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ABSTRACT
Background: Escherichia coli (E. coli) O157:H7 has been found in various sources across the globe, and until

recently, it was uncommon for this pathogen to produce Extended Spectrum B-Lactamase (ESBL) and
Carbapenemase. However, recent reports from different regions have shown that ESBL-producing E. coli O157:H7
is becoming more prevalent. In Ethiopia, while there is sufficient knowledge about the epidemiology of E. coli
0157:H7 in the country's different food supply chains, there is a lack of information regarding the extent of disease

caused by this pathogen and its production of ESBL and Carbapenemase.

Objectives: To isolate E. coli O157:H7, determine its antimicrobial susceptibility profiles, characterize its ESBL and
Carbapenemase production from stool specimens collected among diarrheic patients and explore the association of E.
coli O157:H7 infection with demographic and clinical features of diarrheal patients in Shashemene, west Arsi,

Ethiopia.

Methods: A total of 423 study participants were included from July 1, 2022, to November 25, 2022, in this prospective
healthcare facility-based cross-sectional study among all patients with diarrhea. The bacterial pathogen was isolated
and identified by colony characteristics, Gram stain, and standard biochemical tests using APl 20E as well as
utilization of sorbitol and serotyping by antisera for O157 antigen. Each identified isolate was screened and tested for
ESBL and Carbapenemase production phenotypical and further characterized at the molecular level for 2
Carbapenemase (blaNDM, blaKPC) and 3 ESBL coding gens (blaCTX-M, blaTEM, and blaSHV). The data were
entered into SPSS version 26.0 software for analysis. Bi-variant and multi-variant analyses Were employed using a
logistic regression model for further analysis and were interpreted based on the odds ratio and level of statistical

significance at a p-value <0.05.

Result: Upon laboratory investigation, E. coli O157:H7 strain was found in 38/423 (9%) study participants from this
majority of the participants [262 (61.9%)] were males with a 1.6:1 male: female ratio and 81(19.1%) of the participants
were less than five years old and 14 (3.3%) of patients were elders aged above 55 years. Living in urban area, having
domestic animal and having >5 family size were significantly associated with E. coli O157:H7 cases. High
antimicrobial resistance was observed on Ampicillin [38, (100%)] followed by Amoxicillin with clavulanic acid [34,
(89.5%)]. However, all isolates were sensitive to ciprofloxacin. Twenty-seven (71.1%) and 12 (31.6%) isolates were
phenotypically confirmed to be ESBL and carbapenemase producers, respectively. The genotypic testing revealed that
the most abundantly found ESBL genes were blaTEM group 15 (79%) followed by blaCTX-M group 12 (63%) and
blaSHV group 2(10%). Additionally, from the 12 carbapenemase-positive isolates, 8 (66.6%) were confirmed to have

the blaKPC group gene and none of the isolates were positive for blaNDM group.

Conclusion: The E. coli O157:H7 isolates from this study exhibited a high level of resistance to some of the
antimicrobials tested. The magnitude of ESBL and Carbapenemase production among these isolates was found to be
high. High resistance of Ampicillin and Amoxicillin/Clavulanic acid was observed among ESBL, and carbapenemase-
producing isolates and Ciprofloxacin was found to be the most effective drug against both ESBL producers and non-
producers. blaTEM group gene was the most abundant ESBL coding gene found and blaKPC group gene was the only
gene found in our isolates that code for Carbapenamese.

Keywords: Antimicrobial susceptibility, ESBL, Carbapenemase, Diarrhea, E. coli 0157:H7, Shashemene
Xl




1. INTRODUCTION

1.1.Background
Foodborne illnesses are a major problem in developing countries, causing significant medical and
social costs [1]. These illnesses can be caused by various infectious microorganisms, including
bacteria, viruses, and parasites [2]. There are three main types of foodborne illness: infections,
intoxications, and Toxin-mediated infections. Food infection is caused by ingesting food
containing active pathogens, whereas food intoxication is caused by ingesting toxic substances
generated by microorganisms [3]. Toxin-mediated infection, on the other hand, occurs as a result
of pathogenic microorganisms producing enterotoxins through colonization and proliferation of

cells in the gastrointestinal tract [4].

Shiga toxin-producing E. coli (serogroup O157:H7) is a particularly concerning pathogen that have
gained increased attention in recent years [5]. This bacterium is more dangerous than other well-
known foodborne pathogens because it affects all age groups, it needs a low infectious dose, and
it is unusually acid-tolerant. Foods, like raw meat, raw milk, and undercooked ground beef are
important vehicles for the transmission of this bacteria to people [6]. Cattle are considered a

reservoir for this highly virulent pathogen [7].

In Ethiopia, foodborne illness is a common health issue, and it is among the leading cause of death
among people of all ages in the country [8] with raw meat consumption and poor food handling
practices contributing to the problem [9]. Low food handling and safety regulations, a lack of
personal sanitation among meat supply chain staff, and a lack of awareness about E. coli 0157:H7-
caused infection are all recognized as major challenges in Ethiopia [10].

There are different studies conducted on E. coli O157:H7 from different food chain values but
little is known regarding its significance in diarrheal disease. Furthermore, information is scarce
regarding the epidemiology of the pathogen among diarrheagenic patients. Therefore, the aim of
this study was to isolate E. coli O157: H7 and characterize their ESBL and Carbapenemase

production.



1.2.Statement of the problem
Diarrheal disease is a significant global health issue, particularly in developing countries with poor
sanitation and limited resources. According to the WHO, It is the third leading cause of morbidity
and the sixth leading cause of death worldwide, with approximately one billion cases and 5-10

million deaths annually in Africa, Asia, and Latin America [11].

Bacteria, viruses, or parasites all can be the cause of diarrhea. Bacterial pathogens are a major
cause of diarrheal disease, with E. coli being the most common agent of moderate-to-severe
diarrhea in low-income countries [11, 12]. E. coli-focused research is critical because this
organism lives in a wide variety of hosts, including humans and animals. The most common

pathogens responsible for diarrheal disease are pathogenic E. coli specifically serogroup O157:H7
[2].

Antibiotic resistance is a major issue that is increasing every year. High antimicrobial resistance
lowers therapeutic alternatives while increasing treatment costs and fatality rates [13-15]. ESBL
and Carbapenemase production by Shiga toxin-producing E. coli was formerly uncommon;
however, there are some reported cases since the first report of ESBL producing E. coli O157:H7
in 2013 Denmark [16]. Infections caused by ESBL-producing E. coli have a higher morbidity and
fatality rate. Most ESBL-associated illnesses are resistant to multiple antibiotics, leaving only a

few compounds as a treatment option [17].

Testing diarrheal sample for E. coli 0157:H7- is not common in Ethiopia. Even though pathogenic
E. coli is considered the most common cause of diarrhea, still the diagnostic tests focus only on
the detection of Salmonella, Shigella and others. Any bacterial growth on diarrheal stools other
than Salmonella or Shigella is commonly recorded as 'no Salmonella or Shigella' [18]. Several
investigations on the prevalence and antimicrobial resistance patterns of Shiga toxin-producing E.
coli from various food sources, including beef, [6, 19, 20], food handlers [21] meat [9], and street
foods [10] have been undertaken in Ethiopia. However, there is limited study on clinical samples,

as well as limitations in detecting their ESBL and Carbapenemase production.

Despite their extensive distribution, the prevalence of ESBL and Carbapenemase-producing
organisms is understated since a vast majority of laboratories do not perform standard tests to
detect ESBL. Infections caused by ESBL and Carbapenemase generating gram-negative bacteria

are becoming more common. As a result, detecting ESBL and Carbapenemase generating bacteria

2



in feces is critical in understanding the colonization rate with those bacteria, which is useful in
predicting the risk of infection. In Ethiopia, data on the prevalence of ESBL and Carbapenemase
carriage are rare, and to the best of our knowledge, no investigation has focused specifically on
ESBL and Carbapenemase-producing E. coli O157:H7. As a result, the goal of this study is to
isolate E. coli O157:H7 and evaluate its production of ESBL and carbapenemase, as well as its
connection with different socio-demographic statuses of diarrheic patients in Shashemene

Ethiopia.

1.3.Significance of the study
Screening for ESBL and Carbapenemase-producing bacteria in the colon is crucial for predicting
the risk of bacterial infection. The colon is a reservoir for many pathogenic infectious agents,
making it important to understand the prevalence of these bacteria in diarrheal patients. Currently,
there is no data on the prevalence of ESBL and Carbapenemase-producing E. coli O157:H7
carriage among diarrheal patients in Ethiopia. This study aims to provide baseline data on the
magnitude of ESBL and Carbapenemase-producing E. coli O157:H7 carriage and associated risk
factors among diarrheal patients in Ethiopia. This study will also increase health professionals'
understanding of ESBL and Carbapenemase-producing E. coli O157:H7 and aid in the selection
of treatment for infections caused by these bacteria. Additionally, this study will be helpful for
epidemiological purposes and offer evidence-based data needed for the implementation of
infection prevention and control methods. Moreover, this study will serve as a springboard for

further large-scale evidence-based studies in Ethiopia.



2. LITERATURE REVIEW

2.1.General characteristics of Escherichia coli
Escherichia coli (E. coli) is a Gram-negative bacterium commonly found in the intestines of
humans and animals. It is a facultative anaerobe, capable of growing both with and without oxygen.
E. coli is a rod-shaped bacterium and exhibits motility through the presence of flagella. It is known
for its ability to ferment glucose and other sugars. E. coli is a type of bacteria that can exist in
various forms and can survive in different environments, with or without oxygen. Although many
strains of E. coli are naturally present in the gastrointestinal tract of humans and animals, not all
strains are harmless. Some strains can cause severe and even fatal infections in humans [22].
Commensal E. coli, which are non-pathogenic strains, are commonly found in the microflora of
the intestine. However, there are several pathogenic strains of E. coli that can cause illnesses such
as enterohaemorrhagic E. coli (EHEC), enterotoxigenic E. coli, enteroinvasive E. coli,
enteroaggregative E. coli, diffusely adherent E. coli, and adherent invasive E. coli. The most
significant pathotype of diarrheic E. coli is Shiga-toxin or Verotoxin producing EHEC, which can

cause life-threatening diarrhea [23].

EHEC has become a major public health concern due to numerous food-borne outbreaks, including
the first reported outbreak in 1982 in the United States that was linked to undercooked hamburgers
[24-26]. Since then, E. coli O157:H7 outbreaks have been associated with various foods like
spinach, lettuce, sprouts, unpasteurized milk, apple juice, apple cider, salami, and water sources
frequently visited by animals. Escherichia coli O157:H7 is the main Shiga toxin-producing E. coli
serotype that has been connected to several human disorders such as hemorrhagic colitis,

thrombotic thrombocytopenic purpura, and hemolytic uremic syndrome [27, 28].

2.2.Growth characteristics E. coli 0157:H7
The inability to create -glucuronidase, which can hydrolyze a synthetic molecule, and the delayed
D-sorbitol fermentation (>24 h). MUG (4-methylumbelliferyl-D-glucuronide) distinguishes E. coli
0157:H7 from other E. coli strains [29].

Temperatures between 7 to 45°C are considered to be optimal for E. coli O157:H7 growth, with
37°C being ideal. Normal pasteurization techniques (> 60 °C) successfully eliminate E. coli

0157:H7 because it is not very heat resistant. Growth prefers a pH near neutral but can tolerate



extremely acid pH and can thrive on diets with low pH values (3.6 - 4.0), especially at low

temperatures [30, 31].

2.3.Epidemiology of E. coli O157:H7
2.3.1. Geographical distribution

Infections with E. coli O157:H7 have been reported on every continent except Antarctica [32,
33]. Even though the magnitude differs from area to area this pathogen is found in every part of
the world including developed nations like USA [34]. Cases of E. coli O157:H7-related diarrhea
have been documented in several African nations as well, including Cameron [35], Egypt [36],
Ghana [37], South Africa [38], Kenya, Nigeria [39], as well as Ethiopia [40]. Mostly the
distribution of this pathogen is associated with areas that have communities with direct contact
with soil and domestic animals [41]. E. coli O157:H7 has been reported in all parts of Ethiopia
with varying magnitude[6, 19-21, 40, 42, 43] from clinical and non-clinical samples.

2.3.2. Occurrence of E. coli 0157:H7 in Ethiopia
E. coli O157:H7 has been found in both human and animal populations in Ethiopia. E. coli

O157:H7 research has mostly concentrated on milk products, meat products, slaughterhouses,
butcher shops, and animal abattoirs [6, 19, 20, 43]. However, only a few investigations have been
undertaken to estimate the incidence of STEC in clinical specimens, specifically serogroup
0157:H7 [42]. Although the majority of these research are from central Ethiopia, there are reports
from other regions of the country as well. Abattoirs, butcher shops, retail shops, restaurants, farms,
milk dealers, and children under the age of five are all part of the research site. The table below

summarizes the study population, study area, and prevalence reports.

2.3.3. Reservoir of E. coli O157:H7 and mode of transmission
E. coli O157:H7 is a bacteria present in the digestive systems of warm-blooded mammals, with
cattle serving as the principal reservoir. However, it also has been discovered in other animals,
birds, and fishes. This strain is especially harmful because it can be shed in infected animals'
excrement, [7] contaminating any place that comes into contact with feces of those animals.
Humans can get sick by drinking raw milk, or polluted water and eating raw meat contaminated
with E. coli O157:H7 [44, 45].

The transmission of E. coli O157:H7 occurs through the fecal-oral route, primarily through

contaminated food such as raw or undercooked ground beef, raw milk, and contaminated



vegetables like lettuce and spinach [4, 19, 46]. It can also spread through contaminated water
sources [47], direct contact with infected animals at farms or petting zoos [48], poor sanitary
conditions during food preparation in restaurants, and occasionally through occupational exposure
for those working in slaughterhouses or in healthcare settings diagnosing and treating E. coli
0157:H7 infections [49, 50].

2.4.Pathogenesis E. coli O157:H7
Even though E. coli O157:H7 can be found in different animals, it primarily causes illness in
humans. Although it induces diarrhea in cattle and other animals, they still serve as a reservoir for
the bacteria [51].

E. coli 0157:H7 pathogenicity is dependent on virulence factors. The Locus of Enterocyte
Effacement (LEE) encoded components (responsible for the generation of translocate intimin
receptor and intimin), toxins (Shiga toxin), and the beginning of inflammatory cascades are the
key virulence factors associated with its pathogenicity [52]. Adhesion is an important step for
bacterial survival and colonization. Bacterial colonization, growth, and pathogenicity may be
facilitated by adhesive factors. E. coli 0157:H7 has the ability to cling to intestinal mucosal tissues
and release a variety of proteins, enzymes, and toxins [2]. After the bacteria adheres to enterocytes
(using translocated intimin receptors), it penetrates into the cell and releases its Shiga toxins (Stx1
and Stx2). Shiga toxins are the outstanding virulence factors for developing bloody diarrhea and
HUS by halting the protein synthesis of the cell which leads to cell death of the enterocytes and
peripheral organs cells like kidney as well as by activating inflammatory cascades, which further
leads to distraction of intestinal and blood vessel walls. It also leads to deep venous thrombosis by

activating clotting factors [53, 54]. (Figure. 1)
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Figure 1: “The mechanism by which E. coli O157:H7 causes diarrhea and hemolytic uremic syndrome in humans.” [55]



2.5.Clinical signs and symptoms from E. coli O157:H7 infections
E. coli O157:H7 infection can cause severe illness in individuals. The onset of symptoms typically
occurs within 2-5 days after consuming contaminated food or beverages and can persist for up to
8 days. Although the following symptoms are commonly associated with the infection, they may

vary from person to person [56].

v Abdominal cramps, v" Hemolytic uremic syndrome (HUS)[53],
v’ Severe bloody diarrhea, which is the most serious complication of
v Non-bloody diarrhea, this bacteria that can lead to kidney failure
v' Little to no fever, and death

v’ Fatigue, Nausea,

2.6. Clinical and Laboratory Diagnosis of E. coli O157:H7 Infections
In clinical instances, E. coli O157:H7 infection is diagnosed by examining faecal samples, as well as
food and environmental samples, to determine the source of infection. There is, however, no one
method for isolating all E. coli serotypes. Infection symptoms range from mild diarrhoea to potentially
catastrophic hemolytic uremic syndrome [53]. Diarrheic faeces and common dietary items are
common diagnostic samples. Advanced techniques, such as immunoassays and polymerase chain
reaction technologies, have made it possible to identify E. coli in faeces, food, and water more quickly.
These molecular approaches provide great sensitivity, selectivity, and quick results [33, 57, 58]. The
latex agglutination test is widely used together with Sorbitol MacConkey Agar for rapid detection of

E. coli O157:H7, with a positive result showing agglutination or becoming milky and smooth [59].

2.7.Prevention and control of E. coli O157:H7 infections
To avoid the transmission of E. coli O157:H7 from animals to people, it is recommended that you
wash your hands thoroughly with soap and running water for at least 20 seconds before eating food
or drink, especially if you have handled contaminated goods or worked on a farm. Furthermore, it is
critical to properly cook things like ground beef, pork, sheep meat, or sausage until the flesh is grey
or brown throughout and any fluids run clear [60]. Hazard analysis critical control points (HACCP)
implementation is also an effective food safety management system that can address various chemical,
biological, and physical threats from raw material production to end product consumption [61]. A
vaccination for cattle has been created that immunizes them against the E. coli O157:H7, that limits

shedding and minimize bacteria transfer from animals to human [62, 63].



2.8. Treatment

Administering antibiotics to individuals with E. coli 0157:H7 infections could potentially exacerbate
the illness by causing the bacteria to lyse, leading to an increase in the production and secretion of
Shiga toxins. This, in turn, may elevate the risk of hemolytic uremic syndrome (HUS) [64, 65]. In
vitro studies have shown that antibiotics can induce the production of Shiga toxin by E. coli 0157:H7.
As a result, treatment is primarily supportive in nature, aimed at limiting symptom duration and
preventing systemic complications. To prevent dehydration and electrolyte loss, individuals with
diarrhea are advised to consume clear liquids [22].

2.9.  Antimicrobial resistance

Although it is not recommended to use antibiotics to treat E. coli O157:H7 infections, there are
situations where therapeutic or prophylactic administration of antibiotics may be necessary. There is
also potential spread of antibiotic-resistant genes in the environment from widespread use in humans
and farm animals. Therefore, it is important to determine the antimicrobial susceptibility status of E.
coli O157:H7 [66, 67]. While antimicrobial resistance is increasing among food-borne bacteria
globally, E. coli O157:H7 has shown a slightly lower prevalence. Antimicrobials are commonly used
for disease prevention and growth promotion in food animals already known to carry E. coli O157:H7
[68], which can promote resistance in E. coli O157:H7 in animal intestinal tracts. Studies have found
antimicrobial-resistant E. coli O157:H7 isolates in diarrheic patients, animal excreta, and animal-
sourced foods.

2.10. ESBL and Carbapenamese production of E. coli O157:H7
ESBL and Carbapenemase production by Shiga toxin-producing E. coli was formerly uncommon.
However, recently, there are some reports of ESBL and carbapenems-producing E. coli O157:H7
from different parts of the world. The first report of ESBL-producing E. coli 0157:H7 was reported
in Netherland from chicken isolates in 2003 [69] and the first report from a human clinical sample
isolate was reported in Denmark, which originated from a fecal sample of a 2-year-old girl with
bloody diarrhea who was part of a small outbreak in 2004. Until this year, there was no report of such
scenario from human clinical isolates [16]. There is also one study conducted in Japan that shows
ESBL production among isolates found in beef cattle [67]. Another study from Egypt found that
63.0% of E. coli O157:H7 isolated from meat and dairy products carry p-Lactamase-encoding genes



[70]. One study from Tanzania shows that 10% of isolate from cattle and 9.3% of isolate from human

specimens have ESBL production capability [71].

Even though there is little information regarding ESBL production in other parts of the world, there
is no available published data regarding carbapenemase production of this bacteria in any part of the
world. Regarding our country, it is similar to the world where no published data on ESBL and

Carbapenamese production of this bacteria is available in Ethiopia.
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Table 1: Summary of the prevalence, study participant, and sample type of E. coli O157:H7 in

different parts of Ethiopia

Authors Study area Study participant Sample type Prevalence %
) Central Ethiopia | Butcher shops and
Beyi et al., 2017 Meat 4.5%[19]
restaurant
Cattle,
Gutema et al., 2021 Bishoftu Town | Beef, and Meat and stool 7.1%[20]
Humans
o Addis Ababa Abattoirs and
Nahom Misikir, 2021 Meat 0.95%][40]
Butcher Shops
Ambo Town Abattoir and
Tadese et al., 2021 ) Meat 9.1% [6]
Retailer Shops
_ Jimma town _ Bovine carcasses
Hile et al., 2017 Abattoir 9.3%[43]
and cecal contents
Hile et al., 2021 Addis Ababa Market Retail Lettuce 0.51%[72]
) Arsi Catering Food of Animal
Minda et al., 2021 _ o 2.1%][73]
Establishments Origin
Food Handlers in
Wada et al., 2017 Wolaita Sodo Food-Handling Stool 6.03%][21]
Establishments
Eastern ) )
Getaneh et al., 2021 o Under-five children Stool 15.3%[42]
Ethiopia
Addis Ababa Pediatric patients with
Ayenew et al., 2019 _ Stool 4.5%[74]
diarrhea
Bahir Dar Children aged under
Adugna et al., 2015 five with acute Stool 28.9%][75]

diarrhea
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3. OBJECTIVES

3.1.  General objective
To investigate Escherichia coli O157:H7, its antibiogram profile, and ESBL and Carbapenemase

production from stool specimens in diarrheic patients.

3.2.  Specific objectives

» To isolate Escherichia coli O157:H7 from diarrheic samples.

» To determine the phenotypic antimicrobial susceptibility profiles of isolated Escherichia coli
0157:H7 from diarrheic samples.

» To characterize ESBL production among Escherichia coli O157:H7 from diarrheic samples.

» To characterize Carbapenemase production among Escherichia coli O157:H7 from diarrheic
samples.

» To explore the association of Escherichia coli O157:H7 infection with demographic and clinical
features of diarrheal patients.
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4. METHOD AND MATERIALS
4.1.  Study area

This study was conducted in Shahemene Zuria Wereda and Shashemene Town. The study site was
selected because there was a high report of diarrheal diseases previously from this area (unpublished
report from AHRI). Shahemene is located 240 km from the capital Addis Ababa in the West Arsi
zone, Oromia region of Ethiopia. It has a weather condition mostly long dry and hot season from
November to March and a long rainy season from July to October. The area has a total population of
543,597 (270,455 male and 273,142 female), according to the 2021 estimate of the Central Statistical
Agency [76].

There are 15 public health care facilities; from these, 8 public health care facilities (Abosto, Awasho,
Chebi, Toga, Harbate, Fajogole health centers and Melka oda hospital and Shashemene specialized

hospital) were randomly selected as specific study area.

AHRI Office in Addis Ababa
= AHRI Laboratory

Study Sites ?

* Shashemene Town

* Shashemene Woreda

* Shashemene Specialized Hospital Laboratory

Shashemene Woreda

Faji Gole Cluster

* Faji Gole HC (public/primary)?

Kuyera
+ Shashemene Specialized Hospital {public/tertiary)
+ Shashemene Specialized Hospital Laboratory

+ Melka Oda Primary Hospital
(public/primary)*
+ Chebi HC (public/primary)®

Toga Cluster
+ Awasho HC (public/primary)* + Toga HC (public/primary)c

Abosto Harbate Cluster
+ Abosto HC (public/primary)® * Harbate HC (public/primary)°

Figure 2: Study sites in Shashemene town and the surrounding Shashemene woreda (source: Google map)
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4.2.  Study population

Patients who visited selected health care facilities with acute diarrhea (that experience passage of
three or more loose stools within the last 24 hours) or those with persistent diarrhea were considered
in this study.

4.3. Sample size

The required sample size is calculated based on a single sample size estimation using the following

formula as shown below.

_ Z?p(1-p)

PR
Where ‘n’ is the sample size, ‘Z’ is the level of confidence (with 95% confidence, the ‘Z’ value is
1.96), ‘P’ is the projected prevalence or proportion (P = 50%), and ‘d’ is the degree of freedom (d =
4.5%). Because there hasn't beena previous large-scale investigation of E. coli O157:H7

among diarrheic patients from the general population, the value of p is set at 50%.

_ (1.96)2x 0.5(1-0.5) _
B (0.05)2 B

But there might be a 10% non-response rate.

384

1
N = Xn
1 — non responce reate

x 384 = 427

1-0.1
The total sample size determined is 427 study participants.

4.4.  Study design and period
This study was a prospective cross-sectional healthcare facility-based (HCF-based) study under
Ethiopian Cholera Control and Prevention (ECCP) project. This study was conducted from July 1st,
2022, to March 2, 2023.

4.5.  Sampling techniques
From the total public health care facilities (HCFs) found in Shashemene, 8 public HCFs were selected

randomly, and the sample size (427) was proportionally allocated to each public HCF based on the
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previous year diarrheal case report; then samples were taken systematically to select individual study

participants.

All patients visiting those selected public HCFs from their catchment areas were screened at each
entry point of respective HCFs for symptoms of diarrheal diseases based on the inclusion criteria of
the study. Patients with suspected diarrheal illness or other diarrhoea symptoms (acute watery

diarrhoea, acute bloody diarrhoea, chronic diarrhoea) were eligible to participate in the study.

Total expected sample =427
Collected sample= 423 [ Expected sample. ]

based on the previous year diarrheal case
report sample size is allocated
proportionally to each health facility

Ch'ebl Togell HC Har'bate Awésho Ab(')sto Fajllgole Malakla Oda Shashlamene
Hospital Referal Hospital

ST

Figure 3: Sample proportional allocation to randomly selected healthcare facilities.

4.6. Inclusion and exclusion criteria
4.6.1. Inclusion criteria
Patients that have any type of diarrheas include:
» Acute watery diarrhea lasts several hours or days.
» Acute bloody diarrhea: also called dysentery.
» Persistent diarrhea: lasts 14 days or longer.
4.6.2. Exclusion criteria

» Patients who have been taking antibiotic treatment for the last two weeks
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4.7.  Study variables

4.7.1. Dependent variables

» Detection of E. coli 0157:H7 from a stool sample.

» Phenotypic antibiotic resistance
» ESBL production
» Carbapenemase production

4.7.2. Independent variables

>

YV V.V V V V V V

A\

Age

Sex

Educational status

Residence area

Occupation

Source of drinking water

Family size

Eating habits of undercooked or uncooked food.
Ownership of domestic animal

Drinking raw milk

4.8. Data collection tool and procedures

Data were collected using a semi-structured questionnaire. Data collectors were trained and monitored

before data collection and during their work. After collection and entry into data collection software,

the data was rechecked for completeness, and any incomplete or miss-filled information was filled

again if possible or excluded.
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patients visiting selected
HCF with Diarrhea

Screening for inclusion criteria and
Informed consent taking for those
meeting the inclusion criteria

v

v

If the patient doens't give
concent

If the patient gives informed concent

A 4

Asking the questioner and stool sample collection

A 4

Stool culture examination

Sample storage and transpotation to AHRI lab

Isolate yielded from stool culture at shashemene
specialized hospital laboratory

Stool specimen and isolated pathogens transorted
to SSP laboratory for temporary storage and

subsequently to AHRI laboratory for confirmation
and quality control

Isolate extracted sent to AHRI reference laboratory

Figure 4: Data and sample collection procedures
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4.9. Sample Collection

Faeces samples were collected from diarrheal patients using standard laboratory specimen collecting
protocols (direct stool sample was collected from adult patients and rectal swab were collected from
infants and children that were unable to give direct stool sample). All obtained samples were labelled
with the sample 1D, date of collection, and sample type. Using a Carry-Blair transport medium, the
samples were carried to the Shashemane Specialised Hospital Microbiology laboratory for
microbiological investigation utilising a cold chain. When the samples arrived, they were promptly
inoculated onto the proper culture media for isolation, as illustrated in the flowchart below.

4.10. Laboratory diagnosis
4.10.1. Growth and Identification

Stool samples were collected and transported to the microbiology laboratory of Shashemane
Specialized Hospital by using Cary Blair transporting medium. As soon as the samples arrived in the
laboratory, they were inoculated onto MacConkey agar (Mac) plates and incubated at 37°C overnight
aerobically. All positive cultures and Lactose fermenting bacteria were characterized by colony
characteristics, Gram stain, and standard biochemical tests using API 20E to identify E. coli. Further
identification for E. coli O157:H7 was done by sorbitol utilization test on Sorbitol MacConkey agar,
and serogrouping was done using antisera for O157. A pure colony of E. coli O157:H7 was collected
for Antibiotic Susceptibility Testing (AST) and further characterization of ESBL and Carbapenemase

production.
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Stool samples Inoculate on MacConkey agar

|
. Growth on Mac
I

LF

-
Gram stain

-Discared I
. perform Oxidase

Oxidase (+) Oxidase (-)
-Discared |
enterobacteriaceae

| perform biochemi!:al test (APl 20E)
| test positivle for E.coli
\ If it is E.coli inoculate on Sorblitol MacConkey agar (SMAC)
‘growth o!n SMAC

pink not E. Co"I 0157 Discared | |colorless concider E.coli 0157 and Stored in STGG
N \ perform serological {est for O157 antigen
po siltive—
| Perfor:n AST

\ screening test for ESBL and Carbapenemase

| Cconfirmtaory test for screening positive

Genotyping for phenotypic ESBL
and Carbapenamse postive isolates

Figure 5. Sample processing flow-chart
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4.10.2. Antimicrobial Susceptibility Testing
Using a sterile wire loop, pure colonies of E. coli O157:H7 were picked from MacConkey agar and
emulsified in nutrient broth to prepare a 0.5 McFarland standard using McFarland Densitometer. From
the standard, the test bacteria were inoculated onto Muller-Hinton agar for the AST tests by soaking
inoculating swab one time to 0.5 McFarland suspension after swiping the overflown sample on the
mouth of the tube using Lawn or carpet culture. The AST was performed using the Kirby—Bauer disc
diffusion method using different antibiotics listed below, and the results were analyzed and interpreted
according to CLSI guidelines [77]. Antibiotic discs to be used for antimicrobial susceptibility tests

are listed below.

» Ampicillin (10 pg), » Chloramphenicol (30ug),
> Amoxicillin-clavulanate (20/10 pg) > Azithromycine (15 pg),
» Gentamicin (10 pg), » Cefuroxime (30 pg),

» Ceftriaxone (30 pg), » Tetracycline (30 pg)

» Cefotaxime (30 pg), » Imipenem(10ug),

» Ceftazidime (30 pg), » Ertapenem (10 ug), and
» Ciprofloxacin (5 ug), » Meropenem(10ug)

» Trimethoprim-Sulfamethoxazole (1.25/23.75 pg),
4.10.3. Extended Spectrum f-Lactamase production test
4.10.3.1. Screening for ESBL
Screening for ESBL was performed using ceftazidime (30 ng), ceftriaxone (30 pg), and cefotaxime
(30 pug) and looking for a zone of inhibition. Zone of inhibition for ceftazidime < 22 mm, for
ceftriaxone<25 mm, and for cefotaxime< 27 mm, was considered as ESBL producer and were further

confirmed by using the combined disk method [77].

4.10.3.2. Phenotypic confirmatory test for ESBL
A combined disc approach was used to conduct phenotypic confirmatory tests for ESBL formation
using third generation cephalosporins alone (cefotaxime, ceftriaxone, and ceftazidime) and in
combination with clavulanate. A zone diameter of 5 mm for any antimicrobial agent tested in
conjunction with clavulanate compared to the agent's zone diameter when tested alone was judged
positive for ESBL formation [77, 78].
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4.10.4. Carbapenemase production test

4.10.4.1. Screening for Carbapenemase
Screening for Carbapenemase was performed by using meropenem (10 pg), ertapenem (10 pg), or
imipenem (10 ug) and looking for a zone of inhibition. If the zone of inhibition for ertapenem is <19
mm and that for meropenem is <16 mm, it is indicative of Carbapenemase production. Further

confirmation was done by using a modified carbapenem inactivation method (MCIM) technique [77].

4.10.4.2. Phenotypic confirmatory test for Carbapenemase
The modified carbapenem inactivation method (MCIM) was used to conduct phenotypic confirmatory
testing for the capacity of carbapenem-resistant isolates to generate Carbapenemase. A 1-L loop of
the tested isolate was emulsified in 2ml trypticase soya broth (TSB), and a 10-g meropenem disc was
placed in the tube. After incubating for 4 hours 15 minutes, the meropenem disc in the suspension
was removed from each TSB-meropenem disc suspension and transferred to a Mueller Hinton agar
(MHA) plate that had been inoculated with E. coli ATCC 25922; the plate was then incubated at 350c
2oc for 18-24 hours, where zone of inhibition measuring 6-15 mm and the presence of pinpoint

colonies within 16-18 mm zone were considered positive for carbapenemase production [77, 78].

4.10.5. Molecular Characterization of ESBLs and Carbapenemase Genes
DNA Extraction

The boiling process, as described earlier, [79] was employed to extract DNA from new colonies of E.
coli O157:H7 isolates. A suspension of 3 to 5 colonies from an overnight nutrient agar growth was
made in 500 L of 1x Tris-acetate-EDTA buffer and boiled for 15 minutes at 94 °C. The suspension
was then frozen at 20°C for 10 minutes, followed by a one-minute incubation at ambient temperature
and a 5-minute centrifugation at 13,000 g. The resultant supernatant (150 pL) was transferred to a
nuclease-free Eppendorf tube and gel electrophoresis was used to assess DNA quality and amount

before being stored at 20°C until analysis.

PCR Protocol

The conventional PCR technique was utilized to identify ESBL genes (blaCTX-M group, blaTEM
group, and blaSHV group) and carbapenem resistance-determining genes (blakKPC group and
blaNDM group) in the samples [80, 81]. The ESBL genes were detected in a single PCR reaction by
combining the three ESBL genes in one tube, while the carbapenemase genes were detected in two

separate uniplex PCR reactions using two separate tubes. The PCR was conducted in a Bio-Rad MJ
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Mini PTC-1148 thermocycler with a final volume of 25 pL containing 12.5 puL 2 x HotStarTaq
multiplex PCR Master Mix (QIAGEN), 1 pL of each primer (2 uL), 2 uL of template DNA, and 8.5
ML of nuclease-free water for both ESBL and carbapenemase genes. The PCR cycling parameters for
both reactions were the same, with initial denaturation at 95°C for 15 minutes, followed by 35 cycles
of denaturation at 94°C for 30s, annealing at 58 °C for 90s, extension at 72 °C for 90s, and final
extension at 72 °C for 10 minutes. Positive and negative controls were included in each step. The
PCR products were analyzed using gel electrophoresis in a 1.5% agarose gel stained with ethidium
bromide and visualized using a gel imaging system, GelDoc (Cleaver GelPro). A molecular weight
marker of 100bp ladder (Promega) was used to determine the molecular weight of the amplified

products.

4.11. Quality Assurance and Quality control
Prior to the data gathering procedure, stringent safeguards were put in place to assure data quality.
Standardized data collection materials were used, which aided in the study's consistency and
homogeneity. These materials were meticulously created and tested ahead of time to assure their
dependability and efficacy.

Furthermore, after each phase of preparation, the sterility of the media used for sample inoculation
was extensively verified. This procedure is critical to avoiding contamination that could taint the
results. The integrity of the samples and subsequent analyses were maintained by guaranteeing the
sterility of the medium, reducing the likelihood of false-positive outcomes. A positive American Type
Culture Control (ATCC) was used to validate the functionality of each culture medium used. In
addition, at each phase of the polymerase chain reaction (PCR) test for Extended-spectrum beta-

lactamases (ESBL) and carbapenemases, both positive and negative controls were included.

4.12. Data management and statistical analysis
The collected data were coded and entered into SPSS version 27.0 software for analysis. Categorical
covariates were summarized using frequencies and percentages and numerical variables were
summarized with a median value based on the data distribution symmetry. Bi-variant analyses were
employed using a logistic regression model and multi-variant analyses were employed using a logistic
regression model for variables that have P-value <0.25 and further analyses were interpreted based

on the odds ratio and level of statistical significance at a p-value <0.05.
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4.13. Ethical consideration
The Departmental Research Ethics Review Committee (DRERC) of the Department of Microbiology,
Immunology, and Parasitology (DMIP), College of Health Science, Addis Ababa University (EC
approval document number DRERC/002/2022), the AHRI/ALERT Ethics Review Committee of
Armauer Hansen Research (EC approval document number PO/11/21), and the National Research
Ethics Review Committee (EC approval document number 7/2-512/00259/35) Institute under
Ethiopian Cholera Control and Prevention (ECCP) project provided ethical approval. The data was
solely used for this study. Before enrolling in the study, each study participant provided informed
written consent in accordance with established ethical procedures. During data collection and

analysis, anonymity was maintained.

4.14. Dissemination of results
The finding of this study will be presented to Addis Ababa University College of Health Sciences,
School of Medicine, Department of Microbiology, Immunology, and Parasitology and will be
submitted to the School of Medicine as partial fulfillment of a master’s degree in medical
microbiology. It will also be presented in seminars and conferences. Furthermore, a copy of the thesis
will be submitted to the Shashemene town and Zuria Wereda health office. Dissemination of the
finding to the scientific community will be done through publications in national/international peer-

reviewed journals.

23



5. RESULT

5.1.  Socio-Demographic characteristics of the study participants
During data collection from July to November 2022, a total of 41,563 patients visited all 8 healthcare

facilities, of whom 1399 patients were screened for eligibility requirements and 1,388 fulfilled the
inclusion criteria. Among these patients, 423 were selected systematically and enrolled in the study.
The median age of the study participants was 18 years with an age range of 1 to 75 years. Eighty-one
(19.1%) of the participants were less than five years old and 14 (3.3%) of patients were elders aged
above 55 years. The majority of the participants [262 (61.9%)] were males with a 1.6:1 male: female
ratio.

Out of 423 study participants, 258 (51.5%) of them live in an urban area and more than half of the
participants [233 (55.1%)] attended only a primary school; and 126 (29.8%) study participants are
farmers. In addition, the overwhelming majority of the participants [345 (81.6%)] had domestic
animals. Tap water is the major source of drinking water for more than half of the participants [287
(67.8%)]. The majority (291 (68.7%)) of the participants have a habit of eating uncooked food (Table
2)

5.2. Magnitude and associated factors of E. coli O157:H7-related diarrhea
All the 423 participants selected for the study were presented with watery diarrhea, of whom 13.2%
had mucus and 3.5 % had dysentery. Upon laboratory investigation, we have found [93.6% (396/423)]
of isolates from diarrheal sample to be E. coli and E. coli O157:H7 strain was found in 38 (9%) of the
study participants. Living in an urban area (AOR:0.135; 95%CI:0.050, 0.361), having a domestic
animal (AOR:7.154; 95%CI:1.510, 33.890), and having >5 family size (AOR:0.275; 95%CI:0.120,
0.631) were significantly associated with E. coli O157:H7 cases (Table 2- only those variables with

P-value of <0.25 on their Bivariant analysis are incorporated in the table).
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Table 2.Socio-Demographic characteristics, magnitude, and associated factors of E. coli O157:H7 related diarrhea

E. coli O157:H7 Bivariant Multivariant
1 it 0,
Variable  Category Fr(ig‘) N Positive. N (%) 5 aiue COR (95%Cl) P-value AOR (95%Cl)
Age group <=5 81 (19.1%) 13 (34.2%) 1
6-15 102 (24.1%) 9 (23.7%) 00141  0.506(0.205 1.021)  0.313 0.497 (0.128, 1.930)
16-25 133 (3L.4%) 10 (26.3%) 0056  0425(0.177,1.021) 0111 0.387 (0.121, 1.243)
2635 60 (14.2%) 4 (10.5%) 0101  0374(0.115,1.210)  0.156 0.339 (0.076, 1.510)
36-45 25 (5.9%) 1 (2.6%) 0152 0218 (0.027,1.756) 0372 0.353 (0.036, 3.463)
46-55 8 (1.9%) 1 (2.6%) 0.793  0.747 (0.085,6.595)  0.858 0.808 (0.079, 8.267)
>=56 14 (3.3%) 0 (0%) 0.999 0
Residence Urban 218 (51.5%) 28 (73.7%) 1
Rural 205 (48.5%) 10 (26.3%) 0006  0.348(0.165,0.736)  <0.001° 0.135 (0.050, 0.361)
Educational None 122 (28.8%) 14 (36.8%) 1
status Primary 233 (55.1%) 20 (52.6%) 0381  0.724(0352,1.490)  0.305 1.780 (0.592, 5.353)
Secondary 47 (11.1) 1 (2.6%) 0089 0168 (0.021,1313) 0433 0.400 (0.040, 3.950)
Collage 15 (3.5%) 2 (5.3%) 0833 1187 (0.242,5816)  0.252 3.184 (0.439, 23.105)
University 6 (1.4%) 1 (2.6%) 0.702 1.543 (0.168, 0.318 3.96 (0.267, 58.271)
14.178)
Family Size <4 185 (43.7%) 24 (63.2%) 1
>5 238 (56.3%) 14 (36.8%) 0013 0419 (0210,0.836)  0.002° 0.275 (0.120, 0.631)
Domestic No 78 (18.4%) 2 (5.3%) 1
animal Yes 345 (81.6%) 36 (94.7%) 0.044 4.427 (1.043, 0.013° 7.154 (1.510, 33.890)
ownership 18.795)
Source of Tap 297 (70%) 19 (50%) 1
\?vgpelimg Spring 31 (7.3%) 1 (2.6%) 0492 0488 (0.063,3.773) 0828 1.283 (0.136, 12.122)
Well 72 (17%) 16 (42.1%) <0001 4180 (2.026,8.626)  0.004° 3.639 (1506, 8.792)
River 23 (5.4%) 2 (5.3%) 0669 1393 (0.304,6.391)  0.167 3.508 (0.592, 20.771)
Drinking No 214 (50.6%) 24 (63.2%) 1
rawmilk — —Jeg 20 (49.4%) 14 (36.8%) 0108 0568 (0.285,1.132)  0.604 0.814 (0.374, 1.772)
Blood in No 408 (96.5%) 32 (84.2%) 1
diarrhea*
Yes 15 (3.5%) 6 (15.8%) <0.001 7.833 (2,623, <0.001%  12.465 (2.824, 55.018)
23.397)
Abdominal  No 323 (76.4%) 24 (63,2%) 1
Cramp*
Yes 100 (23.6%) 14 (36,8%0 0048 2028 (L006,4.000)  0.337 1.626 (0.603, 4.385)

AOR, adjusted odds ratio; COR, crude odds ratio; CI, confidence interval; 1, Reference; *, clinical condition;
(Others: -Prisoners, commercial sex workers, laborers, housewives, and no job, @ statistically significant)

5.3. Magnitude of ESBL and Carbapenamase producing E. coli O157:H7 and its
distribution among different socio-demographic status of our study participants
From the total of 38 E. coli 0157:H7 isolates, 27 (71.1%) were confirmed ESBL, and 12 (31.6%) were
confirmed as carbapenemase producers phenotypically. All the 27 study participants with ESBL-

producing isolates owned domestic animals and the source of drinking water for the majority of study
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participants with ESBL-producing isolates [14/27 (52%)] was well water. The overall distribution of
ESBL and carbapenemase-producing isolates among different socio-demographic status of our study
participants are shown in the table below (Table 3). Even though there is a percentage difference all
socio-demographic status of the participant is not significantly associated (P-value > 0.05) with ESBL

and carbapenemase production.

Table 3. Magnitude of ESBL and Carbapenamase producing E. coli 0157:H7 and its distribution among different
socio-demographic status of our study participants

Variables Category ESBL Positive (N= Carbapenemase Positive (N=12)
27)
Residence Urban 19 (70%) 10 (83%)
Rural 8 (30%) 2 (17%)
Gender Male 17 (63%) 8 (67%)
Female 10 (37%) 4 (33%)
Occupation None 8 (30%) 4 (33%)
Student 9 (33%) 4 (33%)
Farmer 7 (26%) 2 (17%)
Merchant 2 (7%) 0 (0%)
Employee 0 (0%) 0 (0%)
Others 1 (4%) 2 (17%)
Domestic animal ownership No 0 (0%) 1 (8%)
Yes 27(100%) 11 (92%)
Source of drinking water Tap 11 (41%) 4 (33%)
Spring 1 (4%) 1 (8%)
Well 14 (52%) 6 (50%)
River 1 (4%) 1 (8%)
Drinking raw milk No 18 (67%) 7 (58%)
Yes 9(33%) 5 (42%)
Eating uncooked food No 7(26%) 2 (17%)
Yes 20 (74%) 10 (83%)

5.4.  Overall Antimicrobial resistance status of E. coli O157:H7 isolates.
The antimicrobial susceptibility of the isolate was evaluated against 15 antimicrobial agents by the
Kirby Bauer disk diffusion method. High antimicrobial resistance was observed against Ampicillin
[38 (100%)], Amoxicillin with clavulanic acid [34 (89.5%)], tetracycline [22 (57.9%)], Ertapenem
[12 (31.6%)], Meropenem [12 (31.6%)]. Moreover, all isolates were sensitive to ciprofloxacin. The

overall antimicrobial susceptibility pattern of the isolate is shown in the chart below (Figure 6).
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AM= Ampicillin, AMC= Amoxicillin/Clavulanic acid, CN= Gentamycin, CRO= Ceftriaxone, CTX=Cefotaxime, CAZ= Ceftazidime, CIP=
Ciprofloxacin, C= Chloramphenicol, TMP= Trimethoprim/sulfamethoxazole, AZM= Azithromycin, TE= Tetracycline, CXM= Cefuroxime, IPM=
Imipenem, ETP= Ertapenem, MER= Meropenem

Figure 6. Antimicrobial resistance status of E. coli O157:H7 isolates.

5.5.

Antimicrobial resistance status of ESBL and carbapenemase-producing isolates.

All ESBL and carbapenemase-producing isolates were resistant to ampicillin but sensitive to

ciprofloxacin and imipenem. Varied levels of resistances against the tested antimicrobials between

these extremes were observed among these groups ranging from 16/27 (59.25%) against Tetracycline

to 2/27 (7.41%) against chloramphenicol and Gentamycin by ESBL-positive isolates, and 11/12
(91.70%) against Amoxicillin/Clavulanic acid and 2/12 (16.70%) against Azithromycin by CARBA-

positive isolates (Figure 7).
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Ciprofloxacin, C= Chloramphenicol, TMP= Trimethoprim/sulfamethoxazole, AZM= Azithromycin, TE= Tetracycline, CXM= Cefuroxime, IPM=
Imipenem, ETP= Ertapenem, MER= Meropenem

Figure 7. Antimicrobial resistance status of ESBL and carbapenemase-producing isolates.
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5.6. Magnitude of Multi-drug Resistance (MDR) isolates.
Resistance to three or more classes of antimicrobial is recorded on 32/38 (84.2%) isolates. Among
these, 13 (34.2%) isolates were resistant to 4 classes of antimicrobials while only 1 (2.6%) isolate was
resistant to 7 classes of antimicrobials. (Figure 8)

Total MDR 2R3 I 32
R7 1 1
R6 NN ©
RS NN 5
R4 I 13

R3 I 7

R2 N 4
Rl N 2
0 5 10 15 20 25 30 35

R1=Resistance to one class of antimicrobial, R2=Resistance to two class of antimicrobial, R3=Resistance to three class of
antimicrobial, R4=Resistance to four class of antimicrobial, R5=Resistance to five class of antimicrobial, R6=Resistance to six class
of antimicrobial, R7=Resistance to seven class of antimicrobial, MDR=resistance to >3 class of antimicrobial
Figure 8. Magnitude of multi-drug resistant isolates

5.7.  Molecular characterization of ESBL-producing isolates
There were 27 isolates phenotypically confirmed to produce ESBL and all these isolates were tested
for the presence of the three most common genes of ESBL (blaCTX-M group, blaTEM group, and
blaSHV group). Of these, 27 ESBL-positive isolates 19 (70.4%) were confirmed to have ESBL genes.
From these tested genes, the most abundantly found one was the blaTEM group [15 (79%)], followed
by the blaCTX-M group [12 (63%)], whereas the blaSHV group was the least found [2 (10%)]; only
one isolate had all three group genes.

5.8.  Molecular characterization of Carbapenemase-producing isolates
We have tested for the presence of the two most common carbapenemase encoding genes (blakPC

group and blaNDM group) from the 12 phenotypically confirmed isolates that produce
carbapenemase. Of these isolates, 8 (66.6%) were genotypically confirmed to have the blakPC group
gene and none of the isolates were positive for the blaNDM group gene (Table 4).
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Table 4. Molecular characterization of ESBL and carbapenemase-producing isolates

Gene type Tested Genes Frequency Percent
blaCTX-M group 3 15.8%
blaTEM group 6 31.6%
ESBL blaSHV group 1 5.3%
blaCTX-M group and blaTEM group 8 42.1%
blaCTX-M group, blaTEM group, and 1 5.3%
blaSHV group
Carbapenemase blakPC group 8 66.6%
blaNDM group 0 0%
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6. DISCUSSION

6.1.  General Finding
This study provides results about the magnitude of E. coli O157:H7 and level of ESBL and

carbapenemase production as well as molecular characterization of ESBL- and carbapenemase
encoding genes among diarrheic patients in Shashemene, Ethiopia. The prevalence of E. coli 0157:H7
among diarrheic patients was 9%, and there was a significant association between E. coli O157:H7
isolation rate with living in an urban area, ownership of domestic animals, and living in a family with
>5 family size. ESBL and carbapenemase production in E. coli 0157:H7 was not an issue previously,
but nowadays there are reports on a small number of articles regarding the spread and E. coli 0157:H7
becoming positive for these enzymes. These enzymes are detected in different isolates of bacteria
from various environments. The ESBL and carbapenemase production rate in our study showed that
from the total of 38 E. coli O157:H7 isolates, 27 (71.1%) and 12 (31.6%) were phenotypically

confirmed ESBL and carbapenemase producers, respectively.

6.2.  Magnitude and associated factors
The prevalence of E. coli O157:H7 infection found in our study is comparable with the finding of

other studies conducted on under-five children in Wolaita Sodo [6.03%; [82]], and Bahirdar [6.8%;
[75]]. However, it is much higher than the report from a study in Addis Ababa [4.5%; [74]] and
Bishoftu town [2.8%; [20]] but lower than the report from Eastern Ethiopia [15.3%; [42]]; and much
lower than studies conducted in other Africa countries (Gabon and Nigeria) [83, 84]. This difference
could be the result of cultural, lifestyle, and sanitation status differences. Our study found that both
adults and under-five children living in urban areas are more likely to have E. coli O157:H7 infection
compared to those living in rural areas, a finding which is in disagreement with another study
conducted in eastern Ethiopia [42] that shows children living in a rural area were more likely to be
infected with E. coli O157:H7 than those living in an urban environment. The discrepancy might be

due to differences in sanitation practices, hygiene behaviors, and sources of water [85, 86].

6.3. ESBL and Carbapenemase production
From the total of 38 E. coli O157:H7 isolates, 27 (71.1%) were phenotypically confirmed ESBL

producers which is comparable with the finding from Egypt [63%, [70]] and higher than the finding
from Tanzania [9.3%, [71]]. The probable disparity in resistance distribution could be attributed to
the overuse of broad-spectrum antibiotics and high rates of patient transfer from private health care
facilities where patients received many antimicrobials prior to arriving at the public health care facility
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for treatment [87]. To this end, there is no published data, and this work gives an early overview on
genotypic characterization of ESBL and carbapenemase genes in E. coli O157:H7 causing diarrheal
infection at the study site. We have tested the three most common genes of ESBL (blaCTX-M group,
blaTEM group, and blaSHV group). A total of 19/27 (70.4%) isolates were positive for at list one of
these ESBL coding genes, of which 3 (15.8%) isolates had blaCTX-M group, 8 (42.1%) both blaCTX-
M and blaTEM, and 1 (5.3%) all the three tested group genes (blaCTX-M, blaTEM, and blaSHV).
From all three genes tested, our study found that blaTEM group was the most abundant one, followed
by the blaCTX-M group. Our finding is in agreement with finding from Egypt [88]which is conducted
on general E.coli that have found blaTEM group gene predominantly and in disagreement with a
study conducted in Lebanon [89] where blaCTX-M group was the most commonly found gene, and
India [90] where it was reported that blaSHV was a predominantly detected gene. This finding is in
disagreement as well with studies conducted in among general E. coli in Portugal [91] and Ethiopia

[79] that shows majority of isolates carry blaCTX-M group gene.

Twelve (31.6%) isolate from the total of 38 E. coli O157:H7 were phenotypically confirmed to
produce carbapenemase and were tested for the presence of the two most common genes of
carbapenemase (blaKPC group and blaNDM group). Out of these 12 isolates, 8 (66.6%) were
confirmed to have the blaKPC group gene which in in agreement with finding from Egypt [88] that
is conducted in general E. coli and in disagreement with study from India [92]that reported blaNDM
group predominantly. None of the isolates were positive for the blaNDM group gene. Since this is
the first study conducted to detect the carbapenemase gene in E. coli O157:H7, we couldn’t find any

study to compare our findings within Ethiopia.

The difference in the distribution of these genes could be due to the difference in geographic location,
study population, and variations in antibiotic prescribing practices and usage patterns in the research
area may have an impact on the distribution of ESBL genes. Different antibiotic classes' selective
pressure can favor the establishment and spread of various ESBL genes. Antibiotic usage, including
antibiotic kinds, dosages, and durations, can lead to changes in the prevalence and distribution of
ESBL genes in the specific area [93].
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6.4.  Antimicrobial Susceptibility
The E. coli O157:H7 isolates from our study showed high antimicrobial resistance to Ampicillin

[38/38 (100%)], Amoxicillin-clavulanic acid [34/38 (89.5%)], Tetracycline [22/38 (57.9%)], and
equal rate of 12/38 (31.6%) against Ertapenem, and Meropenem. However, all isolates were sensitive
to ciprofloxacin. These findings are more or less similar to the report from a study in Bahirdar [75]
which was conducted on under-five children, Ambo Town, [6], Jimma [43], Addis Ababa [40], and
central Ethiopia [19] on abattoir and retailer shops which shows high resistance against ampicillin
and more than 93% of isolates susceptible to ciprofloxacin. Regarding the MDR rate among our
isolates, 32 (84.2%) of them had resistance to three or more classes of antimicrobials, which is in

agreement with the study from Bahirdar [75] which reported around 88% multi-drug resistance.
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7. CONCLUSION AND RECOMMENDATION

7.1.  Conclusion
Upon our laboratory investigation, the magnitude of E. coli O157:H7 bacteria in Shashemene town

and its surrounding woreda was found to be 9% among diarrheal patients. Isolates exhibited a high
level of resistance against Ampicillin 100%, Amoxicillin with clavulanic acid 89.5%, tetracycline
57.9%, Ertapenem 31.6%, and Meropenem. Ciprofloxacin is found to be the drug of choice because
all isolates are susceptible to this antibiotic. The magnitude of ESBL and Carbapenemase production
among E. coli O157:H7 isolates was found to be high 71.1% and 31.6% respectively. From all the
three genes tested for ESBL in our study, the blaTEM group was the most abundant one (79%),
followed by the blaCTX-M group (63%). Of the two genes tested for the Carbapenem, the blaKPC
group gene was the only gene found in our isolates. High resistance of Ampicillin and
Amoxicillin/Clavulanic acid were observed among ESBL and carbapenemase-producing isolates, and
Ciprofloxacin is found to be the most effective drug for both ESBL producers and non-producers. In
addition to the production of ESBL and carbapenemase, an alarmingly high rate of MDR was found
in this study. Study participants from urban areas and those who own domestic animals tended to have
a high magnitude of ESBL and carbapenemase-producing E. coli O157:H7 isolates.

7.2.  Recommendation
Based on the findings of our study we have made the following recommendations:

» Routine screening of diarrheal patients for E. coli O157:H7 bacteria.

» Capacity building for enabling screening for ESBL and carbapenemase for controlling the
spread of this treatment among communities and to implement stringent infection prevention
measures.

» Implementing and enforcing antimicrobial stewardship programs to address the high levels of
antimicrobial resistance observed in E. coli O157:H7 isolates.

> Further large-scale study that promote a One Health approach that integrates human health,
animal health, and environmental health perspectives. This will help address the complex
nature of E. coli O157:H7 infections and antimicrobial resistance, considering factors such as

animal reservoirs, agricultural practices, and environmental contamination.

33



10.

11.

12.
13.

14.

15.

16.

17.

18.

19.

REFERENCES

Pires, S.M., et al., Burden of foodborne diseases: think global, act local. Current Op in Food
Sci, 2021. 39: p. 152-159.

Sanjar, F., et al., Characterization of the pathogenome and phylogenomic classification of
enteropathogenic Escherichia coli of the O157:non-H7 serotypes. Pathog Dis, 2015. 73(5): p.
ftv033.

Banerji, R., et al., Pore-forming toxins of foodborne pathogens. Comprehensive Reviews in
Food Science and Food Safety, 2021. 20(3): p. 2265-2285.

Aljamali, N.M., Review on Food poisoning (Types, Causes, Symptoms, Diagnosis,
Treatment). Glob Acad J Pharm Drug Res, 2021. 3.

Bintsis, T., Foodborne pathogens. AIMS Microbiol, 2017. 3(3): p. 529-563.

Tadese, N.D., et al., Occurrence and Antibiogram of Escherichia coli O157 : H7 in Raw Beef
and Hygienic Practices in Abattoir and Retailer Shops in Ambo Town, Ethiopia. Vet Med Int,
2021. 2021: p. 8846592.

Munns, K.D., et al., Perspectives on super-shedding of Escherichia coli O157:H7 by cattle.
Foodborne Pathog Dis, 2015. 12(2): p. 89-103.

WHO., Estimating the burden of foodborne diseases: a practical handbook for countries: a
guide for planning, implementing and reporting country-level burden of foodborne disease.
2021.

Seleshe, S., C. Jo, and M. Lee, Meat Consumption Culture in Ethiopia. Korean J Food Sci
Anim Resour, 2014. 34(1): p. 7-13.

Adane, M., et al., Food hygiene and safety measures among food handlers in street food shops
and food establishments of Dessie town, Ethiopia: A community-based cross-sectional study.
PLoS One, 2018. 13(5): p. e0196919.

WHO. Diarrhoeal disease fact sheet. 2017 [cited 2021 December, 28]; Available from:
https://www.who.int/news-room/fact-sheets/detail/diarrhoeal-disease.

DuPont, H.L., Persistent Diarrhea: A Clinical Review. Jama, 2016. 315(24): p. 2712-23.
Septimus, E.J., Antimicrobial Resistance: An Antimicrobial/Diagnostic Stewardship and
Infection Prevention Approach. Med Clin North Am, 2018. 102(5): p. 819-829.

McEwen, S.A. and P.J. Collignon, Antimicrobial Resistance: a One Health Perspective.
Microbiol Spectr, 2018. 6(2).

Christaki, E., M. Marcou, and A. Tofarides, Antimicrobial Resistance in Bacteria:
Mechanisms, Evolution, and Persistence. J Mol Evol, 2020. 88(1): p. 26-40.

Torpdahl, M., et al., Detection of a Shiga toxin- and extended-spectrum-f-lactamase-
producing Escherichia coli O157:H7 human clinical isolate. J Antimicrob Chemother, 2013.
68(5): p. 1203-4.

Kaindama, L., et al., A cluster of Shiga Toxin-producing Escherichia coli O157:H7 highlights
raw pet food as an emerging potential source of infection in humans. Epidemiol Infect, 2021.
149: p. el124.

Zenebe, B., Pathogenic Escherichia coli strains and their antibiotic susceptibility profiles in
cases of child diarrhea at Tikur Anbessa General Specialized Hospital, AAU College of Health
Sciences, Addis Ababa, Ethiopia., in Microbial, Cellular and Molecular Biology. 2018, Addis
Ababa University.

Beyi, A.F., et al., Prevalence and antimicrobial susceptibility of Escherichia coli O157 in beef
at butcher shops and restaurants in central Ethiopia. BMC Microbiol, 2017. 17(1): p. 49.

34


https://www.who.int/news-room/fact-sheets/detail/diarrhoeal-disease

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Gutema, F.D., et al., Occurrence, Molecular Characteristics, and Antimicrobial Resistance of
Escherichia coli O157 in Cattle, Beef, and Humans in Bishoftu Town, Central Ethiopia.
Foodborne Pathog Dis, 2021. 18(1): p. 1-7.

Wada, F.W., et al., Shigella Serogroups, Entro-Hemoragic E. coli and Their Antibiogram
Pattern Among Food Handlers in Food-Handling Establishments in Southern Ethiopia.
American Journal of Life Sciences, 2017. 5(2): p. 46-51.

Ameer, M.A., A. Wasey, and P. Salen, Escherichia Coli (E Coli 0157 H7), in StatPearls. 2021,
StatPearls Publishing copyright © 2021, StatPearls Publishing LLC.: Treasure Island (FL).

Denamur, E., et al., The population genetics of pathogenic Escherichia coli. Nat Rev
Microbiol, 2021. 19(1): p. 37-54.

Fatima, R. and M. Aziz, Enterohemorrhagic Escherichia Coli, in StatPearls. 2021, StatPearls
Publishing copyright © 2021, StatPearls Publishing LLC.: Treasure Island (FL).

Wells, J.G., et al., Laboratory investigation of hemorrhagic colitis outbreaks associated with
a rare Escherichia coli serotype. J Clin Microbiol, 1983. 18(3): p. 512-20.

Riley, L.W., et al., Hemorrhagic colitis associated with a rare Escherichia coli serotype. N
Engl J Med, 1983. 308(12): p. 681-5.

Balestracci, A., et al., [Hemolytic uremic syndrome due to Shiga toxin—producing Escherichia
coli and hypocomplementemia with favorable response to eculizumab: a case report]. Rev Fac
Cien Med Univ Nac Cordoba, 2021. 78(2): p. 188-192.

Tominaga, T., et al., Successful Colectomy for Hemorrhagic Colitis with Hemolytic Uremic
Syndrome and Acute Encephalopathy due to Escherichia coli O157 Infection. Case Rep
Gastroenterol, 2014. 8(1): p. 82-8.

Schutz, K., et al., Evolutionary Context of Non-Sorbitol-Fermenting Shiga Toxin-Producing
Escherichia coli O55:H7. Emerg Infect Dis, 2017. 23(12): p. 1966-1973.

Suehr, Q.J., et al., Effect of pH on Survival of Escherichia coli 0157, Escherichia coli 0121,
and Salmonella enterica during Desiccation and Short-Term Storage. J Food Prot, 2020: p.
211-220.

Osaili, T.M., et al., Growth behaviour and thermal inactivation of E. coli O157:H7 and
Salmonella spp. in ground lean camel meat. Int J Food Microbiol, 2020. 316: p. 108423.
WHO. E. coli. 2018 [cited 2021 December, 29]; Available from: https://www.who.int/news-
room/fact-sheets/detail/e-coli.

Kossow, A., et al., Molecular Characterization of Human Atypical Sorbitol-Fermenting
Enteropathogenic Escherichia coli 0157 Reveals High Diversity. J Clin Microbiol, 2016.
54(5): p. 1357-63.

Sodha, S.V., et al., National patterns of Escherichia coli O157 infections, USA, 1996-2011.
Epidemiol Infect, 2015. 143(2): p. 267-73.

Akomoneh, E.A., et al., Prevalence and virulence gene profiles of Escherichia coli 0157 from
cattle slaughtered in Buea, Cameroon. PL0oS One, 2020. 15(12): p. e0235583.

Hassanien, A.A. and E.M. Shaker, Investigation of the effect of chitosan and silver
nanoparticles on the antibiotic resistance of Escherichia coliO157:H7 isolated from some milk
products and diarrheal patients in Sohag city, Egypt. Vet World, 2020. 13(8): p. 1647-1653.
Seidu, R, etal., A probabilistic assessment of the contribution of wastewater-irrigated lettuce
to Escherichia coli O157:H7 infection risk and disease burden in Kumasi, Ghana. J Water
Health, 2015. 13(1): p. 217-29.

35


https://www.who.int/news-room/fact-sheets/detail/e-coli
https://www.who.int/news-room/fact-sheets/detail/e-coli

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

Iweriebor, B.C., et al., Multiple antibiotic resistances among Shiga toxin producing
Escherichia coli O157 in feces of dairy cattle farms in Eastern Cape of South Africa. BMC
Microbiol, 2015. 15: p. 213.

Chigor, V.N., et al., Multidrug resistance and plasmid patterns of Escherichia coli 0157 and
other E. coli Isolated from diarrhoeal stools and surface waters from some selected sources in
Zaria, Nigeria. Int J Environ Res Public Health, 2010. 7(10): p. 3831-41.

Misker, N., Isolation and Antimicrobial Resistance Determination of Escherichia coli
0157:H7 from Raw Meat in Selected Abattoirs and Butcher Shops, Addis Ababa, Ethiopia.,
in department of microbiology, immunology anad parasitology. 2021, Addis Ababa
University.

Iwu, C.D., et al., Prevalence of E. coli O157: H7 strains in irrigation water and agricultural
soil in two district municipalities in South Africa. International Journal of Environmental
Studies, 2021. 78(3): p. 474-483.

Getaneh, D.K., et al., Prevalence of Escherichia coli 0157:H7 and associated factors in under-
five children in Eastern Ethiopia. PLoS One, 2021. 16(1): p. e0246024.

Haile, A.F., D. Kebede, and A.K. Wubshet, Prevalence and antibiogram of Escherichia coli
0157 isolated from bovine in jimma, Ethiopia: abattoirbased survey. Ethiopian Veterinary
Journal, 2017. 21(2): p. 109-120.

Taghadosi, R., et al., Serogroups, subtypes and virulence factors of shiga toxin-producing
Escherichia coli isolated from human, calves and goats in Kerman, Iran. Gastroenterol Hepatol
Bed Bench, 2018. 11(1): p. 60-67.

Sodha, S.V., et al., Multistate outbreak of Escherichia coli O157:H7 infections associated with
a national fast-food chain, 2006: a study incorporating epidemiological and food source
traceback results. Epidemiol Infect, 2011. 139(2): p. 309-16.

Sharapov, U.M., et al., Multistate Outbreak of Escherichia coli 0157:H7 Infections Associated
with Consumption of Fresh Spinach: United States, 2006. J Food Prot, 2016. 79(12): p. 2024-
2030.

Ribeiro, L.F., et al., Shiga toxigenic and enteropathogenic Escherichia coli in water and fish
from pay-to-fish ponds. Lett Appl Microbiol, 2016. 62(3): p. 216-20.

Money, P, et al., Cattle, weather and water: mapping Escherichia coli O157:H7 infections in
humans in England and Scotland. Environ Microbiol, 2010. 12(10): p. 2633-44.
Alvarez-Suarez, M.E., et al., Genetic characterization of Shiga toxin-producing Escherichia
coli (STEC) and atypical enteropathogenic Escherichia coli (EPEC) isolates from goat's milk
and goat farm environment. Int J Food Microbiol, 2016. 236: p. 148-54.

Ravva, S.V., C.Z. Sarreal, and M.B. Cooley, Expression of Curli by Escherichia coli 0157:H7
Strains Isolated from Patients during Outbreaks Is Different from Similar Strains Isolated from
Leafy Green Production Environments. Front Cell Infect Microbiol, 2016. 6: p. 189.
Kiranmayi, C.B., N. Krishnaiah, and E.N. Mallika, Escherichia coli O157: H7-An emerging
pathogen in foods of animal origin. Veterinary World, 2010. 3(8): p. 382.

Liu, B., et al., Transcriptional Activator OvrA Encoded in O Island 19 Modulates Virulence
Gene Expression in Enterohemorrhagic Escherichia coli O157:H7. J Infect Dis, 2020. 221(5):
p. 820-829.

Ko, H., H. Maymani, and C. Rojas-Hernandez, Hemolytic uremic syndrome associated with
Escherichia coli O157:H7 infection in older adults: a case report and review of the literature.
J Med Case Rep, 2016. 10: p. 175.

36



54,

55.

56.

57,

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

Tarr, G.A.M., et al., Contribution and Interaction of Shiga Toxin Genes to Escherichia coli
0157:H7 Virulence. Toxins (Basel), 2019. 11(10).

Nastasijevi¢, 1., R. Mitrovi¢, and V. Jankovi¢, STEC in the beef chain—One Health Approach.
Scientific journal™ Meat Technology", 2014. 55(2): p. 93-116.

McKee, R.S., et al., Clinical and Laboratory Predictors of Shiga Toxin-Producing Escherichia
coli Infection in Children With Bloody Diarrhea. J Pediatric Infect Dis Soc, 2018. 7(3): p.
el16-e122.

Pang, B., et al., Development of a low-cost paper-based ELISA method for rapid Escherichia
coli O157: H7 detection. Analytical biochemistry, 2018. 542: p. 58-62.

Holmes, A., et al., Utility of Whole-Genome Sequencing of Escherichia coli O157 for
Outbreak Detection and Epidemiological Surveillance. J Clin Microbiol, 2015. 53(11): p.
3565-73.

March, S.B. and S. Ratnam, Latex agglutination test for detection of Escherichia coli serotype
0157. J Clin Microbiol, 1989. 27(7): p. 1675-7.

Li, K., et al., A Comparison Study of Quality Attributes of Ground Beef and Veal Patties and
Thermal Inactivation of Escherichia coli O157:H7 after Double Pan-Broiling Under Dynamic
Conditions. Foods, 2017. 7(1).

Lehotay, S.J., Food safety analysis. Anal Bioanal Chem, 2018. 410(22): p. 5329-5330.
Smith, D.R., Vaccination of Cattle against Escherichia coli O157:H7. Microbiol Spectr, 2014.
2(6).

McNeilly, T.N., et al., Immunization of cattle with a combination of purified intimin-531,
EspA and Tir significantly reduces shedding of Escherichia coli O157:H7 following oral
challenge. Vaccine, 2010. 28(5): p. 1422-8.

Chehab, M.A., et al., Knowledge and Practice of Emergency Physicians Regarding Food-
borne Disease Surveillance at Hamad General Hospital in Qatar. Cureus, 2019. 11(6): p.
e4934.

Mody, R.K., et al., Risk of Hemolytic Uremic Syndrome Related to Treatment of Escherichia
coli O157 Infection with Different Antimicrobial Classes. Microorganisms, 2021. 9(9).
Kakoullis, L., et al., Shiga toxin-induced haemolytic uraemic syndrome and the role of
antibiotics: a global overview. J Infect, 2019. 79(2): p. 75-94.

Kawahara, R., et al., Characterization of Third-Generation-Cephalosporin-Resistant Shiga
Toxin-Producing Strains of Escherichia coli O157:H7 in Japan. J Clin Microbiol, 2015. 53(9):
p. 3035-8.

Xiong, W., Y. Sun, and Z. Zeng, Antimicrobial use and antimicrobial resistance in food
animals. Environ Sci Pollut Res Int, 2018. 25(19): p. 18377-18384.

Roest, H.I., et al., Antibiotic resistance in Escherichia coli 0157 isolated between 1998 and
2003 in The Netherlands. Tijdschr Diergeneeskd, 2007. 132(24): p. 954-8.

Ahmed, A.M. and T. Shimamoto, Molecular analysis of multidrug resistance in Shiga toxin-
producing Escherichia coli O157:H7 isolated from meat and dairy products. Int J Food
Microbiol, 2015. 193: p. 68-73.

Mkala, R.S. and K.A. Azizi, Prevalence and antimicrobial resistance patterns of extended
spectrum beta lactamase producing enter Ohemorrhagic Escherichia coli strain 0157: H7 from
cattle and humans in Moshi, Northern Tanzania. Microbiology Research Journal International,
2017. 19(3): p. 1-10.

37



72.

73.

74,

75.

76.

77,
78.
79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

Haile, A.F., etal., Escherichia coli O157:H7 in Retail Lettuce (Lactuca sativa) in Addis Ababa
City: Magnitude of Contamination and Antimicrobial Susceptibility Pattern. Front Microbiol,
2021. 12: p. 694506.

Minda Asfaw, G. and R. Shimelis, Escherichia coli O15: H7 from Food of Animal Origin in
Arsi: Occurrence at Catering Establishments and Antimicrobial Susceptibility Profile. The
Scientific World Journal, 2021. 2021.

Ayenew, Z., et al., Enteric pathogens and antimicrobial susceptibility profile among pediatric
patients with diarrhea in Addis Ababa, Ethiopia. Ethiop. med. j.(Online), 2019.

Adugna, A., et al., Antibiogram of E. coli serotypes isolated from children aged under five
with acute diarrhea in Bahir Dar town. Afr Health Sci, 2015. 15(2): p. 656-64.

CSA and Ethiopia. Population Projection Wereda as of July 2021. 2021; Available from:
https://www.statsethiopia.gov.et/wp-content/uploads/2020/08/Population-of-Weredas-as-of-
July-2021.pdf.

CLSI, Performance standarde for antimicrobial succeptablity testing 2021.

CLSI, M100-Performance standards for antimicrobial susceptibility testing 2022. p. 152.
Seman, A., et al., Prevalence and Molecular Characterization of Extended Spectrum f-
Lactamase and Carbapenemase-Producing Enterobacteriaceae Isolates from Bloodstream
Infection Suspected Patients in Addis Ababa, Ethiopia. Infect Drug Resist, 2022. 15: p. 1367-
1382.

Mohammed, Y., et al.,, Characterization of Extended-Spectrum Beta-lactamase from
Escherichia coli and Klebsiella Species from North Eastern Nigeria. J Clin Diagn Res, 2016.
10(2): p. Dc07-10.

Poirel, L., et al., Multiplex PCR for detection of acquired carbapenemase genes. Diagn
Microbiol Infect Dis, 2011. 70(1): p. 119-23.

Wolde, A., et al., Isolation of Escherichia coli and Its Associated Risk Factor from Diarrheic
Children in Wolaita Sodo Town, Southern Ethiopia. Res Rep Trop Med, 2021. 12: p. 227-234.
Mabika, R.M., et al., Molecular Prevalence and Epidemiological Characteristics of
Diarrheagenic E. coli in Children under 5 Years Old in the City of Koula-Moutou, East-
Central Gabon. Open Journal of Medical Microbiology, 2021. 11(3): p. 157-175.
Deji-Agboola, A.M., F.A. Bamigbola, and O.A. Osinupebi, Prevalence of enterohaemorrhagic
escherichia coli 0157: h7, shiga toxin genes and antibiotic resistance in children aged 0-5 years
with diarrhoea in ibadan, oyo state. African Journal of Science and Nature, 2020. 10: p. 171-
178.

Saxena, T., P. Kaushik, and M. Krishna Mohan, Prevalence of E. coli O157:H7 in water
sources: an overview on associated diseases, outbreaks and detection methods. Diagn
Microbiol Infect Dis, 2015. 82(3): p. 249-64.

Abreham, S., et al., Escherichia coli O157:H7: distribution, molecular characterization,
antimicrobial resistance patterns and source of contamination of sheep and goat carcasses at
an export abattoir, Mojdo, Ethiopia. BMC Microbiol, 2019. 19(1): p. 215.

Desta, K., et al., High Gastrointestinal Colonization Rate with Extended-Spectrum p-
Lactamase-Producing Enterobacteriaceae in Hospitalized Patients: Emergence of
Carbapenemase-Producing K. pneumoniae in Ethiopia. PLoS One, 2016. 11(8): p. e0161685.
El-Shaer, S., et al., Genetic characterization of extended-spectrum f-Lactamase-and
carbapenemase-producing Escherichia coli isolated from Egyptian hospitals and
environments. PloS one, 2021. 16(7): p. €0255219.

38


https://www.statsethiopia.gov.et/wp-content/uploads/2020/08/Population-of-Weredas-as-of-July-2021.pdf
https://www.statsethiopia.gov.et/wp-content/uploads/2020/08/Population-of-Weredas-as-of-July-2021.pdf

89.

90.

91.

92.

93.

Amrieh, S., et al., Detection of Escherichia coli O157: H7 and O104: H4 in patients with
diarrhea in Northern Lebanon and characterization of fecal E. coli producing ESBL and
carbapenemase genes. The International Arabic Journal of Antimicrobial Agents, 2014. 4(3).
Puii, L.H., et al., Extended spectrum beta-lactamase producing Shiga-toxin producing-
Escherichia coli in piglets, humans and water sources in North East region of India. Lett Appl
Microbiol, 2019. 69(5): p. 373-378.

Freire, S., et al., ESBL-and Carbapenemase-Producing Escherichia coli and Klebsiella
pneumoniae among Bivalves from Portuguese Shellfish Production Areas. Microorganisms,
2023. 11(2): p. 415.

Manohar, P., et al., The distribution of carbapenem- and colistin-resistance in Gram-negative
bacteria from the Tamil Nadu region in India. J Med Microbiol, 2017. 66(7): p. 874-883.
Verschuuren, T.D., et al., Comparative genomics of ESBL-producing Escherichia coli (ESBL-
Ec) reveals a similar distribution of the 10 most prevalent ESBL-Ec clones and ESBL genes
among human community faecal and extra-intestinal infection isolates in the Netherlands
(2014-17). J Antimicrob Chemother, 2021. 76(4): p. 901-908.

39



ANNEXES

Annex I: English version Information Sheet

Title of the study: Escherichia coli O157:H7 and their Extended-Spectrum [B-Lactamase and

Carbapenemase production among diarrheic patients from Shashemene, west Arsi, Ethiopia
Principal Investigator: Shimelis Teshome Ayalneh
Name of the Sponsor: Addis Ababa University and Armauer Hansen research institute

Introduction: Hello. We are conducting a research on the Escherichia coli O157:H7 and
characterization of their Extended-Spectrum f-Lactamase and Carbapenemase production among
diarrheic patients from Shashemene, west Arsi, Ethiopia. This is MSc research work. Please read or
has study staff read this text to you and take your time to decide to participate in this study.

Purpose of the study: The purpose of this study is to assess the burden of Escherichia coli 0157:H7
and characterization of their ESBL and Carbapenemase production among diarrheal patients. The
result of this study will help policymakers and hospital managers in planning, implementing, and
evaluating various interventions for the management of treatment guidelines that further prevent the

possible occurrence of hemorrhagic diarrheal disease due to this bacterium.

Procedure: For this study to be successful we need your participation provided that you are
willing to give us permission for the interviewing you, to use stool sample collected from you for this

research, and to take clinical information from your medical records which are relevant to the study.

Confidentiality: All personal information you give and data obtained from laboratory analysis Were
kept confidential. All the data Were coded with numbers without names. Access to the stored

information Were given only to the investigators.

Expected benefits: There is no payment that you Were given for participating in this research.
However, the result Were reported to your physician for appropriate treatment and management. The
study will have importance in the management of future patients. Moreover, your participation in this

study will have a great value on preventive measures in the community.

Risks: There is no risk for participating in this study except that you will spend a maximum of 15

minutes for an interview.
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Right to Refusal or Withdraw: Your participation in the study is voluntary; you have the full right
to refuse from participating in this research. You can ask any question which is not clear for

understanding and skip any or all the questionnaires.

Person to Contact: Thank you for taking your time to read the information sheet/ listen as it is being
read to you. If you have questions or problems related to the present study, you can contact the
principal investigator at any time using the following address:

Mr. Shimelis Teshome Mobile: +251922645002 E-mail: shimelisteshome35@yahoo.com

Department of Microbiology, Immunology and Parasitology, College of Health Sciences, Addis

Ababa University
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Annex II: English version Consent form for adults (=18 years)

I have read the information above, or it has been read to me. | have been allowed to ask questions and
my questions have been answered to my satisfaction. | voluntarily consent that | would participate
in this study.

To collect a stool sample and be a participant in this study and understand that | have the right to
withdraw from the study at any time.

Print name of participant, date and signature or thumb impression of participant

/ /| (dd/mmiyy)

If illiterate;

Print name of independent literate witness, date and signature of witness (if possible, this person
should be selected by the participant and should have no connection to the research team)

/ / (dd/mmlyy)

Phone number

Print name of researcher, date and signature of researcher

N, (dd/mm/yy)
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Annex I11: English version Consent form for parents/guardians (for children <18 years)

I have read the information above, or it has been read to me. | have been allowed to ask questions and
my questions have been answered to my satisfaction. | voluntarily consent that my child
participates in this study provided he/she gives assent.

To collect her/his stool sample and be a participant in this study and understand that | have the right
to withdraw my child from the study at any time.

Print name of participant, date and signature or thumb impression of participant

/ / (dd/mm/yy)

If illiterate;

Print name of independent literate witness, date and signature of witness (if possible, this person
should be selected by the participant and should have no connection to the research team)

/ / (dd/mmlyy)

Print name of researcher, date and signature of researcher

/ / (dd/mmlyy)

43



Annex 1V: English version Assent form for children aged 12-17 years

I have read the information above, or it has been read to me. | have been allowed to ask questions and
my questions have been answered to my satisfaction. I voluntarily assent that | would participate in
this study provided my parents/guardians give their consent.

To collect my stool sample and be a participant in this study and understand that | have the right to
withdraw from the study at any time.

Print name of participant, date and signature or thumb impression of participant

/ /___(dd/mmiyy)

If illiterate;

Print name of independent literate witness, date and signature of witness (if possible, this person
should be selected by the participant and should have no connection to the research team)

A, (dd/mmiyy)

Phone number (parents/guardians)

Print name of researcher, date and signature of researcher

N, (dd/mm/yy)
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Annex V: English version of Questionnaire

QUESTIONNAIRES: Administered for investigation of Escherichia coli O157:H7 in patients with
diarrhea and characterization of their ESBL and Carbapenemase production. We would be most
grateful if you could answer the following questions.

Date / / Study number
1. Diarrhea Status
Jyes [Ino

2. Address Town Kebele

3. Age

4. Gender I Male 1 Female

5. Number of household members | Total: / / No. <5 years old: / /

6. What is your level of education? | [JPrimary [1Collage [INone
[Isecondary Cluniversity

7. What is your occupation? [1 Farmer [1Merchant
1 Government worker | [JOther

8. What is the average monthly net income from you | [11. below 1000 [13.2501 to4000

and your spouse’s earnings?
[12.1001 to 2500 [0 4.> 4001

9. Domestic animals in the house Poultry [J sheep(] Donkey [
Goat [ cattle Cat [
Dog [ Others [

10. Drinking water [1 Tap water (1 Springwater [J Domestic water
1 River water (1 Bottle water [ others

11. Do you treat your water before use? \ [11. Yes [12. No

12. How do you treat the water before drinking or use? | [J boiling [Juse of chemical

Cfiltering [1Other
13. Do you drink un-boiled milk and milk products 1. Yes 2. No
14. Do you eat uncooked or undercooked food [1Meat [1Salad

[J Other
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15. Is a toilet available in the home/house?

OYes

[ONo

16. If available, of what type?

Cpit latrine Cflash toilet

17. How often do you wash hands?

[1before cooking

[1Always after visiting the toilet [ After cooking

others

18. With what do you wash your hand?

[lwith soap and water

Clwith water only

Type of diarrhea

1. Duration of diarrhea (days) (1< 24h Cother: / / days
2. No. of episode of diarrhea in the last 24h / / per day
3. No. of household members reported diarrhea | /
within 10 days before the patient’s illness
4. Have you received antibiotic within 4 weeks | []yes 1 no
before the beginning of the diarrhea o
(1 name of antibiotic: /
5. Fever at attendance time (please check the
temperature by measuring)
6. Chills during diarrhea 1 yes [ no
7. Vomiting during diarrhea [ yes [0 no
8. Bloody diarrhea [ yes [0 no
9. Mucous diarrhea [ yes [0 no
10. Antibiotic therapy for diarrhea [ yes [0 no
If yes Name of antibiotic: / /
Duration of antibiotic therapy: / / days
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To be filled by laboratory Professional

11. Microscopic examination

12. Stool culture results.

E. coliO157:H7

[ONon-E. coliO157:H7

[JOther: /
13. Sensitivity pattern Drugs listed
1. Sensitive
2. Resistant

Thank you for your cooperation!

Principal Investigator

Date,

completed by
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Annex VI: Amharic version Information Sheet

96k Con:- Escherichia coli O157:H7 and characterization of their Extended-Spectrum B-Lactamase

and Carbapenemase production among diarrheic patients from Shashemene, west Arsi, Ethiopia.
PG Fav&T4:- TavA( -Hiap
? AO77204 O9°:- A%0 ANO RLACHE AT ACTIOC 7707 LACT A0t et

MmPAA 0925~ (AT W7LI°T AAU/T: A5 Escherichia coli O157:H7 and their Extended-Spectrum f-
Lactamase and Carbapenemase production among diarrheic patients from Shashemene, west Arsi,
Ethiopia A TG APNLYLT ATITAT: 8% ATINTCA 414 TImGPEE PT1.0L- TGT 102 AN LT A0S

ORI° PG T avmBP LTLMLPD-7 AN A4 LA MBEtT AGI° LHPT ONLD- hAND-(T TR AL doAt+e
a4 N7 DRI° AATPENTY

PGk RATT:- PHU TG PO AATT A+Po9 (G ao1d evrio-7 Escherichia coli O157:H7 e99.00@<7 +PA.
776+ AG ESBL hG Carbapenemase 9ev%en, k% avavCanC 1@< PHY TG+ O-mAt AmS 700 AD-6R PTG
PATHA AVHES6PT A B77 TP AGPSNMCT ATINI° ALA S TFAA:

AnYL:- 0% PO A1 AT PACAT TATE ALY T (1§ P& PATPMELPT ATE.LLTATT L01e- TTPGE AGIP
ALY T9F M2, P10~ PUhIPS aPlBP T Wr8.0MT W ADN T

TGk AL (oPAT§ ALZOMT P7UTA ALD AT TP (HV TG+ Pt eoeATTA. $P+E TP 0LTCI°
ErHEPE (LY 7T avate hS ThhAGTD7 avl8 avamt AYaP-a77 L7LAM@-7 RUhI®S AT 10T 2o10thhd
ATU-I° PTTATN APT° AAD-:: WT8,U-I° PAL +PALT AP AT ParRRav-17 +PALT AGPALT TPav: 094 1D-::
TLAPERTE? (FovAlb- AT ATU-9° PACHT TTTrF PULIAR. TISF@PC TICT N9 mPd AR A7LITRAPHI(:
ALINTOCTAD:: AHUI° PTLAMT TTTED° avlF AS 01 GG N9LTC P9LeH A7 ATSE AATT (F
PILDA PRI AAD-$ hDJAD-:: PHY TGT I°CaPl Dt ATGER TAFEPT Navte L7 mPAN (LT 0757k

taFd ANA0TT TT7rE 099,048 ARLAI:: aPMRHE PTGk +AFE ATTT N7LATEE &G (D) 07000 (LY
AS 201~ (AR1-9°L:C) GavGPE o NGk PG +avs-T14 W8 F 00101 QPG H::

av{)ti- ALY TGF AL PTLA ST (60 G L0 AST NG E AL AT2.AT¢ Pargon( 918, 3 AN TFIP: : (TG “IH,
NP HFD9° Aht ARCM@® o@Dt e FAN:: (ePmeP OOT Pi T1C 17 aPavAf RTILLATT TOET hATPIPAN
a1 q@:: PP Nt (9HFD-9° I, OMPP L AN ::

K& (N GE AL DLI° TG - ACEHT [PLI° +hrFd TPE (LTCT hily OFF OFPaom@- A8:4-8 TITT+ L AN

PPID- +avLT4 AIPG WG A&é- NP (iap
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OAh &1C:- +251922645002 @ PA72A AL¢A:- shimelisteshome35@yahoo.com

A0 ANA RLACHTET PmT 4270 DAEE PUI0NCNPNRE  ATLRT RS T¢ARCE, 8.7 C a0t
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Annex VII: Amharic version Consent form for adults (=18 years)

L4377 NAL PADY avZ8 AT(INLAAD: DLI° FINATAL ATT° PATPMEP ATILLG Gav-G AavAmt +ATIFOFAD-::
ALY PGT AL APAG € PLT T

Prataa- 1977 $75 G710 DEIP Pt Alic

/ | (ddimmiyy)

Pt Al hiton g
PINNC FC7%0 (LA T70hs hPst IC 77 F i PAAD- (LUP? 8aPLT)4)

A, (dd/mmiyy)

ePanc dh 7C

oo B Phllaw- Qhaof

/ / (dd/mmlyy)
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Annex VI1II: Amharic version Consent form for parents/guardians (for children <18 years)

2277 NAL PAD<T av2E AT(ILAAD: ORI FINAGTAL AGT° PAIPMEP ATILLG Gav§ Aavamt FATIFOFAD-:
WY PGT AL AL A1241¢ 0LI° KW1e01§ L5 Tz

Prataa- 1977 $75 G710 DEIP Pt Alic

/ | (ddimmiyy)

Pt Al hiton g
PINNC FC7%0 (LA T70hs hPst IC 77 F i PAAD- (LUP? 8aPLT)4)

A, (dd/mmiyy)

ePanc dh 7C

oo B Phllaw- Qhaof

/ / (dd/mmlyy)
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Annex IX: Amharic version Assent form for children aged 12-17 years

2277 AL PAD-T a0l 8 AT(ILAAD: DLI° HINATAI AGT° PATPMELP ATILLS GG ATPAM T TATIIOFAD-::
ALY OAP/ A48 L eAmNT TG AL ARG §$LT 1z

Pratam- (9°7 P75 $C70 DeIP Pt filic-

/ | (ddimmiyy)

P Al i @ne
PIPNAC FC77.0 (LA I70hs hPst IC T2 F i PAAD- (LUP? LPLT)4)

/ / (dd/mmlyy)

DAL ML,9° K41, dh TC

oo 8w} Phflaaw- Qaaof

e, (dd/mmlyy)
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Annex X: Amharic version of Questionnaire

aome¢: Escherichia coli O157:H7 in patients with diarrhea and characterization of their ESBL and
Carbapenemase production AZ1Ts T e7LneP. ATATE FPLE (19PPT (1MI° ATIPATAT.

P / / PLILATC &ch&
1. +pmp U3
[ AP [ A®
2. h&dq ntay P00
3. AL
4. 2 Wl ot
5. o000 AOAT RTC AmFPAL: | /
nagett Aaet (T PP ABT OHE: | /
6. PFIPCT L8 DATLE 808 Ohag: oA A
Oo0HS 828 ezacost
7. 0Pt PILIm- R (VA 0 108,
Ceav it A
VA
8. AT ®CYP 0P 717 [1<1000 [12501—4000
fhd LUGTA? (11001 — 2500 | 1 > 4001
9. Nt @AT ATAT ALTE | D&C ner CAvE
D&PA OhF [ g-avi
D o-q O outet
10. faemy @Y eayq, oy [199°ysi @Y (PrCae @Y
(f@7H @Y 0esa71 oy (AA
11. 29> P90 FT @Y haem$9y (é-t+ (h® [JhAhgege
Fhoay og,
12. e tmPI0 7 O WL Ono9gat+ Oha9.0d Naemeg®
Fho1av 0099PAA A
13. eAté.A O HP@tt PR AP he
emmni?
14. eanan/ 0L9°N LANAA 920 | (D Oathavt
a0 [1AA
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15. ¢av2.8% (L AAY? AP ] eA9®
16. 2av28% (L hAv 9°7 ALTE (e1ea8 0t 0t D@y 90240
17. WBV7 ovF +Fm0AY [19avg8% (L F N10@- I, v~ | (1929101 hNaA e 054

[+FamLeAT 900 -0k N&4 AA ha
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