colony counter. 
 

2.4 Isolation and Identification of Bacteria 
from Chlorinated Water                 
Samples 

 
From each of chlorinated water samples, 1 ml 
was aseptically withdrawn with a sterile syringe 
and were transferred onto Nutrient MacConkey 
and Eosin Methylene Blue (EMB) agar plates, 
using standard pour plate method. The plates 
were incubated at 37 ⁰C for 24 h. After which, 
colonies were isolated, sub-cultured and 
identified biochemically. 

  
2.5 Antibiotic Sensitivity Testing  
 
The Kirby-Bauer disk diffusion method was used 
to determine the antibiotic susceptibility profiles 
of the bacterial isolates from chlorinated water. 
Antibiotics multidisc used consisted of 
Tetracycline (10 µg), Cotrimoxazole (25 µg), 
Gentamicin (10 µg), Cefuroxime (30 µg), 
Chloramphenicol (10 µg), Ceftriaxone (30 µg), 
Cefotaxime (30 µg), Ciprofloxacin (5 µg), 
Amikacin (30 µg), Vancomycin (30 µg), 
Ceftazodime (30 µg), Menopenem                   
(30 µg) . 

2.6 Molecular Detections of Stress Gene, 
RpoN, RpoS and KatF Genes from 
Multiple Antibiotic-Resistant (MAR) 
Bacterial Isolates from Chlorinated 
Water Samples 

  
2.6.1 DNA extraction 
 

Identified bacterial Isolates from chlorinated 
which showed multiple antibiotic resistance were 
selected for the detection of stress genes.  DNA 
of each bacteria was extracted using the protocol 
stated by Kam [13]. Briefly, Single colonies 
grown on medium were transferred to 1.5 ml of 
liquid medium and cultures were grown on a 
shaker for 48 h at 28 ºC. After this period, 
cultures were centrifuged at 4600 g for 5 min. 
The resulting pellets were resuspended in 520 μl 
of TE buffer (10 mMTris-HCl, 1 mM EDTA, pH 
8.0). Fifteen microliters of 20 % SDS and 3 μl of 
Proteinase K (20 mg/ml) were then added. The 
mixture was incubated for 1 hour at 37 ºC, then 
100 μl of 5 M NaCl and 80 μl of a 10 % CTAB 
solution in 0.7 M NaCl were added and vortexed.  
The suspension was incubated for 10 min at 65 
ºC and kept on ice for 15 min.  An equal volume 
of chloroform: isoamyl alcohol (24:1) was added, 
followed by incubation on ice for 5 min and 
centrifugation at 7200 g for 20 min. The aqueous 
phase was then transferred to a new tube and 
isopropanol (1: 0.6) was added and DNA 
precipitated at –20 ºC for 16 h. DNA was 
collected by centrifugation at 13000 g for 10 min, 
washed with 500 μl of 70 % ethanol, air-dried at 
room temperature for approximately three hours 
and finally dissolved in 50 μl of TE buffer. 
 

2.6.2 Molecular analysis of RpoS, RpoN and 
KatF genes via PCR 

 

Molecular investigation of RpoS, RpoN and KatF 
genes in bacteria isolates was by simple PCR on 
the extracted DNA using RpoS, RpoN and KatF 
genes coding regions specific primers. Primer 
sequences for each gene are stated in Table 1. 
Reaction cocktail used for all PCR per primer set 
included (Reagent Volume µl) - 5X PCR SYBR 
green buffer (2.5), MgCl2 (0.75), 10 pM DNTP 
(0.25), 10 pM of forward and reverse primers, 
8000 U of taq DNA polymerase (0.06) and made 
up to 10.5 with sterile distilled water to which 2 µl 
template was added. Reaction profile for each 
RpoS, RpoN and KatF gene identification 
included an initial denaturing for 5min at 94 ºC, 
then 35 cycles of 94 ºC for 30 s, 59 ºC for 45 s 
and 72 ºC for 60 s and terminate at 72 ºC for 10 
min. PCR was carried out in a GeneAmp 9700 
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PCR System Thermal cycler (Applied Biosystem 
Inc., USA) using the appropriate profile as 
designed for each primer pair as previously. 
 
2.6.3 Integrity 
 
The integrity of the amplified fragments was 
checked on a 1.5 % Agarose gel ran to confirm 
amplification.  The buffer (1XTAE buffer) was 
prepared and subsequently used to prepare 1.5 
% agarose gel. The suspension was boiled in a 
microwave for 5 minutes. The molten agarose 
was allowed to cool to 60 °C and stained with 3 
µl of 0.5 g/ml ethidium bromide (which absorbs 
invisible UV light and transmits the energy as 
visible orange light). A comb was inserted into 
the slots of the casting tray and the molten 
agarose was poured into the tray. The gel was 
allowed to solidify for 20 minutes to form the 
wells. The 1XTAE buffer was poured into the gel 
tank to barely submerge the gel. Two microliter 
(2 µl) of 10X blue gel loading dye (which gives 
colour and density to the samples to make it 
easy to load into the wells and monitor the 
progress of the gel) was added to 4 µl of each 
PCR product and loaded into the wells after the 
100 bp DNA ladder was loaded into well 1. The 
gel was electrophoresed at 120 V for 45 minutes 
visualized by ultraviolet trans-illumination and 
photographed. The sizes of the PCR products 
were estimated by comparison with the mobility 
of a 100 bp molecular weight ladder that was ran 
alongside experimental samples in the gel. 
 
3. RESULTS AND DISCUSSION  
 
The result in Table 2 shows the mean total viable 
bacterial count of the raw and chlorinated water 
samples from different homes in Ajilosun, Ado-
Ekiti. The mean count of the raw water samples 
was considerably higher than chlorinated water 
samples. Also, a gradual reduction in coliform 
count with increase exposure rate was also 
observed in the water samples exposed to 

chlorine compound (water guard). Table 3 
reveals that total number of bacterial isolates 
recovered from chlorinated water samples. Pipe-
borne water samples had more isolates (60.71 
%) than the well water samples. The different 
identified bacterial isolates recovered from 
chlorinated water samples included Enterobacter 
aerogenes (7.14 %), Proteus vulgaris (10.71 %), 
Escherichia coli (25 %), Bacillus cereus (32.14 
%), Bacillus licheniformis (14.29 %) and 
Staphylococcus aureus (10.70 %) Table 4. Fig. 1 
depicts the percentage resistance profile of each 
identified bacteria from chlorinated water to 
different antibiotics. And it was observed that the 
bacterial isolates demonstrated varying 
resistance pattern to the different antibiotics. 
Among the antibiotics, Gentamicin (GEN) and 
Amikacin (AMK) were active against all the 
bacteria isolates while Ciprofloxacin (CIP) 
showed considerable activity against all the 
isolates except one E. coli and S. aureus. 
 
Table 5 shows the genomic purity of DNA isolated 
from the MAR bacteria from chlorinated water 
samples. The absorbance quotient values ranged 
from 1.92 to 2.32. The integrity of genomic DNA 
samples were confirmed on 1.5 % agarose gel by 
electrophoresis (Plate 1). 
 
The result shown on plate 2 depicts the PCR 
products amplified from the selected bacteria 
isolates with band size of approximately 300 bp. 
A positive amplification indicates the presence of 
RpoS gene. Results indicates that Proteus 
vulgaris in lane 3 and E. coli A and B in lane 6 
and 7 respectively were positive for the presence 
of RpoS genes (Plate 2). Plate 3 shows that only 
bacterial isolates, E. coli (A) and (B), on lane 6 
and 7 were positive for RpoN gene with band size 
of approximately 730 bp while                               
isolates, Bacillus licheniformis (A),  (B),   and E. 
coli (B) in lane 4, 5 and 7                                          
were positive for KatF with size of approximately 
500 bp (Plate  4). 

 
Table 1. Primers used in the study 

 
Gene Primer  Primer sequence Reference 
RpoS RpoS-F CCGTTATGGCAATCGTGGTCT [14] 

RpoS-R TGACGTCATCAACTGGCTTATCC 
RpoN RpoN-F GTCAGTAGGAGGCTGAACATGA [15] 

RpoN-R CGCATTAAAGTGCGGAAGTC  
KatF KatF-F TAACTTGCGTCTGGTGGTAAA Self 

KatF-R CGTCATCTTGCGTGGTATCT 
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Table 2. The mean total viable bacteria count (TVBC) of raw and chlorinated water samples collected from different homes in Ajilosun, Ado-Ekiti, 
Ekiti State 

 
Water 
sample (n) 

 Mean TVBC ± SD   
(log10 cfu/ml) 

30 secs 60 secs 90 secs 120 secs 150 secs 180 secs  % 
Reduction 
after 180 
secs 

 Raw water 
samples  

Mean TVBC ± SD (log10 cfu/ml) Chlorinated water samples  

Well (8)  4.1642 ±0.64 3.4545 ±0.28  3.2342 ±0.41 3.3914±0.47 3.3274 ±0.36 3.2494 ±0.47 3.1842±0.56 24% 
Pipe-borne 
water (8) 

3.7556 ±0.55 2.460 ±0.37 1.7518 ±1.24 1.8257 ± 1.31 1.8521 ±1.32 0.9261 ± 1.31 1.7934 ±1.27 52% 
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Table 3. Bacterial isolates recovered from chlorinated water samples 
 

Water samples (n) Total Number of isolates recovered (%) 
Wells (8) 11 (39.29) 
Pipe-borne (8) 17 (60.71) 
Total  28 (100) 

 
Table 4. Percentage occurrence of identified bacterial isolates from chlorinated water Samples 

from Ajilosun, ado- ekiti, ekiti- state 
 

Bacteria isolates Pipe-borne water N (%) Well water N (%) Total N (%) 
Enterobacter aerogenes 0 (0) 2(18.18) 2 (7.14) 
Proteus vulgaris 1(5.88) 2(18.18) 3 (10.71) 
Escherichia coli 4(23.53) 3(27.27) 7(25.0) 
Bacillus cereus 8(47.06) 1(9.09) 9 (32.14) 
Bacillus licheniformis 3(17.65) 1(9.09) 4 (14.29) 
Staphylococcus aureus 1(5.88) 2(18.18) 3(10.71) 
Total   17 (100) 11(100) 28 (100) 

 

 
  

Fig. 1. Percentage resistance pattern of bacteria isolates from chlorinated water samples 
KEY: TET- Tetracycline (10 µg), COT- Cotrimoxazole (25 µg), GEN- Gentamicin (10 µg), CRX- Cefuroxime (30 
µg), CHL- Chloramphenicol (10 µg), CTR- Ceftriaxone (30 µg), CTX- Cefotaxime (30 µg), CIP- Ciprofloxacin (5 
µg), AMK- Amikacin (30 µg), VAN-Vancomycin (30 µg), CPZ-Ceftazodime (30 µg), MEM-Menopenem (30 µg). 

 
Table 5. Integrity of DNA extracted from bacteria samples 

 
Sample ID Nucleic Acid Unit A260 (Abs) A280 (Abs) 260/280 
sdH2O 0.3 ng/µl 0.006 0.017 0.34 
1 955.5 ng/µl 0.111 0.049 2.28 
2 715 ng/µl 0.3 0.154 1.95 
3 949.5 ng/µl 0.189 0.089 2.12 
4 346.7 ng/µl 0.141 0.061 2.32 
5 510.6 ng/µl 0.211 0.096 2.2 
6 765.8 ng/µl 0.584 0.304 1.92 
7 1237.2 ng/µl 0.145 0.064 2.27 
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Plate 1. Nanodrop quantification showing the DNA quantity extracted from each bacteria 
isolates: Mk- marker, Lane 1-  Bacillus cereus (A),  Lane 2- Bacillus cereus (B), Lane 3- Proteus 
vulgaris, Lane 4- Bacillus licheniformis (A), Lane 5- Bacillus licheniformis (B), Lane 6 E. coli (A) 

and Lane 7- E. coli (B) 
 

 
 

Plate 2. Agarose Gel electrophoresis of the RpoS gene (300 bp) 
Mk- marker, Lane 1-  Bacillus cereus (A),  Lane 2- Bacillus cereus (B), Lane 3- Proteus vulgaris, Lane 4- Bacillus 

licheniformis (A), Lane 5- Bacillus licheniformis (B), Lane 6 E. coli (A) and Lane 7- E. coli (B) 
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Plate 3. Agarose gel electrophoresis of the RpoN gene (730 bp) 
Mk- marker, Lane 1-  Bacillus cereus (A),  Lane 2- Bacillus cereus (B), Lane 3- Proteus vulgaris, Lane 4- Bacillus 

licheniformis (A), Lane 5- Bacillus licheniformis (B), Lane 6 E. coli (A) and Lane 7- E. coli (B) 
 

 
 

Plate  4. Agarose gel electrophoresis of the KatF gene (500 bp) 
Mk- marker, Lane 1-  Bacillus cereus (A),  Lane 2- Bacillus cereus (B), Lane 3- Proteus vulgaris, Lane 4- Bacillus 

licheniformis (A), Lane 5- Bacillus licheniformis (B), Lane 6 E. coli (A) and Lane 7- E. coli 

 
The microbiological quality assessment of the 
different water samples before and after 
chlorination was essential for determining the 
presence or absence of organisms that might 
constitute health hazards from domestic use of 
the water. The total viable bacterial counts 

(TVBC) for all the samples were generally high, 
exceeding the limit of 2.0 log cfu/ml which was 
the standard limit for heterotrophic count of 
drinking water [16]. This is in agreement with 
findings from study by Agwaranze, et al. [17] who 
also reported a considerable high TVBC from 
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different well water samples collected in Wukari, 
Taraba State, Nigeria. The high TVBC observed 
in the well water samples indicated the presence 
of high organic matter and related nutrient 
sources. The likely primary source of bacterial 
contamination might include the surface run-off, 
natural soil/plants bacteria and improper 
management activities of the inhabitants like 
washing, refuse disposal, faecal droppings, 
dipping of different fetchers inside the wells 
which were observed during onsite observation 
at Ajilosun, Ado-Ekiti. It was also observed that 
chlorination of the water samples according to 
manufacturer’s instruction at exposure rate of 
180 secs was effective in reducing the TVBC of 
the water sample. The TVBC level at 180 secs 
for the well water samples was not safe for 
consumption. Though Water Guard has 100% 
efficacious against pathogens, the inefficacy 
noticed on well water samples can be affected by 
temperature, pH and organic matter 
concentration among other factors [18]. While the 
TVBC for pipe-borne water was reduced to safer 
level for consumption as it was ˂2.0 log cfu/ml.  
Tersagh, et al. [4] advocated for the use of water 
guard in various homes to disinfect their water 
before use as their study also confirmed a drastic 
reduction in TVBC after chlorination. 
 
Yoltana and Masitauri [18] reported 100 % 
disinfection microbial disinfection of water 
samples with water guard after 5minutes contact 
time. This is contrary to the results from this 
study as some microorganisms were isolated 
even after treatment with water guard following 
the manufacturer’s instruction. The various 
groups of microorganisms isolated and identified 
during this study have one pathogenic effect or 
the other and their presence is indicative of water 
contamination from some domestic sources. 
Hence unfit for human consumption. These 
microorganisms; Enterobacter aerogenes, 
Proteus vulgaris, Escherichia coli, Bacillus 
cereus, Bacillus licheniformis and  
Staphylococcus aureus; isolated from chlorinated 
water samples are said to be chlorine-resistant or 
chlorine-tolerant. This corroborates the results 
obtained from study by Tersagh, et al. [4]. They 
recovered Escherichia coli (49.27 %), Klebsiella 
spp (16.79 %), Diphtheroid spp (6.57 %), 
Staphylococcus aureus (27.37 %) after treatment 
of water samples with water guard.  
 
This study also revealed that chlorine-resistant 
bacterial isolates were at the same time resistant 
to majority of the antibiotics used during antibiotic 
sensitivity testing. Theoretically, chlorination of 

water should help diminish, or even eliminate, 
ARB and ARG. However, it has been reported 
that the ARG level is higher in chlorinated water 
than that in pre-disinfected water [5,12,19-21]. 
This might probably be as a result of the release 
of extracellular ARG released from killed bacteria 
during chlorination process [22]. Thus, promoting 
the uptake of released ARG and genetic 
transformation across bacteria. Furthermore, 
culturable chlorine-injured bacteria may play 
roles in this process. Culturable chlorine-injured 
bacteria are viable but physiologically unhealthy 
populations tolerant to chlorine [21]. These 
bacteria may account for as much as 90% of all 
indicator bacteria present after disinfection 
[23,21].  
 
The co-occurrence of chlorine and antibiotic 
resistance of the bacterial isolates in this study 
could be associated by sharing of function 
(chlorine and antibiotic resistance expressed by 
the same gene, commonly indicated as cross-
resistance), by co-regulation of their gene 
expression and by the co-localization of 
resistance genes (chlorine resistance and AR 
genes physically located on the same mobile 
element, commonly indicated as co-resistance) 
[24].  In addition, Krige [25] reported that cross-
resistance may be involved in the antibiotic 
resistance promotion, since chlorination can 
decrease bacterial membrane permeability and 
inhibit molecular transport which results in 
antibiotic resistance.  
 
This study reports the presence of stressed 
genes, RpoS, RpoN and KatF in some of the 
ARB investigated which could probably be as a 
result of the afore-mentioned factors. The gene 
RpoS (RNA polymerase, sigma S) encodes the 
sigma factor sigma-38 (σ38, or RpoS), a 37.8 kD 
protein in Escherichia coli [26]. RpoS is a  
stationary phase/stress sigma factor of 
Escherichia coli which regulates a large cohort of 
genes important for the cell to deal with 
suboptimal conditions. Its level increases quickly 
in the cell in response to many stresses like UV 
radiation, acid, temperature, osmotic shock, 
oxidative stress and nutrient deprivation [27-28] 
and returns to low levels when growth resumes. 
Increased RpoS results from increased 
translation and decreased RpoS degradation 
[29]. RpoS as a central regulator of the general 
stress response, operates in both a retroactive 
and a proactive manner: it not only allows the cell 
to survive environmental challenges, but it also 
prepares the cell for subsequent stresses (cross-
protection) [30]. 
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The gene RpoN (RNA polymerase, nitrogen-
limitation N) encodes the sigma factor sigma-54 
(σ54, sigma N, or RpoN), a protein in Escherichia 
coli and other species of bacteria. It was 
originally identified as a regulator of genes 
involved in nitrogen metabolism and assimilation 
under nitrogen limiting conditions [31]. RpoN 
(σ54) is a conserved regulator in the bacterial 
kingdom that plays essential roles in regulating 
metabolism, motility and virulence of different 
species [32-33]. While the protein encoded by 
KatF (putative sigma factor) gene regulates 
several other genes important for survival during 
dormancy. Variants of KatF protein may 
selectively initiate transcription on some (but not 
all) promoters in response to different adverse 
environmental conditions or stage of growth of 
cells [34]. This gene identified in some of the 
ARB investigated enhance long-term survival in 
nutrient-deficient medium and have a diverse 
group of functions including protection against 
DNA damage, the determination of 
morphological changes, the mediation of 
virulence, osmoprotection, and thermotolerance. 
 

4. CONCLUSION 
  
The study reveals the importance of chlorination 
in reducing microbial load of drinking water. 
However, it also pinpoints chlorination impact in 
contributing to increasing incidences of 
resistance of bacteria to stressors (water 
treatment methods) in water environment by the 
detection of stress genes in antibiotic-resistant 
bacteria recovered from chlorinated water. 
Hence, underscoring the paradoxical role of 
chlorine or chlorine compound in water 
treatment. 
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