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Abstract 

Background Diarrhoea is a major cause of childhood disease in the developing countries. This experimental study 
investigated the prevalence of ESBL and MBL genes in enteropathogenic strains of Escherichia coli and Salmonella spp. 
isolated from diarrheagenic children in Awka, Nigeria.

Methods Two hundred stool samples were collected from diarrhea patients in three paediatric hospitals within Awka 
metropolis, Nigeria. All E. coli and Salmonella spp. isolated through standard bacteriological methods were subjected 
to antibiotic-susceptibility testing. Double disc synergy and imipenem-EDTA combined disc tests were used to phe-
notypically confirm the presence of ESBL and MBL respectively. PCR amplification of β-lactamase genes was done.

Results The prevalence of E. coli and Salmonella species in this study were 54% and 24.5% respectively. The organ-
isms were highly resistant to metronidazole, cefuroxime and ceftazidime, and also showed a high sensitivity to 
nitrofurantoin and gentamicin. ESBL production was recorded in E. coli (49%) and Salmonella spp. (51.1%) while 27 
isolates of E. coli (25%) and 7 isolates of Salmonella spp. were confirmed MBL positive by the combined disk diffusion 
technique. Eleven E. coli and 4 Salmonella spp. co-harbored both ESBL and MBL production. The most prevalent MBL 
gene in this study is the blaVIM gene (18.8%) which mediate MBL production in Gram negative bacteria; and this was 
followed by blaSHV (12.5%), blaTEM and blaCTX-M (6.3% each) for E. coli isolates. Salmonella spp. was recorded to have 
blaVIM (28.8%), blaSHV (28.8%), blaTEM (14.3%) and blaCTX-M (14.3%) genes.

Conclusions This study reveals the prevalence of enteropathogenic E. coli and Salmonella strains bacteriologically 
recovered from diarrheic children in Awka, Nigeria, and which were found to be multiple resistant to clinically-relevant 
antibiotics because they co-express ESBL and MBL genes which mediate multidrug resistance in Gram negative 
bacteria.
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Background
Diarrhoeal disease is the most common health problem 
in developing countries especially in Africa and the lead-
ing cause of hospitalization and sometimes even death 
among young children (Ugboko et  al. 2020; Ugwu et  al. 
2017). In Nigeria, it has been estimated that approxi-
mately 10.12% of child deaths during the first five years 
of life are associated with diarrhoeal diseases (WHO 
2018). Diarrhoea accounts for nine percent of all deaths 
and pediatric admission among children under age five 
worldwide (Tsehay et  al. 2021). Diarrhoea infections 
claimed about 580,000 children’ under age five yearly or 
on average of 1600 children daily despite the availability 
of treatment options (WHO 2018). Escherichia coli and 
Salmonella species are the common bacterial etiological 
agent associated with childhood diarrhea (WHO 2018; 
Okoli et  al. 2021). Both are enteropathogenic, Gram-
negative facultative anaerobe which belongs to the family 
Enterobacteriaceae (Adesoji and Laidi 2020). Escherichia 
coli and Salmonella spp are mostly isolated food-borne 
pathogens predominantly found in animal products, 
fresh fruits and vegetables; and ready to eat foods (Ugwu 
et al. 2020, 2019; Heredia and García 2018). It has been 
shown that Escherichia coli accounts for 30–40% of diar-
rhoea in developing countries (Odetoyin et  al. 2022). 
An estimate of 60% mortality for non-typhoid Salmo-
nella was reported in African patients with suppressed 
immune system (Albert et al. 2019).

Generally, β-lactam antibiotics are the frequently 
used antibacterial agents in treating infections and dis-
eases caused by E. coli and Salmonella species. This has 
resulted in increased incidence of resistance to these anti-
biotic classes and therefore, a threat to public health (Ser-
wecinska 2020). Antibiotic resistance in Gram negative 
bacteria particularly among members of the Enterobacte-
riaceae family has become a rising problem due to muta-
tion, acquisition of resistance plasmid and other genetic 
elements encoding resistance genes (Rachel 2018). The 
clinical use of third generation cephalosporin in the 
1980s was noted as a major breakthrough in fighting 
beta-lactamase producing organism. However, in 1983, 
plasmid encoding beta-lactamases capable of hydrolyz-
ing cephalosporin was reported (Bush 2018). The most 
common mechanism of resistance among members of 
the Enterobacteriaceae is the production of hydrolytic 
enzymes such as the “β-lactamases” (Ugwu et  al. 2020; 
Bush 2018). Extended spectrum beta-lactamase (ESBL) 
and Metallo-β-lactamases (MBL) producing organisms 
emerge due to the production of β-lactamase capable of 
inactivating the antibiotics used in treatment of infection. 
Other β-lactam resistance develops through efflux pump, 
permeability reduction and altered transpeptidases (Bush 

2018). Metallo-β-lactamases (MBLs) are β-lactamase 
enzymes that hydrolyze and confer resistance on carbap-
enems with the help of zinc ion  (Zn2+) as a cofactor for 
their enzymatic activities (Khalifa et al. 2021).

The emergence and spread of ESBL and MBL-medi-
ated resistances in diarrhoeal causing organisms (e.g. E. 
coli and Salmonella species) has led to increase in cost 
of treatment, severity of infection, and duration of diar-
rhoea episodes (Ugwu et  al. 2019; Heredia and García 
2018; Odetoyin et  al. 2022). Therefore, this study inves-
tigated the phenotypic and genotypic characterization 
of E. coli and Salmonella spp. causing childhood diar-
rhea in Awka metropolis of Anambra State, Southeastern 
Nigeria.

Methods
Sampling and ethical approval
The sample size was determined by Cochrane formular 
using the formular:

where n = sample size, Z = standard normal deviation 
at 95% confidence interval (which was 1.96), p = pro-
portion of target population, q = alternate proportion 
(1 − p), e = desired level of precision (degree of precision/
significance) = 0.05.

A total of 200 stool samples were used for this present 
study. This study was done through sampling from three 
major pediatric tertiary hospitals in Awka metropo-
lis. This sampling was carried out from January, 2018 to 
April, 2018.

Ethical approval was obtained from the Anambra State 
Ministry of Health (Ref:MH/AWKA/M:321/131) and was 
approved by the hospital managements prior to onset of 
the study. A verbal consent was obtained from the par-
ents/guardians of the under-five subjects and educated 
on purpose of the research. The information gathered 
was treated with utmost confidentiality.

Sample collection and isolation
Watery diarrheic Stool samples were collected using a 
well labeled sterile, transparent, wide mouthed container 
from children with diarrheic conditions. The samples 
were transferred in Amies transport media in a sterile 
zip lock bag and transported to the laboratory under a 
controlled temperature in a sample box. A loopful of the 
samples were introduced into a freshly prepared Selenite 
F broth (Oxoid, UK) and incubated overnight at 37  °C. 
Isolation of E. coli and Salmonella spp. was based on cul-
ture on Eosin methylene blue (EMB) agar, MacConkey 

n = Z2pq

e2
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agar and Salmonella Shigella agar (Oxoid, UK) according 
to previous studies (Ugwu et al. 2017; Okoli et al. 2021). 
Firstly, freshly grown broth cultures were streaked on 
both agar media using a sterile wire loop. The plates were 
incubated at 37  °C for 24  h in the incubator (Thermo 
Fischer Scientific, USA). After incubation, the unique 
cultural and morphological characteristics of E. coli and 
Salmonella spp were macroscopically observed on the 
plates. The suspected colonies were subjected to Gram 
staining and routine biochemical tests such as indole 
production, catalase test, oxidase test, and citrate test 
and hydrogen sulphide production (Ejikeugwu et  al. 
2014; Tawyabur et al. 2020). All reagents for biochemical 
tests were procured from Oxoid limited (Oxoid, UK).

Antibiotics susceptibility study of the bacterial isolates
Antibiotics susceptibility profile of all isolates of E. coli 
and Salmonella were determined by modified Kirby-
Bauer disk diffusion method as recommended by the 
Clinical Laboratory Standard Institute, CLSI (CLSI 
2019). The following commercially available antimicro-
bial disks (Oxoid, UK) were used; ceftazidime (30  µg), 
cefuroxime (30 µg), gentamicin (10 µg), cefixime (5 µg), 
ofloxacin (5  µg), amoxicillin-clavulanic acid (30  µg), 
nitrofurantoin (300  µg), ciprofloxacin (5  µg), imipenem 
(10 µg), aztreonam (30 µg) and cefpodoxime (10 µg) and 
metronidazole (50 µg). The isolates were standardized to 
0.5 McFarland equivalence and aseptically inoculated on 
prepared Muller-Hinton agar using a swab stick (Jafari 
et al. 2020; Ejikeugwu et al. 2014). Single antibiotics disks 
were aseptically placed on the MH agar plates at a dis-
tance of 15  mm apart, and the plated were incubated 
overnight at 37  °C. The inhibition zone diameters (IZD) 
were measured, recorded and interpreted based on the 
standard antibiotic breakpoints of Clinical and Labora-
tory Standards Institute (CLSI 2019) criteria (CLSI 2019). 
Escherichia coli ATCC® 25922 and Salmonella enterica 
subsp. enterica serovar Enteritidis ATCC® 13076 were 
used as quality control strains for the antimicrobial sus-
ceptibility testing (AST) and PCR experiment (Oxoid, 
UK).

Phenotypic ESBL detection
The isolates which were resistant to  3rd generation cepha-
losporins were tested for ESBL production using double 
disks synergy test (DDST) according to the CLSI guide-
lines. Antibiotic disks of ceftazidime (30 μg) and cefpo-
doxime (30 μg) were placed on MH agar plate at 16 mm 
apart center to center from the central amoxicillin-
clavulanic acid (20/10  µg) and afterward incubated for 

18–24  h at 37  °C. An increase of ≥ 5  mm in the inhibi-
tion zone diameter for any of the cephalosporins tested 
in combination with amoxicillin-clavulanic acid versus its 
zone when tested singly confirms ESBL production phe-
notypically (Subedi et al. 2020).

Phenotypic metallo‑beta lactamase detection
All isolates that were resistant to imipenem (diameter of 
zone inhibition ≤ 17  mm) were subjected to imipenem-
EDTA combined disc test for MBL production. The test 
inoculums (0.5 McFarland’s turbidity) were spread onto 
Muller-Hinton (MH) agar plates by using a sterile cotton 
swab. Two 10 μg imipenem discs were placed at 20 mm 
apart on the plate. 5 μl of 0.5 M EDTA (pH 8.0) solution 
was added to one of the imipenem disc and incubated for 
24 h at 37 °C. Enhancement of zone of inhibition of imi-
penem + EDTA disc compared to that of Imipenem disc 
alone by ≥ 7  mm was considered MBL positive (Wang 
and Wang 2020).

Molecular studies
DNA extraction
Fresh overnight culture of bacterial cells was used for this 
analysis. The DNA of both E. coli and Salmonella were 
extracted for genetic testing using the Bioneer DNA 
Genomic Extraction Kit (Bioneer Corp. Korea). The pro-
cedures were carried out step by step according to the 
manufacture’s instruction.

Multiplex PCR amplification
The blaTEM, blaSHV, bla CTX-M and blaVIM genes 
in E. coli and Salmonella spp were targeted using spe-
cific primers shown in Table  1. The PCR master mix 
was prepared using  Accupower@ multiplex PCR Premix 
(Bioneer, Korea). The Premix tube was added 1 µl of tem-
plate DNA, 1 µl of each forward and reverse primer, then 
the tube was completed with nuclease free water. The 
isolated DNA products were quantified using NanoDrop 
spectrophotometer (Thermo Fischer Scientific, USA). 
The final mix for the PCR analysis comprised 26.5 µL 
of the master mix containing 0.2 µL of Taq polymerase 
enzyme U/µL, 2.5 µL of 10X PCR buffer along with 2.5 
µL  MgCl2, 1 µL of 10 pM from each of the forward and 
reverse primers, 2.5 µL of dNTPs MIX (2 Mm), 3 µL of 
DNA template (from the test isolates), 14.8 µL of nucle-
ase-free water. A 100  bp DNA molecular marker was 
used as the positive control while the negative control 
was a PCR master mix containing distilled water.
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Amplification was carried out according to the follow-
ing thermal cycling condition for Bla gene:

Pre-denaturation of 94  °C for 5  min, followed by 40 
denaturation at 94 °C for 30 secs, annealing at 52 °C for 
30 secs and 35 cycles of extension for 1 min at 72 °C 35 
cycles. The final extension was done at 72  °C for 5 min. 
Gel electrophoresis of the PCR products was carried out 
in 1.5% agarose gel for 2 h at 80 V and photographed in 
a UV transilluminator (Thermo FischerScientific, USA).

Statistical analysis
All statistical analysis were performed using SPSS (ver-
sion 23) software package and expressed as mean val-
ues ± Standard error of the mean of the three replicates 
of antibiotic susceptibility profile of the isolated bacteria.

Results
Bacteria isolation, characterization and susceptibility 
testing
Out of 200 watery diarrheic stool samples collected from 
children under age five in this study, a total of 157 iso-
lates were identified comprising 49 (24.5%) Salmonella 
spp and 108 E. coli isolates (54%). The results of the anti-
biotic susceptibility studies showed that both organisms 
exhibited remarkable resistance against ceftazidime, 
cefuroxime, amoxicillin/clavulanic acid and metroni-
dazole. A high resistance of E. coli (95%) to cefuroxime 
was observed while highest susceptibility was observed 
in imipenem (88%) followed by nitrofurantoin (84%) and 
gentamicin (73%). In addition, Salmonella spp was highly 
resistant (93%) to cefuroxime and were highly suscepti-
ble to nitrofurantoin (98%), followed by imipenem (91%), 
azetronam (85%) and gentamicin (25%) (Figs. 1, 2 and 3).

Phenotypic and genotypic detection of ESBL and MBL
Using double disc synergy test, 45.4% of E. coli and 51.1% 
of Salmonella spp. were confirmed to be ESBL posi-
tive (Fig. 4). Also, 27 (25%) E. coli and 7 (14.3%) Salmo-
nella spp. were identified to be MBL producers (Fig. 5). 

Similarly, 15 isolates comprising of 11 E. coli and 4 Sal-
monella spp co-harbored both ESBL and MBL produc-
tion (Table 2).

The PCR data (Table 3 and Fig. 6) revealed that E. coli 
harboured the blaVIM 3 (18.8%) and blaSHV 2 (12.5%) 
genes respectively. Only 1 (6.3%) isolate of E. coli co-
harboured bla TEM and bla CTX. The PCR data of ESBL 
and MBL producing strains of Salmonella spp. revealed 
that out of 7 isolates studied only 2(28.6%) isolates of the 
Salmonella species harboured the bla VIM gene while 
blaSHV gene was discovered in 2(28.6%) isolates of Sal-
monella species (Fig. 7).

Discussion
One hundred and fifty seven (157) isolates were iden-
tified from 200 diarrheic stool samples of which 49 
were Salmonella spp. and 108 isolates were E. coli. 
The occurrence of E. coli was observed to be 54% in 
the studied population which was higher compared to 
36.6% prevalence reported by Adesoji and Liadi (2020) 
from patients attending Mallam Mande General Hos-
pital in Kastina State, North-Eastern Nigeria and; also 
40.7% occurrence was similarly reported by Najim 
et  al., (2019) from healthcare centers in Sokoto. There 
was no bacterial growth in 53 (26.5%) of the samples 
which suggested that the cause of the diarrhoea might 
be due to other causes other than these infectious bac-
teria. However, 26.5% prevalence was observed in Sal-
monella spp. which was higher than 8.25% and 5.9% 
prevalence reported by Pervin et  al. (2019) and Najim 
et  al. (2019). The prevalence rate of E. coli (54%) was 
two times higher than Salmonella spp (24.5%) in our 
findings. This study has shown that Escherichia coli 
are the commonest cause of infant diarrhoea in Awka, 
Nigeria. These inconsistencies of E. coli and Salmonella 
isolated in different studies may be due to various envi-
ronmental factors and behavioral pattern of the studied 
population.

Table 1 Oligonucleotide sequence of the primers used in multiplex PCR

FP, Forward primer; RP, Reverse primer; C, cytosine; T, thymine; A, adenine; G, guanine

Prime Nucleotide sequence Product size (bp) References

blaTEM blaTEM-FP GTA TCC GCT CAT GAG ACA ATA ACC CTG 
blaTEM-RP CCA ATG CTT AAT CAG TGA GGC ACC 

918 Lalruatdiki et al. (2018)

blaSHV blaSHV-FP CGC CTG TGT ATT ATC TCC CT
blaSHV-RP CGA GTA GTC CAC CAG ATC CT

293 Paykoc and Turkyilmaz (2018)

blaCTX-M blaCTX-M-FP CGC TTT GCG ATG TGC AG
blaCTX-M-RP ACC GCG ATA TCG TTG GT

550 Moghaddam et al. (2017)

VIM VIM-FP TGT CCG TGA TGG TGA TGA GT
VIM-RP ATT CAG CCA GAT CGG CAT C

437 Bogaerts et al. (2013)
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Most isolates of E. coli and Salmonella spp. were 
highly sensitive to imipenem, nitrofurantoin and gen-
tamicin. In a similar work, a high sensitivity response 
to these three antibiotics was also reported by Moham-
madzadeh et  al. (2019). These antimicrobial agents 
were injectables and prescription only medications; 
cannot be easily purchased without prescription. 
These might be one of the few of the reasons why these 
drugs are highly effective in treating several infections. 
The diarrheic organisms were also highly resistant to 
amoxicillin-clavulanic, cefuroxime and ceftazidime. 
This  is  similar to the findings of Ugwu et  al. (2017) 
where all these antibiotics showed 100% resistance. It 
was observed that about 50% E. coli isolates were sus-
ceptible to ofloxacin and ciprofloxacin but not for Sal-
monella that 50% of its isolates were resistant to the 
same antibiotics. These quinolones are considered a 
choice of treatment for bacterial infection and yet they 
are becoming less effective (Guadalupe et  al. 2018). 
Several reports have indicated that these drugs are 
becoming less effective against other bacteria isolated, 
largely because of their indiscriminate uses and mis-
uses (Nelson et al. 2019). This increase of resistance is 

worrisome as we are left with fewer treatment options 
including the cephalosporins.

In this study, phenotypic analysis showed that the diar-
rhea infection was caused by 45.4% ESBL producing E. 
coli and 51.1% ESBL producing Salmonella spp. Lalru-
atdiki et  al. (2018) reported that E. coli  had higher per-
centage of ESBL compared to Salmonella spp. Similarly, 
Konate et  al., (2017) observed a 67% ESBL producing 
E. coli which is high compared to findings of our study. 
Difference studies reported that ESBL producer varies 
from region to region which may be due to difference in 
local antibiotics prescribing and use patterns (Chander 
and Shrestha 2013; Bai et  al. 2017; Saka et  al. 2020). It 
was observed that ESBL and MBL producers were more 
resistant to many antibiotics used in this study than non- 
producers, this is similar to the findings of Ghazaei (2018) 
that observed a relationship between ESBL production 
and antibiotics resistance in Salmonella typhi. The preva-
lence of MBL than ESBL is lower in both organisms with 
some isolates co-harbouring the β-lactamase genes. In a 
similar study, Ejikeugwu et al. (2016) reported that 28.6% 
of E. coli isolated from abattoir was MBL positive.

Fig. 1 Rate of occurrence of resistance of E. coli to selected antibiotics
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Fig. 2 Rate of occurrence of resistance of Salmonella spp to selected antibiotics

Fig. 3 Antibiotic susceptibility test on MH agar
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In this study, we observed in both E. coli and Salmo-
nella that some ESBL studied molecularly harbored 
at least more than 1 ESBL encoding genes which was 
similar to the findings of Jafari et  al. (2020). The beta-
lactamase gene; blaTEM  and  blaSHV were less com-
mon in our settings with less than 50% prevalence. 
Report from Hamad Medical Corporation, Qatar stated 
that CTX-M group has evolved through mutations 
in blaTEM and blaSHV genes and is becoming endemic 
(Zhou et al. 2018). A study in Pakistan reported a 72% of 
isolates had blaCTX-M gene (Abrar et al. 2019). In addi-
tion, blaVIM, was the β-lactamase gene with the highest 
prevalence for both E. coli (18.8%) and Salmonella spp. 
(28.6%). Our reports are similar to the findings of Dem-
bele et al. (2021) in rural area of Burkina Faso. Previously 
carbapenems resistance Salmonella was rarely isolated 
but was observed in our study showing a rapid dissemi-
nation of these genes (Fernandez 2018). In a related study, 
the high frequency of multidrug resistant bacteria from 
urine samples was also reported in a healthcare facility 
(Bayode et  al. 2020). This finding corroborates the high 
prevalence of multidrug resistant bacteria reported in the 
current study. The transmission of multidrug resistance 
genes within the hospital milieus portends grave danger 
to antimicrobial therapy since it may be difficult to select 
the best antibiotic for therapy. Babatunde et  al. (2022) 
also used an in silico model to show that genes respon-
sible for multidrug resistance in pathogenic bacteria 
are spreading fast within the hospital environment. An 
increase in blaVIM producing organisms is problematic 
to the clinical settings. It reduces the treatment choices 
and presents drugs of adverse health effect such as, colis-
tin and polymyxin B as few options (Khosravi and Mihani 
2018).

Conclusions
This study showed a high prevalence of diarrhea among 
children less than 5 years of age in Awka metropolis, 
South east Nigeria. Escherichia coli were the common-
est cause of diarrhoea in Awka, Nigeria, and the spe-
cies isolated were highly sensitive to imipenem and 
nitrofurantoin. Both E. coli and Salmonella spp. were  
found to be multidrug resistant. We therefore advocate 
for the rational use of available antibiotics in the treat-
ment of diarrhoea-associated infections. The blaVIM 
was the most prevalent gene while blaCTX-M, blaTEM 
and blaSHV were less common beta-lactamase genes 
among the bacterial isolates investigated in this study. 
Co-expression of multiple antibiotic resistance genes 
complicates the treatment strategy and requires steady 
surveillance to reduce its spread.

Fig. 4 ESBL producing isolates

Fig. 5 MBL producing isolates

Table 2 Frequency of Phenotypic ESBL and MBL producing 
isolates

Isolate ESBL positive
n (%)

MBL positive
n (%)

Co‑expression 
of ESBL and MBL 
gene
n (%)

E. coli 49 (45.4%) 27 (25%) 11 (10.1%)

Salmonella spp. 27 (51.1%) 7 (14.3%) 4 (8.2%)

Table 3 Frequency of genotypic ESBL and MBL producing 
isolates

Isolate ESBL genes n (%) MBL genes n (%)

E. coli blaSHV 2 (12.5%) blaVIM 3 (18.8%)

Salmonella spp. blaSHV 2 (28.6%) blaVIM 2 (28.6%)
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Fig. 6 Electrophoretogram showing PCR detection of CTX-M, TEM, VIM and SHV genes in E. coli isolate. Lane M is the DNA marker/ladder. Lane I-8 
and 9–15 shows the amplified products CTX-M(550), TEM(918), VIM(437) and SHV(293) genes in E. coli isolates recovered in this study. Lane N is the 
negative control which contains nuclease free water

Fig. 7 Electrophoretogram showing PCR detection of CTX-M, TEM, VIM and SHV genes in Salmonella spp. isolate. Lane M is the DNA marker/ladder. 
Lane I-7 shows the amplified products CTX-M(550), TEM(918), VIM(437) and SHV(293) genes in Salmonella spp. isolates recovered in this study. Lane 
N is the negative control which contains nuclease free water
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