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Abstract: This study aimed to investigate the antimicrobial susceptibility of diarrheagenic E. coli (DEC) in patients
seeking medical attention at Ashanti Regional and St. Michael’s Hospitals. A total of 502 people in all were included
in the study. To collect the data, a structured questionnaire was used. Participants’ stool samples were examined using
a biochemical technique to separate E. coli, and a two multiplex Polymerase Chain Reaction (PCR) was performed to
distinguish DEC from the E. coli isolates. Out of the 502 participants, 222 tested positive for DEC. The EUCAST 2022
Breakpoint for the Enterobacterales was utilized to determine the antibiotic susceptibility pattern for each isolate of
DEC using the Kirby Bauer disc diffusion method (Bauer, 1966). In all, 83% of the DEC isolates were discovered to
be Multi drug resistance (MDR) With an index of 81% > 0.2. The findings of this investigation indicate a high level of
antimicrobial resistance to tetracycline, ampicillin, and cotrimoxazole. In the study area, meropenem is suggested for the
empirical care of DEC infections. It is advised that both the community and the two healthcare settings routinely screen
for antibiotic susceptibility.

Keywords: antimicrobial resistance, diarrheagenic E. coli, multi drug resistance, multi drug resistance index, E. coli

1. Introduction

Since the time of ancient civilizations, diarrheal illness has been one of the oldest infectious diseases to be recorded
[1]. Diarrheal illnesses are a recurring public health problem in poor countries [2]. In a study on diarrhea regarding
children [3] observed that children’s health continues to be at risk from diarrheal infections. Also looking it from the
perspective of low- and middle-income nations, according to [4], children are at the highest risk of diarrhea, the disease
is generally one of the leading causes of morbidity and deaths globally among all ages. In terms of this diarrheal threat,
underdeveloped countries that are frequently not financially stable enough suffer the most. Diarrheal illnesses are a
recurring public health problem in poor countries [5]. With 1 in 10 fatalities in children under the age of five being
attributable to diarrhea in 2019, diarrhea is the third highest cause of mortality worldwide, with South Asia and sub-
Saharan Africa bearing the brunt of the disease’s impact on young children [6].

According to [7], who cited a UNICEF Ghana report from 2016 that said that over 300,000 children under the age
of five were expected to have died from diarrhea in Ghana, the burden of the disease is extremely high. According to
[8], the Ashanti area had Ghana’s third-highest rate of diarrhea episodes in 2011, with an average of 2,218 per 100,000
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inhabitants.

Yandag et al. [9] proposed that diarrheal illnesses are common worldwide and that strains of diarrheagenic E.
coli (DEC) are the main etiological agents, taking into account the many causative agents of diarrhea. Additionally,
Canizalez-Roman et al. [10] reports that diarrtheagenic Escherichia coli (DEC) is the most prevalent bacterial cause of
pediatric diarrhea in various developing nations.

The major varieties of E. coli strains can cause diarrhea, each with its own specific pathogenic mechanism [11-
14]. Therefore, finding a solution to the DEC’s health problem is vital. The human challenge of DEC may be solved
by relying on antimicrobials, which are medicines that either eradicate or restrict the growth of bacteria. Nevertheless,
[15] attests that antibiotics should not be used in persistent diarrhea except for certain specific pathogens such as
Shigella and Clostridium, which is known to cause persistent diarrhea can be treated with antibiotics. Patients with
chronic diarrhea typically require some evaluation, but in some cases, a history and physical exam are enough to guide
therapy [16]. It is necessary to switch to guided antibiotic therapy in tandem with the advancement of diagnostic clinical
microbiology since such empirical antibiotic therapy increased the appearance and spread of antimicrobial resistance
[17]. Antimicrobial resistance continues to pose a challenge and threatens global public health [18-19]. It makes the
standard medical care offered to patients with a certain disease ineffective, which encourages the persistence and spread
of infections [20-22].

When clinical isolates of DEC were analyzed, a substantial prevalence of antibiotic resistance was found [9, 23].
Antimicrobial resistance must therefore be of great concern to public health as it has the potential to negate all the
efforts made by medical science over the years to fight the activities of pathogenic microorganisms.

The emergence of antimicrobial resistance if not addressed is likely to send public health to the darker days in
which antimicrobials were not discovered. It is a well-known fact that antimicrobial resistance occurs in humans as a
result of drugs through the transfer of energy in food from one organism to the other in the environment [24]. This can
be explained by the overuse of antimicrobials in animal feed that has the side effect of promoting the rise and the spread
of antimicrobial resistance although the original intention might be to maintain the health and productivity of livestock.
Abdalla et al. [25] reported that food obtained from animal sources can act as a source of pathogenic E. coli which has
developed resistance to antibiotics. This might transfer antimicrobial resistance and virulence genes to microbes in the
gastrointestinal tract. This has the potential to threaten human health as it could subject the treatment of infections of E.
coli causing diarrhea to difficulty.

It is therefore of paramount importance to examine the antimicrobial susceptibility of diarrheagenic E. coli in areas
where much of such studies have not been conducted taking into consideration commonly used antibiotics. This is to say
that for an effective treatment of diarrhea in general an antimicrobial susceptibility of the antimicrobial agents must be
determined in order to evaluate the efficacy of the antimicrobial or the commonly used antibiotic in the case of bacterial
related diarrhea. In spite of this not much is reported on the antimicrobial susceptibility of the diarrheagenic E. coli in
this area of the current study.

In order to address the issue of diarrhea caused by E. coli and the threat of antibiotic resistance, which is currently
a public health challenge, this study sought to examine the antimicrobial susceptibility of diarrheagenic E. coli in this
area of the current study. As a result, it has helped to alert public health authorities to the need for intervention.

2. Materials and methods
2.1 The research site and design

This cross-sectional study was conducted at the Ashanti Regional and St, Michael’s hospitals in the Ashanti Region
of Ghana between July 2020 and July 2021. Asokwa Municipal Assembly is home to the Ashanti Regional Hospital,
formerly known as the Kumasi South Hospital with coordinates 6.6513° N, 1.5864° W while St. Michael’s Hospital is
located in the Bosomtwe District with the coordinates, 6°33°32.9”N, 1°30°45.4”W. A total of 502 people who consented
to the study were recruited as study participants.

2.2 Sampling procedure

A convenient sampling method was employed to recruit participants for this study. Hence, a total of 502 people
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who consented to the study were recruited as study participants. From these patients who visited the aforementioned
hospitals, a total of 502 stool samples, one per participant were taken. Out of the total individuals recruited into this
study, 321 (63.94%) were females, while 181 (36.05%) were men. However,159 of these participants had diarrheal
symptoms, while 343 people did not. The age range of patients was from 0-5 to > 42 years.

2.3 Isolation of E. coli from the faecal samples

The stool samples were streaked on MacConkay agar (OXOID CM0007 MacCONKEY AGAR, Oxoid Ltd., United
Kingdom). Bright pink-red colonies after an overnight culture were thought to contain bacteria like £. coli, which may
digest lactose. Each sample was subcultured onto Cystine-Lactose Electrolyte Deficient Agar (CLED) with a single
isolated colony, which was then incubated at 37 °C for 24 hours. Yellow colonies could potentially contain E. coli. A
test tube containing tryptophan broth and an isolate from the CLED was incubated for 24 hours at 44 °C. The Kovacs’
reagent was then added to the tryptophan broth positive tubes. Following the completion of successful indole and Eosin
Methylene Blue (EMB) Agar assays, all isolates were determined to be E. coli. In order to extract the DNA, the isolates
were then placed in sample tubes with Mueller-Hinton agar.

2.4 Extracting DNA and identifying pathotypes

Genomic DNA was extracted from the isolated bacterial cells using the boiling procedure, and the template was
then exposed to multiplex PCR utilizing certain primers, as stated by [12]. To detect the genes of interest, which were
the virulence markers, the study used two multiplex PCRs.

2.4.1 Multiplex Polymerase Chain Reaction (PCR) Assay 1

The detection of enterohaemorrhagic E. coli (EHEC), enteroaggregative E. coli (EAEC), and enterotoxigenic E.
coli (ETEC) was the focus of PCR 1. A 25 ul Ben Taq mixture (Beneficial Bio, UK), 12 ul of nuclease-free water, 5 pl
DNA template, and 1 pl each of the forward and reverse primers (hlyA for EHEC, CVD432 for EAEC, elt, and Stla for
ETEC isolates) were used to carry out the optimized process. DNA samples containing the relevant virulence gene or
genes were used as positive controls in each test. The negative control, however, was sterile distilled water.

Each test was conducted in accordance with the ideal cycling conditions shown below: 35 cycles of 95 °C for 1
min, 55 °C for 1 min, and 72 °C for 5 min were then performed.

2.4.2 Multiplex Polymerase Chain Reaction (PCR) 2

The PCR 2 employed eaeA and bfpA for isolates of EPEC and ial for isolates of EIC, despite the fact that the
methodology was the same as the PCR 1. Additionally, PCR 2 needed 14 pl of nuclease-free water as opposed to PCR 1’s
12 pl

The results of the PCR reactions were subjected to gel electrophoresis in both instances (PCR 1 and PCR 2) using
1.5% (W/V) agarose gel in 120 mil of buffer solution. Ethidium bromide, an intercalating dye, was used to stain the gel,
enabling the visualization of the DNA bands during UV photography.

2.5 Antimicrobial susceptibility testing

Antimicrobial susceptibility pattern for each E. coli isolate was determined by employing the Kirby Bauer disc
diffusion method [26] using EUCAST 2022 Breakpoint for the Enterobacterales. The pure bacterial isolates earlier
grown on the sterile nutrient agar were inoculated on the saline solution to make a suspension. The inoculum of turbidity
standard was matched with McFarland 0.5 turbidity standard. Sterile cotton swab was dipped into the suspension
forming a uniform lawn over the entire surface of the Mueller-Hinton agar. In all, the bacterial isolates were screened
for susceptibility patterns against twelve (12) antimicrobial agents. These were as follows: Ampicillin (AMP; 10 pg),
Ampicillin/Sulbactam (SAM; 20 pg), Cefuroxime (CXM; 30 pg), Cetriaxone (CRO; 30 pg), Ceftazidime (CAZ; 10 pg),
Cefepime (FEF; 30 ug), Meropem (MEM; 10 pg), Tetracycline (TE; 3 pg), Gentamicin (GN; 10 ug), Ciprofloxacin (CIP;
5 pg), Cotrimaxazole (SXT; 25 pg), and Chloramphenicol (CL; 30 pg). With the aid of a ruler, the zone of inhibition
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was determined to the nearest millimeter after an overnight incubation at a temperature of 37 °C . The classification
of these measurements as sensitive (S), intermediate (I) and resistant (R) were done according to the EUCAST 2022
Clinical Breakpoint for the Enterobacterales.

2.6 Data analysis

Descriptive statistics were used to summarize the findings. Tables and charts were used to show frequencies where
appropriate. To determine statistical difference, when necessary, the chi-square test as approved by [27] and [28] was
performed. Statistics were judged to be significant for variables having a p value less than 0.05 at a 95% confidence
level.

3. Results

3.1 E. coli isolates

From the 502 stool samples that were gathered, the study was able to isolate 312 (62.15%, n/N = 312/502) E.
coli isolates. It was observed that 71.15% (n/N = 222/312) of the 312 E. coli isolates tested positive for DEC with a
prevalence of 44.22% (n/N = 222/502) among the study population. Statistically the difference between the E. coli
isolates which tested positive for DEC and those 90 (28.85%, n/N = 90/312) which tested negative for DEC was
significant (p < 0.05) . Also, there was statistical difference between the prevalence of DEC positive participants and the
participants 55.78% (n/N = 280/502) who tested negative for DEC (p < 0.05).

Table 1. Hospital-related distribution of EC and DEC isolates detected by biochemical Test and PCR respectively

Prevalence of

Hospital Samples EC DEC
DEC (%)
44.78
Ashanti Regional Hospital 201 122 90
N=201
43.85
St. Michael’s Hospital 301 190 132
N =301
4422
Total 502 312 222
N =502

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

Participants from Ashanti Regional Hospital had a DEC prevalence of 44.78% (n/N = 90/201), compared to
43.85% (n/N = 132/301) for St. Michael’s Hospital. The DEC prevalence between the two hospitals did not statistically
differ significantly (P > 0.05)). The antibiotic susceptibility test was then performed on the DEC isolates. Table 1 shows
the results of E. coli (EC) and DEC positive isolates as obtained by the biochemical test and the PCR respectively while
Figure 1 shows product of agarose gel electrophoresis after PCR amplification.
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Figure 1. Agarose gel electrophoresis after PCR amplification of target genes of DEC isolates
L = ladder (100 bp molecular marker), VE = positive control, VE = negative control

3.2 Antimicrobial susceptibility of diarrheagenic E. coli
3.2.1 Comparison of isolated E. coli’s antibiotic sensitivity profiles

Figure 2. Photograph of the antimicrobial susceptibility study

A total of 12 antibiotics were used on the DEC isolates. DEC, with a prevalence of 44.22%, displayed rather
significant antimicrobial resistance to rates to the majority of the drugs examined. Each of the 12 antimicrobial agents
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experienced resistance against it by at least 9 (4.05%) of these 222 isolates. The isolates were mostly resistant to
Ampicillin (AM) 84% (n/N = 195/222) followed by Cotrinoxazole (CXM) 82.43% (N/n = 183/222), tetracycline
(TETRA) 81.98% (n/N = 182/222), Ciprofloxacin (CIPRO) 55.86% (n/N = 124/222), Cefuroxime (CXM) 54.50% (n/
N = 121/222), Cefepime (FEP) 54.05% (n/N = 120/222), Ceftriaxone (CRO) 52.25% (n/N = 116/222), Ampicillin/
Sulbactam (SAM)14.86% (n/N = 33/22), Chloramphenico (C) 13.06% (n/N = 29/222), Ceftazidime (CAZ) 9.46%
(21/222), Gentamicin (CN) 4.05% (n/N = 9/222). However, all the 222 isolates which tested positive for diarrheagenic E.

coli were sensitive to Meropenem.
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Figure 3. Antimicrobial susceptibility of diarrheagenic E. coli

Figure 3 illustrates the susceptibility pattern of diarrheagenic E. coli while Figure 2 shows a photograph of the
antimicrobial test of this study.

3.2.2 Multiple drug resistance (MDR)

As shown below in Figure 4 overall, 83% (n/N = 184/222) of the DEC isolates were found to be MDR. Site
specific multiple antimicrobial resistance of the 184 isolates were 56% and 44% for St. Michael’s Hospitals and Ashanti
regional hospital respectively. Site specific multiple drug resistance is shown in Figure 5.
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I Multi drug resistant
[ Not multi-drug resistant

Figure 4. Proportion of diarrheagenic E. coli isolates which are multi drug resistant and those which are not.

[ Ashanti Regional Hospital
[ St Michael’s Hospital

Figure 5. Site specific multiple drug resistant E. coli isolates in relation to hospital

3.2.3 Multiple Antibiotic Resistance (MAR) index

When the multidrug resistance of the DEC isolates was calculated, 81% were found to have an index of > 0.2. The
results indicate that the lowest MAR index of 0.0 was recorded by the 5.0% (n/N = 11/222) of the E. coli isolates with
the highest MAR index of 0.9 experienced by 0.5% (n/N = 1/222) of the isolates. The MAR index with the greatest
number of isolates, 34.7% (n/N = 77/222) was 0.6, and the MAR index with the second-highest number of isolates
23.9% (n/N = 53/222) was 0.3. Table 2 shows the MAR indices of the 222 E. coli isolates of this study.
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Table 2. MAR indices of Diarrheagenic E. coli

MAR Index No of isolates (%)
0 11 (5.0)
0.1 18 (8.1)
0.2 13(5.9)
0.3 53(23.9)
0.4 9(4.1)
0.5 23 (10.4)
0.6 77 (34.7)
0.7 14 (6.3)
0.8 3(14)
0.9 1(0.5)
1 0(0)

Total number of DEC isolates n =222

4. Discussion
4.1 Antibiotic sensitivity profiles of isolated E. coli.

The development of multidrug-resistant bacteria continues to pose a serious danger to medicine and is one of the
key obstacles to the prevention and treatment of microbial illnesses [29]. Meanwhile, diarrheal diseases are common
with worldwide distribution, and diarrheagenic Escherichia coli (DEC) strains are the main causative agents [9]. Not
much is reported on the antimicrobial susceptibility of DEC in this study area. Therefore, this study has examined the
antibiotic susceptibility profiles of E. coli that causes diarrhea in people who visit the chosen hospitals in the area.

This study found that DEC has a high level of overall antimicrobial resistance. At least 9 (4.05%) of these 222
isolates showed resistance to each of the 12 antimicrobial drugs. The majority of the isolates were resistant to ampicillin
(195; 87.84%), followed by cotrimoxazole (183; 82.43%), tetracycline (182; 81.98%). This result is comparable to that
of [30], who found that 89% of all the E. coli isolates were ampicillin-resistant and 83% were tetracycline-resistant. In
their study, [31] reported 93.3% DEC isolates were resistant to cotrimoxazole and none of them exhibited resistance
to ciprofloxacin. However, this study has recorded a decrease in the DEC resistance (82.43%) to cotrimoxazole and
an increase in the resistance (55.86%) to ciprofloxacin. This difference might be attributed to increase and a decrease
abuse of ciprofloxacin and cotrimoxazole respectively. The discrepancies in antimicrobial resistance might be due to the
difference in which these antibiotics are reasonably priced and accessible at the market [32]. The abuse of antibiotics
in the treatment of infectious disorders and the usage of antibiotics as a preventative measure may be to blame for this
conclusion about the resistance of the DEC isolates to antibiotics in this study. This is supported by the fact that the
majority of the isolates were resistant to commonly used antibiotics such ampicillin, cotrimoxazole and tetracycline. In
some nations, these are the antibiotics that are frequently administered to treat enteritis brought on by bacteria and hence
are commonly abused [33].

However, Meropenem was detected to be effective against all 222 isolates that tested positive for diarrheagenic
E. coli. This finding is in conformity with [34] who observed that only Meropenem and the other Carbapenems were
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effective against DEC. The effectiveness of Meropenem as an antimicrobial agent can be explained that meropenem,
like other carbapenems stops the formation of the bacterial cell wall which inhibits growth and results in cell death [35].
Carbapenem-resistant enterobacterales (CRE) frequently produce ambler class. Meropenem, a carbapenem antibiotic,
therefore has an effective antimicrobial property against DEC.

4.2 Multi drug resistance (MDR)

This analysis discovered MDR of DEC for the first time in the research area. The study found that 83% of the
E. coli isolates were MDR (Table 2). This is higher than the 76.51% of the E. coli isolates which exhibited MDR as
reported by the [36]. The practice of unqualified clinicians prescribing drugs to patients has the potential to promote
MDR resistance as observed by this study [37]. In this case there might be abuse of the drugs either by overuse or lower
than what is required to treat the disease. Antibiotic usage and overuse in human medicine have led to the development
of MDR E. coli in human feces as well and these procedures have caused MDR E. coli to coexist in these important
human intestinal disease reservoirs [38-40]. This can be explained in that when E. coli is exposed to the drugs, they are
triggered to evolve adaptations through mutation to develop feature to enable the organism to withstand the antibiotics
[41]. In a similar vein, organisms exposed to antibiotics through human or animal feed are stimulated to undergo
mutations that render them immune to routinely used antimicrobial substances [38]. This study demonstrates this
pattern, with a high rate of resistance frequently observed.

4.3 Multiple antibiotic resistance index of DEC

Multiple antibiotic resistance index, according to [42], is crucial because it helps microbiologists to assess
health risks and gauge the prevalence of antibiotic resistance. When treating infected patients with antibiotics that are
frequently used, MAR index analysis has been utilized to distinguish isolates from various sources [36]. In comparison
to other ways of locating the source of bacteria, it is inexpensive, quick, simple to use, and doesn’t call for expensive
equipment or specialized training [43].

This study discovered multidrug resistance index regarding people attending the two institutions considered. This
research found that a greater percentage (81%) of E. coli isolates had MAR indices greater than 0.2 (Table 2). It can be
inferred that greater proportion of the participants from whom the isolates were obtained either originated from locations
where antibiotics are commonly used or the organism had previously been exposed to the commonly used antimicrobial
medications. This can be explained by the fact that sources of contamination with MAR index > 0.2, according to [43],
are those where antibiotics are often used. This suggests that the isolates are coming from areas where there are greater
dangers of developing antibiotic resistance. Most of this multidrug resistant E. coli is acquired from the participants’
diverse communities from where they attend these hospitals because the majority of the isolates were found from
individuals in the outpatient department with very few of them coming from the inpatient department.

5. Conclusion

Generally, this study indicated high resistance of DEC against most of the commonly used antibiotics. The findings
of this investigation indicate a very high level of antimicrobial resistance to ampicillin (87.84%), cotrimoxazole (82.43%)
and tetracycline (81.98%) which is comparable with other studies. This study’s very high MAR index of DEC (81%)
above 0.2 indicates that the isolates are from sources with a high risk of antibiotic resistance.

For the empirical management of DEC infections in the research area, meropenem is advised. It is recommended to
frequently screen for antibiotic susceptibility in both the community and the two healthcare settings.
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