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Introduction 

One common bacterial disease that people habitually 

experience is urinary tract infections (UTI). Although several 

microbes are responsible for its development, Staphylococcus 

saprophyticus, Escherichia coli, Klebsiella pneumoniae, Enterococcus 

faecalis and Proteus mirabilis, are the most implicated 
1, 2. 

Enterococcus faecalis is the organism accountable for UTIs that occur 

most regularly.
3, 4

 According to reports, urogenital tract infections 

result in over 8 million hospital admissions each year. 
5
 These 

infections can occasionally be incredibly challenging to treat,
 6

 as 

numerous Enterococcus faecalis isolates are resistant to conventional 

medications. Antimicrobial resistance (AMR) in Enterobacteriaceae is 

a serious public health problem, particularly in developing countries.
7, 

8
 The financial burden of these diseases is rising significantly as a 

result of the uropathogenic increased recurrence rate and resistance to 

antibiotic treatment.
1
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The most common gram-positive infectious pathogens that are 

clinically important and frequently cause UTIs are Enterococci and 

Staphylococcus saprophyticus).
4
Enterococcus strains linked to 

pathogens of the gastrointestinal tract (GIT) could be the source of 

UTIs.
8, 9

  It is possible for uropathogens and gastrointestinal strains 

that are sensitive to water settings to acquire antibiotic-resistance 

genes from antibiotic-resistant bacteria.
10

 The two Enterococcus 

species that cause enterococcal infections frequently are Enterococcus 

faecalis and Enterococcus faecium.
11

 Enterococci are developing 

seriously increased antibiotic resistance faster than the rate of illness 

worldwide. Enterococci are seen to be defiant whenever resistance 

genes (RG) are found within chromosome or when determinants 

responsible for resistance found within plasmids (or transposons) are 

acquired.
12

 Infections arising from enterococcal have inherent 

resistance determinants to many antibiotics.
13

 

AMR has been outlined by WHO as global hazard to public health, 

endangering the perfect treatment and prevention of parasitic, 

bacterial, viral, and fungal infections.
14,15

 Therefore, findings into its 

avoidance and abatement is highly crucial. AMR increases worldwide 

and obtainable information suggests that this problem is not country-

specific or specific to a region, it affects countries that are 

industrialized and not industrialized. High resistance has been 

observed in bacteria that cause familiar infections acquired in hospital 

and community like pneumonia and UTI present in the whole six 

WHO regions (South-East Asia, Eastern Mediterranean, Americas, 

Africa, Europe, and Western Pacific).
15

 Over the years, several 

epidemics are connected to impure food and drinking water, watering 

with water contaminated by animal faeces or surface runoff.
16, 17

 

Wastewater treatment facilities are reported as store house for genes 

that are antibiotic-resistant and are peculiar to man and animal 
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microbes.
18, 19

 Excreted urine and faeces may contain either antibiotic-

resistant bacteria or unabsorbed (antibiotic) residues which ultimately 

enter wastewater treatment plants (WTP) through domestic sewer 

lines.
20

 Different classes of residues have been regularly observed in 

municipal effluents namely β-lactam, lincosamide, sulphonamides, 

tetracyclines, macrolides, and fluoroquinolones.
21

 Because of the 

increase in antibiotic-resistant microorganisms, there is growing 

anxiety about the commonness of antibiotics in settings.
20

  Nearly the 

entire crisis has link linked to availability of transferable plasmids that 

encodes multidrug-resistance and spreading within various species of 

enterobacterial apprehension.
22-24

WTP effluents and wastewater 

discharged directly into the hostel drain at the University of Nigeria 

Nsukka are used to irrigate vegetables and other food crops in the 

locality while at Kogi State University hostel drains are not controlled 

but are often washed away by rain into different farmlands. 

Wastewater treatment plant (WTP) effluents and wastewater 

discharged directly into hostel drains at the University of Nigeria 

Nsukka and Kogi State University, Anyigba are used to irrigate 

vegetables and other food crops in the localities. The use of such 

waters presents risks for GIT and UT infections after consumption of 

such vegetables, and may also,  favour the spread of antimicrobial 

resistance through horizontal gene transfers.
25

Dearth of data occurs on 

availability and widespread of pathogens urinary tract conditions and 

genes that are antibiotic resistant in aquatic environments. 

The work aimed at evaluating wastewater environments at the 

University of Nigeria, Nsukka (UNN) and Kogi State University, 

(KSU) Anyigba as reservoirs of bacterial uropathogens and antibiotic 

resistance genes. The specific objectives were to:(i) isolate 

presumptive uropathogenic Enterococcusfaecalis from wastewater 

samples collected from UNN-WTP and Hostel drains at UNN and 

KSU; (ii) identify and characterize the isolates, via Gram-stain and 

other biochemical tests that are; (iii) determine also set side by side the 

antibiotic susceptibility patterns of  enterococcal isolates from 

different locations as well as confirm isolates as E. faecalis and (iv) 

characterize confirmed isolates for virulence and antibiotic resistance 

genes.  

 

Materials and Methods 

Study Area 

Two University environments, the University of Nigeria, Nsukka 

(UNN) and Kogi State University, Anyigba (KSU) were selected. 

UNN is a first-generation University, located at (6°52'10.07"N; 

7°24'2.46"E) in Southeast, Nigeria, and KSU is a state-owned 

university located at (7°29'3.60"N; 7°10'51.62"E) in Anyigba, Kogi 

State, North central, Nigeria (Figure 1).  Wastewater irrigation around 

the UNN WTP and hostel drains has been in existence since 1976 at 

UNN and since 2000 in KSU where wastewater from the WTP and 

hostel drains obtained by using directly, containers and buckets are 

often used to irrigate vegetable farms. 

 

Study Design and Samples Collection 

Wastewater influent and effluent and hostel drain samples at UNN 

were collected at designated points while at KSU hostel drains were 

collected.  Over the course of a 9months sampling period, 63 samples 

were randomly obtained in total. At KSU a total of 27 hostel drain 

samples were collected, while at UNN 18 hostel drains with 9 samples 

each of influent and effluent from WTP were collected. KSUis located 

in North Central Nigeria, and the WTP and hostel drain at UNN are in 

South-East Nigeria. At the WTP facility as well as hostel drains, 250 

mlinfluent and final effluent wastewater were collected. At various 

points where they discharged into the main drain, the hostel drains 

were gathered. Samples were gathered in sanitized 250 mL bottles, 

correctly labelled, and delivered to the lab for microbiological 

examination while being maintained in ice boxes. 

 

Presumptive Characterization of Enterococcus  

Using Chromogenic UTI agar (Oxoid/Thermo Fisher Scientific, USA), 

Enterococcus was recovered from each sample. Then, separate Gram-

staining and common biochemical tests were performed on each 

isolate.
26

The presumed isolates were then maintained for further 

testing and molecular confirmation inside tryptic-soy-broth (Oxoid, 

UK) with glycerol (15%) (stored inside Eppendorf bottles and 

refrigerated). As a control (positive), Enterococcus faecalis (ATCC 

29212) was employed. Based on colour that developed on the Oxoid 

UTI chromogenic agar plates, organisms were identified. 

Enterococcus faecalis is indicated by a turquoise colour. 

 

Antimicrobial Susceptibility Testing 

Antibiotic sensitivity tests were done on all confirmed bacterial 

isolates, following Kirby-Bauer disc-diffusion technique
27

 combined 

with the evaluation methods and rules of Clinical and Laboratory 

Standards Institute
28

. A total of 15 antimicrobial susceptibility test 

discs (OxoidThermoFisher Scientific, United Kingdom) were used. 

They were tested for their susceptibilities to Amocycillin\Clavulanic 

acid (AMC 30µg), Ciprofloxacin (CIP 5µg), 

Gentamycin (CN 30µg), Ampicillin (AMP10µg), Meropenem (MEM 

10µg), Streptomycin (S 10µg), Erythromycin (E 15µg), Cefotaxime (C

TX 30µg); Sulphamethoxazole/Trimethoprim (SXT 25µg), 

Vancomycin (VA 30µg), Levofloxacin (LEV 1µg), Penicillin G (P 

10µg), Ceftazidime (CAZ 30µg), Nitrofurantoin (F 300 µg) and 

tetracycline (TE 30µg) 

 

Virulence Factor and Antibiotic Resistance GenesCharacterization 

Genomic DNA Extraction  

As stated in,
29 

genomic-DNA was obtained out of pure culture of each 

isolate that grew in nutrient-agar for 24 h at 37°C by conventional 

method of boiling, as narrated by
29

 into a ml of type one purified 

water, a loopful of bacterial cells was dissolved. At 100
o
C for 5 min, 

suspensions of bacteria were allowed to cool for 10 min before 

centrifuging (5 min), 12,000 x g for 5 min in order to separate debris 

therein. Then, extracted DNA was cleaned using GeneJET Gel 

Extraction Kit (ThermoFisher Scientific, USA) and stored at -20
0
C for 

PCR analysis. 

 

Polymerase Chain Reactions and Gel Electrophoresis 

The PCR assays were done using MyGene gradient-thermal 

cycler, (Model-MG96G;Long gene-

Scientific Instruments Co., Ltd, USA). The reaction mixtures were 

made up of half a 0.5µl each of primers of oligonucleotide (Inqaba 

Biotech South Africa), twenty-five microliter of Master Mix PCR 

(Thermo Scientific, USA), 14 µl of water that is nuclease-free, as well 

as 10 µl template DNA to make up an aggregate of 50 μl reaction 

volume.  

The cycling conditions in PCR (Initial-activation at 94
o
C (3 min), then 

30 cycles of denaturing to the end (94
o
C) for 1 min, annealing (55

o
C) 

at a minute, extension(74
o
C)at a minute as well as final-elongation, 

74
o
C for another 9 minutes.

26
E. faecalis (ATCC 29212) wasutilized 

for controls that are positive and negative for E. faecalis generic 

identification. The primers of the oligonucleotide sequence used, the 

targeted genes and the products of amplification expected are shown 

on Table 1. 

 

 
Figure 1:Map representation of Study area/Sampling sites 

(Source: Google Earth Access date: 8/12/2021) 
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Gel electrophoresis consisting 10µl of template DNA, 6µl positive-

control and 3 µl ladder of  DNA (1 Kb + ladder of DNA; Invitrogen), 

were done on agarose gels 2.5% (w/v) at 100V for 30 min in 1×-TBE 

buffer (0.002MEDTA and 0.09MTrisborate,pH 8). Then the gels were 

viewed and snapped using DigiDoc-It
®
 Imaging System (Thomas 

Scientific, USA). 

 

Screening for antibiotic Resistance Genes (ARGs)  

The isolates were screened for ant(2)-Ia, vanA, vanB and vanX 

resistance genes by a hot start PCR procedure as described by.
29

The 

amplicons-sizes and primers are given in Table 2. PCR-reactions were 

done with 20µl volume harbouring 10 µl 1×Quick Taq® HS DyeMix 

(ThermoFisher, USA), 0.4 µl of each of the primers (Inqaba, West 

Africa), 7.7 µl of sterile water and 1.5 µl template. This profile of 

temperature was used: initial denaturation for five minutes at 94
o
C 

then 30 cycles of 94° 30 s, thereafter, annealing for 30 s at 55
o
C, then 

extension at 74°C in 50 s with 74°C for 7 min for final elongation, 

final hold and storage was at 4°C. PCR amplification was done in the 

My-gene-series Peltier thermal cycler (Model MG96G) Long Gene 

Scientific Instruments Co. Ltd, USA. The PCR byproducts were 

cataphoresed via gels of agarose of 1.5% (w/v) run on 1× TAE-buffer 

(40mM-Tris, 20mM-Acetate and 1mM-EDTA pH8.6) at 100V in 30 

min. The gels obtained were stained with red-safe nucleic acid staining 

solution (Intron-Biotechnology, Koria) then products were visualized 

beneath UV light and documented using DigiDoc-It
®
 Imaging System 

(Thomas Scientific, USA). 

 

Statistical Analysis 

Data were analysed to determine statistical significance using analysis 

of variance. Results as well as P values of <0.05 were regarded 

significant. 

 

Table 1: Primers for Characterizing E.faecalis 
 

DNA 

target 

Virulence 

factor/gene 

product 

 Primer sequence (5’to 3’) Product 

size(bp) 

Thermocycling conditions References 

Ddl D-ala-D-ala 

ligase 

F 

R 

ATCAAGTACAGTTAGTCTTTATTAG 

ACGATTCAAAGCTAACTGAATCAGT 

941 Initial activation 94
o
C;in 3 min, 

then, 30 cycles comprising 

denaturing  94
o
C in 1 min, 

annealing at 55
o
C for 1 min, 

extension74°C at 1 min and 

final elongation  72°C in 9 min 

29, 30 

CylA Cytolysin F 

R 

ACTCGGGGATTGATAGGC 

GCTGCTAAAGCTGCTT 

700  

Esp Enterococcal 

surface protein 

F 

R 

AGATTTCATCTTTGATTCTTGG 

AATTGATTCTTTAGCATCTGG 

510 29 

 

 

Results and discussion 

Total Enterococcus Count from Two Sampling Points in UNNWTP 

and Two Campuses Hostel Drains 

The Enterococcus count between the influents and effluents in the 

UNN campus ranges from 3.2x10
6
 to 5.8 x10

7
 (cfu/ml).  More 

Enterococcus were observed in the influent (3.8x10
7
-5.8x10

8
cfu/ml) 

with a mean count of 3.08x10
7 

cfu/ml,than in the effluent (3.2x10
6
 to 

5.7 x10
7
cfu/ml) with a mean count of 4.68x10

7
cfu/ml Figure.2 (A). 

However, there was a significant difference between the two sampling 

points at P≤0.05 in the months of August, September, October, 

December, January and March (Table S1). The fluctuation and high 

number of Enterococcus in sewage influents and effluents above the 

acceptable threshold may be linked to the lopsided influx of industrial 

and domestic effluent into sewage; and inefficiency of treatment plant 

and protocol. In the comparison of the enterococcus count between the 

two campuses’ hostel drains, there was higher number of the organism 

(9.55×10
4
-1.87×10

5
cfu/ml)from the UNN campus when compared 

with that from KSU (3.67×10
3
-1.26×10

5
cfu/ml) with a mean colony 

count of 1.47×10
5
 and 9.15×10

4
cfu/ml respectively. Interestingly more 

of the organism was observed close to and during the dry season than 

in the rainy season, Figure 2 (B).However, there was no significance 

statistically at P≤0.05 in the enterococcal load between the campuses 

within the months of July, October, November, and February (Table 

S2). 

 

Total Enterococcus Count between the Two Campuses Female and 

Male Hostel Drains 

The number of Enterococcus in-between female hostel drains from 

both campuses was observed to be higher in the water samples from 

UNN female hostel drains with a mean colony count of 

2.91×10
5
cfu/mlwith the highest count (3.7×10

5
cfu/ml) observed in 

September, and the lowest colony count of 1.9×10
5
(cfu/ml) where 

observed in the three months of February, July and November. 

However, the mean colony count of 2.65×10
5
 (cfu/ml) and the highest 

(3.7×10
5
) and lowest (3.6×10

3
) colony counts of Enterococcus were 

observed in the water samples from the female hostel on KSU campus 

(Figure 3A). There was also no significant difference statistically at 

P≤0.05 in the enterococcal load between the female hostels from both 

campuses except in the month of March (Table S3).  

 

 
Figure 2a: Comparative study of total Enterococcus count 

from two sampling points in UNN (A) and the two different 

campuses (B) 
 

 

 

 



                               Trop J Nat Prod Res, November 2023; 7(11):5316-5326                 ISSN 2616-0684 (Print) 

                                                                                                                                                  ISSN 2616-0692 (Electronic)  
 

5319 

 © 2023 the authors. This work is licensed under the Creative Commons Attribution 4.0 International License 

 

The highest enterococcal count of 5.2×10
3
cfu/mlbetween the male 

hostel drains of the two campuses was observed in samples from 

Alvan-Ikoku hostel in UNN, this was followed by that from Ocheja in 

KSU (4.5×10
3
cfu/ml) and Dangana(3.8×10

3
cfu/ml); with mean colony 

count of 2.9×10
3
, 3.81×10

3
, and 3.39×10

3
 (cfu/ml)respective (Fig.ure 

3B). The level of significance statistically at P≤0.05 was high all 

through the months except for the month of December (Table S4). 

 
Figure 2b: Comparative study of total Enterococcus count 

from two sampling points in UNN (A) and the two different 

campuses (B) 
 

 
Figure 3a: Comparative study of total Enterococcus count 

between the two campuses female (A) and male (B) hostel 

drains  
 

 
Figure 3b: Comparative study of total Enterococcus count 

between the two campuses female (A) and male (B) hostel 

drains  
 

Mean Colony Counts of Viable E. faecalis from July 2017-March 2018 

In this study, there were fluctuations in the mean colony counts of 

viable E. faecalis within the months. The microbial load of more than 

10
7
was counted in the months of August (1.5×10

7 
cfu/ml), October 

(1.4×10
7
cfu/ml), September (1.3×10

7 
cfu/ml), January (1.27×10

7 

cfu/ml) and March (1.45×10
7
). The lowest count was observed in the 

month of December with a 1.31×10
6 

cfu/ml (Table 3). The irregularity 

in number of bacterial counts in the wastewater is probably due to the 

irregular influx of domestic, agricultural, and industrial effluents into 

sewage. The seemingly high bacterial count within the months is due 

to the high number of effluents and influents from UNN-WTP.
 

 

Isolation, Molecular Identification and Characterization of 

Enterococcus faecalis Isolates and the Antibiotic Resistance Genes 

Total isolates 

A total of 906 E. faecalis were isolated out of the two campuses that 

were used for this study. Out of which 192 and 167 isolates were from 

UNN-WTP effluent and influent, respectively; while 147 isolates were 

obtained from the hostel drains in the UNN campus (92 from 

Nkrumah and 55 from AlvanIkoku). The remaining 400 isolates were 

from hostel drains in the KSU campus with the highest load (150) 

coming from Inikpi, followed by Ocheja with 131 isolates and 

Dangana with 119 isolates.  

 

Molecular characterization 

Out of the 906 E. faecalis isolated, 63 were selected for antibiotics 

susceptibility tests and 21 were selected for molecular analyses.  

 

Antibiotic Resistance Prevalence  

Comparison of Percentage Antimicrobial-Resistance Profile of 

Enterococcus faecalis isolates from UNN-WTP Influent and Effluent 

In comparing, percentage antimicrobial-resistance profile of E. 

faecalis isolates from UNNWTP influent and effluent, there is no 

significant difference between the isolates of E. faecalis from both the 

UNNWTP influent as well as effluent at p>0.05 (Figure 4).  

 

Comparison of Percentage Antimicrobial-Resistance Profile of E. 

faecalis isolates from UNN and KSU wastewater Drains 

In comparing the percentage antimicrobial resistance profile of E. 

faecalis isolates from UNN and KSU wastewater, there was no 
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significant difference between the E. faecalis isolates from both 

Universities at p>0.05 (Figure 5).  

Susceptibility patternsof 63 isolates in response to 15 different 

antibiotics are shown in Table 3. Results for the antimicrobial 

sensitivity tests revealed that isolates of E. faecalis were 100% 

resistant to MEM, P, and CAZ. Others had 96.8 % and 95.2% for CTX 

and E respectively. E. faecalis isolates were most susceptible to LEV 

(100%), VA (90.5%), F (90.5%) and AMC and TE which both had 

88.9% susceptibilities (Table 3).   

In comparing, the antimicrobial resistance profile there is no 

significant difference between the isolates of E. faecalis from both the 

UNNWTP influent and effluent (Table 4).  

In comparing the antimicrobial resistance profile of E. faecalis isolates 

from UNN and KSU wastewater, there was no significant difference 

between the E. faecalis isolates from both Universities (Table 5). 
 

 

Multidrug Resistance (MDR) Patterns of E. faecalisisolates from UNN 

and KSU wastewater Drains 

The multidrug resistance patterns of E. faecalis isolates from both 

campuses showed resistance to mostly MEM, CAZ, P, CTX, and E. 

The multidrug resistance index of isolates from this study were from 

0.33 to 0.73, with the broad range found in isolates from both male 

(Ocheja) and female (Inikpi) hostels of KSU. Although there was a 

high E. faecalis load in the influents and effluents from WTP in UNN, 

majority of these isolates showed MAR index range between 0.33 and 

0.53 (Table 6). 

 

Antibiotics resistance gene  

Twenty-one multidrug-resistant isolates of Enterococcus faecalis were 

screened for antibiotic resistance genes. The isolates had (100%) 16S 

rRNA, (RrS) and Enterococcal surface protein (esp); 85.7% with D-

ala-D-ala ligase (Ddl) and 66.7% with Cytolysin (ClyA) indicating 

they were members of the genus Enterococcus and the specie, E. 

faecalis (plates 1-2). The Van B and Van X targeted genes were absent 

in the Enterococci faecalis isolates. However, 2(9.52) had Van A gene, 

20(95.2), and 8(38.1) possessed the Ant(2)-la and Acc(3)-lla 

respectively table 7; plate 3. The non-detection of antimicrobial 

resistance genes ARGs (Van B and Van X) among Enterococcus spp. 

isolates may be due to the isolates being phenotypically susceptible to 

vancomycin antimicrobials
38,39

 as was observed during susceptibility 

testing. Other virulence genes screened and confirmed of the 

Enterococcus isolates were Ant(2)-la and Acc(3)-lla. 

The presence of pathogens in environment is of great worry because of 

their impact on human wellbeing. The persistence of Enterococcus 

faecalis in the environment is often employed as an indicator to 

predict the presence of pathogens in the environment, especially in 

surface water. Wastewater treatment plants have been shown as 

potential point sources of pathogens in surface water.
40

 Antimicrobial 

susceptibility tests carried out on the isolates revealed different 

degrees of the isolates’resistance. The result of this study on the 

antimicrobial susceptibility pattern of Enterococcus faecalis showed 

that the organism was 100% resistant to MEM, P, and CAZ. 

Levofloxacin (LEV) was observed to be the most active because the 

isolates had 0% resistance to it.  The result showed that Enterococcus 

faecalis was resistant to multiple antibiotics. Similar work carried out 

had reported 100% resistance to tetracycline, ciprofloxacin, penicillin, 

erythromycin and gentamycin.
41

There have been reports of isolates 

exhibiting varying levels of responses to some classes of antibiotics. In 

one of the reports, tetracycline was listed as the least potent followed 

by ampicillin.
42

 Also, other studies have observed similar results.
43,44

 

 

Table 2: Primers for Detecting Antibiotic Resistance Genes 
 

Primers name  Primers Sequence (5ʹ —3ʹ) Amplicon size (bp) Thermocycling conditions References 

ant(2)-laF 

ant(2)-laR 

CATCATGAGGGAAGCGGTG 

GAGTACCTTGGTGATCTCG  

787  Initial activation step  94°C 

in 5 min.Then, 30 cycles 

comprising of denaturing  

94°C in a min, annealing  

60°C in a min, extension 

74°C in 2 min and final 

elongation 74°C in 15  min 

and final hold at 4
0
C 

(indefinite) 

31 

vanA-F 

vanA-R 

TTGCTCAGAGGAGCATGACG 

TCGGGAAGTGCAATACCTGC 

957 32, 33 

vanB-F 

vanB-R 

CTTAACGCTGCGATAGAAGC 

CTG ATGGATGCGGAAGATAC 

947 33 

aac(3)-l1aF 

aac(3)-l1Ar 

ATATCGCGATGCATACGCGG 

GACGGCCTCTAACCGGAAGG 

877 34, 35 

vanX-F 

vanX-R 

TGGGACGCTAAATATGCCAC 

ATACATAGTGCCACCATTCG 

511 36,37 

 

Table 3: Mean Viable E. faecalis Colony Counts from July 2017-March 2018(cfu/ml) 
  

Months/year Inf Eff Nkr Alv Dan Och Ink MEAN 

July 2017 3.8×10
7
 5.2 ×10

6
 1.9 x10

5
 1.0 x10

3
 2.9 x10

3
 4.2 x10

3
 2.0 x10

5
 6.23x10

6
 

August 2017 4.7 ×10
7
 5.7 ×10

7
 3.4 x10

5
 3.0 x10

3
 3.8 x10

3
 3.6 x10

3
 3.6 x10

5
 1.5x10

7
 

September 2017 5.3 ×107 3.7 ×10
7
 3.7 x105 4.6 x103 3.6 x103 3.2 x103 3.5 x105 1.3x10

7
 

October 2017 5.6 ×10
7
 3.9 ×10

7
 3.2 x10

5
 5.2 x10

3
 3.2 x10

3
 4.5x10

3
 3.7 x10

5
 1.4x10

7
 

November 2017 3.8×10
7
 5.8 ×10

6
 1.9 x10

5
 1.0 x10

3
 2.9 x10

3
 4.2 x10

3
 2.0 x10

5
 5.94x10

6
 

December 2017 4.3 ×10
7
 4.8 ×10

7
 3.4 x10

5
 3.0 x10

3
 3.8 x10

3
 3.6 x10

3
 3.6 x10

5
 1.31x10

6
 

January 2018 5.3 ×10
7
 3.5×10

7
 3.4x10

5
 4.5x10

3
 3.6 x10

3
 3.2 x10

3
 3.5 x10

5
 1.27x10

7
 

February 2018 3.8×10
7
 5.2 ×10

6
 1.9 x10

5
 1.0 x10

3
 2.9 x10

3
 4.2 x10

3
 2.0 x10

5
 6.23x10

6
 

March 2018 5.3 ×10
7
 4.8 ×10

7
 3.4 x10

5
 3.0 x10

3
 3.8 x10

3
 3.6 x10

3
 3.6 x10

5
 1.45x10

7
 

KEYS:Inf -WTP influent; Eff-WTP Effluent; Nkr-Nkruma female hostel; Alv-AlvanIkoku male hostel;  Dan-Dangana male hostel; Och-Ocheja male 

hostel  and Ink-Inikpi female hostel 
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Figure 4: Comparison of percentage antimicrobial resistance 

profile of Enterococcus isolates from UNN-WTP influent and 

effluent. 
 

 
Figure 5: Comparison of percentage antimicrobial resistance 

profile of Enterococcus isolates from UNN and KSU 
 

 
Image 1: Gel electrophoresis image of 16SrRNA gene  

 
Image 2A: Gel electrophoresis image of Enterococcal surface 

protein (esp gene)  

 
Image 2B: Gel electrophoresis images of  Cytolysin  gene  

(CylA) 

 
Image 3A: Gel electrophoresis image of antibiotics resistance 

genes aac(3)-lla gene 
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Image 3B: Gel electrophoresis image of antibiotics resistance 

genes ant(2)-la gene  

 
Image 3C: Gel electrophoresis image of antibiotics resistance 

genes van A gene 

 
Keywords: 

UIF-UNN WTP influent; UEF-UNN WTP effluent; UAV-UNN 

AlvanIkoku male hostel; UNK-UNN Nkruma female hostel; 

KDG-KSU Dangana male hostel; KOC-KSU Ocheja male hostel; 

KIK-KSU Inipki female hostel; EN-Enterococcus; EC-E.coli; 1, 2, 3, 

7, 8, 9, 10, 11, 12- January 2018, February2018, March,2018 

July2017,August2017,September2017,October2017,November201

7,December2017 

Chigor et al 2010
10

  have also reported that antibiotic susceptibility 

tests they carried out on water isolates revealed high levels of 

resistance in aquatic isolates. 

The observed resistance frequency of Enterococcus faecalis isolates 

(55.2%) from UNN hostel drains and that of KSU hostel drains 

(52.6%) is not significant (p>0.05). The presence of Enterococcus 

faecalis in the hostel drains could cause harmful effects on the 

receiving water body,
45

 as results indicate a high percentage level of 

resistance to antibiotics drugs. The detection of the Enterococcus 

faecalis pathogen in the hostel drains may be attributed to antibiotics 

in urine, spilt and expired drugs that are carelessly discarded into 

washbasins.
46

 

The detection of pathogens Enterococcus faecalis in the effluent 

(35.8%) of WTP has been linked to the inefficient removal of these 

pathogenic bacteria by the treatment process. In their research, they 

reported the detection of pathogenic bacteria in the wastewater 

treatment facility at Hawassa University Referral Hospital (HURH). 

Similarly, Iweriebor et al. 2015
46

 have also reported the inefficient 

Fort Hare wastewater treatment plant following the detection of the 

presence of Enterococcus spp. in the final effluent discharged to 

receiving water bodies.
46 

The result of this study is in agreement with 

this report as the final effluent released into the water body at UNN-

WTP indicates the presence of Enterococcus faecalis with a 35.8% 

resistance to antibiotics. The result of this study has also revealed the 

inefficiency of the treatment plant process. Hence the final effluent 

discharged may cause harmful effects on the receiving water body.
45

 A 

good number of studies have revealed that WWTPs can provide a 

favourable environmental condition that is needed for antibiotic-

resistance gene transfer
47,48,49,46

 and as reservoirs of antibiotic-resistant 

bacteria.
50

 The isolation and confirmation of Enterococcus faecalis in 

the isolates from hostel drains and WTP (influent and final effluent) 

especially the hostel drains should be of major concern. This is so as 

Enterococcus faecalis has been linked with infections like urinary tract 

infections, neonatal infections, central nervous system (CNS) 

infections, endocarditis, bacteremia, and abdominal and pelvic 

infections.
51

Hence farmlands that receive this kind of drain when 

watched off by rain or serve as a source of irrigation could eventually 

be absorbed by food crops and can cause infections. The genes RrS, 

Ddl, ClyA, hlyA and esp were detected. The virulence factor esp is 

described as a human-specific marker used for microbial source 

tracking.
13,52,53,54

 The presence of these genes in isolates is regarded as 

a good indicator of human faecal contamination in water bodies.
54,55

 

Virulence factor enterococcal surface proteins (esp) play a significant 

role in enterococcal adhesion to collagen and the extracellular 

matrix.
46

 The presence of resistant Enterococcus faecalis in the hostel 

drains and the observation of the resistant patterns showed similarities 

in resistant patterns with WTP final effluent discharged.  

In this study, microbial counts range from 1.0 x10
3
(cfu/ml) 

(AlvanIkoku male hostel, UNN) to 5.8 ×10
7 

(cfu/ml) (WTP effluent, 

UNN). The fluctuation in the number of bacterial counts in the 

wastewater may be due to the irregular influx of domestic, agricultural 

and industrial effluents into sewage. In the present study, bacterial 

counts tend to get high in the warm and dry seasons because bacteria 

can survive and reproduce more successfully under warm conditions 

due to free sediment-water interactions and less available dilution in 

summer. Generally, AlvanIkoku male hostel, UNN had the lowest 

bacterial count, while samples from WTP effluent, UNN had the 

highest counts. In comparing the hostels, Ink---Inikpi female hostel 

(KSU) had the highest and AlvanIkoku male hostel, UNN had the 

lowest) reason being that Inikpi hostel is closer to the electricity 

powerhouse of the university and the animal farmhouse is situated in 

the same region (exposed to more animal dung run-off, hydrocarbons 

from diesel, engine oil and smoke which microbes use as food 

substrate during biodegradation). Also, open defecation is very 

common among those female hostellers. All these and more cause a 

rise in the microbial count. Similarly in another study, observed E. coli 

1.00 to 530×10
7
 MPN/100 mL. Coliform 5.00 to 720×10

7
 MPN/100 

mL, Leptothrix sp. Nil to 42×10
5
 MPN/100 mL and, fecal streptococci 

9.00 to 700×10
3
 MPN/100 mL, in sewage water of Aligarh. Coliform, 

Fecal streptococci and E. coli form 13 to 214.6×10
6
 MPN/100 mL, and 

8.7 to 47×10
6
 MPN/100 mL respectively in sewage of Ahmedabad.

54 
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From  the pond waters of Aligarh Kalidah, (that receives sewage) 

hashigher coliforms 210 to 480×10
5
 MPN/100 mL, faecal streptococci 

220 to 480×10
2
 MPN/100 mL, E. coli 60 to 290×10

5
 MPN/100 mL, 

Zoogloea sp. 102 to 290 ×10
5
/100 mL and Leptothrix sp. 263 to 640 

×10
5
 /100 mL.

55
 The fluctuation in the number of bacteria in sewage 

may be due to the irregular surge of domestic and industrial effluents 

into sewage. Therefore, hostel drains could be seen to be a huge source 

of antibiotic-resistant bacteria in the environment. Therefore, more 

work should be carried out in this regard. 

 

 

 

Conclusion   

Pathogenic Enterococcus feacalis isolated from hostel drains and WTP 

were found to be resistant to meropenem, penicillin G, ceftazidime, 

cefotaxime erythromycin and other commonly used antibiotics. 

However, the number of antibiotics that were active increased on the 

isolates on the final effluent. The susceptibility patterns indicated a 

potential possibility of antibiotic resistance dissemination in aquatic 

environments. The contribution of individual point sources like hostel 

drains to the microbial load of surface water varies. Inefficient WTPs 

were also observed with the discharge of final effluents with 

unacceptable microbial counts into the receiving water bodies. 

 

Table 4: Comparative Antibiotics Susceptibility Pattern of E. faecalis from Influent and Effluent of WTP in UNN 
 

Treatment  Influent  Effluent Statistical significance 

ANTIBIOTICS S R I  S R I Chi-square 

AMC 9 0 0  9 0 0 *NA 

CIP 8 1 0  8 0 1 0.331 

CN 8 1 0  7 1 1 0.929 

AMP 8 0 1  6 2 1 0.131 

MEM 0 9 0  0 9 0 *NA 

S 9 0 0  9 0 0 *NA 

E 0 9 0  0 9 0 *NA 

CTX 0 9 0  0 9 0 *NA 

SXT 9 0 0  9 0 0 *NA 

VA 9 0 0  9 0 0 *NA 

LEV 9 0 0  9 0 0 *NA 

P 0 9 0  0 9 0 *NA 

CAZ 0 9 0  0 9 0 *NA 

F 9 0 0  9 0 0 *NA 

TE 9 0 0  8 1 0 0.303 

NA: Not Applicable 

 

Table 5: Comparative antibiotics susceptibility pattern of E. faecalis from drains at both UNN and KSU campuses 
  

Treatment  KSU UNN Statistical significance 

ANTIBIOTICS S R I S R I Pearson Chi-square 

AMC 23 4 0 15 2 1 0.3407 

CIP 22 0 5 15 0 3 *NA 

CN 12 14 1 15 3 0 0.0003 

AMP 17 7 3 10 4 4 0.6089 

MEM 0 27 0 0 18 0 *NA 

S 24 3 0 14 4 0 *NA 

E 0 27 0 0 15 3 *NA 

CTX 2 25 0 0 18 0 *NA 

SXT 24 2 1 14 2 2 0.4960 

VA 23 4 0 16 2 0 *NA 

LEV 27 0 0 18 0 0 *NA 

P 0 27 0 0 18 0 *NA 

CAZ 0 27 0 0 18 0 *NA 

F 21 1 5 18 0 0 0.0358 

TE 21 4 2 17 1 0 0.0580 

NA: Not Applicable 
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Table 6: Multidrug Resistance (MDR) Patterns of Enterococcus faecalis Isolates from this Study 
  

Sampling Area Campus Sampling 

point 

Resistant isolates  Antibiotics resistant Numberof antibiotics  

resisted (%)  

MAR Index  

range  

Female Hostels 

Drains 

UNN Nkrumah  UNKEN
3 

UNKEN
10

 

UNKEN
12 

UNKEN
9
 

UNKEN
11 

 

MEM, CAZ, P, CTX, 

E  

5(33.3)  0.33-0.67  

 KSU Inikpi KIKEN
9
 KIKEN

12
 KIKEN

8
 

KIKEN
3
 KIKEN

1
 KIKEN

10
 

MEM, CAZ, P, CTX, 

E, CN  

6(40.0)  0.33-0.73  

Male Hostels 

Drains 

UNN Alvan-

ikoku 

UAVEN
2
UAVEN

9
 

UAVEN
10 

UAVEN
1
 

UAVEN
3
 

MEM, CAZ, P, CTX, 

E  

5(33.3)  0.33-0.67  

 KSU Ocheja KOCEN
3
KOCEN

1
 

KOCEN
2
KOCEN

8
 

KOCEN
11

 

MEM, CAZ, P, CTX, 

E  

5(33.3)  0.33-0.73  

 KSU Dangana KDGEN
8
KDGEN

7
 

KDGEN
10

KDGEN
2
 

KDGEN
12 

 

MEM, CAZ, P, CTX, 

E  

5(33.3)  0.33-0.67  

WTP  UNN Influent UIFEN
8
 UIFEN

3
 UIFEN

9
 

UIFEN
11

 UIFEN
10

 UIFEN
1
 

MEM, CAZ, P, CTX, 

E,  

5(33.3) 

 

0.33-0.53  

 UNN Effluent UEFEC
3
 UEFEC

1
 UEFEC

9
 

UEFEC
8
 UEFEC

2
 UEFEC

7
 

UEFEC
10

 

MEM, CAZ, P, CTX, 

E,  

5(33.3)  0.33-0.53  

 

 

Table 7: Detected genes for antibiotic resistance in isolates of E. faecalis 
 

Genes  Present No (%) Absent No (%) Pearson Chi-square/ fisher’s exact test 

ant(2)-la  20(95.2) 1(4.8) 0.000 

aac(3)-lla 8(38.1) 13(61.9)  

Van A  2(9.5) 19(90.5)  

 

 

Conflict of Interest  

The authors declare no conflict of interest. 

 

Authors’ Declaration 

The authors hereby declare that the work presented in this article is 

original and that any liability for claims relating to the content of this 

article will be borne by them. 

 

References 

1. Griebling Tl. Urinary tract infection in women. In: Litwin 

MS, Saigal CS., Editors., Urologic Diseases In America, US 

Department of Health and Human Service, National 

Institute of Diabetes and Digestive and Kidney Diseases, 

US Government Printing Office: NIH Publication, 

Washinton DC. 2007;589-619. 

2. Flores-Mireles AL, Walker JN, Caparon M, Hultgren, SJ. 

Urinary tract infections: Epidemiology, mechanisms of 

infection and treatment options. Nat Rev Microbiol. 2015; 

13(5):269-284.  

3. Byappanahalli MN, Meredith B, Asja K, Zachery RS, 

Valerie JH. Enterococci in the 

environment. MicrobiolMolBiol Rev. 2012; 76:685–706.  

4. Kafil, HS, Mobarez AM, Moghadam MF. Multidrug 

resistant and most virulent Enterococcus faecium (strain 

2653), isolated from hospitalized patient wound in 

Iran. Scholarly J Med. 2012; 2:36–39. 

5. Iredell J, Brown J, Tagg K. Antibiotic resistance 

inEnterobacteriaceae: Mechanisms and clinical 

implications. BMJ 2016; 352:1-19 

6. Kau AL, Martin SM,  Lyon W, Hayes E, Caparon MG, 

Hultgren SJ. Enterococcus faecalisTropism for the Kidneys 

in the Urinary Tract of Mice. Am SocMicrobiol. 2005; 73 

(4):2461–2468. 

7. World Health Organization. WHO global strategy for 

containment of 

antimicrobial resistance. Retrieved from http://apps.who.int/

iris/bitstream/10665/66860/1/WHO_CDS_CSR_DRS_2001

.2.pdf on 21/04/2018. 2001 

8. Karlowsky JA, Jones ME, Thornsberry C, Friedland IR. 

Trends in antimicrobial susceptibilities among 

Enterobacteriaceae isolated from hospitalized patients in 

the United States from 1998–2001. Antimicrob Agents 

Chemother. 2003;47:1672–1680. 

9. Fernandes SC, Dhanashree B. Drug resistance and virulence 

determinants in clinical isolates of Enterococcus 

species. Indian J Med Res. 2013; 137:981–985.  

10. Chigor VN,  Umoh VJ, Smith SI, Igbinosa EO, Okoh AI. 

Multidrug Resistance and Plasmid Patterns of Escherichia 

coli O157 and Other E. coli Isolated from Diarrhoeal Stools 

and surface Waters from Some Selected Sources in Zaria, 

http://apps.who.int/iris/bitstream/10665/66860/1/WHO_CDS_CSR_DRS_2001.2.pdf%20on%2021/04/2018
http://apps.who.int/iris/bitstream/10665/66860/1/WHO_CDS_CSR_DRS_2001.2.pdf%20on%2021/04/2018
http://apps.who.int/iris/bitstream/10665/66860/1/WHO_CDS_CSR_DRS_2001.2.pdf%20on%2021/04/2018


                               Trop J Nat Prod Res, November 2023; 7(11):5316-5326                 ISSN 2616-0684 (Print) 

                                                                                                                                                  ISSN 2616-0692 (Electronic)  
 

5325 

 © 2023 the authors. This work is licensed under the Creative Commons Attribution 4.0 International License 

 

Nigeria.Int J Environ Res Public Health. 2010; 7:3831-

3841. 

11. Ogier JC, Serror P. Safety assessment of dairy 

microorganisms: the Enterococcus genus. Int J Food 

Microbiol.2008; 126:291–301. 

12. Mohammed JQ, Ash A, Gazi MA.  Evaluation of 

cytotoxicity and antimicrobial activity of flavipin against 

Acinetobacterbaumannii, methicillin-resistant 

Staphylococcus aureusand Candida albicans. Trop J Nat 

Prod Res. 2023; 7(7):3279-3284. 

13. Rathnayake IU, Hargreaves M, Huygens F. Antibiotic 

resistance and virulence traits in clinical and environmental 

Enterococcus faecalis and Enterococcus faecium isolates. 

Syst. Appl. Microbiol. 2012; 35(5):326-333. 

14. WHO (World Health Organization). The evolving threat of 

antimicrobial 

resistance: options. Retrieved  from http://apps.who.int/iris/

bitstream/10665/44812/1/9789241503181_eng.pdf 

on 23/08/2018. 2012 

15. WHO (World Health Organization). Antimicrobial 

resistance: global report on 

surveillance. Retrieved from http://apps.who.int/iris/bitstrea

m/10665/112642/1/9789241564748_eng.pdf on 

23/08/2018. 2014. 

16. Boyd DA, Willey BM, Fawcett D, Gillani N, Mulvey MR.  

Molecular characterization of Enterococcus faecalis N06-

0364 with low-level vancomyc in resistance harboring a 

novel D-Ala-D-Ser gene cluster, vanL. Antimicrob Agents 

Chemother. 2008; 52:2667–2672. 

17. Dupre I, Zanetti S, Schito AM, Fadda G, Sechi LA. 

Incidence of virulence determinants in 

clinical Enterococcus faecium and Enterococcus 

faecalis isolates collected in Sardinia (Italy). J Med 

Microbiol. 2005; 52:491–498 

18. Rizzo L, Manaia C, Merlin C, Schwartz T, Dagot C, Ploy 

MC, Fatta-Kassinos D. Urban wastewater treatment plants 

as hotspots for antibiotic resistant bacteria and genes spread 

into the environment: a review. Sci Total Environ. 

2013; 447:345-360. 

19. Rahube TO, Viana LS, Koraimann G, Yost CK. 

Characterization and comparative analysis of antibiotic 

resistance plasmids isolated from a wastewater treatment 

plant. Front Microbiol. 2014; 5:558. 

20. Li D, Yang M, Hu, J, Zhang J, Liu R, Gu X, Zhang Y, 

Wang Z. Antibiotic resistance profile in environmental 

bacteria isolated from a penicillin production wastewater 

treatment plant and receiving river. Environ Microbiol. 

2009; 11(6):1506-1517 

21. McPherson P, Gealt M. Isolation of indigenous wastewater 

bacterial strains capable of mobilizing plasmid pBR325. 

Appl Environ Microbiol. 1986; 51:904–909. 

22. Leff LG. Stream bacterial ecology: A neglected field? 

AmerSocMicrobiol. (ASM) News. 1994; 60:135–138. 

23. Lebreton F, Depardieu F, Bourdon N. D-Ala-D-SerVanN-

type transferable vancomycin resistance in Enterococcus 

faecium. Antimicrob Agents Chemother.  2011; 55:4606–

4612.  

24. Murray BE, Nannini EC. Glycopeptides (vancomycin and 

teicoplanin), streptogramins (quinupristin-dalfopristin), and 

lipopeptides (daptomycin). In: Mandell GL, Bennet JE, 

Dolin R, editors. PrinPract Infect Dis. 2010; 7:449-468. 

25. Oladeinde B, Omoregie R, Olley M, Anunibe J. Urinary 

Tract in a Rural Community of Nigeria. N Am J Med Sci. 

2011; 3:75-77.  

26. Claus D.  A standardized Gram staining procedure.World J. 

Microbiol. Biotechnol. 1992; 8:451-452 

27. Bauer AW, Kirby WMM, Sherris JC, Turk M. Antibiotic 

susceptibility testing by a standardized single disk method. 

Am J Clin Pathol.1966; 45:493–6. 

28. CLSI (Clinical and Laboratory Standards 

Institute).Performance Standards for Antimicrobial 

Susceptibility Testing; Fifteenth Informational Supplement, 

M100-S15; Clinical and Laboratory Standards Institute 

Wayne (CLSI): Chicago, IL, USA. 2019; 39(1) 

29. Vankerckhoven V, Van Autgaerden T, Vael C, Lammens C, 

Chapelle S, Rossi R, Goossens H. Development of a 

multiplex PCR for the detection of asa1, gelE, cylA, esp, 

and hyl genes in enterococci and survey for virulence 

determinants among European hospital isolates of 

Enterococcus faecium. J ClinMicrobiol. 2004; 42(10):4473-

4479. 

30. Bai J, Paddock ZD, Shi X, Li S, An B, Nagaraja TG. 

Applicability of a multiplex PCR to detect the seven major 

shigatoxin—Producing Enterococcus based on genes that 

code for serogroup-specific o-antigens and major virulence 

factors in cattle feces. Foodborne Pathog Dis. 2012; 9:541–

548.  

31. Bashir S, Haque A, Sarwar Y, Raza A Prevalence of 

Integrons and Antibiotic Resistance amon. Arch 

ClinMicrobiol. 2015; 6(4). 

32. Geser N, Stephan R, HächlerH.Occurrence and 

characteristics of extended-spectrum β-lactamase (ESBL) 

producing Enterobacteriaceae in food-producing animals, 

minced meat and raw milk. BMC Vet Res 2012; 8(1): 21. 

33. Igbinosa, E.O and Okoh, A.I Impact of discharged 

wastewater effluent on the physicochemical qualities of a 

receiving watershed in a typical rural community. Int J 

Environ Sci Tech. 2009; 6(2):175-182  

34. Teixeira LM, Carvalho MG, Facklam RR. Enterococcus. 

In Manual of Clinical Microbiology. Am SocMicrobiol. 

2007; 9th ed. Washington, D.C. 

35. Troiano E, Beneduce L, Gross A, Ronen Z. Antibiotic-

resistant bacteria in greywater and greywater-irrigated 

soils. Front Microbiol. 2018; 9:2666. 

36. Domingo MC, Huletsky A, Giroux R, Boissinot K, Picard 

FJ, Lebel P, Bergeron MG. High prevalence of glycopeptide 

resistance genes vanB, vanD, and vanG not associated with 

enterococci in human faecal flora. Antimicrob Agents 

Chemother. 2005; 49(11):4784-4786. 

37. Nam S, Kim MJ, Park C, Park JG, Lee GC. Detection and 

genotyping of vancomycin resistant Enterococcus spp by 

multiplex polymerase chain reaction in Korean aquatic 

environmental samples. Int J Hyg Environ Health. 

2012; 216:421–427.  

38. Fekadu S, Merid Y, Beyene H, Teshome W, Gebre-Selassie 

S. Assessment of antibiotic-and disinfectant-resistant 

bacteria in hospital wastewater, south Ethiopia: a cross-

sectional study. J Infect Dev Ctries. 2015; 9(02):149-156. 

39. Kenzaka T, Takamura N, Kumabe A, Takeda K. A case of 

subacute infective endocarditis and blood access infection 

caused by Enterococcus. durans. BMC Infect Dis. 2013; 

13:594.   

40. Heim S, Lleo MM, Bonato B, Guzman CA, Canepari P. The 

viable but nonculturable state and starvation are different 

stress responses of Enterococcus. faecalis, as determined by 

proteome analysis. J Bacteriol. 2002; 184:6739–6745. 

41. Lleò MM., Bonato B, Benedetti D, Canepari P. Survival 

of Enterococcal species in aquatic 

environments. FemsMicrobiol Ecol. 2005; 54:189–196 

42. Silva J, Castillo G, Callejas L, López H, Olmos J. 

Frequency of transferable multiple antibiotic resistance 

amongst coliform bacteria isolated from a treated sewage 

effluent in Antofagasta, Chile. Electron J Biotechnol. 

2006; 9(5):0-0. 

43. Alam MZ, Aqil F, Ahmad I, Ahmad S.Incidence and 

transferability of antibiotic resistance in the enteric bacteria 

isolated from hospital wastewater. Braz J Microbiol. 

2013; 44(3):799-806. 

44. Gibs J, Heckathorn HA, Meyer MT, Klapinski FR, Alebus 

M, Lippincott RL Occurrence and partitioning of antibiotic 

compounds found in the water column and bottom 

sediments from a stream receiving two wastewater 

http://apps.who.int/iris/bitstream/10665/44812/1/9789241503181_eng.pdf%20on 23/08/2018
http://apps.who.int/iris/bitstream/10665/44812/1/9789241503181_eng.pdf%20on 23/08/2018
http://apps.who.int/iris/bitstream/10665/44812/1/9789241503181_eng.pdf%20on 23/08/2018
http://apps.who.int/iris/bitstream/10665/112642/1/9789241564748_eng.pdf%20on%2023/08/2018
http://apps.who.int/iris/bitstream/10665/112642/1/9789241564748_eng.pdf%20on%2023/08/2018
http://apps.who.int/iris/bitstream/10665/112642/1/9789241564748_eng.pdf%20on%2023/08/2018


                               Trop J Nat Prod Res, November 2023; 7(11):5316-5326                 ISSN 2616-0684 (Print) 

                                                                                                                                                  ISSN 2616-0692 (Electronic)  
 

5326 

 © 2023 the authors. This work is licensed under the Creative Commons Attribution 4.0 International License 

 

treatment plant effluents in Northern New Jersey. Sci Total 

Environ. 2013; 458:107-116. 

45. Iweriebor BC, Gaqavu S, Obi LC, Nwodo UU, Okoh AI. 

Antibiotic susceptibilities of Enterococcus species isolated 

from hospital and domestic wastewater effluents in Alice, 

eastern cape province of South Africa. Int J Environ Res 

Public Health. 2015; 12(4): 4231-4246. 

46. Da Silva MF, Tiago I, Veríssimo A, Boaventura RA, Nunes 

OC, Manaia CM. Antibiotic resistance of enterococci and 

related bacteria in an urban wastewater treatment 

plant. FEMS Microbiol Ecol. 2006; 55(2), 322-329. 

47. Poh, CH, Oh HML, Tan AL. Epidemiology and clinical 

outcome of enterococcalbacteraemia in an acute care 

hospital. J Infect. 2006; 52(5), 383-386. 

48. Jenkins TM, Scott TM, Morgan MR, Rose JB. Occurrence 

of alternative faecal indicators and enteric viruses in 

Michigan rivers. J Great Lakes Res. 2005; 31(1): 22-31. 

49. McQuaig SM, Scott TM, Harwood VJ, Farrah SR, Lukasik 

JO. Detection of human-derived faecal pollution in 

environmental waters by use of a PCR-based human 

polyomavirus assay. Appl Environ Microbiol. 2006; 72(12): 

7567-7574. 

50. Beeda AM, Lena JR. Resistance efficiency of some 

bacterial isolates against malathion pesticide. Trop J Nat 

Prod Res. 2023; 7(1): 2140-2144. 

51. Strateva T, Atanasova D, Savov E, Petrova G, Mitov I. 

Incidence of virulence determinants in clinical 

Enterococcus faecalis and Enterococcus faecium isolates 

collected in Bulgaria. Braz J Infect Dis. 2016; 20(2): 127-

133 

52. Kayaoglu G, Ørstavik D. Virulence factors of Enterococcus 

faecalis relationship to endodontic disease. Crit Rev Oral 

Biol. Med. 2004; 15(5), 308-320. 

53. Borhani B, Ahmadi A, Rahimi F, Pourshafie MR, Talebi M. 

Determination of vancomycin resistant Enterococcus. 

Faecium diversity in tehran sewage using plasmid profile, 

biochemical fingerprinting and antibiotic 

resistance. Jundishapur. J Microbiol. 2014 

54. Lupo A, Coyne S, Berendonk TU. Origin and evolution of 

antibiotic resistance: The common mechanisms of 

emergence and spread in water bodies. Front 

Microbiol. 2012 

55. Samira J, Jawad BM, Zhour EM, Najia EH, Khadija B. 

Antibiotic resistance pattern of uropathogenic Escherichia 

coli identified in a healthcare laboratory (Morocco). Trop. J. 

Nat Prod Res. 2023; 7(8):3602-3605.. 

 

 


