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Purpose: To characterize the prevalence of hemolytic Shiga toxin-producing Escherichia coli 

(STEC) with a multidrug-resistant pattern in different age groups in Abeokuta, Nigeria.

Methods: Nonrepetitive E. coli isolates were collected from 202 subjects with or without 

evidence of diarrhea. Each isolate was biochemically identified and antimicrobial susceptibility 

testing was performed using the disk diffusion method. A sorbitol fermentation test of all the 

E. coli isolates was done and the minimum inhibitory concentration of suspected STEC was 

measured by the standard broth microdilution method to determine antibiotic resistance. The 

genotypes of stx1, stx2, and hlyA were determined by polymerase chain reaction assay.

Results: The majority of subjects were aged $40 years (41.6%) and were female (61.9%). Of 

the 202 subjects, 86.1% had STEC isolates (P,0.05). A high rate of STEC isolates resistant to 

amoxicillin (90.6%), cefotaxime (77.7%), and cefuroxime (75.7%) was observed. Resistance 

to amoxicillin, gentamicin, and cefotaxime was demonstrated with a minimum inhibitory 

concentration .16 µg/mL in 13.9%, 11.4%, and 10.4% of the isolates, respectively. The 

prevalence of stx1, stx2, and hlyA was 13.9%, 6.9%, and 2.0%, respectively; 5.5% of stx1 were 

in the 0–10-year-old age group, 3.5% of stx2 were aged $40 and above, and 1.0% of the hlyA 

isolates were in the 0–10-year-old age group.

Conclusion: The prevalence of virulent STEC is a public health concern. The use of polymerase 

chain reaction assay should aid quick detection of this virulent serotype and help curb the severe 

epidemic of human diseases associated with STEC infections.
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Introduction
Enteric infections continue to be one of the foremost public health problems worldwide, 

with over 1.5 million deaths occurring each year in developing countries.1–6 Escheri-

chia coli is a ubiquitous bacterial organism that is found in a wide variety of places, 

including the human intestine, where it can lead to diarrheal disease1 and a range of 

extraintestinal infections.7 The increasing emergence of pathogenic E. coli, with its 

multiple toxigenic characteristics, has been previously reported and is considered a 

serious threat to public health.8 As different hosts and tissues present an alternative 

access to bacterial virulence factors, pathogenic E. coli often exhibits host and tissue 

specificity, different levels of colonization and pathogenicity, and a high degree of 

virulence in the host.9

The use of phenotypic characterization of E. coli for epidemiological studies of 

its spread and prevalence have generally relied on traditional use of the biochemical 

activities of the organism using selective media and specific fermentation growth 
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characteristics,10 but these limit proper identification. In 

the last few decades, serological tests have been used to 

identify the pathogenic types based on its somatic antigen, 

(ie, O-antigen) and have been defined by the composition of 

the sugar residues in the repeating unit of outer membrane 

lipopolysaccharides, which can cause cross-reactivity of 

different genera of the bacteria isolates.11

Shiga toxin-producing E. coli (STEC) is a known zoonotic 

food and water-borne pathogen associated with diarrhea, 

hemorrhagic colitis (HC), hemolytic uremic syndrome 

(HUS), and renal failure, particularly in children; and it can 

cause attaching and effacing properties in diarrhea cases.2,11,12 

The heterogeneous spread of both stx1 and stx2 has been 

related to the ability of STEC strains to cause serious disease 

in humans. Only stx2-producing STEC strains have been 

shown to be more commonly associated with serious human 

diseases compared with strains that produce stx1 alone or 

both stx1 and stx2. This is possibly because the level of 

transcription of stx2 in vivo is higher than that of stx1.13 In 

addition to the ability of many STEC strains to induce severe 

infection, they possess plasmid-encoded enterohemolysin of 

STEC (hlyA), which is often associated with severe clinical 

disease in raw meat, pigs, and humans.3,14–17

Ruminants, especially cattle,1 pigs,14 and sheep,3 unspeci-

fied meat and sheep meat,15 young cattle,16 and unpasteurized 

milk from cattle12 have been reported to constitute a vast range 

of STEC. It is not surprising that humans most frequently 

become infected with STEC by ingestion of contaminated 

food or water or by direct contact with animals, resulting in 

sporadic cases of disease or outbreaks involving up to several 

thousand individuals.4,18 Sources of infection include meat 

(especially undercooked beef hamburgers), ready-to-eat sau-

sages, raw milk, cheese, unpasteurized apple cider and juice, 

lettuce, cantaloupes, alfalfa sprouts, radish sprouts, drinking 

water, water for bathing, and contact with animals.1

The prevalence of STEC has led to high mortality rates, 

mostly in poorly developed regions in Nigeria.19 It largely 

occurs via the fecal–oral route and usually results in symp-

toms ranging from mild uncomplicated diarrhea to severe 

bloody diarrhea that can progress to HC, HUS, and sometimes 

death.20 This is further complicated by an increased resistance 

to antibiotics among urinary tract E. coli strains.21 The rapid 

spread of resistant STEC serotypes is fast becoming a threat 

to public health and increased morbidity, probably due to the 

consumption of unhygienic food or animal food products.

The use of molecular characterization can further iden-

tify the virulent STEC strains prevalent in this community 

that have not usually been considered as one of the major 

causes of increasing colitis among children, the elderly, and 

immune-compromised individuals. Therefore, molecular 

characterization of the hemolytic STEC causing severe diar-

rhea was studied in Southwestern Nigeria to proffer methods 

of preventing the scourge.

Materials and methods
Sampling population
Nonrepetitive E. coli isolates were collected from 202 subjects 

with or without evidence of diarrhea attending the public 

health facilities in Abeokuta, Southwestern Nigeria. This 

a cosmopolitan town located within the rain forest belt at 

6.2–7.8 degrees north latitude and 3.0–5.0 degrees east 

longitude, covering a land area of about 16,409.26 km2, and 

with population of about 3.7 million people.22 Informed 

consent was obtained from each individual participant, and 

they were assured of confidentiality in view of the intricacy 

and sensitivity of the study.

Isolation and biotyping
All of the E. coli samples collected were cultured on 

MacConkey agar with salt and eosin methylene blue agar 

and incubated at 37°C for 18–24 hours. Eosin methylene 

blue agar was used to subculture and purify the E. coli, while 

brain heart infusion agar (Thermo Fisher Scientific, Waltham, 

MA, USA) containing 7% human blood was used to test for 

their hemolytic pattern. Biochemical tests were performed to 

further characterize the suspected E. coli isolates according 

to the World Health Organization’s manual for laboratory 

investigation of acute enteric infections.5

Antimicrobial susceptibility testing
The susceptibility pattern of each E. coli isolate was tested 

against commonly used antibiotics by the disk diffusion 

method on Mueller Hinton agar according to Bauer et al.23 

The following antibiotic disks were used: ampicillin (10 µg), 

amoxicillin/clavulanic acid (20  µg/10  µg), cefotaxime 

(30  µg), ceftazidime (30  µg), cefuroxime (30  µg), gen-

tamicin (10 µg), and ciprofloxacin (5 µg). Pure isolates of 

0.5 McFarland was spread on Mueller Hinton agar and the 

antibiotic disks were incubated at 37°C for 18–24 hours. The 

inhibition zones were measured and interpreted as sensitive, 

intermediate, or resistant according to Clinical and Labora-

tory Standards Institute guidelines.24

Sorbitol fermentation test
Each E. coli isolate was subcultured on sorbitol MacConkey 

agar. They were incubated at 37°C for 18–24 hours and the 
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isolates showing pale coloration, ie, sorbitol nonfermenting 

isolates, were presumed to be STEC.

Minimum inhibitory concentration (MIC)
The standard broth microdilution method was used to 

determine the MIC of the obtained STEC strains. All of 

the presumed STEC isolates were tested against the follow-

ing antibiotic dilution ranges in microtubes: ceftazidime 

(1–64  µg/mL), ofloxacin (0.5–64  µg/mL), cotrimox-

azole (0.5–64 µg/mL), gentamicin (0.5–64 µg/mL), cefu-

roxime (1–64  µg/mL), cefotaxime (1–64  µg/mL), and 

amoxicillin (0.25–64  µg/mL), using a broth culture of 

0.5 McFarland followed by incubation at 37°C in ambient 

air for 24 hours. Turbid wells were indicated to have growth, 

while clear wells were identified as having no growth after 

incubation. The MIC of each antibiotic to the resistant organ-

ism was noted as the highest dilution showing no growth. 

The respective MIC of each isolate was determined and 

interpreted according to Clinical and Laboratory Standards 

Institute guidelines.24

Genomic analysis
Chromosomal DNA of the overnight broth culture of the 

isolates was obtained using the cetyl trimethylammonium 

bromide extraction method described by Minas et  al.25 

The obtained DNA pellets were resuspended in 200  µL 

sterile water and quantified by gel electrophoresis photo-

documentation.

Polymerase chain reaction  
(PCR) assay for stx1
The stx1 amplification was carried out in a final reaction 

volume of 20 µL using 10 µL 2× PCR Master Mix contain-

ing 1.5 µL MgCl
2
 (25 mM), 0.5 µL deoxyribonucleotide 

triphosphates (10 mM; deoxyadenosine triphosphate, 

deoxyguanosine triphosphate, deoxycytidine triphosphate, 

deoxythymidine triphosphate), 1  µL stx1 (2.5  µM) for-

ward primer (5′-ACACTGGATGATCTCAGTGG-3′) and 

reverse primer (5′-CTGAATCCCCCTCCTTATG-3′), 1 µL 

stx1 (2.5 µM), 0.2 µL Taq polymerase enzyme, #20 µL 

nuclease-free water, and 2.0 µL of each extracted chro-

mosomal DNA. The final reaction mixture was placed in a 

thermal cycler block (ATC 401; Nyx Technik, San Diego, 

CA, USA). The amplification reaction was carried out in 

30 repeated temperature changes called cycles of initial-

ization - temperature of 94°C for 2 minutes, denaturation 

reaction of 94°C for 30 seconds which causes melting of 

DNA template and primers then followed by 48°C for  

30 seconds annealing of the primers to the single-stranded 

DNA template, elongation at optimum temperature activ-

ity of 72°C for 60 seconds to produce complementary 

multiple DNA.26–28

PCR amplification for stx2
The stx2 amplification was carried out in a final reaction 

volume of 20 µL using 10 µL 2× PCR Master Mix, contain-

ing 1.5 μL MgCl
2
 (25 mM), 0.5 μL deoxyribonucleotide 

triphosphates (10 mM; deoxyadenosine triphosphate, deox-

yguanosine triphosphate, deoxycytidine triphosphate, deoxy-

thymidine triphosphate), 1 µL stx2 (2.5 µM) forward primer 

(5′-CCATGACAACGGACAGCAGTT-3′) and reverse primer 

(5′-CCTGTCAACCGGTGAGCGCACTTTC-3′), 1 µL stx2 

(2.5 µM), 0.2 μL Taq polymerase enzyme, #20 µL nuclease-

free water, and 2.0 µL of each extracted chromosomal DNA. 

The amplification reaction for stx2 was carried out in 30 

repeated temperature cycles in a thermal cycler block (ATC 

401; Nyx Technik). The amplification reaction for stx2 

was carried out in 30 repeated temperature changes called 

cycles each at 94°C for 2 minutes, denaturation at 94°C for  

30 seconds, annealing at 56°C for 30 seconds, and extension 

at 72°C for 60 seconds.26,28

PCR amplification for hlyA
The hlyA amplification was carried out in a final reaction 

volume of 20 µL using 10 µL 2× PCR Master Mix, contain-

ing 1.5 µL MgCl
2
 (25 mM), 0.5 µL deoxyribonucleotide 

triphosphates (10 mM; deoxyadenosine triphosphate, 

deoxyguanosine triphosphate, deoxycytidine triphosphate, 

deoxythymidine triphosphate), 1 µL hlyA (2.5  µM) for-

ward primer (5′-ACGATGTGGTTTATTCTGGA-3′) and 

reverse primer (5′-CTTCACGTGACCATACATAT-3′), 1 µL 

hlyA (2.5 µM), 0.2 µL Taq polymerase enzyme, #20 µL 

nuclease-free water, and 2.0  µL of each extracted chro-

mosomal DNA. The amplification reaction for hlyA was 

carried out in 30 repeated temperature cycles in a thermal 

cycler block (ATC 401; Nyx Technik): at a temperature of 

94°C for 2 minutes, denaturation at 94°C for 30 seconds, 

annealing at 45°C for 30 seconds, and extension at 72°C 

for 60 seconds.25,27,28

Amplicon assay
The stx1, stx2, and hlyA amplicons were electrophoresed in 

1.5% agarose agar containing ethidium bromide (10 mg/mL) 

and a 1 kb standard marker at a current of 100 V for 

30 minutes. They were then viewed under ultraviolet photo-

documentation to determine their weight.25,26
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Statistical analysis
The significance (P,0.05) of prevalent toxigenic E. coli was 

determined using a Student’s t-test, with a 95% confidence 

interval. Comparison of the resistant rates at different propor-

tions was performed using the chi-squared test and Fisher’s 

exact test. The correlation of MIC to the zone of inhibition 

was determined using the method of least squares, with the 

zone diameter as the independent variable (X axis) and MIC 

as the dependent variable (Y axis).

Results
Table 1 shows the age distribution of the subjects whose 

fecal samples were studied. Of the 202 subjects recruited 

for the study, 125 (61.9%) were female and 77 (38.1%) 

were male. The age of the subjects ranged from ,10 years 

to .40 years. The majority of the subjects screened fell within 

the $40-year-old age group (41.6%). Sorbitol fermenting 

and sorbitol nonfermenting E. coli (ie, STEC isolates) were 

identified in 86.1% of subjects, while the remaining 13.9% 

had NSTEC isolates (P=0.001).

Table 2 shows the levels of resistance to antimicrobial 

agents among the 202 E. coli isolates analyzed by the disk dif-

fusion test. The highest rate of resistance was against amoxi-

cillin (90.6%), followed by 77.7% resistance to cefotaxime, 

75.7% to cefuroxime, and 70.8% to ofloxacin. Twenty-one 

percent of the isolates were sensitive to cotrimoxazole and 

20.3% to ofloxacin. In addition, 19.3% of the isolates were 

sensitive to ceftazidime, 14.9% to gentamicin, and 14.4% to 

cefuroxime. Low levels of sensitivity to antibiotics were only 

seen in cefotaxime (8.9%) and amoxicillin (3.5%).

To further validate the utility of the multiplex PCR 

assay, the NSTEC isolates of the 202 fecal samples were 

tested using a multiplex PCR where primers for only three 

virulence factors – stx1, stx2, and hlyA – were also inves-

tigated. Amplified DNA bands were as follows: stx2 (779 

bp), stx1 (614 bp), and hlyA (165 bp) (data not shown). stx1 

was the most commonly encountered factor, with its highest 

prevalence rate in the 0–10-year-old age group.

Table 3 shows the age distribution of sorbitol 

nonfermenting E. coli isolates harboring the Shiga toxin. 

The highest prevalence rate of stx1 (5.5%) was seen in the 

0–10 year olds, with 4.5% in the $40 year olds. The high-

est prevalence rate of stx2 (3.5%) was seen in the $40 year 

olds, while the lowest prevalence rate of 0.5% was observed 

in the 19–39 year olds. A 1.0% prevalence rate of hlyA was 

observed among the 0–10 year olds and 0.5% in both the 

19–39 and $40-year-old age groups. No prevalence of hlyA 

was recorded in the 11–18-year-old age group.

Discussion
In this study, 41.6% of the subjects recruited for the study 

were aged $40 years and 17.8% were aged 0–10 years. 

Adults and young children are more prone to diarrhea or 

enteric infections in this locality. The young and elderly 

are at particular risk for progression of the disease to more 

severe sequelae; however, in healthy adults, infection may 

be restricted to watery diarrhea or may even be subclinical.29 

A higher proportion of females (61.9%) and the 86.1% sus-

pected STEC isolates obtained from the subjects indicate a 

steady rise in the spread of this serotype. This is lower than the 

26% rate reported by Nielsen et al30 in a Danish study of 312 

STEC infections, with 68% of the STEC isolates belonging 

to eight different pathogens. Although almost 500 pathogens 

of STEC have been isolated from humans with disease,31 it 

is associated with most cases of enteric diseases.

The introduction of antibiotics is one of the most 

important medical interventions with regard to reducing 

human morbidity and mortality. However, uncontrolled 

use of antibiotics has dramatically increased the frequency 

of resistance and prevalence of enteric infections, thereby 

reducing the therapeutic options available. Resistance 

dramatically reduces the possibility of treating infections 

effectively and increases the risk of complications and a 

fatal outcome. This is similar to the significantly high rate of 

STEC isolates resistant to amoxicillin (90.6%), cefotaxime 

(77.7%), and cefuroxime (75.7%). Resistance to amoxicil-

lin, gentamicin, and cefotaxime was demonstrated with an 

MIC .16 µg/mL in 13.9%, 11.4%, and 10.4% of the isolates, 

respectively. The multidrug resistance found among these 

STEC isolates clearly presents a grave danger to the control 

Table 1 Bio-data distribution of the subjects

Characteristics n %

Age
 � 0–10 years 36 17.8
 � 11–18 years 16 7.9
 � 19–39 years 66 32.7
 � $40 years 84 41.6
 � Total 202 100
Sex
 � Male 77 38.1
 � Female 125 61.9
 � Total 202 100
Suspected toxin
 �S TEC 174 86.1
 �NS TEC 28 13.9
 � Total 202 100

Abbreviations: NSTEC, non-Shiga toxin-producing Escherichia coli; STEC, Shiga 
toxin-producing Escherichia coli.
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of enteric infections caused by this virulent pathogen. High 

antimicrobial resistance observed in this study is similar to 

the E. coli isolates obtained from five geopolitical zones of 

Nigeria showing 94.4% resistance to ampicillin, 85.5% to 

cotrimoxazole, 92.1% to cefalotin, 78.7% to streptomycin, 

70.8% to nitrofurantoin, 79.8% to tetracycline, 67.4% to 

chloramphenicol, 74.2% to amoxicillin, 61.8% to cefpirome, 

52.8% to cefpodoxime, 46.1% to cefotaxime, 46.1% to cef-

triaxone, 31.5% to cefoxitin, 38.2% to nalidixic acid, and 

24.7% to gentamicin as reported by Nsofor et al.32 The pat-

terns of resistance to commonly used antibiotics have been 

attributed in part to widespread and lengthy use of antibiot-

ics.33 Constant exposure to antibiotic agents used for disease 

treatment, prophylaxis, or for livestock growth promotion 

necessitated plasmid mediation with a wide variety of genetic 

determinants.34 This makes it more possible for a susceptible 

bacterium to acquire resistance factors by conjugation or 

other genetic exchange mechanisms.

STEC is a known water-borne pathogen associated with 

diarrhea, HC, HUS, and renal failure in children.11 The preva-

lence rates of 13.9%, 6.9%, and 2.0% obtained for stx1, stx2, 

and hlyA, respectively, in this study is a threat to public health. 

The virulence rate of 5.5% for stx1 in 0–10 year olds and 

3.5% for stx2 in $40 year olds demands urgent attention.

The marked heterogeneity of the STEC strains identified 

in this study showed that the spread of STEC seems much 

more complex and it could keep spreading from animals to 

humans and from person to person. The prevalence rates 

reported here are lower than those for stx1 (56%) and stx2 

(43%) in STEC isolates reported by Yakubu et al.19 These are 

markedly high and the presence of either or both has been 

related to the ability of STEC strains to cause serious disease 

in humans. Only stx2 has been shown to be more commonly 

associated with serious human diseases compared with strains 

producing stx1 alone or both stx1 and stx2, possibly because 

the level of transcription of stx2 in vivo is higher than that 

of stx1.13 The production of the Shiga toxin by STEC is the 

primary virulence trait responsible for HUS. In addition, 

STEC strains are the major cause of gastroenteritis and 

HC, and are also associated with renal failure in children.35 

However, a significant minority of human STEC isolates, 

including those from patients with HC and HUS, produce 

enterohemolysin (hlyA product) which might have a direct 

association with the capacity of a given STEC strain to cause 

more serious disease.36

The multiplex PCR described in this study is a better way 

of detecting the virulence of these genes in humans. A number 

of primers which amplify these genes have previously been 

reported, including the ones used in this study.27,28 The combi-

nation of primers reported here was chosen to generate a high 

level of sensitivity to the tested isolates. In this study, none 

of the isolates carried more than one gene from the sampled 

isolates. The distribution of these genes is a reflection of the 

prevalence ratio in relation to the studied age groups. Other 

report shows that patterns of STEC are affected by diet, age, 

stress, and seasonal variation.37

Table 4 shows the various primers used in this study. As 

previously stated, the presence of these genes is obvious in 

this environment. In addition, it is well known that STEC is 

a zoonotic food and water-borne pathogen associated with 

diarrhea, HC, HUS, and renal failure, particularly in children, 

and can cause attaching and effacing properties in diarrhea 

cases.2,11,12 The findings of these reports justify their presence 

and the need for further testing and characterization of STEC 

and NSTEC in this zone and other parts of Nigeria.

Table 3 Distribution of stx1, stx2, and hlyA in the different age 
groups

Age stx1 stx2 hlyA

0–10 years 11 (5.5) 3 (1.5) 2 (1.0)
11–18 years 2 (1.0) 2 (1.0) 0 (0.0)
19–39 years 6 (3.0) 1 (0.5) 1 (0.5)

$40 years 9 (4.5) 7 (3.5) 1 (0.5)

Total 28 (13.9) 14 (6.9) 4 (2.0)

Note: Data represents n (%). 

Table 2 Antimicrobial susceptibility pattern of the suspected Escherichia coli isolates measured by the disk diffusion method

Antibiotic (μg/disk) Sensitive Intermediate Resistant Susceptible 
(MIC ,8 μg/mL)

Resistant 
(MIC .16 μg/mL)

Ceftazidime (30) 39 (19.3) 57 (28.2) 106 (52.5) 11 (5.5) 17 (8.4)
Cefuroxime (30) 29 (14.4) 20 (9.9) 153 (75.7) 8 (4.0) 20 (9.9)
Cotrimoxazole (5/25) 43 (21.3) 38 (18.8) 121 (59.9) 9 (4.5) 19 (9.4)
Gentamicin (10) 30 (14.9) 60 (29.7) 112 (55.4) 5 (2.5) 23 (11.4)
Ofloxacin (5) 41 (20.3) 18 (8.9) 143 (70.8) 10 (5.0) 18 (8.9)
Cefotaxime (10) 18 (8.9) 27 (13.4) 157 (77.7) 7 (3.5) 21 (10.4)
Amoxicillin (10) 7 (3.5) 12 (5.9) 183 (90.6) 0 (0.0) 28 (13.9)

Note: Data represents n (%).
Abbreviation: MIC, minimum inhibitory concentration.
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It is obvious from this study that the prevalence of virulent 

STEC infections is a public health concern in Nigeria, and the 

use of a relevant molecular tool such as a PCR assay should aid 

quick detection of this virulent serotype and help to curb severe 

epidemic human diseases associated with STEC infections. 

Based on this study, it could be suggested that the common 

incidence of renal failure in children and adolescents in this 

locality may be a result of virulent antibiotic-resistant STEC 

through consumption of contaminated meat (especially under-

cooked beef hamburgers), ready-to-eat sausages, raw milk, 

cheese, unpasteurized milk, and drinking water as well as 

contact with animals.18 The overall prevalence rates of these 

genes shows a need to step up control measures to curb the 

spread of STEC in this environment.

However, it has been reported that the potential harmful or 

beneficial effects of antibiotic treatment may be as dependent 

on the properties of resident bacterial flora as on the infecting 

O157:H7 strain.38 The importance of antibiotic resistance in 

STEC-infected individuals cannot be overemphasized as it 

further complicates the disease condition through the release 

of toxins from the Gram-negative wall of the bacterium. It 

further clarifies that the role of antibiotics for treatment of E. 

coli O157:H7 infections is controversial and complex. The high 

prevalence of antimicrobial resistance observed in all of the 

isolates in this study, especially to amoxicillin, cefotaxime, and 

cefuroxime, further confirms that the release of the Shiga toxin 

might not be unrelated to the presence of resistance. It is an inter-

esting example of a situation in which antibiotic treatment can 

harm the patient,38,39 and shows that administration of antibiotics 

can worsen the condition of a STEC-infected individual.

Conclusion
Poor detection of HUS and severe colitis caused by mis-

diagnosed STEC infection has greatly contributed to the 

prevalence of STEC infection and increased morbidity. 

Therefore, use of a PCR assay for STEC detection is very 

precise and effective for surveillance of HUS and other renal 

infections.
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