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Introduction  

Antibiotic resistance (AR) has sparked widespread concern 

due to the decreased potency of conventional antibiotics in therapeutic 

applications.1,2 Antibiotic-resistance in bacteria is such a global 

epidemic and a worldwide dilemma, and many studies have identified 

the clinical environment as a key player in antibiotic resistance 

challenges around the world.3,4,5 Antimicrobial resistance (AMR) in 

bacteria expresses itself in a variety of ways. Bacteria that synthesize 

β-lactamase enzymes, which hydrolyze the β-lactam ring, are the main 

source of resistance to β-lactams. Different forms of β-lactamases 

inactivate various types of β-lactam antibiotics ESBLs are a type of 

enzyme that breaks down antibiotics like penicillin and cephalosporin. 

6 In pathogenic bacteria under antibiotic selection pressure, gram-

negative rod beta-lactamases are the most rapidly developing 

mechanisms of resistance. ESBLs have been the most source of 

bacterial resistance to all beta-lactam antibacterial agents, other than 

carbapenems and cephamycins, which are blocked by beta-lactamase 

inhibitors such clavulanic acid. Resistant genes can be passed down 

vertically (to bacterial offspring) or horizontally (to humans) (among 

bacteria of different taxonomic affiliations. According to Bush and 

Jacoby7, there are approximately 300 ESBL subtypes, all of which are 

believed to originate from one of 3 main progenitor types: TEM-1, 

TEM-2, or SHV-1.  
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Genetic variations led to development of new β-lactamases having the 

capability of metabolizing third-generation cephalosporins and 

aztreonam.8,9 

Hospital effluents, in particular, are a unique form of waste that is 

extremely dangerous due to its infectious and hazardous properties,10 

11 and they are a major source of antibiotic-resistant bacteria12 and 

antibiotics.13 They are also regarded as hubs for antibiotic resistance, 

providing a breeding ground for antibiotic resistance genes to 

spread.14-16 

The apparent significance of untreated wastewater as a transmission 

route for clinically important ARB and ARGs such as ESBL and 

associated genes at the Human-Environment Interaction has been 

highlighted. The study was motivated by the indiscriminate discharge 

of untreated hospital effluents directly into the environment in Nigeria 

as well as the lack of waste treatment systems in most hospitals. 

 

Materials and Methods 

Sample collection 

Thirty-two effluents samples were obtained aseptically from six 

medical centres in Ibadan (three private and three public). Between the 

months of May and June 2019, and December 2019 and January 2020, 

samples were taken three times each. Prior to being released into the 

environment, wastewater from these health-care facilities was 

discharged directly into various drainage channels. Water samples 

were conveyed on ice to Bowen University's Department of 

Microbiology in Nigeria for analysis in less than six hours. After 

appropriate documentation was submitted, access to the selected 

hospitals for wastewater collection was authorized. 

 

Bacteria isolation  

Dilution of effluent samples was done aseptically up to 107 dilutions 

to yield countable bacterium colonies on agar plates On different agar 

media (eosin methylene blue (EMB), centrimide, MacConkey, 

salmonella-shigella, and nutritional agar), dilution 106 was plated for 
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enumeration and isolation of bacterium colonies. On the plates, 

colonies of varied morphologies were observed and streaked off onto 

new Nutrient agar plates for purification (colonies on nutrient agar 

were Gram-stained). Pure bacterium isolates were kept frozen in a 

broth containing 15% glycerol. 

 

Antibiotic sensitivity testing 

The test was performed using the Kirby-Bauer disc diffusion 

technique. Antibiotic sensitivity of isolates was tested using the 

following antibiotics discs CIP = Ciprofloxacin (5 μg), IMP = 

Imipenem (10 μg), AZM = Azithromycin (15 μg), SXT = 

Sulfamethoxazole (25μg), S = Streptomycim (10 μg), OX = Oxacillin 

(1 μg), CTX = Cefotaxime (30 μg), CAZ = Ceftazidime (30 μg). The 

zone of inhibition was evaluated after incubation and the results were 

compared to CLSI standards.17 

 

DNA extraction  

This was done using plasmid and chromosomal PrestoTM Mini gDNA 

Bacteria Kit Protocol (Gram Negative Bacteria). 

Genotyping of ESBL gene determinants 

Using primers targeting the selected resistance genes, PCR was then 

used to check for the presence of ESBL resistance genes (Table 1). 

The PCR was performed with 1X Blend Master mix buffer (Solis 

Biodyne), 2.0 mM MgCl2, 200 µM each deoxynucleoside triphosphate 

(dNTP) (Solis Biodyne), 20 µMol each primer, 2 units of Hot FIREPol 

DNA polymerase Proofreading Enzyme, 2 µl of extracted DNA, and 

sterile distilled water. A preliminary denaturation at 95°C for fifteen 

minutes was preceded by 35 amplification cycles of 30 seconds at 

95°C, 30 seconds at 60°C, and 60 seconds at 72°C in a Peltier PTC 

200 Thermal Cycler. Then, at 72°C, a 10-minute extension procedure 

was done. On a 2% agarose gel, the amplified product was separated 

and electrophoresed at 80V for 1 hour and 30 minutes. Ethidium 

bromide staining was used to visualize DNA bands after 

electrophoresis. As a DNA molecular weight marker, a 100bp DNA 

ladder (Solis Biodyne) was used. 

 

Results and Discussion 

A total of 408 bacterial isolates were obtained, with 54 being chosen 

for PCR assay due to resistance to more than three antibiotic classes. 

Ceftazidime resistance was found in all fifty-four ESBL producers, 

while cefotaxime resistance was found in 40 (74.07%). Azithromycin, 

sulfamethoxazole-trimethoprim, cefotaxime, and streptomycin 

resistance percentages were 59.26 %, 64.81 %, 74.07 %, and 75.93 %, 

respectively. Oxacillin resistance was detected in 27 (50.00%) of the 

ESBL-producing isolates. Furthermore, ciprofloxacin and cefepime 

resistance percentages were 38.89% and 31.48%, respectively (Figure 

1). Bacteria species isolated were identified using the ABIS online 

identification software based on the biochemical reaction results. 

Hospital wastewater is considered to be a major source for antibiotic 

resistance and other genetic factors which can disseminate AMR into 

the environment as it has high concentrations of antimicrobial drugs 

and human pathogens.3,19 Antibiotic abuse or misuse in the 

environment and therapeutic settings could explain the exceptionally 

high level of antimicrobial resistance in bacteria found in this 

investigation.20 In hospitals, antibiotics are frequently prescribed 

without absolute proof of infection or adequate medical rationale. As a 

suitable alternative for culture and drug susceptibility testing, toxic  

broad-spectrum antibiotics are routinely administered instead of 

narrow-spectrum antibiotics, resulting in considerable adverse 

reactions, systemic diseases, and the variety of drug-resistant 

mutants.21 Since medications are readily available to the general 

public in underdeveloped nations, people may self-administer 

antibiotics, increasing the prevalence of drug-resistant strains. This 

study's high percentage of resistance to ceftazidime, ciprofloxacin, and 

sulphamethoxazole trimethoprim was similar to Adelowo et al. 

results.22 Lower percentage resistance as compared to values obtained 

in this study to ciprofloxacin and ceftazidime have been reported by 

Zhang et al.23 and Mustapha and Imir24 respectively. Mutasim et al.25 

and Egbule26 have also reported 90.5% and 93.5 % resistance to 

sulphamethoxazole trimethoprim. Zhang et al.,23 reported 61.3% 

resistance to cefoxitin, though higher than 51.96 % resistance obtained 

in this study. Furthermore, 62.23% to streptomycin obtained in this 

study was similar to 63.0 % reported by Falodun and Oladimeji.27 In 

2017, Asfaw et al.28 reported 92.9 % and 89.3 % resistance to 

cefotaxime and cefepime respectively, though higher than resistance 

percentages values obtained in this study (84.56 % and 69.6 % for 

cefotaxime and cefepime respectively). However, Mustapha and Imir 
24 and Zaugi et al. 29 reported 44.0 % and 22.0 % resistance to 

cefotaxime and cefepime respectively (Figure 1).   

The rate of antibiotic resistance found in this study (ceftazidime, 

ciprofloxacin, and oxacillin) could be due to the antibiotics employed 

in this study (ceftazidime, ciprofloxacin, and oxacillin) being widely 

available in drug shops. As a result, according to Calva et al.30 

Antibiotics most frequently reported by bacterial resistance in 

developing world are generally low-cost broad-spectrum antibiotics. 

As seen by Lau et al.,31 pathogen resistance to these commonly 

accessible, low-cost, and extensively misused antibiotics will almost 

certainly translate into higher treatment costs, extended 

hospitalisation, and therapeutic failure, possibly leading to life-

threatening infections and death.  
 

 

Figure 1: Resistance profile of ESBL-producing bacteria 

present in hospital effluent 
KEY: CAZ=ceftazidime; CTX-M = cefotaxime; SXT = 

sulfamethoxazole-trimethoprim; S=streptomycim; AZM= 

azithromycin; OXA=oxacillin; CIP=ciprofloxacin, FEP=cefepime 

 

Table 1: Primer sequences used to target ESBL resistance genes 
  

Resistant genes Primer sequence Molecular weight (bp) Ref 

blaSHV F    5’- CGCCTGTGTATTATCTCCCT -3’ 293 18 

R   5’- CGAGTAGTCCACCAGATCCT -3’   

blaTEM   F     5’- TTTCGTGTCGCCCTTATTCC -3’ 403 18 

R     5’- ATCGTTGTCAGAAGTAAGTTGG -3   

blaCTX-M F     5’- CGCTGTTGTTAGGAAGTGTG -3’ 569 18 

R    5’- GGCTGGGTGAAGTAAGTGAC   
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Table 2: Description of sampling sites 
 

Site code           GPS coordinates Type of health-

care facility 

AY (7°21'49.7"N 3°51'52.7"E) Public 

AJ (7°23'48.1"N 3°52'16.2"E) Public 

AR (7°21'42.8"N 3°51'59.9"E) Public 

HL (7°23'37.0"N 3°54'17.4"E) Private 

SL (7°24'06.8"N 3°56'21.8"E) Private 

PC (7°26'27.8"N 3°54'30.4"E) Private 

Footnote: Public hospitals provide secondary health care to Ibadan's 

lower and middle-classes population, whereas private hospitals serve 

the middle and upper classes 

 

 

The isolates in this study showed various levels of multidrug 

resistance. Resistant gram-negative bacteria have been found in 

hospital effluents in similar numbers32,33,34 BlaTEM-1 had the highest 

percentage frequency of occurrence of 85.19% while blaCTX-M and had 

the least value of 7.41 %. The percentage occurrence for resistant gene 

blaSHV-2, and blaSHV-1, was 20.37%, and 5.56% (blaSHV = 25.93 %), 

respectively [Plates 1-3]. This is consistent with the study of Maha et 

al.35 who found blaTEM to be the most dominant ESBL gene between 

Enterobacteriaceae isolates from patients in Khartoum, Sudan. This 

counters the findings of Fils et al.36 who found blaCTX-M to be more 

prevalent than blaTEM and blaSHV, and Ghafourian et al.37 

When compared to other studied hospitals, Klebsiella spp. were the 

most abundant species, with the maximum incidence from both AR 

and SL, this is similar to Muller-Schulte et al.38 and Fadare and Okoh 
39 who found a significant prevalence of ESBL-producing bacteria 

among Klebsiella species in clinical samples and wastewater effluents, 

respectively.

Table 2: Occurrence of ESBL resistance genes from selected sampled hospitals 
 

AY AT AJ HL SL PC Most probable 

organism T S c T S c T S c T S c T S c T S c 

1 - - 2 3 - 1 - - 2 - - 2 - - - 1 - Klebsiella spp. 

4 1 - - - - 1 - - - - - - - - 1 - - Salmonella spp. 

1 1 - - - - 2 - - 1 - - - - - 1 1 1 Shigella spp. 

1 - - 1 - - 1 1 - 1 - - - - - - - - Enterobacter spp. 

1 - - - - - 2 1 1 1 - - 1 - - 1 - - Pseudomonas spp. 

2 2 - - - - 2 - - - - - 1 - - - - - Serratia spp. 

- - - - - - 1 - - 2 - - 1 - - 1 - - Escherichia spp. 

1 - - - - - - - - 1 - - 2 1 - 1 - - Proteus spp. 

2 - 1 - - - - - - - - - - - - - - - Citrobacter spp. 

KEY: T = blaTEM; S = blaSHV; C = blaCTX-M         Sampled sites code: AY, AR, AJ, HL, SL, PC" 

 

This contradicts the findings of Eltai et al.40 who found E. coli to be 

the most prevalent pathogen among enterobacteriaceae causing lower 

urinary tract infection among pediatric population.  Klebsiella spp. 

incidence in both public and private hospital wastewaters at the same 

frequency could be useful indicators for monitoring AMR status in the 

environment, as they are regarded early markers of novel AMR 

emergence, as recommended by Berendonk et al.3 and Navon-Venezia 

et al. 41 Salmonella spp from AY hospital had the highest percentage 

occurrence of blaTEM (20.37 %), with AJ hospital having the second 

highest percentage occurrence of blaTEM. Salmonella and Shigella 

infections are among the most key public health critical problems. 

Every year, nontyphoidal Salmonella causes more than one billion 

cases of diarrhea worldwide, resulting in 3 million deaths.42 The high 

AR incidence of blaTEM in Salmonella spp. could indicate that patients 

utilizing this public hospital are abusing medicines intended to treat 

salmonella-causing diseases. Klebsiella spp. harboring blaSHV were 

detected in AR and PC, with AR having the highest prevalence. In this 

investigation, the blaSHV gene was never found in any ESBL-positive 

Escherichia, Salmonella, Serratia, or Citrobacter species. Adekanbi et 

al. 5 found no blaSHV gene in E. coli isolated from effluents 

discharged by a sick bay in a university health care centre. Both the 

blaTEM and blaSHV genes were found in ESBL-producing E. coli 

isolated from individuals with urinary tract infections, according to 

Seyedjavadi et al.43 Aleem et al. 44 reported resistance genes in 

Pseudomonas spp. in hospital water and surfaces, which is similar 

with the findings of this study. The presence of blaSHV, blaCTX-M, and 

blaTEM in Pseudomonas spp. from AR was observed. Pseudomonas 

aeruginosa strains resistant to the blaTEM and blaSHV genes were also 

reported by Mohammad et al. 45. P. aeruginosa strains produce a wide 

range of extended spectrum β-lactamases (ESBLs), which enable the 

bacteria to resist extended β–spectrum cephalosporins – for example 

cefotaxime, ceftriaxone, and ceftazidime, and they're becoming more 

prevalent.46  

 

 

Plate 1: Gel image of blaTEM-1 PCR amplification 

 

Plate 2: Gel image of blaSHV-2 PCR amplification 
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Plate 3: Gel image of blaCTX-M PCR amplification 
 

The evolution of ESBL-producing P. aeruginosa as a significant 

source of medical infections is increasing. Infections caused by 

resistant organisms are becoming extremely difficult to treat in 

hospitals due to rising resistance levels to the most frequently 

prescribed antibiotics.47,48 BlaCTX-M resistance genes were detected in 

Enterobacter, Citrobacter, Shigella, and Pseudomonas species (with 

50% percentage occurrence each from both private and public 

hospital) which is similar to Zeynudin et al.,49 who reported blaCTX-

M resistance genes in clinical strains of Gram-negative bacteria in 

Ethiopia. 

 

Conclusion 

The prevalence of ARB and ARGs in public hospital wastewaters is 

higher than in private hospitals, according to the findings of this study. 

There is a pressing need to raise public awareness about the dangers of 

antibiotic misuse, particularly among the city's lower-income 

residents. Furthermore, proper treatment of wastewater from care 

facility environments is suggested to avoid a public health crisis 

caused by the release of untreated sewage loaded down with 

antibiotic-resistant bacteria and their genes into the environment. 
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