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SUMMARY 
Objective: This study aims to determine the antibiotic susceptibility pattern and incidence of extended-spectrum beta-

lactamase (ESBL) genes in isolates from vaginal discharge of symptomatic female patients. 

Study design: Cross-sectional study 

Participant: Pregnant and non-pregnant women between 18 and 50 years who presented with genital tract infection 

and had not received antimicrobial therapy in the two weeks prior 

Interventions: The study determines the prevalence of bacteria in the vaginal discharge of female patients of repro-

ductive age, the antibiotic susceptibility pattern of the isolates and the incidence of ESBL genes in Gram-negative 

isolates from the sample. 

Results: Bacteria were found in 74 (80.4%) and 88 (81.5%) samples from pregnant and non-pregnant women, respec-

tively. Escherichia coli (n=48; 27.6%) occurred mostly in the samples, followed by Staphylococcus aureus (n=38; 

21.8%). Among the Gram-positive, all Streptococcus. pneumoniae and Staphylococcus. epidermidis were sensitive to 

imipenem and meropenem (100%). S. aureus was the most resistant to cephalexin (71.4%), cefoxitin (60.5%) carben-

icillin (60.5%) and ceftazidime (57.9%). Escherichia coli was highly resistant to carbenicillin (85.4%), cephalexin 

(64.6%) and cefotaxime (56.3%). Klebsiella pneumoniae showed the highest level of imipenem resistance (31.6%), 

followed by E. coli (29.2%). The prevalence of ESBL genes in Gram-negative isolates from pregnant women was 

25.6% (11/43), compared to 30.3% (23/76) in non-pregnant women. Both blaTEM and blaSHV had the highest occur-

rence of 14.3% (17/119) of the isolates.  

Conclusion: This study found Gram-negative pathogens isolated from the vaginal tract of both pregnant and non-

pregnant women to be resistant to multiple antibiotics and have ESBL genes.   
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INTRODUCTION 
The vaginal flora is a complex environment with commu-

nities of microbes in different numbers and proportions, 

and it is predominantly populated with Lactobacillus spe-

cies, helping maintain the vaginal pH acidic and con-

stant.1,2 Lactobacilli that originate in the vagina survive 

for as long as the pH remains acidic. When the pH of the 

environment becomes neutral, a mixed flora of cocci and 

bacilli forms and persists until adolescence. Aerobic and 

anaerobic lactobacilli multiply during adolescence and 

serve to maintain acid pH by producing acid from glyco-

gen, which appears to be an important strategy for hin-

dering the proliferation of potentially dangerous bacteria. 

Bacterial vaginosis can occur when antimicrobial medi-

cines suppress lactobacilli.3 Bacterial vaginitis (BV) is a 

genital infection caused by an overgrowth of bacteria in 

the vagina and characterised by vaginal discharge, irrita-

tion, and a foul odour that may be transitory or persis-

tent.4-6  
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The alteration in vaginal ecology normally results in a 

decrease in the proportion of H2O2-generating bacteria, 

speeding up the colonisation of other species such as 

Gardnerella vaginalis Mobiluncus species, Peptococcus 

species, Bacteroides species and Mycoplasma hominis.7 

Since BV is a frequent vaginal illness in women of repro-

ductive age, interest in the condition has grown recently 

due to mounting evidence of its harmful consequences, 

including amniotic fluid infections, clinical chorioamni-

onitis, preterm labour, pelvic inflammatory disease and 

postpartum endometritis.8 One of the most frequent 

causes of reproductive tract infection (RTI) is bacterial 

vaginosis, and many factors, including douching, regular 

use of soap or herbal remedies, sexual activity, vaginal 

hygiene habits, and having several sex partners HIV in-

fection, marital status, and sexually transmitted infec-

tions (STIs) has been linked to the prevalence of this con-

dition.9,10 Some studies have linked sexually transmitted 

diseases such as syphilis, gonorrhoea, trichomoniasis, 

and chlamydial infections with preterm labour.3  

 

Extended-spectrum beta-lactamases (ESBLs) can break 

down broad-spectrum cephalosporins and monobactams, 

as well as co-resistance against several different catego-

ries of antibiotics such as quinolones, aminoglycosides 

and cotrimoxazole.11 Resistance to routinely prescribed 

medications by extended-spectrum beta-lactamase-pro-

ducing Gram-negative bacteria is rising.12 It has been 

found that Gram-negative bacteria isolated from the vag-

inal have extended-spectrum beta-lactamase.12-14 ESBL-

producing Gram-negative bacteria could expose women 

to infections of the reproductive system and increase the 

likelihood of newborn mortality during pregnancy.12  

 

ESBL-producing Gram-negative bacteria are increas-

ingly resistant to antibiotics that are frequently used.12 

The rising incidence of ESBL-producing Gram-negative 

bacterial infections in the last few years has become a 

global issue, leaving patients with few therapeutic op-

tions.15 There are numerous reports on ESBL-producing 

bacteria causing infections in humans in Nigeria, 16-18.  

Still, there are few reports on the characterisation of 

ESBL genes in isolates from pregnant and non-pregnant 

women. Therefore, this study was conducted to identify 

ESBL-producing Gram-negative bacteria isolated from 

the vaginal of pregnant and non-pregnant women with 

genital tract infections. 

 

METHODS 
Study site and sample collection  

Two hundred (200) high vaginal swabs were collected 

from the Medical Microbiology Laboratory of Olabisi 

Onabanjo University Teaching Hospital between January 

and October 2023.  

The samples were from both pregnant and non-pregnant 

women between the ages of 18 to 50 years diagnosed 

with genital tract infections. 

 

Isolation and identification of bacterial isolates 

The swabs were inoculated on mannitol salt agar's and 

MacConkey agar's surface and incubated for 24 hours. 

Colonies on MacConkey agar were further subcultured 

onto Eosin methylene blue agar, cetrimide agar and de-

oxycholate citrate agar. The isolates were then Gram 

stained and further identified with biochemical tests such 

as citrate, indole, methyl red, Voges-Proskauer, hydrogen 

sulphide production, catalase, coagulase, sugar fermenta-

tion and gas production.19 

 

Antibiotic susceptibility testing 

The antibiotic susceptibility profile of the bacteria was 

determined with the Kirby-Bauer disk diffusion test.20 

For Gram-negative isolates, imipenem (10µg), aztre-

onam (30µg), meropenem (10µg), cefoxitin (30µg), 

cephalexin (30µg), amoxicillin/clavulanic acid 

(20µg/10µg), ciprofloxacin (5µg), amikacin(10µg), car-

benicillin (30µg), cefotaxime (30µg), ceftazidime (30µg) 

and cefepime (30µg) were used. For Gram-positive iso-

lates, imipenem (10µg), meropenem (10µg), cefoxitin 

(30µg), cephalexin (30µg), amoxicillin/clavulanic acid 

(20µg/10µg), ciprofloxacin (5µg), amikacin(10µg), car-

benicillin (30µg), cefotaxime (30µg), ceftazidime (30µg) 

and azithromycin (15µg) were utilized. 

 

Briefly, isolates were subcultured on Nutrient agar plates 

and incubated for 18 hours. Then, 3-4 colonies were 

picked and suspended in sterile distilled water, and the 

turbidity was adjusted to 0.5 McFarland standard. Steri-

lised molten Mueller Hinton agar cooled to about 45 oC 

was poured into sterile Petri dishes and solidified at room 

temperature. The surface of the plates was dried in an 

oven at 37 oC. A sterile swab stick was then dipped in the 

McFarland suspension and used to inoculate the Mueller-

Hinton agar plates. A sterile pair of forceps was used to 

place the antibiotic discs on the surface of the Mueller-

Hinton agar plate. The plates were left on the bench for 1 

hour and then incubated at 37 oC for 18 hours. The zones 

of growth inhibition were measured and recorded in mil-

limetres. According to Clinical Laboratory and Standard 

Institutes performance standards for antimicrobial sus-

ceptibility testing, the result was interpreted as sensitive, 

resistant, or intermediate.21 

 

Phenotypic ESBL detection 

ESBL production was detected with a modified double 

disk synergy test. Amoxicillin/clavulanic acid 

(20µg/10µg) was placed at the centre of freshly inocu-

lated Mueller-Hinton agar plate, ceftazidime (CAZ; 

30 μg), cefotaxime (CTX; 30 μg) and cefepime (CFP, 
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30 μg) were placed 20mm apart from the amoxicil-

lin/clavulanic acid disc with the aid of a sterile pair of 

forceps. The plates were left on the bench for 1 hour and  

Then incubated at 37oC for 18 hours. When the inhibition 

zone around any cephalosporin expanded toward the cen-

tral disc with amoxicillin/clavulanic acid, the sample was 

classified as positive for ESBL.22 

 

DNA extraction  

The DNA of the bacteria was extracted using the boiling 

process. A pure colony of each isolate was inoculated in 

2 millilitres of Luria Bertani broth (LB), cultured for 18 

to 24 hours, and centrifuged for 10 minutes at 10,000 ro-

tations per minute. To release the DNA, the bacterial cells 

were submerged in 500 μL of phosphate buffer (100 mM, 

pH 7), and then they were heated to 100 °C in a boiling 

water bath for 15 minutes to weaken their membranes. 

Then, 250 μL of absolute alcohol was used to precipitate 

the DNA, which was then centrifuged one more and re-

suspended in 100 μL of sterile water.23 

 

Molecular detection of ESBL 

The thermal cycler (Applied Biosystems, USA) was used 

to perform PCR to determine the presence of the blaTEM, 

blaSHV and blaCTX-M -ESBL genes. The primer sequences 

utilised are listed in Table 1. One microliter of DNA, 1 

μL of each primer (0.2 pmol/μl) from Inquaba, South Af-

rica, 10 μL of WizPureTM PCR 2X Master mix from Wiz-

biosolutions, South Korea, and 7 μL of prote-

ase/DNase/RNase-free water made up the 20 μL PCR fi-

nal volume. The amplification requirement is a 10-mi-

nute initial denaturation step at 94 °C. 30 cycles of dena-

turation (40 s at 94 °C), annealing (40 s at 60 °C), and 

elongation (one minute at 72 °C), followed by a final 

elongation step (seven minutes at 72 °C). To view the 

PCR products, a 1.5% agarose gel stained with ethidium 

bromide was electrophoretically migrated at 100 volts for 

an hour. A marker with 100 bp was used as a comparison. 

Following migration, the various bands were examined 

under UV light. After migration, the bands were visible 

under UV light.24,25  

 

Statistical analysis 

Fischer exact test was used to determine the statistically 

significant difference in the presence of bacteria in the 

HVS samples of pregnant and non-pregnant (p = 0.05) 

 

Ethical clearance 

Ethical approval was obtained from the Health Research 

Ethics Committee of the Olabisi Onabanjo University 

Teaching Hospital, Sagamu, Ogun state 

(OOUTH/HREC/590/2023AP)  

 

 

 

Table 1 Primer sequences of ESBL genes 

 

RESULTS 
Patient demographic information, Isolation and  

A total of 200 samples were collected from 92 pregnant 

and 108 non-pregnant women between the ages of 18 to 

50 years. Out of 200 HVS samples, 162 (81.0%) were 

positive for bacterial isolates. Gram-positive bacteria 

were isolated in 43 of the HVS samples, 107 samples 

yielded Gram-negative isolates while 12 samples yielded 

both Gram-positive and Gram-negative isolates. Bacteria 

were found in 74 (80.4%) and 88 (81.5%) samples from 

pregnant and non-pregnant women, respectively. Bacte-

rial isolates were more prevalent (84.8%) in samples 

from pregnant women aged 31-40, while the largest pro-

portion of bacteria (87.5%) was identified in non-preg-

nant women aged 21-30 (Table 2). 

 

Table 2 Percentage of pregnant and non-pregnant 

women with bacterial-positive samples with age 
Ages in 

year   

Pregnant (n = 92) Non-pregnant (n = 

108) 

Number 

of sam-

ples 

No of posi-

tive samples 

(%) 

Number 

of sam-

ples 

No of pos-

itive sam-

ples (%) 

18 - 20  7 5 (71.4) 8 4 (50.0) 

21 – 30 28 23 (82.1) 24 21 (87.5) 

31 – 40 46  39 (84.8)    53 45 (84.9)      

41 – 50 11 7 (63.6) 23 18 (78.3) 

Total  92 74 (80.4) 108 88 (81.5) 

 

Prevalence bacterial isolates in HVS samples 

A total of 174 isolates, including 55 Gram-positive iso-

lates and 119 Gram-negative isolates, which consist of 

Staphylococcus aureus, Staphylococcus epidermidis, 

Streptococcus pneumoniae, Klebsiella pneumoniae, 

Genes Primer se-

quence 

Amplicon 

sizes (bp) 

Reference 

SHV F-
5'TCGCCTGTG

TATTATCTCC

C-3' 
R-5' CGCAGA-

TAAATCAC-

CACAATG-3' 

768 Maynard et al. 24 

TEM F-5'GAG-

TATTCAACAT

TTTCGT-3' 
R-5' AC-

CAATGCTTAA

TCAGTGA-3' 

857 Maynard et al. 24 

CTX-

M 

F-5'TTT-

GCGATGTG-

CAGTACCAG-
TAA-3' 

R-5'CGATAC-

GTT-
GGTGGTGCCA

TA-3' 

544 Edelstein et al. 25 
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Escherichia coli, Enterobacter spp., Proteus spp., Pseu-

domonas aeruginosa, Salmonella spp., Klebsiella oxy-

toca. Escherichia coli (n=48; 27.6%) occurred mostly in 

the samples, followed by Staphylococcus aureus (n=38; 

21.8%) (Table 3). S. aureus (25.3%), E. coli (22.9%), 

Salmonella species (4.4%) and K. oxytoca (6.6%) were 

more prevalent in HVS samples of non-pregnant than 

pregnant women (Figure 1). The presence of bacteria in 

the HVS samples of pregnant and non-pregnant women 

was not statistically significant (p = 0.859). 

 

Table 3 Percentage of bacterial isolates found in the HVS 

sample 

Bacterial isolates Number (%) 

Staphylococcus aureus  38(21.8) 

Staphylococcus epidermidis 10(4.6) 

Streptococcus pneumoniae 7(4.0) 

Klebsiella pneumoniae 19(10.9) 

Enterobacter spp. 11(6.3) 

Proteus spp. 7(4.0) 

Pseudomonas aeruginosa 18(10.4) 

Salmonella spp. 6(3.5) 

Total   174(100) 

 

Antibiotic susceptibility profile of the isolates 

Among the Gram-positive, all S. pneumoniae and S. epi-

dermidis were sensitive to imipenem and meropenem 

(100%), while a lower resistance rate to meropenem 

(5.7%) and imipenem (7.9%) was observed in S. aureus. 

S. aureus was the most resistant to cephalexin (71.4%), 

cefoxitin (60.5%), carbenicillin (60.5%) and ceftazidime 

57.9% followed by S. pneumoniae (Figure 2). Among the 

Gram-negative bacterial isolates, E. coli was highly re-

sistant to carbenicillin (85.4%), cephalexin 64.6% cefo-

taxime (56.3%). K. pneumoniae was the most resistant to 

carbenicillin (94.7%), followed by Salmonella species 

(83.3%), while K. oxytoca was the most resistant to 

cephalexin (90%) and cefoxitin (80%). K. pneumoniae 

showed the highest level of imipenem resistance 

(31.6%), followed by E. coli (29.2%). P. aeruginosa was 

the most resistant isolate to amoxicillin-clavulanic acid. 

A 71.4% and 57.1% resistance rate were observed for 

cephalexin and carbenicillin, respectively, among Pro-

teus spp. (Figure 3).  

 

 

 

 

 
Figure1 Prevalence of bacterial isolates in HVS samples from pregnant non-pregnant women 
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Figure 2 Antibiotic resistance patterns of Gram-positive bacterial isolates 

 

 

 
Figure 3 Antibiotic resistance profile of Gram-negative bacterial isolates 
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Detection of ESBL in Gram-negative isolates 

ESBL genes were detected in 34 (28.6%) of the isolates 

including 31 phenotypically positive and three phenotyp-

ically negative isolates for ESBL, 18 E. coli, 7 P. aeru-

ginosa, 5 K. pneumoniae, 3 Enterobacter spp. and 1 K. 

oxytoca. The overall prevalence of ESBL genes in Gram-

negative isolates from pregnant women was 25.6% 

(11/43), compared to 30.3% (23/76) in non-pregnant 

women. Both blaTEM and blaSHV had the highest occur-

rence of 14.3% (17/119 while blaCTX-M was found in 5.9% 

(7/119) of the isolates. Five (4.2%) of the isolates (in-

cluding three E. coli, one P. aeruginosa and one K. pneu-

moniae) had both blaTEM and blaSHV, whereas blaSHV and 

blaCTX-M occurred together in 1.7% (2/119) E. coli iso-

lates (Table 4). 

 

Table 4 Occurrence of extended-spectrum beta-lac-

tamase (ESBL) in cephalosporin-resistant Gram-nega-

tive bacteria 
ESBL-genes Pregnant 

women (n = 

43) 

Non-pregnant 

women (n = 76) 

Total (n = 

119) 

blaTEM   4 (28.6) 8 (26.7) 12 (10.1) 
blaCTX-M 2 (21.4) 3 (10.0) 5 (4.2) 

blaSHV 2 (14.3) 8 (26.7) 10 (8.4) 

blaTEM and 

blaSHV 

3 (14.3) 2 (6.7) 5 (4.2) 

blaSHV and 

blaCTX-M 

0 (0) 2 (6.7) 2 (1.7) 

Total  11 (25.6) 23 (30.3) 34 (28.6) 

 

DISCUSSION 
Bacterial vaginosis (BV), the most prominent cause of 

abnormal vaginal discharge among women of reproduc-

tive age, has been linked with a considerable risk of mor-

bidity in women.26 This study reported the presence of 

both Gram-positive and Gram-negative isolates in the 

vaginal discharge of pregnant and non-pregnant women 

of reproductive age. The isolates include Staphylococcus 

aureus, Staphylococcus epidermidis, Streptococcus 

pneumoniae, Klebsiella pneumoniae, Escherichia coli, 

Enterobacter species, Proteus species, Pseudomonas ae-

ruginosa, Salmonella species and Klebsiella oxytoca. In 

this study, 68.4% of the bacteria were Gram-negative, 

while 55 (31.6%) were Gram-positive. Other research 

has also indicated a higher occurrence of Gram-negative 

bacteria.27,28 E. coli was the most isolated pathogen 

(27.6%), followed by S. aureus (21.8%) and K. pneu-

moniae (10.9%). Ravishankar and Prakash28 and Effiong 

et al.29 also reported E. coli as the most predominant iso-

late with 38.8% and 36.7% prevalence, respectively, 

while Ahabwe et al.30 documented that S. aureus (48.6%) 

and K. pneumoniae (29.9%) were the most frequently 

isolated bacteria. Contrary to a study by Mulu et al.26 that 

found bacterial vaginosis was more common in non-

pregnant than pregnant women (p = 0.002), there was no 

statistically significant difference in the presence of bac-

terial pathogens -between pregnant (80.4%) and non-

pregnant (81.5%) (p = 0.8586) symptomatic patients. 

While our study found a greater incidence of 80.4% of 

harmful bacteria in the vaginal discharge of pregnant 

women, Ravishankar and Prakash28 reported a 50.4% 

prevalence. This study found that pregnant women be-

tween the ages of 31 and 40 had the highest frequency of 

bacterial infection; in contrast, non-pregnant women be-

tween the ages of 21 and 30 had the highest frequency, 

while Narayana-Swamy et al.31 noted the maximum 

prevalence of bacterial vaginosis among women between 

the ages of 20 and 30 years. 

 

Antibiotic resistance has recently gained attention in 

healthcare settings around the world due to its implica-

tions on rising healthcare expenditures, morbidity, and 

mortality among patients with infectious illnesses.32 In 

developing nations, information about antibiotic suscep-

tibility patterns of bacterial isolates is often infrequent, 

exacerbating the problem.32,33 In this study, as Ravishan-

kar and Prakash showed, lower resistance to imipenem 

was reported in Gram-positive (0 - 7.9%) than in Gram-

negative (0 - 31.6%).28 E. coli showed the highest re-

sistance to ciprofloxacin, ceftazidime, cefotaxime and 

meropenem. In contrast, Narayana-Swamy et al.31 re-

ported lower resistance to imipenem and meropenem 

among E. coli isolates from the high vaginal swab. K. 

pneumoniae, Salmonella and Proteus species also 

showed lower resistance to ciprofloxacin and amikacin. 

Low resistance to ciprofloxacin by Klebsiella species 

was also reported.28 

 

 The P. aeruginosa isolates from vaginal discharge in the 

present study showed increased resistance to cephalo-

sporins like ceftazidime (44.4%), cefotaxime (50.0%), 

cephalexin (61.1%), and cefepime (44.4%), however 

Effiong et al.29 observed reduced resistance. In this study, 

60.5% of S. aureus were resistant to cefoxitin, indicating 

a high prevalence of methicillin-resistant Staphylococcus 

aureus (MRSA).  The occurrence of MRSA (14.3%) 

among pregnant women with bacterial vaginitis has also 

been reported from the same region.34 These MRSA were 

also resistant to many antibiotics, including beta-lactams, 

necessitating special attention in bacteriologic studies of 

vaginal infections.34 

 

Infections produced by ESBL-producing bacteria con-

tinue to present a problem in establishing the right treat-

ment because they may be resistant to other classes of 

antibiotics.12,35 Neonatal sepsis has been reported in ba-

bies born by ESBL-infected mothers.17,36 This study re-

ported the presence of ESBL in 28.6% of isolates from 

both pregnant and non-pregnant women, while Divya and 
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Jayakumar27 reported a high incidence of 53%. Accord-

ing to this study, the most common gene was blaTEM, dis-

covered in 10.1% of the isolates. blaSHV was found in 

8.4% of the isolates, while blaCTX-M was identified in 

4.2%. However, Ghaddar et al.36 found that among 

ESBL-producing E. coli from pregnant women's vaginal 

discharge, the most common gene was blaCTX-M (90.7%), 

followed by blaTEM (88.4%) and blaSHV (44.2%). The 

prevalence of ESBL genes in Gram-negative isolates 

from pregnant women was 25.6%, lower than that of non-

pregnant women (30.3%). However, a study from Ghana 

documented an ESBL prevalence rate of 41.4% among 

pregnant women.37 

 

CONCLUSION 
This study found Gram-negative pathogens isolated from 

the vaginal tract of both pregnant and non-pregnant 

women to be resistant to multiple antibiotics and have 

ESBL genes. This study also reported the occurrence of 

methicillin-resistant S. aureus (MRSA), carbapenem-re-

sistant Pseudomonas aeruginosa (CRPA) and car-

bapenem-resistant Enterobacteriaceae (CRE) that were 

resistant to multiple antibiotics. The presence of these 

MDR-resistant strains in the vagina might cause prob-

lems such as urinary tract infections and newborn menin-

gitis that are difficult to treat. The outcome of this study 

may alert clinical microbiologists and healthcare provid-

ers about the existence of ESBL-producing organisms in 

the vagina. Therefore, an efficient antibacterial approach 

is required.  

 

REFERENCES 
1. Khan I, Khan UA. A hospital-based study of the fre-

quency of aerobic pathogens in vaginal infections. 

J Rawal Med Coll 2004; 29(1): 22-25.  

2. Mumtaz S, Ahmad M, Aftab I, Akhtar N, Hussan 

M, Hmid A. aerobic vaginal pathogen and their sen-

sitivity pattern. J Ayub Med Coll Abbottabad 2008; 

20(1): 113-117 

3. Lim KH, Brooks H, McDougal R, Burton J, Deven-

ish C, de Silva T. 2010. Is there a correlation be-

tween bacterial vaginosis and preterm labour in 

women in the Otago region of New Zealand? Aust 

N Z J Obstet Gynaecol 2010; 50: 226–229. 

4. Martin HL Jr, Richardson BA, Nyange PM, La-

vreys L, Hillier SL, Chohan BH et al. Vaginal lac-

tobacilli, microbial flora, and risk of human immu-

nodeficiency virus type 1 and sexually transmitted 

disease acquisition. J Infect Dis 1999; 180 

(6):1863–1868. DOI: 

http://doi.org/10.1086/315127 

5. Murta EFC, Silva AO, Silva EAC, Adad SJ. Fre-

quency of infectious agents for vaginitis in non- and 

hysterectomized women. Arch Gynecol Ob-

stetr 2005; 273(3):152–156. DOI: 

http://doi.org/10.1007/s00404-005-0023-0.  

6. Alli JO, Okonko IO, Odu NN, Kolade AF. Detec-

tion and prevalence of Genital pathogens among at-

tendees of STI Clinic of a tertiary care Hospital in 

Ibadan, Southwestern Nigeria. World J Med Sci  

2011; 6(3): 152- 161. 

7. Romanik MK, Ekiel L, Tomana AM, Maritrosian 

G. The bacterial vaginosis treatment problems. 

Wiad Lek 2007; 60(1-2): 64-67 

8. Majeroni BA. Bacterial vaginosis: An update. Am 

Fam Physician 1998; 57: 1285-1292.  

9. Fethers KA, Fairley CK, Hocking JS, Gurrin LC, 

Bradshaw CS. Sexual Risk Factors and Bacterial 

Vaginosis: A Systematic Review and Meta‐Analy-

sis. Clin Infect Dis 2008; 47(11): 1426-1435.  

10. Enitan and SS,  Ihongbe JC, Ochei, JO, Otuneme 

GO, Itodo GE, Kalejaiye TO. Prevalence of Bacte-

rial Vaginosis Associated Risk Factors Among 

Non-pregnant Women in Ilara Community of Ogun 

State, Nigeria. Int J Pub Health Res 2018; 6(2): 35-

46. 

11. Chaudhary U, Aggarwal R. Extended Spectrum β-

Lactamases (ESBL) – An Emerging Threat to Clin-

ical Therapeutics. Indian J Med Microbiol 2004; 22 

(2):75-80. 

12. Viet NT, Van Du V, Thuan ND, Van Tong H, Toan 

NL, Van Mao C, et al. Maternal vaginal coloniza-

tion and extended-spectrum beta-lactamase-pro-

ducing bacteria in Vietnamese pregnant women. 

Antibiotics (Basel) 2021; 10(5):572. DOI: 

http://doi.org/10.3390/antibiotics10050572. 

13. Al-Mayahie SM. Phenotypic and genotypic com-

parison of ESBL production by vaginal Escherichia 

coli isolates from pregnant and non-pregnant 

women. Ann. Clin. Microbiol. Antimicrob. 2013; 

12:7. DOI: http://doi.org/10.1186/1476-0711-12-7.  

14. Foessleitner P, Gasser J, Kiss H, Flunt A, Presterl 

E, Petricevic L, Farr A. Vaginal colonization of ex-

tended-spectrum beta-lactamase-producing bacteria 

during pregnancy: An observational study. Eur J 

Obst & Gynecol Reprod Biol 2020; 246: 86-89 

15. Castanheira M, Simner PJ, Bradford PA. Extended-

spectrum β-lactamases: an update on their charac-

teristics, epidemiology and detection. JAC-Antimi-

crob Resist 2021 3(3): 

dlab092, https://doi.org/10.1093/jacamr/dlab092 

16. Alabi OS, Adeleke OE, Adegoke OA, Gbadeyan 

OF, Ejilude O. Multidrug Resistant and Extended-

Spectrum Beta-Lactamase (ESBL) Producing Pro-

teus mirabilis from Tertiary Hospitals in Four States 

in Southwest Nigeria. Nig J Pharn Res 2015; 11(1): 

40-45 

http://www.ghanamedj.org/
http://doi.org/10.1086/315127
http://doi.org/10.3390/antibiotics10050572
https://doi.org/10.1093/jacamr/dlab092


Original Article 
 

 

                                                                                              

www.ghanamedj.org  Volume 58 Number 4 December 2024 

Copyright © The Author(s). This is an Open Access article under the CC BY license. 
301 

17. Duru C, Olanipekun G, Odili V, Kocmich N, Rezac 

A, Ajose TO et al. Molecular characterization of in-

vasive Enterobacteriaceae from pediatric patients 

in Central and Northwestern Nigeria. PLoS ONE 

2020; 15(10): e0230037 

18. Akinjogunla OJ, Odeyemi AT, Udofia ES, Ade-

firanye OO, Yah CS, Ehinmore I et al. Enterobac-

teriaceae isolates from clinical and household tap 

water samples: antibiotic resistance, screening for 

extended-spectrum, metallo- and ampC-beta-lac-

tamases, and detection of blaTEM,blaSHV and blaCTX-

M in Uyo, Nigeria. Germs. 2023 Mar 31;13(1):50-

59. doi: 10.18683/germs.2023.1366.  

19. Cheesbrough, M. District laboratory practice in 

tropical countries. New York, USA: Cambridge 

University Press. 2006: 62– 70 

20. Bauer AW, Kirby WM, Sherris JC, Turck M. Anti-

biotic susceptibility testing by a standardized single 

disk method. Am J Clin Pathol 1966; 45(4): 493-

496. 

21. Clinical and Laboratory Standards Institute (CLSI). 

Performance Standards for Antimicrobial Suscepti-

bility Testing, M100, 2021 Edition.  

22. Kaur J, Chopra S, Sheevani, Mahajan G. Modified 

Double Disc Synergy Test to Detect ESBL produc-

tion in urinary isolates of Escherichia coli and 

Klebsiella pneumoniae. J Clin Diagn Res 2013 

7(2): 229-233. doi:10.7860/JCDR/2013/4619.2734. 

23. Diagbouga S, Salah FD, Sadji AY, Dabire AM, Na-

dembega C, Kere AB et al. Detection of high 

revalence of TEM/SHV/CTX-M genes in ESBL-

producing and multidrug-resistant Klebsiella pneu-

moniae and Klebsiella oxytoca. J Clin Diagn Res 

2016; 4:130. doi: 10.4172/2376-0311.1000130 

24. Maynard C, Fairbrother JM, Bekal S, Sanschagrin 

F, Levesque RC, Brousseau R. et al. Antimicrobial 

resistance genes in enterotoxigenic Escherichia coli 

O149:K91 isolates obtained over a 23-year period 

from pigs. Antimicrob Agents Chemother 2003; 

47(10): 3214–3221.  

25. Edelstein M, Pimkin M, Edelstein I, Stratchounski 

L. Prevalence and molecular epidemiology of CTX-

M extended-spectrum β-lactamase -producing 

Escherichia coli and Klebsiella pneumoniae in Rus-

sian hospitals. Antimicrob Agents Chemother 2003 

47: 3724–3732.  

26. Mulu W, Yimer M, Zenebe Y, Abera B. Common 

causes of vaginal infections and antibiotic suscepti-

bility of aerobic bacterial isolates in women of re-

productive age attending at Felegehiwot Referral 

Hospital, Ethiopia: a cross-sectional study. BMC 

Womens Health 2015; 15: 42. DOI: 

http://doi.org/10.1186/s12905-015-0197-y.  

27. Divya G, Jayakumar KA. Study to detect ESBL-

producing Escherichia coli isolates from women 

with genital tract infection. Indian J Appl Res 2005; 

5(8): 7-10 

28. Ravishankar N, Prakash M. Antibiogram of Bacte-

rial Isolates from High Vaginal Swabs of Pregnant 

Women from Tertiary Care Hospital in Puducherry, 

India. Int J Curr Microbiol App Sci 2017; 6(1): 964-

972 

29. Effiong E, Ndukwe NN, Wali YS. Antibiotic Sus-

ceptibility of High Vaginal Swab’s Isolates Ob-

tained from the University of Port Harcourt Teach-

ing Hospital, Rivers State, Nigeria. J Advan Micro-

biol 2019; 18(4): 1–10. DOI: 

https://doi.org/10.9734/jamb/2019/v18i430175 

30. Ahabwe OM, Kabanda T, Abesiga L., Mugisha J., 

Kayondo M., Ngonzi, J. et al. Bacterial isolates and 

antibiotic susceptibility among women with abnor-

mal vaginal discharge attending the gynecology 

clinic at a tertiary hospital in southwestern Uganda: 

a cross-sectional study. BMC Women's 

Health 2023; 23: 572  DOI: 

https://doi.org/10.1186/s12905-023-02746-w 

31. Narayana-Swamy N, Ramalingappa P, Bhatara U. 

Antimicrobial sensitivity pattern of microorganisms 

isolated from vaginal infections at a Tertiary Hospi-

tal in Bangalore, India. Int J Med Stud 2014; 3(1): 

34-39. 

32. Hart CA, Kariuki S. Antimicrobial resistance in de-

veloping countries. BMJ (Clinical research 

ed).1998; 317(7159): 647–650.  

33. Chanda W, Manyepa M, Chikwanda E, Daka V, 

Chileshe J, Tembo M et al. Evaluation of antibiotic 

susceptibility patterns of pathogens isolated from 

routine laboratory specimens at Ndola Teaching 

Hospital: A retrospective study. PLoS One 2019; 

14(12):e0226676. DOI: 

http://doi.org/10.1371/journal.pone.0226676.  

34. Okiki PA, Eromosele ES, Ade-Ojo P, Sobajo OA, 

Idris OO, Agbana RD. Occurrence 

of mecA and blaZ genes in methicillin-re-

sistant Staphylococcus aureus associated with vag-

initis among pregnant women in Ado-Ekiti, Nige-

ria. New Microbes New Infect. 2020; 38: 100772 

DOI: http://doi.org/10.1016/j.nmni.2020.100772.  

35. Oli AN, Eze DE, Gugu TH, Ezeobi I, Maduagwu 

UN, Ihekwereme CP. Multi-antibiotic resistant ex-

tended-spectrum beta-lactamase-producing bacteria 

pose a challenge to the effective treatment of wound 

and skin infections. Pan Afr Med J 2017; 27: 66 doi: 

10.11604/pamj.2017.27.66.10226. 

36. Ghaddar N, Anastasiadis E, Halimeh R, Ghaddar A, 

Matar GM, Abou Fayad A et al. Phenotypic and 

Genotypic Characterization of Extended-Spectrum 

Beta-Lactamases Produced by Escherichia 

coli Colonizing Pregnant Women. Infect Dis Obstet 

http://www.ghanamedj.org/
https://doi.org/10.9734/jamb/2019/v18i430175
https://doi.org/10.1186/s12905-023-02746-w


Original Article 
 

 

                                                                                              

www.ghanamedj.org  Volume 58 Number 4 December 2024 

Copyright © The Author(s). This is an Open Access article under the CC BY license. 
302 

Gynecol 2020; 4190306. DOI: 

http://doi.org/10.1155/2020/4190306.  

37. Adedze-Kpodo RK, Feglo PK, Agboli E, Asmah 

RH, Kwadzokpui PK. Genotypic characterization 

of extended-spectrum β-lactamase producing uri-

nary isolates among pregnant women in Ho munic-

ipality, Ghana. Heliyon. 2022; 8(12): e12513. DOI: 

http://doi.org/10.1016/j.heliyon.2022.e12513. 

 

 

 

 

 

http://www.ghanamedj.org/

