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Abstract 

Antibiotic-resistant bacteria (ARB) and antibiotic-resistant genes (ARG) are a global health problem. Their 

detection in drinking water samples speaks volumes because water is an essential prerequisite for a healthy life. 

This study aimed to evaluate the ARG distribution in ultraviolet (UV) treated water samples. One liter each of 

the thirty well water and borehole water samples were obtained from different dormitories at Ekiti State 

University in Ekiti State. Each water sample was treated with ultraviolet at 254 nm for 30 min. Bacterial 

detection and isolation were performed on UV-treated water samples using the standard pour plate technique, 

and the identification of isolates was performed using standard biochemical methods. The isolates were tested 

for antibiotic sensitivity according to the Institute of Clinical and Laboratory Standards' procedures. Five ARBs 

exhibiting resistance to multiple antibiotics were selected and subsequently detected at the molecular level of 

ARG including tetA, ctx-M and sul1 by PCR technique. Twenty different bacteria belonging to seven species 

were identified: Escherichia coli (25%), Klebsiella aerogenes (5%), Enterobacter aerogenes (10%), 

Staphylococcus aureus (25%), Proteus spp. (5%), Bacillus lichenifomis (10%) and Bacillus cereus (20%). A 

remarkable resistance profile was observed among the bacteria and tetA gene was present in Staphylococcus 

aureus and E. coli. Only Enterobacter aerogenes was positive for sul1 genes and none of the bacterial isolates 

was positive for ctx-M.  The study showed that ARG persisted despite UV treatment, indicating that water 

treatment did not completely remove ARG. Hence the spread of ARG in the environment. 
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1. Introduction 

The society today is concerned with several incidences 

of waterborne infections which has resulted into health 

issues and loss of lives globally [1]. This global health 

concern results into application of different 

technologies to disinfect water before consumption. 

Drinking water are now being treated chemically and 

physically to ensure removal of pathogenic microbes. 

Among many physical method of water treatments is 

Ultraviolet (UV) radiation treatment. Ultraviolet 

disinfection of drinking water is a global water 

purification technology [2]. Its radiation has many 

benefits, including inactivation of bacteria, viruses and 

protozoa; no taste and odour in the water; no 

sterilization by-products; no overdose effect; practical 

use; relatively fast processing method/speed compared 

to some filters such as sand and ceramic filters; and 

reduce maintenance requirements [3-5]. This 

technology has been adopted largely for its advantages 

and is therefore available in small UV systems, 

including commercially available household systems 

and locally manufactured UV tube systems which has 

become an appropriate treatment option for developing 

communities [6]. 

The effectiveness of UV technology depends on a 

number of parameters, such as: UV intensity, exposure 

time, surface, water transparency, among others [7]. 

The optimal effectiveness of germicidal UV light is at 

254-260 nm [8]. UV light deactivates microorganisms 

by damaging the deoxyribonucleic acid (DNA) and 

ribonucleic acid (RNA) of microbial cells. When 

microbial cells are exposed to UV light, their DNA and 

RNA absorb the UV light and form dimers (covalent 

bonds between identical nucleic acids) leading to cell 

damage. The dimer causes defects in the transcription 

of information from DNA to RNA, thereby disrupting 

microbial replication. The microorganisms are still 

alive but cannot multiply and are therefore not 

infectious [9, 10]. Despite the effectiveness of this 

technology, one report indicates that UV-inactivated 

cells can regain viability through repair mechanisms 

[11]. For example, reactivation of light by 

simultaneous or sequential irradiation with near-

ultraviolet light and visible light (300–500 nm), often 

referred to as “repair light” [12]. In addition, nucleotide 

or base excision repair is often referred to as "dark 

repair" [13]. They also contribute to the persistence of 

pathogens and especially antibiotic-resistant bacteria, 

of world importance in the clinical field. UV-

sterilization has been found to increase bacterial 

resistance to sulfadiazine, vancomycin, rifampicin, 

tetracycline and chloramphenicol [12, 14-16]. 

Therefore, the distribution of antibiotic resistance 

genes in drinking water after disinfection is an 

important public health issue. In view of this, the study 

aimed to investigate the distribution of some antibiotic 

resistance genes in UV-treated water. 
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2. Materials and Methods  

2. 1 Sample collection 

One Litre each of thirty (30) borehole and well water 

samples were collected from different hostels in Ekiti 

State University, Ekiti State using standard sampling 

technique demonstrated by Tersagh et al. [17] 

2.2 Treatment of water sample with UV light 

The UV lamp type used was low pressure mercury 

lamp producing monochromatic UV light at 254nm. 

Each water sample was exposed to Ultraviolet (UV) 

treatment at room temperature for 30 mins. And control 

water sample was not exposed to UV treatment.  

2.3 Isolation and identification of bacteria from UV-

treated water samples 

Bacterial detection and isolation were performed on the 

UV-treated water samples using standard pour plate 

technique and identification of the isolates were 

performed using standard biochemical methods. 

2.4 Antibiotic susceptibility testing 

Bacterial isolates from UV-treated water samples were 

then subjected to antibiotic sensitivity testing following 

Clinical and Laboratory Standards Institute procedure 

[18]. The antibiotics disc used included TET-

tetracycline, COT-trimethoprim/sulfamethoxazole, 

GEN-gentamicin, CRX-cefuroxime, CHL-

chloramphenicol, CTR-ceftriaxone, CTX-cefotaxime, 

CIP-ciprofloxacin, AMK-Amikacin, MEM-

meropenem, VAN-vancomycin and CPZ-

cefoperazone 

2.5 Determination of Multiple antibiotic resistance  

This was determined by considering resistance of 

bacterial isolates to more than 2 classes of antibiotics 

[19]. 

2.6 Molecular Detection of antibiotic resistance genes 

(ARGs) 

Five (5) isolates which demonstrated multiple 

resistance were selected and then subjected to 

molecular detection of ARGs which included tetA, ctx-

M and sul1 using PCR technique. The primer used are 

shown in Table 2.1.  

Table 2.1: Primers used for molecular detection of ARG 

Antibiotic Gene Primer  Primer sequence Reference 

Tetracycline tetA tetA-F GCTACATCCTGCTTGCCTTC [20] 

tetA-R CATAGATCGCCGTGAAGAGG 

Beta Lactamase ctx-M ctx-MF CGCTTTGCGATGTGCAG [21] 

ctx-MR ACCGCGATATCGTTGGT   

Sulfamethoxazole sul1 sul1-F TGA GAT CAG ACG TAT TGC GC [22] 

  sul1-R TTG AAG GTT CGA CAG CAC GT 

3. Results and Discussion 

Result in Table 3.1 shows the distribution of bacteria 

recovered from UV-treated water samples. Twenty 

bacterial isolates were identified belonging to seven 

groups which included Escherichia coli (25%), 

Klebsiella aerogenes (5%), Enterobacter aerogenes 

(10%), Staphylococcus aureus (25%), Proteus spp. 

(5%), Bacillus lichenifomis (10%) and Bacillus cereus 

(20%).  It was observed that the Gram-positive bacteria 

are more resistant to the UV-treatment than the Gram-

negative bacteria in terms of numbers of isolates 

recovered after treatment (Table 3.1). Figure 3.2 shows 

the percentage resistance pattern among the isolates. 

The figure depicts that all the isolates showed 

resistance to tetracycline, ceftriaxone and cefotaxime 

with least resistance to ciprofloxacin and amikacin. 

Staphylococcus aureus were resistant to all the 

antibiotics except amikacin while Klebsiella 

pneumoniae were susceptible to all the antibiotics 

except tetracycline, cefuroxime, chloramphenicol, 

ceftriaxone and cefotaxime. Proteus vulgaris showed a 

notable resistance (100%) to all the antibiotics except 

chloramphenicol, ciprofloxacin and amikacin. 

Likewise, Klebsiella pneumoniae showed 100% 

resistance to tetracycline, cefuroxime, 

chloramphenicol, ceftriaxone and cefotaxime. All 

other bacteria showed considerable resistance to many 

of the antibiotics. The bacterial isolates demonstrated 

multiple antibiotic-resistance (MAR) to the different 

groups of the antibiotics used. The MAR-Index 

(MARI) for each bacterial isolate is shown in Figure 

3.2.  It was observed that all the isolates that 

demonstrated multidrug resistance (i.e resistance to ≥ 3 

classes of antibiotics) have MARI > 0.2 which is 

significant (Fig. 3.2). Staphylococcus aureus had the 

highest MAR-index of 0.9 while Klebsiella 

pneumoniae and Bacillus lichenifomis had the least 

MAR-index of 0.4. 

Nanodrop quantification showing the DNA quantity 

and quality extracted from each bacteria isolate is 

shown in Table 3.2. Result in this table shows that 

Enterobacter aerogenosa had the highest quantity of 

nucleic acid while Escherichia coli (B) had the least 

quantity. The absorbance quotient for nucleic acid 

quality was between 1.85 and 1.95. This is indicative 

of a good and purified Nucleic acid (Table 3.2). Figure 

3.3 shows the integrity of DNA extracted from all the 

bacterial samples with different intensity bands. 

Organisms in lane 1, 2, and 3 show high intensity band 

while organisms in lane 4 and 5 show low intensity 

band. The agarose gel electrophoresis for the detection 

of antibiotic resistance genes is shown in Figure 3.4-

3.6. Figure 3.4 indicates that Staphylococcus aureus 

and Escherichia coli (A) were positive for the presence 
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of TetA genes of approximately 210 bp. There was no 

organism carrying Ctx-M gene (Figure 3.5) while only 

Enterobacter aerogenes was positive for the presence 

of Sul1 genes of 330bp (Figure 3.6). 

Table 3.1: Distribution of bacteria recovered from UV-

treated water samples. 

S/N  Isolates Freq. (%) 

1 Escherichia coli 5 25 

2 Klebsiella pneumoniae 1 5 

3 Enterobacter aerogenes  2 10 

4 Staphylococcus aureus  5 25 

5  Proteus vulgaris 1 5 

6  Bacillus lichenifomis  2 10 

7 Bacillus cereus 4 20 

 Total 20 100 

 

 
Figure 3.1: Multiple antibiotic resistance-index of 

antibiotic-resistant bacterial isolates from UV-

treated water samples 

 
Figure 3.2: The percentage resistance pattern of bacteria recovered from well and borehole water sample 

 

Table 3.2: Nanodrop quantification showing the DNA quantity and quality extracted from each bacteria isolate 

Sample ID Sample bacteria Nucleic Acid (ng/µl) A260 (Abs) A280 (Abs) 260/280 

𝒔𝒅𝑯𝟐𝑶 𝑠𝑑𝐻2𝑂  0.1 0.002 0.011 0.54 

1 Staphylococcus aureus 730.5 0.609 0.33 1.85 

2 Escherichia coli (A) 39.6 0.191 0.104 1.85 

3 Enterobacter aerogenosa 913 0.26 0.135 1.94 

4 Escherichia coli (B) 446.9 0.437 0.269 1.90 

5 Bacillus cereus 531.7 0.619 0.353 1.95 

6 Buffer control 554.9 0.197 0.124 1.95 

 
Figure 3.3: DNA integrity showing the presence of 

extracted DNA from bacteria samples 

PCR Loading arrangement: Mk-marker, 1- 

Staphylococcus aureus, 2 - Escherichia coli (A), 3- 

Enterobacter aerogenosa, 4-Escherichia coli (B), 5- 

Bacillus cereus and 6 -Buffer control 

 

 
Figure 3.4:    Agarose gel electrophoresis of the TetA 

gene (approximately 210 bp) 

PCR Loading arrangement: Mk-marker, 1- 

Staphylococcus aureus, 2 - E. coli, 3- Enterobacter 

aerogenosa, 4-Escherichia coli, 5- Bacillus cereus 

and 6 Buffer control 
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Figure 3.5: Agarose gel electrophoresis of the PCR 

products of Ctx-m gene (≈ 550bp) 

PCR Loading arrangement: Mk-marker, 1- 

Staphylococcus aureus, 2 - E. coli, 3- Enterobacter 

aerogenosa, 4-Escherichia coli, 5- Bacillus cereus 

and 6 Buffer control. 

 
Figure 3.6: Agarose gel electrophoresis of the PCR 

products of sul1 gene in selected bacteria isolates, 

(330bp). 

PCR Loading arrangement: Mk-marker, 1- 

Staphylococcus aureus, 2 - E. coli, 3- Enterobacter 

aerogenosa, 4 Escherichia coli, 5- Bacillus cereus 

and 6 Buffer control. 

Research shows that certain groups of organisms 

persist in water even after 30 minutes of UV exposure. 

This reinforces the results obtained in different studies 

reporting the survival of different types of bacteria after 

UV water treatment [23-25]. The resistance of bacterial 

strains to tetracycline, ceftriaxone and cefotaxime was 

similar to that found by Adesoji et al. [26], who also 

reported high bacterial resistance to older generation 

antibiotics such as tetracycline (0-100%), streptomycin 

(17-100). %) and sulfamethoxazole (33-100%). They 

also reported similar bacteria including Proteus, 

Klebsiella, Alcaligenes, Aeromonae which 

demonstrated MDR [26]. The results of this study 

agree with the findings of Ahmed et al. [27] who 

documented 115 E. coli from tap and groundwater 

samples, most were resistant to cefuroxime (88.7%), 

trimethoprim-sulfamethoxazole (62.6%), and 

amoxicillin-clavulanic acid (52.2%). Same authors 

further reported that multidrug resistance was mainly 

observed in E. coli (58%) [27]. 

The spread of antibiotic resistance genes in UV treated 

water samples is a major risk. Although there is no fully 

developed link between the release of resistance genes 

in the environment and the emergence of new resistant 

pathogens in the clinic, resistant bacteria can transfer 

resistance genes to other species causing disease in 

humans. Thereby reducing the effectiveness of 

antibiotic treatment [28, 29]. Therefore, some studies 

recommend minimizing practices that lead to the 

release of antibiotic resistance into the environment 

[30-32]. Urban wastewater treatment plants have been 

identified as a major source of antibiotic-resistant 

bacteria and their associated antibiotic resistance genes 

(ARGs) in the environment, leading to increased levels 

of antibiotic and bacterial resistance genes downstream 

of wastewater discharge, even after treatment [33, 34]. 

The present study examined the presence of antibiotic 

resistance genes, the TetA gene, the Ctx-M gene and 

the Sul1 gene and only the TetA and Sul1 genes for 

tetracycline and sulfamethoxazole resistance, 

respectively, were detected in few of isolates recovered 

from UV treated water.  This finding corroborates the 

findings of Tavares et al. [35] who identified 9 of the 

20 antibiotic resistance genes studied [sul1, sul2, sul3, 

tet(A), tet(B), blaOXA-1-like, aacA4, aacA4-cr and 

qnrS1] using PCR screening with sul1, sul2 and tet(A) 

being predominate. The absence of the Ctx-M gene 

encoding beta-lactamase resistance in this study 

contradicts the conclusion of Oliveira et al. [36] that 

the study demonstrated the frequent presence of ESBL-

producing E. coli and a series of ARG markers 

(including ESBL genes blaCTX-M and blaTEM) in 

both tributaries and wastewater of four wastewater 

treatment plants in Spain. The results of the present 

study, along with other similar findings, suggest that 

wastewater and wastewater treatment plants play an 

important role in the diffusion of ARBs and ARGs, 

which are considered hotspots for transmission of 

antibiotic resistance [33]. 

4. Conclusion 

The study reveals that UV treatment of water, though, 

reduces heterotrophic plate count but does not 

completely eradicate antibiotic resistant bacteria 

carrying resistance genes which can still be propagated 

in the environment. Thereby contributing to increasing 

risk of infection with these organisms and treatment 

failure in the clinical sectors. It is therefore worthy of 

note that more extensive studies are needed to provide 

modification in the disinfection process. Which will 

help to reduce the risk of persistence of antibiotic 

resistance genes in water after treatment. 
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