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Abstract — Objective: Diarrhea-causing Escherichia coli (E. coli) is a significant etiological agent that is
always evolving due to its genomic plasticity, necessitating its routine surveillance. However, diarrheagenic E.
coli (DEC) among Ghanaian students remains uncharacterized. This current study focused on characterizing the
DEC pathotypes recovered from the stool samples of students with and without diarrhea seeking health care from
the Ashanti region of Ghana.

Patients and Methods: There were 119 students who participated in this research. A structured questionnaire
was utilized to gather the data. E. coli was isolated from participant stool samples using a biochemical method.
DEC was distinguished from the E. coli isolates using a two-multiplex Polymerase Chain Reaction (PCR).
Results: The study detected all the five main pathotypes of DEC with the enterotoxigenic E. coli (ETEC), which
elaborate only heat-labile enterotoxin gene, elt, or heat-stable enterotoxin gene, stla being most frequent. When
comparing individuals with diarrhea to those without it, it was shown that ETEC with simply e/f or stla was sta-
tistically significantly lower in cases of diarrhea. In general, there was no statistically significant difference in
the likelihood of any pathotype producing diarrhea between students who experienced diarrhea and those who
did not.

Conclusions: The study has provided insight into the five main pathotypes of diarrheagenic E. coli among stu-
dents in the Ashanti region of Ghana, which calls for monitoring by public health authorities. This current study
suggests that more research be done in this field on the host immunological response to DEC infection.
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INTRODUCTION

One of the most prevalent health issues, particularly in the case of younger children, is diarrhea.

Although diarrhea is preventable, it is still the third most common cause of death among chil-
dren aged 59 months and less, with approximately 443,832 children under the age of five and
50,851 children between the ages of five and nine dying from it each year".

Children under three years old in low-income nations often have three episodes of diarrhea
per year2. This can potentially make the youngster lose the nourishment required for develop-
ment with every episode. As a result, diarrhea is a possible contributor to malnutrition, and since
undernourishment tends to impair immunity, undernourished children are more vulnerable to
diarrheal illness.

One of the illnesses that rank among the top five in Ghana for morbidity and death in chil-
dren under five is diarrhea®. In a study to determine the prevalence of diarrhea in the Ashanti
region of Ghana*, it was observed that 31.67% of the entire study participants were diarrhe-
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ic. Even though most studies on diarrhea have limited themselves to children, especially
those under five, it should be noted that diarrhea affects people of all ages®. The likelihood
of contracting diarrheal sickness can be greatly influenced by the environment to which an
individual is exposed®®. Students are among the groups of individuals who are more likely
to experience diarrhea, according to a previous study'. This threat will probably cost these
students some valuable time, which will interfere with their ability to complete their academic
work.

Addressing the root cause of the high prevalence of diarrhea among these students is
necessary to resolve the diarrhea issue. It is a well-known fact that diarrhea is caused by
infectious organisms, such as bacteria, among other etiological agents, with the majority of
these organisms transmitted from one person to another by the fecal-oral route'. Although
several studies conducted globally have found that rotavirus is the main cause of acute pe-
diatric diarrhea, the role of bacteria in diarrhea seems to differ depending on the location'"4,
Alhaji et al'® asserted that the most common cause of disorders associated with diarrhea is E.
coli, among other things. Despite the reality that E. coli makes up most of the facultative flora
in the human gut that is non-pathogenic®, certain E. coli strains have developed adaptations
to infect and harm the urinary tract, central nervous system, or gastrointestinal tract, even
in the most resilient human hosts. There are at least five main categories of E. coli strains
that cause diarrhea, and each has its own distinct pathogenic scheme'. According to some
research' ' there may still be more types of diarrheagenic E. coli. Since E. coliis a poten-
tial fecal indicator, its presence may also indicate the presence of other etiological agents.
Nevertheless, not many papers have been published on diarrheagenic E. coli, which has the
potential to cause a high frequency of diarrhea in the students under investigation. Hence,
the purpose of this study is to look into diarrheagenic E. coli that causes diarrhea in students
in this research region.

MATERIALS AND METHODS
Identification of Bacterial Strains

This study used E. coli isolates stored at the Kumasi Centre for Collaborative Research in Trop-
ical Medicine (KCCR). These samples were collected between July 2020 and July 2021 from
both symptomatic and asymptomatic patients with diarrhea who consented to this study. These
patients sought health care at the Ashanti Regional and St. Michael’s Hospitals of the Republic
of Ghana. Samples were taken from patients who had not initiated any antibiotic treatment for the
past month at the time of sampling. Suspected E. coliisolates stored in sample tubes containing
Mueller-Hinton agar were subcultured on 5% sheep blood agar and incubated in 5% CO, at 35-
37°C for 18-24 h.

Preparation of Template DNA and Identification of Pathotypes of Diarrheagenic E. coli

Genomic DNA was extracted by employing the boiling method®. Enteropathogenic E. coli
(EPEC), enterotoxigenic E. coli (ETEC), enteroinvasive E. coli (EIEC), enteroaggregative E. coli
(EAEC), and enterohaemorrhagic E. coli (EHEC) were detected by multiplex polymerase chain
reaction (PCR). Target genes: eaeA (E. coli attaching-effacing) and bfpA (bundle forming pilus A)
for enteropathogenic E. coli (EPEC), elt and stla for enterotoxigenic E. coli (ETEC), ial for entero-
invasive E. coli (EIEC), CVD432 for enteroaggregative E. coli (EAEC), and hlyA for enterohaem-
orrhagic E. coli (EHEC) were taken into consideration. Primers and procedures as described by?!
were utilized to analyze these target genes.

Statistical Analysis

The findings were summarized using descriptive statistics. When suitable, tables were utilized to
display frequencies.
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TABLE 1. DISTRIBUTION OF DIARRHEAGENIC E. COLI AMONG STUDY PARTICIPANTS.

Prevalence DEC DEC not No DEC
Hospital Sample EC DEC of DEC/% symptomatic symptomatic symptomatic
Ashanti Regional Hospital 64 42 35 54.67 13 22 15
St. Michael’s Hospital 55 34 24 43.64 6 18 9
Total 119 76 59 49.58 19 40 24

EC = E. coli, DEC = diarrheagenic E. coli.

The Chi-square test was used to determine statistical differences between categorical vari-
ables and to determine their association??23, p-values were used to evaluate the results and
determine the significance level statistically. Significant p-values were defined as those with a
95% confidence level of less than 0.05. Fisher’s Exact Probability statistics were used to get the
odds ratio.

RESULTS
Prevalence of Diarrheagenic E. coli

A total of 76 E. coliisolates were recovered from 119 students seeking health care at the Ashanti
Regional and St. Michael’s Hospitals. The prevalence of DEC among these participants was
49.58%. It was observed that 32.20% (n/N=19/59) of those who tested positive for diarrheagenic
E. coli suffered from diarrhea. This current study found that 77.63% (n/N=59/76) of the E. coli
isolates were diarrheagenic. Also, while testing negative for diarrheagenic E. coli, 20.17% (n/
N=24/119) of the study subjects had symptoms of diarrhea. Table 1 shows the distribution of di-
arrheagenic E. coliamong the study participants, while the result of agarose gel electrophoresis
following PCR amplification is shown in Figure 1.

Pathotypes of Diarrheagenic E. coli

All five main pathotypes of DEC (EPEC, ETEC, EIEC, EAEC, and EHEC) were detected in this
study. ETEC with only elt or stla was mostly detected among the study participants with a prev-

Figure 1. Agarose gel electrophoresis after PCR amplification of target genes of DEC pathotypes. +VE stands
for positive control, -VE for negative control, and L for ladder (a 100 bp molecular marker).
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alence of 26.89% (32/119) and 24.37% (29/119), respectively. EPEC with both eaeA and bfpA,
ETEC with both elt and stla, EIEC and EHEC were the least detected pathotypes of DEC in this
study. In general, there is no virulence gene (pathotype) that has a significantly higher risk of
infecting a host with diarrhea than it does with those without diarrhea (p>0.05). On the other
hand, compared to those without diarrhea, those who had diarrhea had a decreased likelihood
of harboring ETEC with just elt (OR=0.28, CI=0.10, 0.81, p= 0.0184) or only stla (OR= 0.27, Cl=
0.10, 0.72, p= 0.0088) (Table 2).

DISCUSSION

According to Saka et al?*, DEC is responsible for 30-40% of acute diarrhea cases in children
under the age of five in underdeveloped nations. However, because most districts’ clinical lab-
oratories lack the tools necessary to identify it, the significance of this essential pathogen is
underestimated'. Even though diarrhea caused by this pathogen has the potential to waste the
instructional contact hours of students, even the few studies in this regard have been limited to
children under the age of five. The scarcity of DEC data and related virulence factors in Gha-
na among students has been exacerbated by this circumstance. The present study examined
DEC among students in the Ashanti region of Ghana.

The prevalence of DEC among the students in this study was 49.57%, and for the first time,
this study detected all five main pathotypes of DEC among students in Ghana. This prevalence is
lower than the 66.70%, as observed by Prah et al'’. The discrepancy may stem from the fact that
all study participants in the previous study were diarrheic, whereas both diarrheic and non-diar-
rheic volunteers were selected for the current study. This current study found that 77.63% (n/N =
59/76) of the E. coliisolates were diarrheagenic. This frequency of DEC is higher than 35.10%,
which was previously noted by previous scholars®. The difference might result from the two
studies’ different sample sizes. This current study used 119 stool samples as the sample size,
whereas the previous study used 230 stool samples. Given that these DEC coexist with the
typical flora of E. coli in the gastrointestinal tract, there is a risk that the high frequency of DEC
seen in this research region will rise. The pathogenic E. coli found in this study may be causing
the typical commensal E. colito become more harmful. This study’s prediction supports the idea
that, typically, benign commensals can transform into highly adapted pathogens by absorbing
mobile genetic elements from pathogenic ones?$2”°. These pathogens can cause a range of dis-
eases, including extraintestinal infections of the urinary tract, bloodstream, and central nervous
system, as well as gastroenteritis®. These diseases have the potential to endanger the lives of
the students who are being studied.

It was shown in this study that diarrhea affected 32.20% (n/N = 19/59) of the individuals who
tested positive for E. coli, which causes diarrhea (Table 1). This means that, despite the pos-
sibility that DEC may have contributed to the instances of diarrhea among the students in the
current research, a sizable portion of them had DEC infections while not exhibiting any sign of
the disease. Given that the people in the research region may have been exposed to these DEC
for a very long period, it is conceivable that they have evolved particular adaptations to help
them withstand this infection. This finding agrees with the observation made by similar studies
which found that while some research participants displayed diarrheal symptoms, others did not
exhibit any symptoms while testing positive for the pathotypes of DEC indicated by the presence
of virulence factors*2°. The risk that this study anticipates is that the asymptomatic DEC-positive
individuals may potentially spread the infection of the DEC virulence factors of the pathotypes to
other non-diarrheic students and possibly to those they come into contact with since they may
not even be aware that they are carriers of the pathogen.

This is because all the five main pathotypes of DEC (EPEC, ETEC, EIEC, EAEC, and
EHEC) were detected among the students in this study. The isolation of these subtypes from
these students in this study area suggests possible circulation of these pathotypes and may
have contributed to the burden of diarrhea among the local population. ETEC with only elt or
stla was mostly detected among the study participants with a prevalence of 26.89% (32/119)
and 24.37% (29/119), respectively. Several other studies have observed that among the five
main pathotypes of DEC, ETEC is the most common?3%3''7, In comparison to those who were
not infected, the current investigation found that ETEC, which were defined by the produc-
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TABLE 2. DISTRIBUTION OF PATHOTYPE OF DIARRHEAGENIC E. COLI.

Target genes Pathotypes | Isolates | Prev./% | +ve symp. | +ve not symp. | -ve symp. | -ve not symp. OR p-value
eaeA 27 22.69 10 17 16 33 1.21 (0.45, 3.24) | 0.7000
bfpA EPEC 20 16.81 8 12 18 38 1.41 (0.49, 4.05 0.525
eaeA and bfpA 11 9.24 4 7 12 28 1.33 (0.33, 5.42) | 0.6876
elt 32 26.89 6 26 20 24 0.28(0.10, 0.81) | 0.0184
stla ETEC 29 24.37 10 19 31 16 0.27 (0.10, 0.72) | 0.0088
eltand stla 13 10.92 4 9 14 14 0.44 (0.1, 1.79) 0.2533
ial EIEC 11 9.24 4 7 22 43 1.12 (0.29, 4.23) | 0.8707
CVD432 EAEC 21 17.65 6 15 20 35 0.70 (0.23, 2.09) | 0.5231
hiA EHEC 13 10.92 6 7 16 29 1.55 (0.45, 5.42) | 0.4896

Prev. = prevalence, Symp. = symptoms.
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tion of elt (OR=0.28, CI=0.10, 0.81, p=0.0184) and stla (OR=0.27, Cl=0.10, 0.72, p=0.0088),
had considerably reduced odds of causing diarrhea. This suggests that ETEC is becoming
protective rather than causing diarrhea. However, the earlier assertion made by similar other
studies indicated that ETEC is the principal cause of acute diarrhea, which affects children
less than five years old and travellers®233. The variations in the inclusion criteria may be the
cause of the discrepancies in the findings between the current and the earlier investigations.
Although the majority of participants in this study had remained in the study region for over
five years, the previous research focused on travelers and children under the age of five.
Time exposure-induced mucosal immunity to ETEC infections may account for the current
study’s findings.

In developing nations, infantile diarrhea is mostly caused by the pathotypes of EPEC.
EPEC infections can range from asymptomatic to deadly diseases®*. EPEC are classified into
typical EPEC (tEPEC), characterized by the presence of both eaeA and bfpA genes, which
are carried on the EPEC adherence factor plasmid (pEAF), and atypical EPEC (aEPEC),
which possess only the eaeA gene encoding the outer membrane protein intimin, but lack the
pEAF plasmid'. This investigation detected the presence of tEPEC and aEPEC and another
strain of EPEC, which only harbors bfpA. Similarly, a previous study* also identified EPEC
with only bfpA.

Another pathotype, EHEC, whose infection lasts for a very long time and has the capacity
to damage the gastrointestinal mucosal barrier and is known to cause hemorrhagic colitis (HC)
and hemolytic uremic syndrome (HUS)3%%, was also detected among the students in this study.
The identification of these isolates highlights the necessity of EHEC surveillance among these
students as well as the whole Ghanaian population.

Additionally, 20.17% (n/N =24/119) of the study participants experienced diarrheal symptoms,
although they tested negative for diarrheagenic E. coli. This suggests that other etiological fac-
tors for diarrhea might exist in this area that is under investigation. Even though research has
made significant strides to combat diarrhea, bacteria, viruses, fungi, and parasites remain infec-
tious agents of the disease®>4'.

Generally speaking, no virulence gene (pathotype) has a notably higher chance of spreading
an infection to a host that has diarrhea than it does to hosts that do not (p>0.05). This supports
the earlier assertion by this study that although DEC has potentially contributed to the diarrhea
episodes observed by this study, there is an equal number of participants who have developed
adaptation to withstand the infection of the virulence factors of DEC due to long-term exposure to
this diarrhea pathogen. This bolsters the claim that DEC pathotypes may be isolated from hosts
who have diarrhea and non-diarrheic hosts*2.

CONCLUSIONS

The findings of this study offer preliminary evidence of the circulation of the five main pathotypes
of DEC among students in this area and shed light on the significant strains that require seri-
ous and immediate concern to public health. While ETEC with only elt or stlais more common
compared with the other pathotypes, the odds of carrying these strains of ETEC were sta-
tistically less among those with diarrhea than those without diarrhea. Generally, none of the
pathotypes had significant odds of causing diarrhea among the diarrheic students than it does
in non-diarrheic students. The study, therefore, recommends further studies into host immune
response to infection of DEC in this study area. It is also recommended that future research be
conducted in other parts of the country on the circulation of DEC pathotypes. It is suggested
that the Public Health Division (PHD) of the Ghana Health Service of the Republic of Ghana
monitor the emergence of the five principal DEC pathotypes, especially EHEC, which have
been circulating in this study region. In this field of study, more investigation is also necessary
into other etiological agents of diarrhea.
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