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ABSTRACT  

Background: Escherichia coli (E. coli) is found almost in every environment and in 

the human body. Human-animal-environment interactions may be driving the spread 

of antibiotic resistant bacteria, particularly in areas with little restrictions on antibiotic 

use, widespread food animal production, and free-roaming domestic animals. Children 

who are exposed to domestic animals and their waste in the home environment are 

more likely to have intestinal colonisation of antibiotic-resistant bacteria. The main aim 

of this study was to detect the antibiotic resistance patterns of E. coli isolates from 

children less than 5 years old and from their environment.  

Methods: In this study, a total of 94 samples were collected from children (47 stool 

samples) and the environment (47 soil samples, in each household where the stool 

was obtained). Isolation of E. coli was done using standard culture methods on Eosin 

methylene blue and MacConkey agars. The Kirby Bauer disk diffusion method was 

used to determine the antibiotic resistance of E. coli isolates.  The DNA of all E. coli 

isolates was extracted using the boiling method following standard protocols and 

confirmation of the presence of E. coli and determination of resistant genes was done 

using PCR. The E. coli isolates were then further tested for phylogenetic grouping 

using PCR employing three specific genes, namely TspE4c2, yjaA.1 and chuA.   

Results: The results showed that 216 isolates (117 from stools and 99 from soil 

samples) were presumptively identified as E. coli. A total of 211 isolates were 

confirmed as E. coli using PCR. Antibiotic resistance testing showed high resistance 

to chloramphenicol in soil (50%) and stool samples (41%). A total of 33% (70/94) 

isolates were positive for blaTEM gene in both soil and stool samples. Phylogroup A 

was predominant [87%; 65/75] followed by phylogroup D [13%; 10/75], and phylogroup 

B [1%; 1/75].  

Conclusion: The soil environment plays an important role in the transmission of 

antibiotic resistant E. coli in young children. It is critical to emphasize the need of 

adhering to proper hygiene standards and the appropriate use of antibiotics.  

Keywords: Antibiotic resistance, children, diarrhoea, E. coli, Kirby Bauer disk 

diffusion, PCR.  
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Chapter 1 

 GENERAL INTRODUCTION  
 

1.1 INTRODUCTION  

Escherichia coli is a widely recognised pathogen due to its ability to adjust to, colonise, 

and survive in a variety of environments through a number of acquired virulence 

factors (Mueller and Tainter, 2023). Its presence has an impact on the food, agriculture, 

and health sectors (Oliveira et al., 2023). Globally, 1.7 billion diarrhoeal infections 

occur annually, resulting in 525,000 deaths among children under the age of 5 (World 

Health Organisation, 2017; Aba et al., 2023). Inadequate water sources, unsanitary 

living conditions, and poverty all contribute to the diarrhoea that children experience 

(Ingle et al., 2018).   

Children's intestinal microbiomes develop in the first three years of life after acquiring 

bacteria from their mothers during pregnancy (DeFrancesco et al., 2017). Their 

immature immune systems expose them to harmful organisms, increasing their 

susceptibility to diseases (Gollwitzer and Marsland, 2015). Malnutrition in low-resource 

settings increases susceptibility to infections (Ibrahim et al., 2017). Although it is 

unclear whether malnutrition causes more infections or exacerbates disease severity, 

malnourished children are more likely to die (Rytter et al., 2014).  

Antibiotics are drugs used to treat human infections caused by bacteria, either by killing 

or inhibiting their growth and proliferation (Ardal et al., 2020). The production of ethanol 

and anti-fouling paints, as well as domestic use, are among numerous uses of 

antibiotics in aquaculture, horticulture, livestock husbandry, bee-keeping, and fish 

farming (Meek et al., 2015; Van et al., 2020; Miller et al., 2022). Antibiotics that have a 

β-lactam ring are known as "β-lactam antibiotics" (Zango et al., 2019). Cephalosporins, 

monobactams, carbapenems and penicillins are examples of antibiotics categorised 

as β-lactams (Holten and Onusko, 2000; Silva, 2022). By producing an enzyme called 

β-lactamase, which targets the β-lactam ring, bacteria can become resistant to β-

lactam antibiotics (Pandey and Cascella, 2019).  

As stated by the World Health Organisation, antibiotic resistance is a natural 

phenomenon, causing increased costs for healthcare providers, testing, hospital  
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stays, and even premature death (WHO, 2020). The total cost of antibiotic resistance 

to society is difficult to determine due to several factors, including the need for 

expensive second-line drugs, longer hospital stays, and increased morbidity (Bergeron 

et al., 2015).  

In developing countries, household surfaces and soil are significant sources of 

transmission for diarrhoeal illnesses (Navab-Daneshmand et al., 2018). These 

environmental compartments are linked to enteric bacterial spread, with individuals 

being more susceptible to illness variations due to early colonization (DeFrancesco et 

al., 2017). Humans constantly interact with soil, potentially serving as vectors and 

intermediaries for E. coli antibiotic resistant and pathogenic strains (Santamaría and 

Toranzos, 2003; Montealegre et al., 2018). Commensal bacteria from intestinal 

microbes, such as coliforms, E. coli, Clostridium difficile, and Enterococcus faecium, 

have an important influence on the dissemination of antibiotic resistance in humans.  

(Gasparrini et al., 2019; Tougas et al., 2021).  

Previous studies indicate that water and soil from outdoor playgrounds are frequently 

infected with different pathogens at the same time, suggesting that children who ingest 

soil could be consuming doses of various pathogens (Baker et al., 2018; Medgyesi et 

al., 2019). E. coli and humans co-exist in a mutualistic relationship (Shkoporov et al., 

2022). E. coli is a typical bacteria located in the guts of warm-blooded animals and 

human, and helps to digest food, produce vitamins K and B, and prevent harmful 

bacteria from colonising the intestine (Martinson and Walk, 2020). E. coli can spread 

from an infected host's faeces to another host via the faecal-oral pathway, which is 

facilitated by environmental reservoirs. Furthermore, as children under the age of 5 

learn to crawl, these individuals could pick up contaminants or other contaminated 

objects and put them in their mouth (Workie et al., 2019). Contact with contaminated 

water (Dos Santos et al., 2023), soil (Aditya et al., 2023), hands (Shaffer and 

Lozupone, 2018; Parvez et al., 2019; Cantrell et al., 2023), flies (Monyama et al., 2022; 

Nayduch et al., 2023), and food (Luna-Guevara et al., 2019) can all contribute to 

transmission. Playground soils are often contaminated with parasites, viruses, and 

bacteria, among other infectious agents (Chatziprodromidou et al., 2022). These 

agents have the ability to survive, complete their life cycles, and persist in the area 

until they are consumed (Chatziprodromidou et al., 2022). Soil in rural villages such 



 

  

3 | P a g e  

as the Lwamondo village in South Africa was previously discovered to be highly 

contaminated with E. coli and Serretia marcescens, implying that soil could be a 

source of contamination (published dissertation). Children that play, walk without 

shoes, ingest soil, or fail to perform basic personal hygiene are at greater risk of 

encountering contaminated soil (Hailegebriel et al., 2020). In peri-urban Harare, 

Zimbabwe, households with children had substantial amounts of E. coli contamination 

in drinking and handwashing water, soil, and hands (Navab-Daneshmand et al., 2018). 

Ledwaba et al (2019) investigated the transmission of diarrhoeagenic E. coli in toys 

used by children in the district of Vhembe and found a significant amount of E. coli 

contamination.  

The increasing usage of β-lactam antibiotics for treating bacterial infections has led to 

a global health concern over antibiotic resistance (Pandey and Cascella, 2019). The 

synthesis of β-lactamases is a significant and dangerous form of resistance (Lin et al., 

2015). β-lactamase inactivates drugs by hydrolysing their β-lactam ring which leads to 

treatment failures (Eiamphungporn et al., 2018). In the South African province of 

Limpopo, an investigation was done on the patterns of antibiotic resistance and the 

detection of β-lactamase in E. coli obtained from young children who had diarrhoea, 

the outcomes showed that both children who had diarrhoea had previously been 

exposed to antibiotics, and those who had not showed antibiotic resistance had the 

same strain of E. coli (DeFrancesco et al., 2017). In E. coli from children under five 

years old, the frequency of blaTEM, blaSHV, blaCTX-M, and co-occurence of β-lactam 

genes were confirmed by a study conducted in Ethiopia (Zenebe et al., 2023). A high 

prevalence of diarrhoeagenic E. coli (DEC) antimicrobial resistance to antibiotics such 

as ampicillin (98%), tetracycline (91%), chloramphenicol (94%), and trimethoprim 

sulfamethoxazole (96%) was detected in a study on the antibiogram pattern and 

prevalence of pathotypes associated with diarrhoea cases in children in the Amatole 

District Municipality of Eastern Cape, South Africa (Omolajaiye et al., 2020).  Antibiotic 

resistance rates among E. coli isolates in children who were healthy in India was higher 

for ampicillin (100%), nalidixic acid (100%), and cefotaxime (99.2%) (Purohit et al., 

2019). The most frequently administered antibiotics used to treat diarrhoea, such as 

ampicillin, clarithromycin, and erythromycin, have a higher resistance rate to 

diarrhoeagenic E. coli (DEC), and gentamycin had the lowest resistance to DEC, 
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according to a study conducted in North West province, South Africa, that investigated 

the antibacterial resistance profiles of E. coli strains obtained from children under the 

age of five as well as drinking water and the clonality of the isolates (Chukwu et al., 

2019). As a result, the high prevalence of DEC resistance to these routinely used 

antibiotics could be a serious threat to public health (Chukwu et al., 2019).  

1.2 STUDY RATIONALE  

In the Vhembe district, little research has been reported on the identification of E. coli 

that is resistant to antibiotics used in children. Most households in Lwamondo village 

engage in subsistence farming activities, such as cultivating crops and rearing 

domestic animals. Children in these homes frequently interact with the environment 

and animals, exposing them to trace amounts of bacteria in their natural environments, 

especially in soil (Schachter et al., 2020). This exposure, particularly in community 

settings, increases the chances of carrying antibiotic-resistant commensal bacteria 

and these actions may contribute to the growth or spread of bacteria resistant to 

antibiotics (Singh et al., 2018). Therefore, the study is aimed at evaluating antibiotic 

resistant E. coli in children and their environment.  

1.3 PROBLEM STATEMENT  

Due to poor living conditions in Lwamondo village, children under 5 years old are at 

higher chances of attaining antibiotic resistant E. coli. Community members participate 

in different agricultural activities such as farming and rearing of animals in their homes. 

These activities can result in the development of bacteria resistant antibiotics and 

possible transmission route between mother and child; and other environmental 

reservoirs (soil). Children younger than five years old could be at risk from 

environmental pathogenic strains that can cause diarrhoeal illnesses.  

1.4 STUDY OBJECTIVES  

1.4.1 MAIN OBJECTIVE  

 To detect the antibiotic resistance of E. coli in children less than 5 years old and 

their environment.  

1.4.2 SPECIFIC OBJECTIVES   

• To isolate E. coli in children’s stool samples and associated environmental (soil) 

samples.  
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• To determine the antibiotic susceptibility profiles of E. coli isolates using disk 

diffusion method.  

• To confirm the isolated E. coli using PCR.  

• To detect antibiotic resistance genes of E. coli using published PCR protocol.  

• To determine the phylogroups of antibiotic resistance genes of E. coli.  
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Chapter 2  

LITERATURE REVIEW  

2.1 BACKGROUND 

Diarrhoeal episodes affect children in developing nations with poor sanitation on 

average four to eight times a year between the ages of one and two, demonstrating 

constant exposure to enteric pathogens from an early age (Kotloff et al., 2013). 

Approximately 14 million South Africans, 2.5 million of whom reside in Limpopo and 

0.6 million in the Vhembe area, lacked access to proper sanitation in 2013 (Poague et 

al., 2022). Children may be given antibiotics even though they do not need them 

because many paediatric infections would have healed without them (Medernach and 

Logan, 2018). Antibiotics are known to be prescribed to children more frequently than 

any other form of drug due to their recurrent infections of various aetiologies 

(Medernach and Logan, 2018). Overuse of antibiotics can lead to bacterial mutation 

and resistant development (Romandini et al., 2021).  

In developing countries, faecal contamination of soil and surfaces in homes is a 

significant source of diarrhoeal disease exposure (Holcomb et al., 2020). Soil may be 

contaminated by both animal and human activity (Rodrigues and Römkens, 2018).  

Open defaecation, improper disposal of infant and children’s faeces, and poor handling 

of animal faeces are likely to be factors in soil faecal pollution (Ngure et al., 2013).   

2.2 SANITATION AND HYGIENE CONDITIONS IN RURAL COMMUNITIES  

According to the most recent data, 60% of people or 4.5 billion, lack access to sanitary 

facilities that are safely managed (World Health Organization, 2018). Environmental 

factors including the shortage of clean water and proper sanitation usually have an 

impact on the health of adults over 50 years old and children, especially those under 

the age of five (Omotayo et al., 2021). According to Rogowski McQuade et al (2020), 

reducing children's exposure to pathogens by good hygiene practices, clean water, 

and sanitation can help prevent diarrhoeal infections in children under five, especially 

in low-resource settings.  

Sanitation, and hygiene are all linked to diarrhoea and malnutrition in many ways for 

example, exposure to faeces through inadequate sanitation, and poor hygiene causes 

diarrhoea (Ngure et al., 2014). Studies shows that maintaining proper hand washing 
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before feeding children is crucial for preventing diarrhoea and other illnesses 

(Deshmukh et al., 2009; Mohammed and Tamiru, 2014). In sub-Saharan Africa, 215 

million people or 35% of the rural and 8% of the urban populations are reported to still 

excrete in the open (Galan et al., 2013). Therefore, one of the most common causes 

of mortality among children below the age of 5 years in Sub-Saharan Africa, diarrhoeal 

infections are facilitated by this practice (Ayalew et al., 2018). According to Nguyen et 

al. (2021) in Cape Town, South Africa, there is a significant association between 

diarrhoea and the following factors: applying pesticides inside the house, using the 

same sanitation facility with more than four households, having an unsafe toilet, and 

poor hygiene practices in children. A high frequency of open defaecation (59%) and 

unsanitary practices (78%) in close proximity to water sources, lack of source water 

protection, and source proximity to pit toilets were all strongly correlated with a 

significant frequency of E. coli that was identified in drinking water samples (Gwimbi 

et al., 2019). Ledwaba et al (2019) revealed that children defaecate in open spaces in 

the yard in day care centres (50%) and used a children's toilet (35%) in rural 

households in the Vhembe district, Limpopo, and these behaviours increase the 

prevalence of E. coli infections in children.  

2.3 Escherichia coli  

The Enterobacteriaceae family of bacteria includes the Gram-negative E. coli, which 

has short bacilli (Figure 2.1) of nearly 0.5 µm in diameter and between 1-3 µm in 

length (Singleton, 1999). It is a common commensal inhabitant of the guts of humans 

and warm-blooded animals, in addition to being one of the most significant pathogens. 

(Kaper et al., 2004). It is a commensal that has a mutually beneficial relationship with 

its hosts and only causes disease when Shiga toxin E. coli (STEC) strains produces 

toxins (Allocati et al., 2013). The most frequent cause of diarrhoea, particularly in 

countries that are developing, is E. coli (Nataro and Kaper, 1998; Gomes et al., 2016; 

Khalil et al., 2018). Since E. coli frequently lives in the guts of warm-blooded animals, 

it is frequently exposed to antibiotics, providing a strong selection pressure that causes 

it to develop resistance to drugs that its host consumes (Esonu et al., 2023).   
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Figure  2.1:  E.  coli  bacteria  under  a  scanning  electron  microscope  7000X  

(https://media.sciencephoto.com/image/c0097438/800wm/C0097438Escherichia_coli_bacter

ia,_SEM.jpg).  

  

Cultural Characteristics of Escherichia Coli   

It grows at 37°C and is a facultative anaerobe (Pedraz et al., 2020). Depending on the 

type of growing medium utilised, isolates can have various appearances. For example, 

on nutrient agar, they can be big, thick, smooth, greyish white, opaque, or opaque 

discs (Koru and Ozyurt, 2008). On the contrary, lactose fermentation causes isolates 

on MacConkey agar medium to turn bright pink (Figure 2.2). While the rough form 

frequently auto-agglutinates in saline, the smooth form, which is visible in fresh 

isolation, is easily emulsified in saline. "Mucoid" colonies may occur in certain strains 

(Hiremath, 2018).  

  

Figure 2.2: Growth of E. coli on MacConkey agar plate.  

https://media.sciencephoto.com/image/c0097438/800wm/C0097438-Escherichia_coli_bacteria,_SEM.jpg
https://media.sciencephoto.com/image/c0097438/800wm/C0097438-Escherichia_coli_bacteria,_SEM.jpg
https://media.sciencephoto.com/image/c0097438/800wm/C0097438-Escherichia_coli_bacteria,_SEM.jpg
https://media.sciencephoto.com/image/c0097438/800wm/C0097438-Escherichia_coli_bacteria,_SEM.jpg
https://media.sciencephoto.com/image/c0097438/800wm/C0097438-Escherichia_coli_bacteria,_SEM.jpg
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Mode of transmission of E. coli  

The primary method of transmission between individuals is through physical touch 

(Jung et al., 2023). There is a significant danger of infection and transmission when 

food is handled or eaten with dirty hands (Alum et al., 2016). Transmission of E. coli 

can occur via close contact with infected animals or their surroundings (Persad and 

Lejeune, 2015). E. coli is released into the soil using manure and irrigation with sewage 

(Wang et al., 2020). Fatoba et al (2022) discovered high levels of E. coli in chicken 

litter-amended soil in uMshwathi Local Municipality, uMgungundlovu District, KwaZulu-

Natal, South Africa, implying that the litter amendment resulted in soil contamination 

with E. coli.  

2.3.1 OVERVIEW OF E. coli PATHOTYPES 

Based on their virulence characteristics, enteroaggregative E. coli (EAEC), 

enteropathogenic E. coli (EPEC), enterotoxigenic E. coli (ETEC), enteroinvasive E. 

coli (EIEC), diffusely adherent E. coli (DAEC), and enterohaemorrhagic E. coli (EHEC) 

strains have been classified into six groups (Kaper et al., 2004). Additionally, E. coli is 

a significant source of resistance genes, which in both human and veterinary medicine 

can contribute to treatment failures (Poirel et al., 2018). In the enterobacterial gene 

pool, E. coli functions as both a donor and a recipient of antimicrobial resistance 

genes, allowing it to both receive and transfer resistance genes from other bacteria 

(Poirel et al., 2018).  

Enterohemorrhagic E. coli/STEC  

EHEC/STEC are a well-known group of foodborne microorganisms found all over the 

world (Kann et al., 2020). The fundamental virulence characteristic of the pathogroup 

is its capacity to manufacture one or more cytotoxins from the Shiga toxins (Stx) family 

(Makarova, 2023). EHEC/STEC can cause a variety of illnesses, from mild diarrhoea 

that is not detectable to more serious symptoms including haemorrhagic (HC) and the 

development of haemolytic uremic syndrome (HUS), a potentially fatal illness (Oriaku, 

2021).  

Enteropathogenic E. coli  

It is harmful and known to cause both acute and persistent diarrhoeal illnesses in 

young children under the age of 5 years old (Gomes and Gonzalez-Pedrajo, 2010). 
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The capacity of EPEC to form A/E lesions is its most significant characteristic (Chen 

and Frankel, 2005). This allows bacteria to cause localised lesions by adhering firmly  
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to the intestinal epithelial cell’s surface, disrupting the cell surfaces, and causing the 

microvilli to be destroyed (Chen and Frankel, 2005).   

Enteroinvasive E. coli  

In tests for lysine decarboxylase and lactose fermentative activity, enteroinvasive E. 

coli is non-motile negative. It penetrates human colon cells and produces an infection 

similar to that brought by Shigella species (Lali, 2018). Dysentery caused by EIEC is 

characterised by cramps, fever, and faeces that contain pus, mucus, and blood (Kaper 

et al., 2004). Once a bacteria is consumed, its adhesion proteins penetrate epithelial 

cells, resulting in diarrhoea and the presence of mucus and blood in stool specimens 

from the individuals affected (Mirsepasi-Lauridsen et al., 2019).  

  

Enterotoxigenic E. coli  

Enterotoxigenic E. coli (ETEC) is a varied strain of diarrhoeagenic bacteria that can 

target receptors in the small intestine by generating and releasing heat-labile (LT) 

and/or heat-stable (ST) enterotoxins (Fleckenstein, 2013). Several nations in eastern 

and central Africa, according to recent estimates, have a significant ETEC and Shigella 

burden, with children under the age of five from this regions having the highest ETEC 

mortality rates in the world (Khalil et al., 2018).  

Enteroaggregative E. coli (EAEC)  

Adhesins, toxins such as Shiga-like toxin, and other virulence proteins are encoded by 

highly variable EAEC genes. The aggR gene regulates the aggregative adhesion 

fimbriae I, which aid in intestinal colonisation. Additionally, according to Rivas et al. 

(2015), it produces entero-aggregative heat stable enterotoxin (EAST l toxin). The 

disease's manifestations include persistent and severe diarrhoea, which is especially 

prevalent in developing nations (Ugboko et al., 2020). EAEC is recognised as an 

arising intestinal illness that causes chronic diarrhoea in children residing in areas 

where it is prevalent, HIV-positive adults, and tourists from developed countries touring 

countries that are developing (Okeke and Nataro, 2001).  

2.4 ANTIBIOTIC USE AND RESISTANCE IN CHILDREN  

Antibiotics can save children's lives when they have bacterial illnesses, and they are 

the most prescribed therapy among all medications provided (Nicolini et al., 2014).  
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Antibiotics can cause adverse events such as drug toxicity and disrupted gut 

microbiota and weak immune system (Dethlefsen et al., 2008). Furthermore, antibiotic 

misuse promotes the emergence and dissemination of antimicrobial resistance at both 

the individual and population levels (Bebell et al., 2014). Selection and mutation can 

result in the emergence of resistance to antibiotics. For instance, some bacteria have 

evolved to produce enzymes that deactivate antibiotics, while others have developed 

biochemical pumps that can remove antibiotics before they reach their target (Allcock 

et al., 2017). The large incidence of bacterial causes of diarrhoeal disease in low-

resource settings has led to demands for antibiotics to be used more widely for the 

treatment of diarrhoea even in the absence of dysentery (Rogawski et al., 2022).  

Antimicrobial resistance is becoming increasingly problematic, prompting concerns 

that humanity could be heading back to a period where common infectious illnesses 

can no longer be effectively treated with treatments (Millar et al., 2001). Children have 

high antibiotic use rates and under-developed immune systems, making them a 

significant potential reservoir of antibiotic resistant bacteria in the community (Messina 

et al., 2020). Unsanitary living conditions and exposure to contaminated or 

inadequately treated water exacerbate the antimicrobial resistance issue in 

underdeveloped countries, particularly in rural areas (Hartinger et al., 2021). E. coli is 

also considered as an antibiotic resistance indicator bacterium (Varga et al., 2008). 

The environment, particularly water sources, and animal and human faecal flora act 

as natural habitats and sources of antibiotic-resistant bacteria (Larsson and Flach, 

2022). Purohit et al (2017) discovered comparable and widespread antibiotic 

resistance, co-resistance, multi-drug resistance (MDR), and their genetic makeup in 

commensal bacteria from humans and their environments. Humans have a larger 

percentage of antibiotic resistance than the environment, although the load (number 

of resistant isolates/sample) is elevated in the environment (Purohit et al., 2017).  

2.5 MECHANISMS OF RESISTANCE AND ARGs   

Antibiotics are antimicrobial drugs that are utilised to treat and prevent bacterial 

illnesses caused by bacterial pathogens (Fymat, 2017). Antibiotic resistance poses a 

serious threat to food security, global health, and development. Critical, high, and 

medium priority are the three categories into which the WHO list is divided due to the 

urgent the need for new antibiotics (WHO, 2017).  
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Antibiotics are drugs that are used to kill bacteria (Etebu and Arikekpa, 2016). Bacteria, 

on the other hand, have a natural defence mechanism that permits them to resist 

antibiotics (Reygaert, 2018). Gene changes (mutations) activate the resistance 

mechanism (Abebe et al., 2016). Antibiotics create selection pressure, which leads 

genes to respond to the selection pressure (Wistrand-Yuen et al., 2018). Antibiotics 

with broad spectrum of action are frequently prescribed in hospitals to treat nosocomial 

infections; however, this increases resistance (Scaletsky et al., 2010). The usage of 

antibiotics is clearly promoting the emergence of resistance (Sengupta et al., 2013). 

On mobile genetic components, genes can be passed on from plasmids or obtained 

from plasmids (Partridge et al., 2018).  

Horizontal gene transfer (HGT) allows antibiotic resistance to be transmitted down 

between bacterium species (Von Wintersdorff et al., 2016). Misuse of antibiotics or 

incorrect prescriptions also help facilitate the dissemination of resistance microbes 

(Saini et al., 2014).   

 

Figure 2.3: Antibiotic resistance mechanisms in bacteria (Zhivich, 2017).  

Β-LACTAM ANTIBIOTICS 

Antibiotics known as β-lactams are bactericidal substances that provide an autolytic 

effect in addition to prevent the formation of the bacterial cell wall (Peris-Vicente et al., 

2022). β-lactamases are present in some species of bacteria naturally; however, they 

have become widely distributed because of the overuse of β-lactam antibiotics and 

their distribution on plasmids (Castanheira et al., 2021). β-lactam antibiotics are 

utilised in the treatment and control of illnesses caused by bacteria (Pandey and 
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Cascella, 2019). β-lactam antibiotics function as covalent inhibitors against penicillin 

binding proteins (PBPs) by acylating a catalytically significant serine residue with the 

reactive β-lactam core (Mora-Ochomogo and Lohans, 2021). The widespread use of 

β-lactams antibiotics (such as ampicillin, amoxicillin, cephalexin) has led to the 

detection of Gram-negative bacteria that produce TEM and SHV in E. coli (originally 

in K. pneumoniae) (Gutkind et al., 2013).   

2.5.1 MECHANISM OF β-LACTAM ANTIBIOTICS  

The β-lactam ring plays a vital function in the mechanism of action of these drugs, 

which bind the enzymes involved in cell wall formation to target and block it (Zango et 

al., 2019). These enzymes are collectively known as PBPs and are anchored in the 

cell membrane (Goffin and Ghuysen, 1998). PBPs come in four to six different varieties 

depending on the species of bacteria. Transpeptidases, or PBPs involved in cell wall 

cross-linking, are frequently the most important for survival (Macheboeuf et al., 2006). 

The three-dimensional structure of β-lactam antibiotics is modelled by their 4-member 

ring, which functions as a natural substrate for transpeptidase activity during the 

formation of cell wall peptidoglycan (Avinash, 2015). Cell wall production is inhibited 

by the tight binding of these β-lactam antibiotics to the transpeptidase active site 

(Bhattacharjee, 2022). A cell may die from osmotic instability brought on by improper 

synthesis of its cell wall or by the β-lactam binding to PBP, which can set off a chain of 

events that leads in autolysis and cell death (Bhattacharjee, 2022).  

2.5.2 CEPHALOSPORINS  

Cephalosporins are β-lactam antibiotics that originated from the fungus Acremonium, 

formerly known as Cephalosporium (Shahbaz, 2017). Similar to other β-lactam 

antibiotics, cephalosporins are antibiotics that hinder the formation of the 

peptidoglycan layer that forms the bacterial cell wall (Mehta and Sharma, 2016). 

Reduction in the affinity of the current PBP components or acquisition of an additional 

PBP that is insensitive to β-lactam antibiotics are two ways that resistance to 

cephalosporin antibiotics can develop (Livermore, 1987). Their susceptibility to 

βlactamases is lower than that of other β-lactam antibiotics, such as penicillins. These 

antibiotics are currently resistant to several strains of E. coli (Petri, 2006).  



 

  

15 | P a g 

e  

2.5.3 MONOBACTAMS  

Monobactams are β-lactams with a distinctive structure that includes a monocyclic 

nucleus (Balsalobre et al., 2019). Aztreonam, the only monobactam antibiotic available 

today, was first isolated from Chromobacterium violaceum and later modified (Tunkel, 

1990). Aztreonam prevents peptidoglycan crosslinking, which kills bacteria and 

prevents the formation of cell walls (Baran et al., 2023).  

2.5.4 CARBAPENEMS  

β-lactam antibiotics include carbapenems as a subclass. These antibiotics are broad-

spectrum. The following are examples of carbapenems: ertapenem, imipenem, 

doripenem, and meropenem (Sobia et al., 2022). The first line of treatment for illnesses 

caused on by highly resistant bacteria, such those caused by E. coli, is considered to 

be carbapenem antibiotics (Aurilio et al., 2022).   

2.5.5 PENICILLINS  

The second antibiotic that has been found is penicillin, which is the first to occur 

naturally (Aminov, 2010). A large family of bicyclic penam compounds, which vary in 

the type of acyl side chain linked to the fused β-lactam–thiazolidine ring system, make 

up the penicillin class of antibiotics (Bush, 2010).   

2.5.6 EXTENDED BETA-LACTAMASE FAMILIES  

Extended-spectrum β-lactamases (ESBLs) share biochemical properties, such as 

breakdown of β-lactam antibiotics and clavulanate inhibition (Paterson & Bonomo, 

2005). However, the genes that encode these enzymes are heterogeneous and 

classified into distinct groups (Bradford, 2001).  

TEM  

TEM-type β-lactamases primarily target Gram-negative bacteria (Castanheira et al., 

2021). These enzymes are particularly widespread in a wide range of bacterial 

species, including Klebsiella pneumoniae, Enterobacter spp., and E. coli, among the 

bacteria of the Enterobacteriaceae family. These organisms have a high prevalence of 

TEM-type beta-lactamases (Nagshetty et al., 2021).   
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SHV  

SHV enzymes are found in Enterobacteriaceae (e.g., E. coli, Klebsiella pneumoniae) 

and caused infections in hospitals and other healthcare facilities (Ghenea et al., 2022). 

SHV β-lactamases are considered to have originated from a chromosomal 

penicillinase found in Klebsiella pneumonia (Livermore, 1995). They now include a 

significant variety of allelic variations. These variations include (ESBLs) (Livermore, 

1995). These have a broad spectrum of hydrolysing action, including monobactams 

and carbapenems. Self-transmissible plasmids which often have resistance genes to 

other drug classes are encoded by SHV-ESBLs (Ahmed, 2021). They are now 

prevalent internationally in various Enterobacteriaceae, highlighting their clinical 

significance (Ghenea et al., 2022). These enzymes pose a difficulty as a result of their 

ability to easily spread between various kinds of bacteria (Ghenea et al., 2022).  

CTX-M  

The most prevalent ESBL group has been identified as CTX-M type enzymes, which 

have displaced TEM and SHV as the primary ESBL type (Castanheira et al., 2021).  

E.  coli  isolates  usually  contain  enzymes  of  the  CTX-M  type   

(Girlich et al., 2020). Domestic animals, the environment, food products, livestock, and 

nosocomial and community settings have all been discovered to contain isolates with 

CTX-M-encoding genes (Liu et al., 2018). Treatment options are available for isolates 

that only contain these enzymes, but the efficacy of meropenem and other newer 

medications may be limited if these enzymes are combined with additional resistance 

mechanisms and create hydrolytic profiles with single amino acid mutations 

(Castanheira et al., 2021).  

OXA  

OXA-type β-lactamases are enzymes that contribute to antibiotic resistance (Evans 

and Amyes, 2014). Ambler class D and Bush-Jacoby-Medeiros functional group 2d 

enzymes are the categories for OXA-type β-lactamases, which hydrolyse oxacillin 

(Gutkind et al., 2013). OXA-type enzymes are mostly found in Enterobacteriaceae 

(e.g., Escherichia coli, Klebsiella pneumoniae) and Pseudomonas aeruginosa. These 

hydrolyse narrow-spectrum penicillin (Mwendwa, 2021). OXA-type β- 

lactamases are hard to identify in clinical laboratories due to their limited in vitro 

resistance to carbapenems (Akhtar et al., 2022).   
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β-LACTAM RESISTANCE  

There are several ways in which resistance to the β-lactams might arise that have a 

link to the way these drugs work (Götte et al., 2017). β-lactams function as substitute 

substrates for penicillin-binding proteins (PBPs), which are  essential for synthesising 

bacterial cell walls and facilitating the cross-linking of cell wall fragments prior to cell 

division (Kong et al., 2010). β-lactam antibiotic treatment affects the patient's 

microbiome, which could in the development of resistance in both the microorganism 

causing the infection and the normal flora's constituent organisms (Wiener et al.,  

1999). This impacts the individual’s environment and other people. This implies that 

the development of resistance affects not only the hospital unit but also the healthcare 

providers and, consequently, their close associates (Wiener et al., 1999).  

Antibiotics that target transmissible β-lactam-resistant organisms can have an impact 

on close groups of people, such as those in day care centres or institutions for long-

term care (Kim et al., 2017). These microbes can be infectious agents or colonising 

bacteria that can simply move from the community to the hospital (Kim et al., 2017).  

Acquiring genes that express β-lactamases is the most common way that bacteria 

become resistant to β-lactam antibiotics (Jacoby, 1997).   

 
2.6 TRANSMISSION PATHWAYS OF ANTIBIOTIC RESISTANT E. coli IN  

CHILDREN  

Resistant bacteria circulate directly among humans as well as between humans, 

animals, and the environment within a community (Larson et al., 2019). Anthropogenic 

contamination causes the introduction of antibiotic resistance genes  

(ARGs) and antibiotic resistant bacteria (ARBs) into the natural environment (Stanton 

et al., 2022). The improper utilisation of antimicrobial drugs as productivity boosters in 

poultry or livestock is a major factor contributing to the spread of resistance to humans 

through animal products (Ahmad et al., 2021).  

Elevated levels of microbiological markers of both faecal contamination and enteric 

infections have been found in studies conducted in developing countries on community 

member’s hands (Parvez et al., 2019; Cantrell et al., 2023). According to reports, 

households without adequate access to sanitation are more likely to have human 

faeces on them (Pickering et al., 2012; Dickin and Gabrielsson, 2023. Additionally, 
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studies have shown that routine household tasks like sweeping, cooking, and 

dishwashing, as well as handwashing, may cause E. coli infection to increase rapidly 

(Bloomfield et al., 2012 ; Aunger et al., 2016).  

Antibiotic-resistant microorganisms can be found in food, plants, animals, humans, 

and the environment (soil, water, and air) (Tamhankar et al., 2019). The excessive use 

and abuse of antibiotics, inadequate infection and disease prevention and control in 

healthcare facilities and agricultural settings, limited access to high-quality, reasonably 

priced medications, vaccines, and diagnostics, and a lack of knowledge and 

enforcement of the law are the primary causes of resistance to antibiotics (WHO, 

2020).    

2.7 A STRATEGY FOR FIGHTING ANTIBIOTIC RESISTANCE: SURVEILLANCE  

Surveillance is the most essential methods of combating AMR (Gulumbe et al., 2022). 

The WHO released a worldwide strategy in May 2015 with the goal of making sure 

that antibiotics are of the best quality, work effectively, and are accessible to all 

individuals who need treatment (WHO, 2015). Individual countries are expected to 

develop their own national antimicrobial resistance plans in conformity with the WHO 

global strategy (WHO, 2015). Only a few member countries have antimicrobial laws in 

place (Iskandar et al., 2021). Antibiotic resistance surveillance and tracking of 

resistance trends by DNA sequencing are two actions that can aid monitor and reduce 

antimicrobial resistance globally (Hendriksen et al., 2019).  

In several countries, including the United Kingdom, United States, South Africa, India, 

New Zealand, Vietnam and China, antibiotic resistance in diseases acquired in 

hospitals and communities is tracked and monitored (Avershina et al., 2021). Currently, 

laboratory-based monitoring is used in South Africa to gather information from the 

public and private sectors regarding the ESKAPE species (Enterococcus faecium, 

Staphylococcus aureus, Klebsiella pneumoniae, Acinetobacter baumannii, 

Pseudomonas aeruginosa, Enterobacter spp.) (Ramsamy et al., 2018). The Group for 

Enteric, Respiratory, and Meningeal Disease Surveillance in South Africa (GERMS-

SA), a national clinical microbiology network, provides data to the National Institute for 

Communicable Diseases (NICD) in addition to laboratory data obtained from public 

hospitals (Nyasulu, 2014).  
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The South African Society of Clinical Microbiology collects data from the private sector 

(Madeira, 2020). These data sets are gathered by the South African Antibiotic 

Stewardship Partnership (SAASP) and the South African Society of Clinical 

Microbiology (SASCM) (Madeira, 2020). In addition to increased rate of resistance in 

microorganisms that cause nosocomial and community-acquired illnesses, the WHO's 

2014 report on antibiotic resistance surveillance also highlighted the lack of population-

based AMR surveillance, which might have provided important data on the spread, 

deaths, and economic impact on community (WHO, 2014). It is quite challenging to 

comprehend completely how antibiotic resistance spreads because the several 

studies focus on tertiary hospitals, while studies that take community enrolment into 

account only enrol a small percentage of the population (Grundmann, 2014).  

Effective surveillance requires the ability to identify and profile new antibiotic resistance 

routes (WHO, 2015). Antibiotic mechanism detection, on the other hand, demands 

specialized knowledge and technology; as a result, global antibiotic monitoring will not 

be produced overnight, but in stages (Grundmann, 2014). The world presently requires 

monitoring that creates high-quality data for thorough global planning and public health 

efforts to combat antibiotic resistance (WHO, 2014).   

2.8 RISK FACTORS FOR RESISTANCE IN CHILDHOOD INFECTIOUS DISEASES  

Abuse of antibiotics  

Resistance is mostly driven by user-related reasons including self-medication, failure 

to comply, misinformation, and advertising pressures, as well as external factors like 

ignorance, lack of knowledge, and lacking access to health services and testing 

facilities (Byarugaba, 2004). Because individuals living in poverty lack access to 

hygienic practices and clean water, their chances of contracting infections are higher 

(Pal et al., 2018). Poor people are also at risk of treatment failure due to monetary 

problems and have inadequate basic nutritional status for fighting off infections 

(Byarugaba, 2004). Lack of diagnostic facilities, unprofessional conduct, and 

inadequate training are other aspects of healthcare practitioners that could result in 

improper prescription, which could lead to the wrong antibiotic being recommended 

(Byarugaba, 2004).  
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Quality of antibiotics  

A lack of regulation for drugs causes developing countries to suffer from the availability 

of low-quality and counterfeit antibiotics (Kimura et al., 2020). When these inefficient 

antibiotics are used, resistance increases and more expensive, potent antimicrobials 

must be purchased with the intent of treating resistant strains (Roope et al., 2019).   

2.9 UPDATE TO TECHNOLOGICAL ADVANCES TO AMR DETECTION AND 

MONITORING 

Technological developments have greatly improved antimicrobial resistance (AMR) 

detection and monotoring allowing for more thorough, accurate and quick surveillance 

(Yamin et al, 2023). Antimicrobial susceptibility testing is the most widely used method 

because of its low cost and ease of performance and applicability of numerous 

bacterial species and antibiotics (Gajic et al., 2022). Molecular techniques have been 

used for the environmental monitoring of AMR genes in soil samples and has been 

shown to be a good way to find point mutations in broad-spectrum AMR genes, as 

long as either of the primers is designed to bind at sites where the sequence changes 

(Galhano et al., 2021).  

2.9.1 ANTIBIOTIC SUSCEPTIBILTY TESTING 

To confirm susceptibility towards particular antibiotics or detect resistance in individual 

bacterial isolates, antimicrobial susceptibility tests are important (Reller et al., 2009). 

The ability to grow these microorganisms in the lab using suitable growth media, or 

"culture," has made it possible to ascertain the susceptibility and resistance of specific 

infections to a variety of antimicrobial agents. This has allowed medical professionals 

to promptly start treating patients according to the recommended regimens (Lagier et 

al., 2015).  

DISK DIFFUSION TEST  

The Mueller-Hinton agar plate surface must be inoculated with 1 CFU/ML of bacteria 

using the simple, well-standardized disk diffusion susceptibility method (Butassi et al., 

2017). On inoculated agar plates, many commercially fixed concentrations of paper 

antibiotic discs are placed. Prior to determining results, plates are incubated for 24 

hours at 35 °C (Benkova et al., 2020). The millimetres of the growth inhibition zones 

are then identified. The diameter of the zone relates to both the drug's rate of diffusion 

through the agar media and the isolate's susceptibility (Hindler and Munro, 2010). The 
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guidelines released by the Clinical Laboratory Standards Institute (CLSI, previously 

the National Committee for Clinical Laboratory Standards or NCCLS) are used to 

evaluate the zone diameters of each drug (Jenkins & Jerris, 2011). Disk diffusion test 

results are "qualitative" because they are based on the test rather than a minimum 

inhibitory concentration (MIC), and can be classified as susceptible, intermediate, or 

resistant (Tenover, 2017). There is no specific equipment needed for the disk 

approach, which makes it easy to use (Reller et al., 2009).  

BROTH DILUTION TEST   

It's considered the earliest techniques for determining an antibiotic's susceptibility. It 

involves preparing two-fold dilutions in test tubes filled with a liquid growth media 

(Chitra, 2017). After overnight inoculation with a standardised bacterial suspension 

containing 1 CFU/mL, the antibiotic-containing tubes are examined for visible bacterial 

growth, which indicates a minimal inhibitory concentration (MIC) (Wiegand et al., 

2008). The routine of manually preparing the antibiotic’s serial dilutions accounts for a 

significant portion of the method's precision, which is plus or minus 1 two-fold 

concentration (Reller et al., 2009).  

  

2.9.2 MOLECULAR IDENTIFICATION ASSAYS  

Polymerase Chain Reaction (PCR)-based tests  

The polymerase chain reaction (PCR) is an in-situ DNA replication method that takes 

into consideration the target DNA's rapid amplification when thermostable DNA 

polymerase and synthetic oligonucleotide primers are present (Point, 2014). 

Polymerase chain reaction is widely used for the quick detection, identification, 

isolation, and characterisation of microorganisms (Valones et al., 2009). PCR have 

been applied to the detection and diagnosis of infectious diseases, genetic fingerprint 

identification, DNA cloning, and infectious disease diagnosis (Rajalakshmi, 2017). 

PCR is useful in identifying common strains of bacteria that are present in coccoid 

forms that are viable but not culturable (Adzitey et al., 2013). Additionally, the 

application of PCR provides a safe distance from situations in which phenotypic 

characteristics are unclear and misinterpreted (Adzitey et al., 2012). Modern molecular 

biology technologies, such polymerase chain reaction (PCR) in conjunction with gel 

electrophoresis, which enhances detection effectiveness, are becoming increasingly 

important for the isolation and detection of bacteria (Umesha and Manukumar, 2018). 
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It can save time and money while simultaneously diagnosing several diseases 

because multiplex PCR has a higher detection efficiency than single PCR (Kadri, 

2019).  

Single Polymerase Chain Reaction  

It is an identification method for organisms using polymerase chain reaction (PCR) 

with one primer pair (Joshi and Deshpande, 2010). Primers can be designed 

specifically for a specific species and are useful for identifying the target organism 

once it is surrounded by other organisms (Joshi and Deshpande, 2010). With or 

without pre-enrichment, this kind of PCR can be utilised to rapidly to directly identify 

or detect microorganisms in a specimen (Villamizar-Rodríguez et al., 2015).  

Furthermore, direct selection of bacterium isolates from agar plates can be verified 

using a single PCR. Before sequencing, the 16S rRNA genes of bacteria are amplified 

using particular primers by PCR, which aids in the identification of novel or unknown 

bacterial species (Adzitey et al., 2012).  

  

Multiplex polymerase chain reaction (m-PCR)  

A number of primers are used in a single PCR mixture in the m-PCR, which is used to 

detect, identify, and distinguish microorganisms (Kalle et al., 2014). As a result, mPCR 

creates amplicons of various sizes that are unique for distinct DNA sequences by 

amplifying several target sequences in a single reaction (Kalle et al., 2014). Primer 

design is crucial in the creation of multiplex PCR, even though it lowers costs, restricts 

sample amount, and enables rapid identification of several bacterial species (Zhang 

et al., 2014). Multiple primers can interact with one another during the amplification 

process, all primers must have the same annealing temperatures, and the PCR 

products should be considerably distinct in sizes (Adzitey et al., 2013).  

  

2.10 SUMMARY OF LITERATURE  

Children in developing countries with inadequate sanitation have an average of four to 

eight diarrhoeal cases per year between the ages of one and two. Poor children in 

South Africa have a larger risk of dying from diarrhoea than their more developed peers 

(Kotloff et al., 2013; Ugboko et al., 2020; Poague et al., 2022). Soil serve as a source 

for microorganism found in faeces, contributing to contamination of faeces, drinking 
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water, hands, and food (Holcomb et al., 2020). Open defaecation, poor disposal of 

children faeces, poor wastewater management, and poor animal faecal management 

all contribute to soil pollution (Ngure et al., 2013; Giribabu et al., 2019). Water, 

sanitation, and hygiene are all linked to diarrhoea and malnutrition (Ngure et al., 2014; 

Shrestha et al., 2020). Children are a significant potential reservoir of antibiotic-

resistant bacteria in the community due to their high rates of use of antibiotics and 

undeveloped immune systems (Pai et al., 2015).  

In contrast to isolates that have not been exposed to antibiotics, the rate of resistant 

isolates of E. coli increases greatly when the bacteria are treated with ampicillin, 

norfloxacin, or kanamycin (Ranjbar and Sami, 2017). Antibiotic mechanisms are 

harder to determine, however effective surveillance of emerging antibiotic resistance 

routes is necessary (Uddin et al., 2021).  

Bacteriocidal agents identified as β-lactam antibiotics are utilised to treat and manage 

illnesses by preventing the formation of bacterial cell walls (Pandey and Cascella, 

2019; Peris-Vicente et al., 2022). Due to their widespread distribution on plasmids, β-

lactam antibiotics have contributed in the identification of gram-negative bacteria that 

generate TEM and SHV genes in E. coli (Gutkind et al., 2019; Castanheira et al., 

2021). Several elements such as ignorance, a lack of education, insufficient availability 

of medical services, self-medication, noncompliance, misinformation, and promotional 

pressures, aid in the emergence of antibiotic resistance (Chauhan et al., 2018). The 

risk of infection, poor nutritional status, and treatment discontinuation is greater in 

impoverished people. Inappropriate prescription by healthcare providers is a further 

concern (Chauhan et al., 2018).  
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The current investigation sought to identify E. coli antibiotic resistance patterns in 

children under five and their environment. The study concluded with the determination 

of the presence of E. coli, antibiotic phenotypic patterns, antibiotic resistance genes, 

and phylogenetic groups of E. coli in children's environments. The antibiotic 

susceptibility profiles of the samples was identified using the Kirby Bauer technique, 

whereas the antibiotic resistance genes and phylogenetic group of E. coli was 

determined using PCR.  
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Chapter 3 

MATERIALS AND METHODS 

3.1 STUDY SITE  

The current study was carried out in the South African province of Limpopo province 

in Lwamondo village, which is outside of Thohoyandou (23.011°S 30.357°E) in the 

Vhembe District Municipality. There are 20 218 people that reside in this village 

(STATSSA, 2011). It is a rural area where farming is an essential activity. The people 

rear and keep domestic animals in their homes.  

  

Figure 3.1: Satellite map showing the location of the sampling site Lwamondo village. (Map 

retrieved from https://www.google.co.za/maps).  

3.2 ETHICAL CLEARANCE  

Approval to conduct this study was authorised by the University of Venda's Research 

and Ethical Committee (SMNS/21/MBY/11/0504). The Lwamondo Village leaders 

gave permission to access the study location. Parents or guardians were assured of 

confidentiality and provided information about the study's goal and voluntary 

participation. All participants provided written informed consent, either personally or 

through their authorised competent guardians.  
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3.3 RESEARCH SUMMARY LAYOUT  

The summary of the method used for this study is shown in Figure 3.2 and the details 

of each method are described in the section below.  

 
Figure 3.2: Flow diagram illustrating the methodical procedure used to detect E. coli in 

children's faeces and soil.  

3.3 SAMPLE COLLECTION  

The sample collection for this study was done from August 2022 to June 2023. 

Samples were collected from 18 villages  and households were selected at random for 

sampling. Samples were collected by visiting households with children under 5 years 

asking for a fresh stool from morning diapers. A total of 47 stool samples were obtained 

using Compact Dry swabs (Carl Roth, Germany) from each of the children’s diapers. 

From each household where the stool sample was collected, a soil sample was 

collected in the yard where the child usually plays. Each sample was labelled and 

stored in a cooler box with ice and transported to the University of Venda laboratory 

where laboratory analysis was performed. Upon arrival in the laboratory, samples were 

processed within 4 hours of collection.  
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3.4 PREPARATIONS AND ISOLATION OF SAMPLES FOR BACTERIAL ANALYSIS.  

All media that were utilised in this study were prepared following manufacturer’s 

instructions. In the laboratory, each stool specimen was aseptically enriched in 

peptone water buffer (Merck, Germany) overnight at 37°C. Thereafter, the enrichment 

of stool samples was cultured on Eosin methylene blue media (EMB) (HiMedia® 

Laboratories Pvt. Ltd, India) using the streaking plate technique. The plates were 

incubated for 24 hours. The next day, 3 isolates were randomly selected from each 

plate and sub-cultured on MacConkey (Merck, Germany) agar and incubated 

overnight at 37°C. To acquire pure isolates, the colonies from MacConkey agar (Merck, 

Germany) plates were sub-cultured on nutrient agar (Merck, Germany). Pure isolates 

were preserved in brain heart infusion broth (Mast Diagnostics, United Kingdom) in 

20% (v/v) glycerol (Associated Chemical Enterprises (Pty) Ltd, Johannesburg, South 

Africa) and kept at -20°C until further analysis.  

Soil samples were sieved using a fine mesh flour sifter sieve (Zhongbao Hardware 

Mesh Products Co, China) and a 1:50 dilution was prepared using phosphate buffer  

(Mast Group Ltd, United Kingdom). A volume of 0.5 ml was poured on EMB (HiMedia® 

Laboratories Pvt. Ltd, India) agar and spread using a sterile spreader and the plates 

were incubated for 24 hours at 37°C. Thereafter, three randomly selected isolates were 

and cultured on plates with MacConkey agar (Merck, Germany) and the plates were 

incubated. Nutrient agar (HiMedia® Laboratories Pvt. Ltd, India) was used to sub-

culture isolates in order to obtain pure isolates. The selected pure isolates were 

preserved in heart infusion broth (Mast Diagnostics, United Kingdom) with 20% (v/v) 

glycerol (Associated Chemical Enterprises (Pty) Ltd, Johannesburg, South Africa) and 

stored at -20°C.  

3.5 IDENTIFICATION OF E. coli ISOLATES  

Four biochemical tests were conducted to further identify the isolates of E. coli. The 

isolates were identified utilising biochemical tests (Triple sugar iron agar, urease, 

oxidase, and catalase).  

Triple sugar iron slant  

In accordance with the protocol described by Lehman (2005), triple sugar iron (TSI) 

agar (HiMedia® Laboratories Pvt. Ltd, India) was utilised for further characterisation. 
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An isolate of E. coli is considered to be recognised by the presence of yellow slant, 

yellow butt, gas bubbles, and the lack of black precipitate in the butt (Sarba et al., 

2019).   

A new chosen colony was inoculated using a sterile inoculation needle. The process 

of inoculating the agar slant involves piercing through the middle of the medium to the 

tube's bottom, followed by streaking over the agar slant's surface. After sealing the test 

tube with cotton, it was permitted to incubate for an entire day.  

 

Urease test  

Using the technique described by Anyadoh-Nwadike et al (2017), this test was utilised 

to identify an organism's capacity to generate the urease enzyme, which break down 

urea. Two molecules of CO2 and ammonia are produced when urea is hydrolysed 

(Mekonnen et al., 2021). Phenol red's colour changes from a light orange at pH 6.8 to 

magenta at pH 8.4 indicates the presence of a pH shift. Ammonia reacts with CO2 and 

water to produce ammonium carbonate, which becomes moderately alkaline (Sapkota 

et al., 2023).  

Urea agar slants (BioMeriux®, South Africa) were prepared in test tubes. A single pure 

colony from sub-cultured nutrient agar (HiMedia® Laboratories Pvt. Ltd, India) plates 

was inoculated inside a test tube using an inoculation loop and streaked on the slant 

minute. This was then placed on the incubator at 37ºC for 24 hours and the results 

were observed. Results were interpreted by observing the colour change after 

incubation where in, a shift in colour from strong magenta to a light pink in fifteen 

minutes to twenty four hours shows a positive result and no colour change after 24 

hours showing a negative result (Mann, 1992).  

Catalase test  

According to Amoako et al (2015), this testing process indicates the existence of 

catalase, an enzyme assisting in the hydrogen peroxide's (H2O2) release of oxygen. It 

helps to distinguish bacteria that produce the catalase enzyme from those that lack it 

(Shaheen et al., 2021). A small, well-isolated colony was placed onto a clean glass 

slide using an inoculating loop. A drop of 3% H2O2 was placed onto the slide and 

thoroughly mixed. Bubbles were observed after 5 seconds. E. coli are catalase positive 

meaning bubbles forms when H2O2 is mixed with the colony.  
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Oxidase test  

The oxidase method is utilised to determine the presence of tetramethyl-pphenylene-

diamine, a redox dye, and cytochrome oxidase, an enzyme that catalyses and 

transfers electrons between electron donors in the bacteria, in the sample. The dye 

turns a rich purple colour at the end according to Ogodo et al (2022). Pure subcultured 

colonies of E. coli were used to conduct oxidase test. Oxidase test was done using the 

oxidase strips (Mast Diagnostics, United Kingdom). A sterile loop was used to place 

and rub the colony against the strip (Shields and Cathcart, 2013). Colonies that caused 

a colour change on the oxidase strip were recorded as oxidase positive and the 

opposite for colonies that did not cause colour change (Shields and Cathcart, 2013).   

  

3.6 GENOMIC DNA EXTRACTION AND MOLECULAR IDENTIFICATION.  

The boiling technique was utilised to extract all of the DNA from each isolate that tested 

positive for E. coli. One colony from a sixteen hour culture on Nutrient agar (HiMedia® 

Laboratories Pvt. Ltd, India) was inoculated in 250 L of pure water. The suspension 

was heated at 100°C for 10 minutes and centrifuged at 13,000 rpm for 5 minutes, as 

described by Dashti et al (2009). For further analysis, the supernatant consisting the 

eluted DNA template was placed in a fresh, sterile, 2-milliliter centrifuge tubes and kept 

at -20°C.  

  

Amplification of the uidA gene using PCR  

The uidA gene was amplified by employing the extracted DNA as a template. The  

T100 heat cycler (Bio-Rad, USA) was used for molecular detection. Table 3.1 contains 

a list of the primers utilised in the PCR test. 1 µM of each primer (1 L), 12 𝜇L of Taq 2x 

master mix RED, 1.5 Mm MgCl2 (DNA-Gdansk, Poland), 3 𝜇L of template DNA, and 

8.5 𝜇L of ultra-pure H2O were all included in the PCR mixture, which had a total volume 

of 25 𝜇L. The uidA gene's PCR conditions were chosen based on the primer’s 

characteristics. The conditions used included five minutes at 94°C, thirty-five cycles 

(30 seconds at 95°C, 1 minute at 58°C, and 1 minute at 72°C), and 8 minutes at 72°C. 

The DNA of E. coli ATCC 25922 and the no template mix served as the positive and 

negative controls, respectively.  
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Table 3.1: Primer sequences for target genes and the size of PCR product of the genes.  
Target 

genes  
Primer Sequence (5’-3’)  Amplicon  

(bp)  

size  References  

uidA  F: AAA ACG GCA AGA AAAAGC AG  
R:ACGCGTGGTTAACAGTCTTGCG  

147   Msolo et al., 2020  

blaTEM  F:AGTGCTGCCATAACCATGAGG  
R:CTGACTCCCCGTCGTGTAGATA  

258   Naiemi et al., 2005  

blaCTX-M  F:GACAAAGAGAGTGCAACGGATG  
R:TCAGTGCGATCCAGACGAAA  

319   Naiemi et al., 2005  

blaSHV  F:GATGAACGCTTTCCCATGATG  
R:CGCTGTTATCGCTCATGGTAA  

381   Naiemi et al., 2005  

blaOXA  F:ATTATCTACAGCAGCGCCAGTG  
R:TGCATCCACGTCTTTGGTG  

190   Sharma et a l., 2013  

chuA  F-GACGAACCAACGGTCAGGAT  
R-TGCCGCCAGTACCAAAGACA  

279   Clermont  
2000  

et  al.,  

yjaA.1  F-TGAAGTGTCAGGAGACGCTG  
R-TGCCGCCAGTACCAAAGACA  

  

211   Clermont  
2000  

et  al.,  

TspE4c2  F-GAGTAATGTCGGGGCATTCA  
R-CGCGCCAACAAAGTATTACG  

152   Clermont  
2000  

et  al.,  

  

3.7 ANTIBIOTIC SUSCEPTIBILITY TESTING   

E. coli isolates susceptibility to antibiotics was determined using the Clinical and 

Laboratory Standard Institute (CLSI) guidelines (CLSI, 2018).  The Kirby Bauer disk 

diffusion method was utilised to assess each sample's pure and verified E. coli isolates 

antibiotic susceptibility. As shown in Table 3.2, each positive sample was tested 

against 14 antibiotics from various antibiotic classes that were chosen in accordance 

with the WHO Advisory Group on Integrated Surveillance of Antimicrobial Resistance 

(AGISAR). Nutrient agar (HiMedia® Laboratories Pvt. Ltd, India) was used to revive 

the confirmed isolates in glycerol stocks, and the samples were then incubated for 

twenty four hours at 37°C.  E. coli isolates that were pure were combined with sterile 

water to create a suspension that matched the 0.5 McFarland standard (HiMedia® 

Laboratories Pvt. Ltd, India). The suspension was subsequently properly inoculated 

onto Mueller-Hinton agar (Oxoid, Basingstoke, UK) using sterile swab sticks. Antibiotic 

discs were then aseptically placed at equal distances using a disc dispenser. The 

plates were then incubated at 37°C for 24 hours and tested for sensitivity. Thereafter, 

a transparent ruler was used to measure each diameter of the clear zone surrounding 

the antibiotic in millimeters. The susceptibility testing uses empirical antibiotics used 

in the treatment of diarrhoea.   
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Table 3.2: List of antibiotics used for the current study.  
Group  Antibiotic  Disc code  Disc Potency  

β-lactam  Ampicillin  AP  10 μg  

Amoxycillin  A  25 µg  

Cephalosporin  Cefotaxime  CTX  30 μg  

Cefoxitin  FOX  30 μg  

Fluoroquinolone  Cephalexin  CL  30 µg  

Ciprofloxacin  CIP  5 μg  

Amikacin  AK  30 μg  

Phenicol  Chloramphenicol  C  30 μg  

Quinolones  Nalidixic acid  NA  30 μg  

Carbapenem  Meropenem  MEM  10 μg  

 Aztreonam  ATM  30 µg  

Macrolide  Azithromycin  ATH  15 µg  

Aminoglycoside  Gentamicin  GM  10 μg  

Tetracyclines  Tetracycline   T  30 μg  

 

3.8 ANTIBIOTIC RESISTANCE GENES SCREENING.  

Using particular primers that target resistance genes (β-lactams), PCR was employed 

to analyse the isolate’s antibiotic resistance genes according to observed phenotypic 

resistance profiles. As indicated in Table 3.1, m-PCR was carried out in a 25 µL 

reaction mixture that contained 1 µM (1 µL) of each forward and reverse specific primer 

combination.1, 8.5 µL of RNase-free water, 3 µL of DNA template, and 12 µL of 2X 

QIAGEN multiplex PCR master mix (3 Mm MgCl2, 3X 0.85 ml) (Qiagen, Hilden, 

Germany). The 1.5% agarose gel electrophoresis, which was visualised in a UV 

transilluminator (Gene Genius Bio Imaging system, Vacutec®) was used to verify the 

amplification of the PCR products. The PCR cycling conditions were as follows: 15 

minutes at 95 °C; 30 cycles of denaturation at 95 °C for 40 seconds; 40 seconds of 

annealing at 56 °C; 50 seconds of extension at 72 °C; and a final 10 minutes of 

extension at 72 °C.  

3.9 THE PHYLOGENETIC GROUPING OF E. coli ANTIBIOTIC RESISTANT 

GENES.   
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Utilising 2 genes (chuA and yjaA) and the DNA fragment TSPE4.C2, PCR was used 

to group E. coli isolates into several phylogenetic groups, as previously detailed by 

Cleremont et al (2000). It was employed to rapidly categorise isolates of E. coli 

phylogenetically in the following ways: 10 L of extracted DNA, 25  L of Taq DNA 

Polymerase Master Mix RED (Ampliqon, Denmark), and 0.5  L of each particular 

oligonucleotide primer (Table 3.1) were added to the reaction mixture, which had a 

total volume of 50 L. The cycling conditions for the PCR were 10 minutes at 95°C, 35 

cycles of denaturation at 95°C for 40 seconds, annealing at 57°C for 40 seconds, an 

extension at 72°C for 40 seconds, and a final extension lasting 8 minutes at 72°C.  

For each cycle, E. coli ATCC25922 served as the control strain.  

  

3.10 ANALYSIS OF DATA  

Spreadsheets developed with Microsoft Excel (365) were used to enter data from the 

PCR samples. Separate Excel spreadsheets were used to record questionnaire 

responses. All tables and graphs were created using Microsoft Excel (365) when 

necessary, and the total number of samples was calculated.  
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Chapter 4  
  

RESULTS  

4.1 DESCRIPTION OF THE SAMPLING SITE  

The Lwamondo village in the Vhembe area, located outside of Thohoyandou, was 

selected as the study site. It has 22 sub-villages, and the villages have an estimated 

population of 20 000 inhabitants, mostly subsistence farmers. The study population 

concentrated on children under the age of 0 to 5 years and only 18 of sub-villages 

were considered. Figure 4.1 depicts children’s play area where a soil sample was 

collected. The play area is situated near where animals (pigs, goats, and chickens) 

were kept.  

 

Figure 4.1: (Right) A children's play area surrounded by dry leaves, orange trees, and plastics, 

as well as an old pan in a household near an animal's house constructed of zinc, and (left) 

environmental conditions outside the house, having dirty-smelling laundry water flowing on 

topsoil, plastics, and zinc remainders.  

4.1.1 DEMOGRAPHIC DATA OF STUDY POPULATION  

In Lwamondo village, a total of 47 houses were enlisted to take part in the study from 

August 2022 and June 2023. The demographic information for the 47 children's 

households from which stool samples were taken is shown in Table 4.1. The study 

concentrated on households with children under 5 years old. About 40% (19/47) of the 

households had toddlers who were 2 years old. The least age groups participating in 

this study included children aged 0 years [4% (2/47)] and 5 years [2% (1/47)]. More 

males [65.96% (31/47)] were recruited in the study than female participants [34.04% 

(16/47)]. Out of 47 stool samples collected, 34.04% (16/47) of the children previously 
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reported having diarrhoea episodes, and 8 (17.02%) were treated with antibiotics. A 

total of 64.96% (31/47) of the children were not reported to have previously had 

diarrhoea. A total of 76.60% (36/47) of children were given antibiotics prior to collection 

of samples and 23.04% (11/47) were not given antibiotics. The questionnaires 

revealed that 5 (10.64%) of the parents had completed their higher education, 6.38% 

(3/47) had completed their primary education, 63.83% (30/47) had completed their 

secondary school, and 8.51% (4/47) did not have any form of schooling at all.  

Table 4.1: The children's and their family member’s demographic information.  
Variables    Category  Total n=47 (%)  

Date of birth of the child  2018  
2019  
2020  
2021  
2022  
2023  

1 (2.13%)  
6 (12.77%)  
7(14.89%)  
19 (40.43%)  
12 (25.53%)  
2 (4.26%)  

Sex of the child  Female  
Male  

16 (31.91%)  
31 (65.95%)  

Number of family members  Up to 5 members   
6 or more members  

22 (42.55%)  
25 (46.81%)  

Maternal education  None  
Primary  
Secondary  
Tertiary  

4 (8.51%)  
3 (6.38%)  
30 (64%)  
5 (10.64%)  

Illness (last 4 weeks)  Diarrhoea  
No illness  

16 (34.04%)  
31 (64.96%)  

Given antibiotics  Yes   
No  

11 (23.04%)  
36 (76.60%)  

  

4.1.2 SANITATION COVERAGE WITHIN HOUSEHOLDS  

Table 4.2 illustrates the coverage of sanitation for children below five years. This study 

discovered that most of the household members used pit toilets 85% (40/47) and 15% 

(7/47) of the households used flush toilets. All participants [100% (47/47)] reported not 

sharing toilets with neighbours. About 68% (32/47) of parents reported that they 

cleaned their toilets 2-3 times a week; 15% (7/47) of the households said the toilets 

were cleaned every day; and 4% (2/47) of the toilets were never cleaned. Overall, 19% 

(9/47) of families that have children that share the same toilets as adults, and a total 

of 2% (1/47) families permitted children under the age of 5 years to engage in open 

defaecation, which gets disposed of in the pit toilets; however, this method does not 
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ensure the safe removal of all faeces from the surface. This could result in pathogenic 

bacteria contaminating the soil. The households that dispose of waste (food waste, 

papers, dried leaves) in the yard were 54% (24/47) and 2% (1/47) dispose of their 

waste far away from the house. The use of municipal waste collection was observed 

in 21% (10/47) of the households. About 34% (16/47) of participants dispose of their 

waste in a pit dug around the house. The conditions of children’s alternative toilets 

were observed to be that during the sampling period, only 2% (1/47) of the children’s 

alternative toilets were not clean, as indicated in  

Figure 4.2, and only 2% (1/47) of the alternative children’s toilets had an odour. This 

is a health issue because diseases can be transmitted directly (by contact) or indirectly 

(via airborne particles, vectors, and flies).  

Table 4.2: Sanitation practices around households.  
Variable   Category  Total n=47 (%)   

Type of toilet  Pit  
Flush  

40 (85%)  
7 (15%)  

  
Toilet sharing  Yes  

No  
0 (0%)  
47 (100%)  

Cleaning of toilet  2-3 times a day  
Everyday  
Never  

  

32 (68%)  
7 (15%)  
2 (4%)  

  
Toilet sharing with children  Yes   

No  

  

9 (19%)  
38 (81%)  

Alternative toilet for children  Open space in the yard   
Children's toilet   
Other  

1 (2%)  
1 (2%)  
33 (70%)  

  

  
Conditions of the alternative toilet for children  Clean  

Odour  
1 (2%)  
1 (2%)  

Waste Handling  Yard  
Far away from the house  
Municipal waste collection  
Pit  

24 (54%)  
1 (2%)  
10 (21%)  
16 (34%)  
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Figure 4.2: The state of the children’s alternative toilets.  

  

4.1.3 HYGIENE PRACTICES  

Practicing good hand hygiene is significant for preventing the transmission of 

pathogens and can contribute to reducing the frequency of diarrhoeal outbreaks 

(Taylor et al., 2015). Overall, the outcomes for the study population indicated that 

100% (47/47) of the household members wash their hands, as indicated in Table 4.3. 

In Lwamondo village, most of the water source for hand hygiene practices came from 

tap water 96% (45/47). Only 4% (2/47) of the study participants used groundwater as 

a source, and no river water was used. A total of 53% (25/47) of the study population 

agreed that they use dishwashing containers as a hand-washing facility, and 21% 

(10/47) of the houses had a hand-washing facility next to the toilet. Households that 

use drinking beakers and water storage containers were 4% (2/47) and 6% (3/47), 

respectively.   

  

The parents or guardians who reported practicing hand hygiene after using the toilet 

were 4% (2/47). Most of the parents answered that they wash their hands after 

changing nappies 45% (21/47), whereas parents who wash their hands before 

preparing meals and before meals were 11% (5/47) for both instances. As shown in 

Table 4.3, only 38% (18/47) of parents washed their hands after using the toilets, and 

only 23% (11/47) cleaned their hands after noticing that their hands were clearly dirty.  
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Table 4.3: Hygiene practices among parents/guardians of children under the age of five.  
Variable   Category  Total n=47 (%)  

Wash hands  Yes   
No  

47 (100%)   
0 (0%)  

Water source for hand washing  Tap water   
River water   
Ground water  

  

45 (96%)  
0 (0%)  
2 (4%)  

Wash facility  Drinking beaker   
Dishwashing container  
Wash facility close to the toilet  
Water storage container  

  

2 (4%)  
25 (53%)  
10 (21%)  
3 (6%)  

When do you wash  After using the toilet   
After touching something contaminated  
Before meals  
Visibly soiled  
Before preparing food  
After changing nappies  

  

18 (38%)  
6 (13%)  
5 (11%)  
11 (23%)  
5 (11%)  
21 (45%)  

  

4.1.4 AGRICULTURAL PRACTICE IN HOUSEHOLDS  

All the participants in this study practice agricultural activities such as animal keeping 

and cultivation of crops (Table 4.4). The household members showed 100% (47/47) 

in keeping animals and plant crops. A total of 57% (27/47) of the households grow 

plants and rear animals in their backyards, and about 43% (20/47) have farms not in 

the yard. Of the study population, 44% (21/47) of the participant applies organic 

fertilisers, 9% (4/47) apply inorganic fertilisers and 47% (22/47) do not apply any 

fertilisers before planting crops.   

  

The type of organic fertilisers used was manure 44% (21/47). In most households, 

animals are allowed to roam around the yard 43% (20/47) and 57% (27/47) are allowed 

to roam outside the yard. In this study, the parents allowed children to play where 

animals were roaming (6%; 3/47) and a total of 17% (8/47) of the children were not 

allowed to play or touch the animals. In all households, 100% (47/47) of animal stools 

are disposed of in the yard and used as manure to help the soil to be fertile.  

    
Table 4.4: Agricultural practices in selected households.  
Variables   Category  Total n=47 (%)  
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Agricultural practice  Rear animals and plant crops  47 (100%)  

Place of agricultural practice  Farms   
Yard  

20 (43%)  
27 (57%)  

Disposals of animal stools  Around the yard  
Outside the yard  

47 (100%)  
0 (0%)  

Use of fertilisers  Yes  
No  

25 (53%)  
22 (47%)  

Type of fertilisers  Inorganic  
Organic (Manure)  

4 (9%)  
21 (44%)  

Animal allowed to roam  Around the yard  
Outside the yard  

20 (43%)  
27 (57%)  

Children allowed to with animals  Where animals are roaming  
Not allowed to play around the animals  

3 (6%)  
8 (17%)  

  

  

Figure 4.3: Manure (animal’s stools) applied on soil as an organic fertiliser ready for crop 

cultivation.   

4.2 MORPHOLOGICAL CHARACTERISTICS AND APPEARANCE OF THE E. coli 

ISOLATES.  

All collected stool and soil samples were cultured on MacConkey agar for the isolation 

of E. coli. Pink colonies on MacConkey agar were observed after 24 hours of 

incubation. Out of 216 isolates, 117 were isolates from stools, and 99 were isolates 

from the soil, which was  presumptively identified as E. coli.   

  

4.3 BIOCHEMICAL IDENTIFICATION OF THE BACTERIAL ISOLATES.  
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Bacteria isolated from the stool and soil sample were identified by different types of 

biochemical tests as indicated in Appendix A. Out of 216 isolates, 117 were from 

stools and 99 were from soil, which were biochemically verified to be E. coli.  

4.4 CONFIRMATION OF E. coli   

A single-plex PCR for assessing E. coli isolates was successful. Figure 4.4 shows the 

PCR findings for specimens that tested positive for the uidA gene. Out of 216 

presumptive E. coli isolates, the uidA gene was detected in 211 isolates (117 stool and 

94 soil), confirming the presence of E. coli.  

  

  

Figure 4.4: Gel electrophoresis image of the verified isolates of E. coli recovered from stool 

samples. Lane 1: DNA ladder (1200 bp), lane 2: negative control, lane 3: positive control (147 

bp), lane 4: H1.1, Lane 5: H4.3, lane 6: H10.1, lane 7: H24.1, lane 8: H31.2, lane 9: 36.1, lane 

10: S1.1, lane 11: S2.2, lane 12: S5.3, lane 13: S10.1, lane 14: S29.1 and lane15:  

S30.1.  

  

4.5 ANTIBIOTIC RESISTANT E. coli AND MULTIDRUG RESISTANCE E. coli.  

A total of 14 antibiotics were assessed on 117 stool isolates and 94 soil isolates. As 

seen in Figure 4.5, the highest detected phenotypic resistance of E. coli isolated from 

stools was 41% (48/117) chloramphenicol, cefotaxime 30% (35/117) and cephalexin 

29% (34/117). The least detected phenotypic resistance was aztreonam 2% (2/117), 

gentamycin 4% (5/117), and tetracycline 9% (11/117).  
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As illustrated in Figure 4.5 in soil, the greatest observed phenotypic resistance in E. 

coli isolates was chloramphenicol 50% (47/94), ampicillin 40% (38/94), and 

azithromycin 37% (35/94). Aztreonam 3% (3/94), nalidixic acid 6% (6/94), and 

ciprofloxacin 10% (9/94) showed the least phenotypic resistance. All isolates showed 

no resistance to meropenem. The overall results showed that there was an increase 

of phenotypic resistance in both faeces and soil samples to the antibiotic 

chloramphenicol.  

 

Keywords: AP= Ampicillin, A= Amoxycillin, T= Tetracycline, C=Chloramphenicol, ATH= Azithromycin, MEM= 

Meropenem, GM= Gentamycin, CL= Cephalexin, CTX-M= Cefotaxime, CIP= Ciprofloxacin, FOX= Cefoxitin, AK= 

Amikacin, ATM= Aztreonam and NA= Nalidixic acid.  

Figure 4.5: The comparison of E. coli resistant isolates against different β-lactamase 

antibiotics.  

  

Appendix B demonstrates that 88 (75%) E. coli isolates tested positive for multidrug 

resistance. In this study, a total of 34.18% (40/117) isolates were resistant to two 

antibiotics detected in stool samples simultaneously. The highest observed multi-drug 

resistance with two antibiotics was ampicillin and cephalexin in 4 (3.42%) of the 

isolates. The most frequent combinations were seen in 2 (1.71%) of the isolates 

resistant to nalidixic acid, amikacin, and chloramphenicol.  
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In Table 4.13, soil samples, the multi-drug resistance was seen in 83 (88%) isolates. 

The most common combination of two antibiotics cephalexin + chloramphenicol was 

observed in 3.19% (3/94) isolates. The least detected multi-drug resistant combination 

was observed in 2.12% (2/94) of the isolates (cefoxitin + cephalexin + azithromycin 

and ciprofloxacin + cephalexin + azithromycin) and 1.06% (1/94) of the isolates 

(gentamycin + chloramphenicol and cefoxitin + tetracycline + azithromycin).  

4.6 SCREENING OF ANTIBIOTIC RESISTANT GENES  

Detection of β-lactamase resistant genes in E. coli was assessed for blaTEM, blaSHV 

and blaCTX-M, respectively (Figure 4.6 and Figure 4.7). A total 211 (117 stool and 94 

soil) confirmed E. coli isolates were for this were assessed for β-lactamase resistance. 

blaTEM was the most detected gene in 39% (46/117) of stool isolates. A total of 7% 

(8/117) isolates tested positive for the blaSHV. Only 3% (4/117) blaCTX-M were detected 

in stools.   

As depicted in Figure 4.7, the antibiotic resistant E. coli from soil were also positive 

for blaTEM and blaSHV genes. About 26% (24/94) of the isolates were positive for blaTEM. 

Only 2% (2/94) of isolates had blaSHV gene in soil. The blaOXA gene in isolates was not 

detected in all samples. An overall total of   33% (70/94) blaTEM were positive in both 

soil and stool samples. blaTEM was the predominant antibiotic resistant gene in all 

samples selected. There were no blaCTX-M genes detected in soil.  

  

Figure 4.6: A gel electrophoresis of m- PCR products after amplification utilising specific 

primers. From left to right: lane 1: DNA ladder (1000 bp),  lane 2: H1.1, lane 3: H3.1, lane 4:  
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H2.2 (blaTEM 258 bp, blaSHV 319 bp, blaCTX-M 381 bp), lane 5: S6.3, lane 6: H25.1 (blaCTX-M 381 

bp & blaTEM 258 bp ) , lane 7: H12.3 ( blaTEM 258 bp ,blaSHV 319 bp & blaCTX-M 381 bp), lane 8: 

S10.1 (blaSHV 319 bp),lane 9: H9.3 (blaTEM 258 bp & blaSHV 319 bp), lane 10: S21.2 (blaTEM 258 

bp) and lane 11: negative control.  

  

 

Figure 4.7: The distribution of E. coli antibiotic resistant genes in stool and soil.  

As indicated in Table 4.5, the co-existence of antibiotic resistant genes patterns in soil 

were also detected in the study. In stool, only 2% (2/117) of the isolates were positive 

for 3 antibiotic resistant genes (blaTEM + blaSHV + blaCTX-M). There were 3%  

(3/117) isolates were positive for both blaSHV + blaTEM  and blaTEM + blaCTX-M  was 

positive in 2% (2/117) of the isolates. In soil, the combination of two antibiotic 

resistance genes was detected. blaSHV + blaTEM   was observed in  1% (1/94) of the 

isolates.  

Table 4.5: The combinations of antibiotic resistant genes in stool and soil.  
Antibiotic resistant gene  Stool n=117 (%)  Soil n=94 (%)  

blaTEM + blaSHV + blaCTX-M   2 (2%)  0 (0%)  

blaSHV + blaTEM  3 (3%)  1 (1%)  

blaTEM + blaCTX-M  2 (2%)  0 (0%)  

Total  7 (7%)  1 (1%)  

  

The occurrence of antibiotic resistance genes in children by age group was assessed 

in this study (Table 4.6). A total of 29% (2/7) of children under the age of 3 were positive 

for blaSHV + blaTEM and 8% (1/7) of the isolates were positive for blaTEM + blaCTX-M 

  

BLATEM   BLASHV   BLACTX - M   

Antibiotic resistance genes   

Stool 

Soil 
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genes. At least 8% (1/12) child under the age of 1 was positive for blaSHV + blaTEM 

simultaneously. blaTEM + blaCTX-M  was  detected in a 5% (1/19) 2 years old child and 

blaSHV + blaTEM + blaCTX-M  was also observed in a 11% (2/19) . There were no children 

under the age of zero with resistant genes.   

Table 4.6: The distribution of antibiotic resistance genes in children according to age groups.  
Antibiotic resistance genes   Age (number of isolates) n=47 (%)   

0 year  
(n=2)   

1 year  
(n=12)  

2 years  
(n=19)  

3 years  
(n=7)  

4 years  
(n=6)  

5 years  
(n=1)  

Isolates with two ARG     

blaSHV + blaTEM  0 (0%)  1 (8%)  0 (0%)  2 (29%)  0 (0%)  0 (0%)  

blaTEM +  blaCTX-M  0 (0%)  0 (0%)  1 (5%)  1 (14%)  0 (0%)  0 (0%)  

Isolates with three ARGs     

blaTEM  +  blaSHV + blaCTX-M   0 (0%)  0 (0%)  2 (11%)  0 (0%)  0 (0%)  0 (0%)  

Total  0 (0%)  1 (8%)  3 (16%)  3 (43%)  0 (0%)  0 (0%)  

  

Table 4.7 indicates the distribution of antibiotic resistant genes in different antibiotics 

in children’s stool samples. Most isolates were resistant to chloramphenicol and 

positive for blaTEM   gene 19.65% (23/117). The isolates resistant to azithromycin were 

positive for blaTEM 11.96% (14/117) and blaCTX-M  0.85% (1/117) genes. There were five 

isolates resistant to cefotaxime and positive for blaSHV. At least 3.41% (4/117) isolates 

were resistant to cefoxitin and with blaCTX-M gene.   

Table 4.7: Distribution of antibiotic resistant in different antibiotics in stools.  
Antibiotics  Antibiotic resistant genes n=117 (%)  

blaTEM  blaSHV  blaCTX-M  

MEM  0 (0%)  0 (0%)  0 (0%)  

FOX  10 (8.54%)  4 (3.41%)   4 (3.41%)  

CTX  19 (16.23%)  5 (4.27%)  3 (2.56%)  

AP  12 (10.23%)  4 (3.41%  2 (1.70%  

GM  1 (0.85%)  0 (0%)  0 (0%)  

C  23 (19.65%)  3 (2.56%)  0 (0%)  

CIP  8 (6.88%)  2 (1.70%)  2 (1.70%)  

AK  10 (8.54%)  1 (0.85%)  0 (0%)  

T  6 (5.12%)  1 (0.85%)  0 (0%)  

A  10 (8.54%)  3 (2.56%)  1 (0.85%)  

NA  6 (5.12%)  1 (0.85%)  1 (0.85%  

ATM  0 (0%)  0 (0%)  0 (0%)  
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CL  13 (11.11%)  3 (2.56%)  3 (2.56%)  

ATH  14 (11.96%)  0 (0%)  1 (0.85%)  

Total  112 (95.72%)  27 (23.02%)  17 (14.48%)  

Keywords: AP= Ampicillin, A= Amoxycillin, T= Tetracycline, C=Chloramphenicol, ATH= Azithromycin, MEM= Meropenem, GM= 

Gentamycin, CL= Cephalexin, CTX-M= Cefotaxime, CIP= Ciprofloxacin, FOX= Cefoxitin, AK= Amikacin, ATM= Aztreonam and 

NA= Nalidixic acid.  

In soil samples, isolates resistant to antibiotics and were positive for β-lactam genes 

were detected as shown on Table 4.8. There was a high number of isolates that were 

resistant to (19.15%; 18/94) chloramphenicol and blaTEM gene. Ampicillin, 

chloramphenicol, cephalexin, and azithromycin were found to be resistant to 1.06%  

(1/94) of isolate, and were positive for blaSHV gene, respectively. blaSHV and blaCTX-M 

were not identified in isolates resistant to gentamycin.   

Table 4.8: Distribution of antibiotic resistance in different antibiotics in soil.  
Antibiotics  Antibiotic resistant genes n=94 (%)  

blaTEM  blaSHV  blaCTX-M  

MEM  0 (0%)  0 (0%)  0 (0%)  

FOX  5 (5.52%)  0 (0%)  0 (0%)  

CTX  8 (8.51%)  0 (0%)  0 (0%)  

AP  3 (3.19%)  1 (1.06%)  0 (0%)  

GM  5 (5.32%)  0 (0%)  0 (0%)  

C  18 (19.15%)  1 (1.06%)  0 (0%)  

CIP  2 (2.13%)  0 (0%)  0 (0%)  

AK  2 (2.13%)  0 (0%)  0 (0%)  

T  3 (3.19%)  0 (0%)  0 (0%)  

A  7 (7.45%)  0 (0%)  0 (0%)  

NA  3 (3.19%)  0 (0%)  0 (0%)  

ATM  3 (3.19%)  0 (0%)  0 (0%)  

CL  4 (4.26%)  1 (1.06%)  0 (0%)  

ATH  8 (8.51%)  1 (1.06%)  0 (0%)  

Total  71 (75.94%)  4 (4.24%)  0 (0%)  

Keywords: AP= Ampicillin, A= Amoxycillin, T= Tetracycline, C=Chloramphenicol, ATH= Azithromycin, MEM= Meropenem, GM= 

Gentamycin, CL= Cephalexin, CTX-M= Cefotaxime, CIP= Ciprofloxacin, FOX= Cefoxitin, AK= Amikacin, ATM= Aztreonam and 

NA= Nalidixic acid.  

4.7 PHYLOGENETIC GROUPS DISTRIBUTION AMONG E. coli ISOLATES.  

Figure 4.8 demonstrates the result of the PCR test for phylogenetic grouping of E. coli 

resistant isolates, which showed that the isolates were classified as A, B1, and D 

phylogroups. Only 75 isolates of E. coli harbouring antibiotic resistance genes were 

used in this test. Table 4.9 indicates the distribution of phylogenetic groups of E. coli 
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in stool and soil samples. Isolates from stools 81% (38/47) belong to the group A. 

Group B1 was detected in 2% (1/47) isolate and 21% (10/47) belong to the group  

D. In soil, group A 96% (27/47) was detected as indicated in Table 4.9.  

  

Table 4.9:  The distribution of phylogenetic groups of E. coli in stool and soil.  
Phylogroup  Stool n= 47 (%)  Soil n=28 (%)  Total n=75 (%)  

A  38 (81%)  27 (96%)  65 (87%)  

B1  1 (2%)  0 (0%)  1 (1.33%)   

B2  0 (0%)  0 (0%)  0 (0%)  

D  10 (21%)  0 (0%)  10 (13%)  

  

  
Figure 4.8: Gel electrophoresis of the multiplex PCR for the phylogenetic grouping of E. coli.  

Lane 1: DNA ladder (1000 bp); lane 2: positive control group B2 (TspE4c2 152 bp, yjaA.1  

211 bp, chuA 279 bp); lane 3: H25.1 [group B1 (TspE4c2 152 bp]; lane 4: H21.2 [group B1 

(TspE4c2 152 bp)]; lane 5: H12.3[group D (TspE4c2 152 bp & chuA 279)]; lane 6: H16.3 [group 

D (TspE4c2 152 bp & chuA 279)]; lane 7: H2.3 [group D (TspE4c2 152 bp & chuA 279)] and 

lane 8: negative control.  
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Chapter 5 

 DISCUSSION AND CONCLUSION  

5.1 DISCUSSION   

Antimicrobial resistance (AMR) continues to pose a concern to world health (Maillard 

et al., 2020).  In rural areas, children under 5 years old could be exposed to higher 

levels of infectious pathogens due to open defaecation, human faeces disposal, 

deteriorating latrines, or animal faeces in their environment when they play (Medgyesi 

et al., 2018). Young children are exposed to faeces when they ingest contaminated 

soil and objects from their yard and household (Ngure et al., 2013). The purpose of 

this study was to detect E. coli resistant to antibiotics in children and their environment.  

The health status of children under five is greatly impacted by the educational 

background of their mothers (Desmennu et al., 2017). This current study reported a 

higher number of parents (64%) with secondary education. A previous study revealed 

that children of mothers who completed only primary school had a higher risk of 

diarrhoea than children of mothers with a higher level of education in Nigeria (Ugboko 

et al., 2021). This study had a higher percentage of children under the age of 1 (26%) 

2 (40%), and 5 (2%) years. For growth and development, children under five rely on 

parents or guardians (WHO, 2004; Pem, 2015; Bornstein et al., 2022). Open 

defaecation was noted to still be practiced by 2% of children in this study because not 

all homes have access to sanitary facilities. Ledwaba et al (2019) reported that 30% 

of children were found to defaecate in open spaces in the yard in the Vhembe district, 

Limpopo. The availability of sanitary facilities minimises the probability of faecal-oral 

transmission and inappropriate disposal of excreta in homes and the community (Mills 
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et al., 2018). The diaper waste and other faecal materials should be disposed of 

properly to prevent the dispersal of faecal material into the household and environment 

(Majorin et al., 2014; Ellis et al., 2020). According to the WHO (2018), improper waste 

disposal increases the chance of pathogen contamination and dissemination. 

Improved sanitation can help reduce diarrhoeal illnesses and lower the morbidity rate 

of children under five, based on an investigation conducted in South Africa by Chola 

et al (2015). All parents/guardians reported to wash their hands in this study (100%). 

This is consistent with prior reports from carers of under-five children in rural countries 

such as Nigeria (Aigbiremolen et al., 2015).  

Given that animal manure is regarded as a major source of both enteric and 

pathogenic antibiotic resistance genes and antibiotic resistant bacteria; using such 

waste from an animal that has not been treated to enrich soils for farming poses a risk 

of contamination (Johnson et al., 2016). Lwamondo village was selected as the 

location due to its high rate of antibiotic use, frequently without suitable medical 

supervision, as well as its considerable agricultural activities, which frequently involve 

the use of antibiotics in livestock and crops (Mthombeni et al., 2023). This study 

discovered that most households (44%) apply manure to cultivate their crops. Previous 

research examining the influence of manure from animals on soil resistance has 

demonstrated that the use of animal excrement in crop cultivation resulted in the 

increase in the quantity and variety of bacteria and genes resistant to antibiotics 

(Fatoba et al., 2021). Antibiotic resistance genes are significantly stored in animal 

manure because animal manure is frequently used in animal settings (Zhang et al., 

2019).  

A total of 47 samples were gathered respectively from soil and stool samples to provide 

the study with a total of 94 samples for assessment. Presumptive E. coli was isolated 

from 117 stool and 94 soil samples utilising biochemical and molecular methods. This 

is consistent with a study that reported that E. coli population numbers in soil and soil-

related (manure) habitats have gradually declined in an open environment (Van Elsas 

et al., 2011). E. coli is less typically encountered in the soil (Solo-Gabriele et al., 2000) 

and water systems can induce diarrhoeal illnesses such as dehydrating diarrhoea and 

traveller's diarrhoea (Percival and Williams, 2014). In a different study done in rural 

North-West Ethiopia, 83% of soil samples collected from courtyards used for children's 
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play areas were positive for E. coli (Gizaw et al., 2022). The findings are consistent 

with those published by Chukwu et al (2019), who found that stool samples from both 

diarrhoeal and not having diarrhoea in children under five years old in the North-West 

province of South Africa had significant amounts of E. coli. Other studies have 

discovered that children in rural areas are subjected to intestinal pathogens through a 

variety of transmission routes, including contaminated water and food, contact with 

soil contaminated with animal faeces, and interpersonal contact (Wang et al., 2017; 

Medgyesi et al., 2018). The existence of E. coli in children's faeces and soil is a major 

concern for children who play on soil environments unsupervised (Medgyesi et al., 

2018). In humans, E. coli has been identified as a major cause of bacterial illnesses, 

watery diarrhoea, and extraintestinal infections (Cabrera-Sosa and Ochoa, 2020).  

The findings of this study reported that chloramphenicol (41%) was the most resistant 

antibiotic in soil samples than in stool samples (50%). Similarly, a previous study in 

rural Limpopo province, South Africa reported that E. coli isolates in children’s stool 

with or without antibiotic exposure were less resistant to chloramphenicol (10%) 

(DeFrancesco et al., 2017). Omolajaiye et al (2020) revealed an elevated frequency 

of resistance against chloramphenicol in E. coli strains (94%) isolated from Amatole 

District Municipality of Eastern Cape, South Africa, which is corresponding to the 

findings of this study. In a study done by Msolo et al (2019), E. coli had a higher 

resistance rate to amoxicillin (95%) which is a health risk, and such amoxicillin-

resisting isolates reported in this study were highly noted in both stool (31%) and soil 

(30%). Meropenem was not shown as a resistant antibiotic selected in the study. 

However, different studies reported that (98%) of E. coli isolates found in soil were 

resistant to meropenem in Kumasi, Ghana (Anokyewaa Appau and Ofori, 2024) and 

(96%) in Amathole and Chris Hani District Municipalities Eastern Cape Province, South 

Africa (Iwu et al., 2021). Similarly, a study done in Bangladesh discovered that 

household soil did not have any resistance to meropenem (Montealegre et al., 2018). 

The current study found (88%) multi-drug resistance to two or more antibiotics in 

stools, which is in agreement with previously reported finding in the Northwest 

province, South Africa by Chukwu et al (2019). In this study, 83% of the E. coli isolates 

were resistant to two or more antibiotics which is higher as compared to MDR E. coli 

from soil (10%) reported in Tanzania (Sonola et al., 2021). In KwaZulu-Natal, South 

Africa, Fatoba et al (2022) found a high rate of MDR E. coli in litter-amended soil (65%). 
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The occurrence of two or more antibiotics in stool was found in this study, ampicillin + 

cephalexin (3%), nalidixic acid + amikacin + chloramphenicol (2%) was the most 

common in the present study which differs with results reported by Bartoloni et al 

(2006) wherein ampicillin + tetracycline (78%) multi-drug resistant patterns were 

common in children’s faeces from Bolivia, Peru. This highlights an alarming scenario 

in which routinely used antibiotics may not successfully cure infections caused by E. 

coli. The Vhembe district's multi-drug resistance to antibiotics could be caused by 

bacterial gene alterations that result in multi-drug resistant pathotypes, changes in 

disease control methods, or misuse of medicatio ns (Samie et al., 2007).  

The blaTEM gene was the predominant antibiotic resistant gene in stools of children 

aged from 1 to  5 years and soil with overall total of (33%). In Egypt, an identical 

investigation was done by Khairy et al (2020), who reported that blaTEM gene was 

detected in 36% from children’s stool samples. The genes blaTEM, blaSHV, and blaCTX-M 

were not identified in the soil. Therefore, results are different from those reported by 

Graham et al (2016), who discovered the occurrence of blaTEM, blaSHV, blaOXA, and 

blaCTX-M genes in soil from Denmark and proposed that the existence of resistance 

genes in faeces from animals and people are linked. Only 1% of blaSHV and blaTEM 

genes in soil in this study were detected. This could be due to the frequency of 

antibiotic resistance genes (ARGs) could be greatly impacted by the pH, heavy metals 

in soil, mobile genetic elements, and the composition of microbial communities (Han 

et al., 2022). This study found that 7% and 1% of antibiotic-resistant E. coli isolates in 

faeces and soil contained two or more β-lactamase genes, respectively. The results 

were consistent with those reported by Ahmed and Asghar (2021) in Makkah, Saudi  

Arabia, where blaTEM + blaSHV + blaCTX-M genes co-existed. In Port Elizabeth, South 

Africa, a study discovered the co-occurance of blaOXA-10 and blaTEM genes in E. coli 

isolated from urine specimens (Gqunta and Govender, 2015). The blaTEM + blaSHV 

genes were the most frequent combination in the current study, which differs from a 

prior study that found these three genes (blaTEM + blaSHV + blaCTX-M) in children from 

Khartoum, Sudan (Dirar et al., 2020). The study also found that the blaSHV + blaTEM, 

the blaTEM + blaCTX-M, and the blaTEM + blaSHV + blaCTX-M genes were detected in 

samples of children under the ages of 1 (8%), 2 (16%), and 3 (43%) years. The study 

results corroborate with studies done that show that the gut microbiome of infants has 

a significant amount of antibiotic resistance genes (ARGs) from Northern California 
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(USA) (Casaburi et al., 2019; Samarra et al., 2023). In this study, beta-lactamase 

genes were not detected in children aged 0 (newborns). This is contradicting with a 

study that reveals that certain ARGs may even manifest in infants shortly after birth, 

most likely due to transmission from the mother or the hospital setting (Samarra et al., 

2023). In this study blaTEM was the most frequent gene in isolates resistant to 

chloramphenicol in both stool (20%) and soil (19%). A study was conducted to show 

that E. coli isolated from Egyptian broiler farms was resistant to cephalosporins and 

penicillins primarily because it produced blaTEM  β-lactamases, which are encoded by 

blaTEM genes (Abdel-Rahman et al., 2023).  

As presented on Table 4.9, the predominant phylogroup discovered in the study was 

Group A (70%). The results correspond with those of Khairy et al (2020) in Upper 

Egypt, who observed that phylogroup A (47%) predominated among the isolates 

included in the study. The frequency of E. coli isolates from group B1 in the present 

study was 1%. In isolates from soil in Bangladesh (Bhowmik et al., 2023) and Brazil 

(Furlan and Stehling, 2021), studies found a significant presence of group B1. Human 

diarrhoeal illnesses have been linked to phylogroups A and B1 in Iran (Bailey et al., 

2010). However, phylogroup B2 was not detected in this study. In Mexico Ahumada-

Santos et al (2020) reported that phylogroup B2 E. coli is the most frequent in 

children’s stools. Additionally, a study by Alfinete et al (2022) in Vhembe district, 

Limpopo, showed that phylogroup B2 was predominant in 30% of E. coli isolated from 

children’s faeces. Since environmental strains appear to be more sensitive to climate 

and location, this apparent difference may indicate that these factors influence 

phylogroup distribution (Stoppe et al., 2017). According to several research, group A 

is admirably adapted to the environment (Skurnik et al., 2008; Anastasi et al., 2012).   

5.2 CONCLUSION  

The primary objective of this current study was to identify antibiotic-resistant E. coli in 

children residing in the rural community of Lwamondo village and the environment 

around them. This was accomplished by isolating E. coli from children's stool 

specimens and the surrounding soil. E. coli was found to be more predominant in 

children's stools than in soil samples. The confirmation of E. coli using the uidA gene 

was successful in both stool and soil samples. In this study, isolates of E. coli were 

resistant to 13 antibiotics but not meropenem. E. coli isolates from children were 
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shown to carry more blaTEM genes than other β-lactamase genes. The phylogenetic 

grouping of E. coli was achieved.  

The study showed that children’s stools and soil in Lwamondo village are highly 

contaminated with E. coli. The presence of these microorganisms indicates the soil in 

this setting is not safe for children to play unattended and there is a need to keep 

practicing proper hygiene. Parents and guardians need to follow instructions when 

giving their children antibiotics. Misuse of antibiotics and soil contamination and the 

practice of proper hygiene should be given more attention.  

For a long time, rural communities have taken care of their environment, health, and 

livestock. This has changed as the population has grown and communities lack 

infrastructure. More frequent monitoring of the use of antibiotics in children is critical. 

Community members should stop the disposal of waste on soil and follow health 

professional’s instructions when giving their children antibiotics. Government needs to 

collaborate with research institutions, pharmaceutical companies, and international 

organizations to develop new antibiotics specifically targeting diarrhoeal pathogens. 

Training the new moms and elderly people taking care of children on how to use 

antibiotics is needed. This is the first study in Lwamondo village to report on antibiotic 

resistance in E. coli. Overall, this study gave a new insight in the burden of antibiotic 

resistance E. coli carriage in children and their environment in Lwamondo village.   

5.3 LIMITATIONS OF STUDY  

The diarrhoeagenic strains were not characterised to evaluate their ability to cause 

diarrhoea. The did not comprehensively screen for all antimicrobial resistance genes. 

When community members learnt that stool and soil samples were required for the 

study, they found it difficult to participate. Some had concerns about potential cultural 

challenges, such as witchcraft rituals. The quantity of samples obtained was limited by 

the parent’s absence during sample collection.  

5.4 RECOMMENDATIONS  

This study provides a better knowledge of antibiotic-resistant E. coli in children and the 

environment, as well as promoting awareness. The outcomes of this study will facilitate 

a deeper comprehension of the environment in Lwamondo Village and other 

comparable countries, as well as the spread of E. coli resistant to antibiotics in children. 



 

  

52 | P a g 

e  

Additionally, it will result in the creation of new monitoring systems to track and assess 

the spread of E. coli that is resistant to antibiotics and to reduce the widespread rise 

of this phenomena in the future. This highlights the significance of on-going 

surveillance for antibiotic-resistant genes and the phylogenetic distribution of E. coli 

isolates within this community and the broader South African region. To identify new 

sequence types and genes linked to antibiotic resistance, more research on the 

genotyping of pathogenic E. coli needs to be done.  

The study provides a valuable reference for future research on the frequency of β-

lactamase-producing E. coli in children and the environment. Future research should 

include all hospitals in the country to evaluate ESBL prevalence. Furthermore, 

understanding the antimicrobial resistance patterns and resistance genes of ESBL-

producing E. coli infections aids in antibiotic resistance surveillance and control. 

Further research into multi-drug resistant E. coli, particularly ESBL, in children is 

critical in South Africa. This study adds to the evidence of blaCTX-M and blaTEM's global 

spread and emphasises the significance of epidemiological surveillance. It is crucial to 

understand β-lactamases and their effects to control antibiotic use and prevent 

antibiotic resistance. To keep β-lactam antibiotics effective in treating serious 

infections, it is imperative to use them appropriately.  

  

  

  

  

  

  

  

  

  

  



 

  

53 | P a g 

e  

REFERENCES  
Aba, T.A., Gobena, T. and Ashenafi, W., 2023. Determinants of diarrhoeal disease 

among under-five children in damboya district, Kembata Zone, Central  

Ethiopia (Doctoral dissertation), Haramaya University.  

Abdel-Rahman, M.A., Hamed, E.A., Abdelaty, M.F., Sorour, H.K., Badr, H., Hassan, 

W.M., Shalaby, A.G., Mohamed, A.A.E., Soliman, M.A. and Roshdy, H., 2023. 

Distribution pattern of antibiotic resistance genes in Escherichia coli isolated from 

colibacillosis cases in broiler farms of Egypt. Veterinary world, 16(1), p.1.  

Abebe, E., Tegegne, B. and Tibebu, S., 2016. A review on molecular mechanisms of 

bacterial resistance to antibiotics. European Journal of Applied Sciences, 8(5), pp.301-

310.  

Aditya, A., Tabashsum, Z., Martinez, Z.A., Tung, C.W., Suh, G., Nguyen, P. and 

Biswas, D., 2023. Diarrhoeagenic Escherichia coli and Their Antibiotic Resistance  

Patterns in Dairy Farms and Their Microbial Ecosystems. Journal of Food Protection, 

86(3), p.100051.  

Adzitey, F., Huda, N., and Ali, G.R.R., 2013. Molecular techniques for detecting and 

typing of bacteria, advantages and application to foodborne pathogens isolated from 

ducks. 3 Biotech, 3, pp.97-107.  

Adzitey, F., Rusul, G., Huda, N., Cogan, T. and Corry, J., 2012. Prevalence, antibiotic 

resistance, and RAPD typing of Campylobacter species isolated from ducks, their 

rearing and processing environments in Penang, Malaysia. International journal of 

food microbiology, 154(3), pp.197-205.  

Ahmad, I., Malak, H.A. and Abulreesh, H.H., 2021. Environmental antimicrobial 

resistance and its drivers: A potential threat to public health. Journal of Global 

Antimicrobial Resistance, 27, pp.101-111.  

Ahmed, D.A., 2021. Beta-lactamases enzymes: mechanism and classification.  

Biochemical & Cellular Archives, 21.  



 

  

54 | P a g 

e  

Ahmed, O., and Asghar, A., 2021. The Coexistence of Extended-Spectrum 

βlactamase and Metallo-β-Lactamase Genes in Gram-Negative Bacteria. Archives Of 

Pharmacy Practice. 12. 22-28. 10.51847/TGx8aLP7mY.  

Ahumada-Santos, Y.P., Báez-Flores, M.E., Díaz-Camacho, S.P., de Jesús 

UribeBeltrán, M., Eslava-Campos, C.A., Parra-Unda, J.R. and Delgado-Vargas, F., 

2020. Association of phylogenetic distribution and presence of integrons with multidrug 

resistance in Escherichia coli clinical isolates from children with diarrhoea. Journal of 

Infection and Public Health, 13(5), pp.767-772.  

Aigbiremolen, A.O., Abejegah, C., Ike, C.G., Momoh, J.A., Lawal-Luka, R.K. and 

Abah, S.O., 2015. Knowledge and practice of hand washing among caregivers of 

under-five children in a rural Nigerian community. Public Health Res, 5(5), pp.159165.  

Akhtar, A., Fatima, N. and Khan, H.M., 2022. Beta-lactamases and their 

classification: an overview. Beta-Lactam Resistance in Gram-Negative Bacteria:  

Threats and Challenges, pp.25-33.  

Alfinete, N.W., Bolukaoto, J.Y., Heine, L., Potgieter, N. and Barnard, T.G., 2022. 

Virulence and phylogenetic analysis of enteric pathogenic Escherichia coli isolated 

from children with diarrhoea in South Africa. International Journal of Infectious 

Diseases, 114, pp.226-232.  

  

Allcock, S., Young, E.H., Holmes, M., Gurdasani, D., Dougan, G., Sandhu, M.S., 

Solomon, L. and Török, M.E., 2017. Antimicrobial resistance in human populations: 

challenges and opportunities. Global health, epidemiology, and genomics, 2, p.e4.  

Allocati, N., Masulli, M., Alexeyev, M.F. and DiIlio, C., 2013. Escherichia coli in 

Europe: an overview. International journal of environmental research and public health, 

10(12), pp.6235-6254.  

Alum, E.A., Urom, S.M.O.C. and Ben, C.M.A., 2016. Microbiological contamination 

of food: the mechanisms, impacts and prevention. Int. J. Sci. Technol. Res, 5(3), pp.65-

78.  



 

  

55 | P a g 

e  

Aminov, R.I., 2010. A brief history of the antibiotic era: lessons learned and challenges 

for the future. Frontiers in microbiology, 1, p.8040.  

Amoako, S., Yahaya, A. and Sarfo, J.K., 2015. Catalase activity of cassava (Manihot 

esculenta) plant under African cassava mosaic virus infection in Cape coast, Ghana. 

African Journal of Biotechnology, 14(14), pp.1201-1206.  

Anastasi, E.M., Matthews, B., Stratton, H.M. and Katouli, M., 2012. Pathogenic 

Escherichia coli found in sewage treatment plants and environmental waters. Applied 

and environmental microbiology, 78(16), pp.5536-5541.  

Anokyewaa Appau, A.A. and Ofori, L.A., 2024. Antibiotic Resistance Profile of E. coli 

Isolates from Lettuce, Poultry Manure, Irrigation Water, and Soil in Kumasi, Ghana. 

International Journal of Microbiology, 2024(1), p.6681311.  

Anyadoh-Nwadike, S.O., Ezeanyika, C. and Okorondu, S.I., 2017. Isolation and 

characterization of soil-borne urease producing bacteria. Ejpmr, 4(9), pp.30-38.  

Ardal, C., Balasegaram, M., Laxminarayan, R., McAdams, D., Outterson, K., Rex, 

J.H. and Sumpradit, N., 2020. Antibiotic development—economic, regulatory, and 

societal challenges. Nature Reviews Microbiology, 18(5), pp.267-274.  

Aunger, R., Greenland, K., Ploubidis, G., Schmidt, W., Oxford, J. and Curtis, V., 

2016. The determinants of reported personal and household hygiene behaviour: A 

multi-country study. PloS one, 11(8), p.e0159551.  

Aurilio, C., Sansone, P., Barbarisi, M., Pota, V., Giaccari, L.G., Coppolino, F., 

Barbarisi, A., Passavanti, M.B. and Pace, M.C., 2022. Mechanisms of action of 

carbapenem resistance. Antibiotics, 11(3), p.421.  

Avershina, E., Shapovalova, V. and Shipulin, G., 2021. Fighting antibiotic 

resistance in hospital-acquired infections: current state and emerging technologies in 

disease prevention, diagnostics, and therapy. Frontiers in microbiology, 12, p.707330.  

Avinash, V.S., 2015. Penicillin V acylases from Gram-negative bacteria:  

Biochemical and structural aspects. Appl Microbiol Biotechnol.  



 

  

56 | P a g 

e  

Ayalew, A.M., Mekonnen, W.T., Abaya, S.W. and Mekonnen, Z.A., 2018. 

Assessment of diarrhoea and its associated factors in under-five children among open 

defaecation and open defaecation-free rural settings of Dangla District, Northwest 

Ethiopia. Journal of environmental and public health, 2018.  

Bailey, J.K., Pinyon, J.L., Anantham, S. and Hall, R.M., 2010. Distribution of human 

commensal Escherichia coli phylogenetic groups. Journal of clinical microbiology, 

48(9), p.3455.  

Baker, K.K., Senesac, R., Sewell, D., Sen Gupta, A., Cumming, O. and Mumma, 

J., 2018. Faecal fingerprints of enteric pathogen contamination in public environments 

of Kisumu, Kenya, associated with human sanitation conditions and domestic animals. 

Environmental science & technology, 52(18), pp.10263-10274.  

Balsalobre, L., Blanco, A. and Alarcón, T., 2019. Beta  lactams. Antibiotic drug 

resistance, pp.57-72.  

Baran, A., Kwiatkowska, A. and Potocki, L., 2023. Antibiotics and bacterial 

resistance—a short story of an endless arms race. International Journal of Molecular 

Sciences, 24(6), p.5777.  

Bartoloni, A., Pallecchi, L., Benedetti, M., Fernandez, C., Vallejos, Y., Guzman, E., 

Villagran, A.L., Mantella, A., Lucchetti, C., Bartalesi, F. and Strohmeyer, M., 2006. 

Multidrug-resistant commensal Escherichia coli in children, Peru and Bolivia. 

Emerging infectious diseases, 12(6), p.907.   

Bebell, L.M. and Muiru, A.N., 2014. Antibiotic use and emerging resistance: how can 

resource-limited countries turn the tide? Global heart, 9(3), pp.347-358.  

Benkova, M., Soukup, O. and Marek, J., 2020. Antimicrobial susceptibility testing: 

currently used methods and devices and the near future in clinical practice. Journal of 

applied microbiology, 129(4), pp.806-822.  

Bergeron, S., Boopathy, R., Nathaniel, R., Corbin, A. and LaFleur, G., 2015. 

Presence of antibiotic resistant bacteria and antibiotic resistance genes in raw source 

water and treated drinking water. International Biodeterioration & Biodegradation, 102, 

pp.370-374.  



 

  

57 | P a g 

e  

Bhattacharjee, M.K., 2022. Antibiotics that inhibit cell wall synthesis. In Chemistry of 

Antibiotics and Related Drugs (pp. 55-107). Cham: Springer International Publishing.  

Bhowmik, A., Shah, S.T., Goswami, S., Sirajee, A.S. and Ahsan, S., 2023.  

Predominance of Multidrug Resistant Escherichia coli of Environmental Phylotype in 

Different Environments of Dhaka, Bangladesh. Tropical Medicine and Infectious.  

Bloomfield, S.F., Exner, M., Signorelli, C., Nath, K.J. and Scott, E.A., 2012. The 

chain of infection transmission in the home and everyday life settings, and the role of 

hygiene in reducing the risk of infection. In International scientific forum on home 

hygiene.  

Bornstein, M.H. and Putnick, D.L., 2022. Cognitive and socioemotional caregiving in 

developing countries. In Parenting: Selected Writings of Marc H. Bornstein (pp.  

254-279). Routledge.  

Bradford, P.A., 2001. Extended-spectrum β-lactamases in the 21st century: 

characterization, epidemiology, and detection of this important resistance threat. 

Clinical microbiology reviews, 14(4), pp.933-951.  

Bush, K., 2010. Beta-lactam antibiotics: Penicillins. Antibiotic and chemotherapy, 

pp.200-225.  

Butassi, E., Raimondi, M., Postigo, A., Cordisco, E. and Sortino, M., 2017. 

Antimicrobial Activity Testing Techniques. In Essential Oils and Nanotechnology for 

Treatment of Microbial Diseases (pp. 297-309). CRC Press.  

Byarugaba, D.K., 2004. Antimicrobial resistance in developing countries and 

responsible risk factors. International journal of antimicrobial agents, 24(2), pp.105110.  

Cabrera-Sosa, L. and Ochoa, T.J., 2020. Escherichia coli diarrhoea. In Hunter's 

Tropical Medicine and Emerging Infectious Diseases (pp. 481-485). Elsevier.  

  

Cantrell, M.E., Sylvestre, E., Wharton, H.C., Scheidegger, R., Curchod, L., Gute,  



 

  

58 | P a g 

e  

D.M., Griffiths, J., Julian, T.R. and Pickering, A.J., 2023. Hands are frequently 

contaminated with faecal bacteria and enteric pathogens globally: A systematic review 

and meta-analysis. ACS Environmental Au.  

  

Casaburi, G., Duar, R.M., Vance, D.P., Mitchell, R., Contreras, L., Frese, S.A., 

Smilowitz, J.T. and Underwood, M.A., 2019. Early-life gut microbiome modulation 

reduces the abundance of antibiotic-resistant bacteria. Antimicrobial Resistance & 

Infection Control, 8, pp.1-18.  

Castanheira, M., Simner, P.J. and Bradford, P.A., 2021. Extended-spectrum 

βlactamases: an update on their characteristics, epidemiology, and detection. 

JACantimicrobial resistance, 3(3), p.dlab092.  

Chatziprodromidou, I.P., Chatziantoniou, S., Vantarakis, G. and Vantarakis, A., 

2022. Risk Factor Analysis of Children's Exposure to Microbial Pathogens in 

Playgrounds. Risk Analysis, 42(2), pp.334-343.  

Chauhan, I., Yasir, M., Kumari, M. and Verma, M., 2018. The pursuit of rational drug 

use: understanding factors and interventions. Pharmaspire, 10, pp.48-54.  

Chen, D. H. and Frankel, G., 2005. Enteropathogenic Escherichia coli: unravelling 

pathogenesis. FEMS microbiology reviews, 29(1), pp.83-98.  

Chitra, S.R., 2017. Theoretical Investigation on Antimicrobial Susceptibility Testing 

Methods. Bioinformatics, 5(2), pp.12-26.  

Chola, L., Michalow, J., Tugendhaft, A. and Hofman, K., 2015. Reducing diarrhoea 

deaths in South Africa: costs and effects of scaling up essential interventions to 

prevent and treat diarrhoea in under-five children. BMC public health, 15, pp.1-10.  

Chukwu, M., Abia, A., Ubomba-Jaswa, E., Obi, L. and Dewar, J., 2019. Antibiotic 

Resistance Profile and Clonality of E. coli Isolated from Water and Paediatric Stool 

Samples in the North-West, Province South Africa. Journal of Pure and Applied 

Microbiology, 13(1), pp.517-530.  



 

  

59 | P a g 

e  

Clermont, O., Bonacorsi, S. and Bingen, E., 2000. Rapid and simple determination 

of the Escherichia coli phylogenetic group. Applied and environmental microbiology, 

66(10), pp.4555-4558.  

Clinical and laboratory standards institute, 2018. Performance standards for 

antimicrobial susceptibility testing. Vol. 28th ed.   

Dashti, A.A., Jadaon, M.M., Abdulsamad, A.M. and Dashti, H.M., 2009. Heat 

treatment of bacteria: a simple method of DNA extraction for molecular techniques. 

Kuwait Med J, 41(2), pp.117-122.  

  

DeFrancesco, A. S., Tanih, N. F., Samie, A., Guerrant, R. L., & Bessong, P. O. 2017. 

Antibiotic resistance patterns and beta-lactamase identification in Escherichia coli 

isolated from young children in rural Limpopo Province, South Africa: The MALED 

cohort. South African medical journal = Suid-Afrikaanse tydskrif vir geneeskunde, 

107(3), 205–214.   

Deshmukh, P.R., Dongre, A.R., Sinha, N. and Garg, B.S., 2009. Acute childhood 

morbidities in rural Wardha: some epidemiological correlates and health care seeking. 

Indian journal of medical sciences, 63(8).  

  

Desmennu, A.T., Oluwasanu, M.M., John-Akinola, Y.O., Oladunni, O. and  

Adebowale, S.A., 2017. Maternal education and diarrhoea among children aged 024 

months in Nigeria. African journal of reproductive health, 21(3), pp.27-36.  

Dethlefsen, L., Huse, S., Sogin, M.L. and Relman, D.A., 2008. The pervasive effects 

of an antibiotic on the human gut microbiota, as revealed by deep 16S rRNA 

sequencing. PLoS biology, 6(11), p.e280.  

Dickin, S. and Gabrielsson, S., 2023. Inequalities in water, sanitation, and hygiene: 

Challenges and opportunities for measurement and monitoring. Water Security, 20, 

p.100143.  

Dirar, M.H., Bilal, N.E., Ibrahim, M.E. and Hamid, M.E., 2020. Prevalence of 

extended-spectrum β-lactamase (ESBL) and molecular detection of blaTEM, blaSHV and 



 

  

60 | P a g 

e  

blaCTX-M genotypes among Enterobacteriaceae isolates from patients in Khartoum, 

Sudan. Pan African Medical Journal, 37(1).  

  

Dos Santos, G.F., de Sousa, F.G., Beier, S.L., Mendes, A.C.R. and Leão, 

A.M.G.E.S., 2023. Escherichia coli O157: H7 strains in bovine carcasses and the 

impact on the animal production chain. Brazilian Journal of Microbiology, pp.1-9.  

  

Eiamphungporn, W., Schaduangrat, N., Malik, A.A. and Nantasenamat, C.,  

2018. Tackling the antibiotic resistance caused by class A β-lactamases through the 

use of β-lactamase inhibitory protein. International Journal of Molecular Sciences, 

19(8), p.2222.  

Ellis, A., McClintic, E.E., Awino, E.O., Caruso, B.A., Arriola, K.R., Ventura, S.G., 

Kowalski, A.J., Linabarger, M., Wodnik, B.K., Webb-Girard, A. and Muga, R., 2020. 

Practices and perspectives on latrine use, child faeces disposal, and clean play 

environments in western Kenya. The American journal of tropical medicine and 

hygiene, 102(5), p.1094.  

Esonu, M.C., Kwanashie, C.N., Mamman, P.H. and Esonu, D.O., 2023.  

Characterization and antibiotic susceptibility of Escherichia coli isolated from selected 

internal organs of donkeys slaughtered in abattoirs in Kaduna State, Nigeria. Nigerian 

Veterinary Journal, 43(2), pp.1-11.  

  

Etebu, E. and Arikekpar, I., 2016. Antibiotics: Classification and mechanisms of action 

with emphasis on molecular perspectives. Int. J. Appl. Microbiol. Biotechnol.  

Res, 4(2016), pp.90-101.  

Evans, B.A., and Amyes, S.G., 2014. OXA β-lactamases. Clinical microbiology 

reviews, 27(2), pp.241-263.  

Fatoba, D.O., Abia, A.L.K., Amoako, D.G. and Essack, S.Y., 2021. Rethinking 

manure application: Increase in multidrug-resistant enterococcus spp. in agricultural 

soil following chicken litter application. Microorganisms, 9(5), p.885.  



 

  

61 | P a g 

e  

Fatoba, D.O., Amoako, D.G., Abia, A.L.K. and Essack, S.Y., 2022. Transmission of 

antibiotic-resistant Escherichia coli from chicken litter to agricultural soil.  

Front. Environ. Sci, 9, p.640.  

Fleckenstein, J., 2013. Enterotoxigenic Escherichia coli. Escherichia coli, pp.183213.  

Furlan, J.P.R. and Stehling, E.G., 2021. Multiple sequence types, virulence 

determinants and antimicrobial resistance genes in multidrug-and colistin-resistant 

Escherichia coli from agricultural and non-agricultural soils. Environmental Pollution, 

288, p.117804.  

Fymat, A.L., 2017. Antibiotics and antibiotic resistance. Biomed J Sci & Tech Res, 

1(1), pp.1-16.  

Galan, D.I., Kim, S.S. and Graham, J.P., 2013. Exploring changes in open 

defaecation prevalence in sub-Saharan Africa based on national level indices. BMC 

public health, 13, pp.1-12.  

Gajic, I., Kabic, J., Kekic, D., Jovicevic, M., Milenkovic, M., Mitic Culafic, D., 

Trudic, A., Ranin, L. and Opavski, N., 2022. Antimicrobial susceptibility testing: a 

comprehensive review of currently used methods. Antibiotics, 11(4), p.427. 

Galhano, B.S., Ferrari, R.G., Panzenhagen, P., de Jesus, A.C.S. and Conte-Junior, 

C.A., 2021. Antimicrobial resistance gene detection methods for bacteria in animal-

based foods: A brief review of highlights and advantages. Microorganisms, 9(5), p.923. 

Gasparrini, A.J., Wang, B., Sun, X., Kennedy, E.A., Hernandez-Leyva, A., Ndao, 

I.M., Tarr, P.I., Warner, B.B. and Dantas, G., 2019. Persistent metagenomic 

signatures of early-life hospitalization and antibiotic treatment in the infant gut 

microbiota and resistome. Nature microbiology, 4(12), pp.2285-2297.  

Ghenea, A.E., Zlatian, O.M., Cristea, O.M., Ungureanu, A., Mititelu, R.R.,  

Balasoiu, A.T., Vasile, C.M., Salan, A.I., Iliuta, D., Popescu, M. and Udriștoiu, A.L., 

2022. TEM, CTX-M, SHV genes in ESBL-producing Escherichia coli and Klebsiella 

pneumoniae isolated from clinical samples in a county clinical emergency hospital 

Romania-predominance of CTX-M-15. Antibiotics, 11(4), p.503.  



 

  

62 | P a g 

e  

Giribabu, D., Bharadwaj, P., Sitiraju, R., Burra, M., Rao, P.P., and Reddy, C.S., 

2019. Combating open defaecation through community-led sanitation. Dr. Sulaiman Al 

Habib Medical Journal, 1(3), pp.45-51.  

Girlich, D., Bonnin, R.A. and Naas, T., 2020. Occurrence and diversity of CTX-

Mproducing Escherichia coli from the Seine River. Frontiers in Microbiology, 11, 

p.603578.  

  

Gizaw, Z., Yalew, A.W., Bitew, B.D., Lee, J. and Bisesi, M., 2022. Faecal indicator 

bacteria along multiple environmental exposure pathways (water, food, and soil) and 

intestinal parasites among children in the rural Northwest Ethiopia. BMC 

gastroenterology, 22(1), p.84.  

Goffin, C. and Ghuysen, J.M., 1998. Multinodular penicillin-binding proteins: an 

enigmatic family of orthologs and paralogs. Microbiology and molecular biology 

reviews, 62(4), pp.1079-1093.  

  

Gollwitzer, E.S. and Marsland, B.J., 2015. Impact of early-life exposures on immune 

maturation and susceptibility to disease. Trends in immunology, 36(11), pp.684-696.  

Gomes, T.A. and Gonzalez-Pedrajo, B., 2010. Enteropathogenic Escherichia coli 

(EPEC). Pathogenic Escherichia coli in Latin America.: Betham Science Publishers 

Ltd, pp.25-47.  

Gomes, T.A., Elias, W.P., Scaletsky, I.C., Guth, B.E., Rodrigues, J.F., Piazza, R.M., 

Ferreira, L., and Martinez, M.B., 2016. Diarrhoeagenic Escherichia coli.  

Brazilian journal of microbiology, 47, pp.3-30.  

Götte, M., Berghuis, A., Matlashewski, G., Wainberg, M.A. and Sheppard, D. eds., 

2017. Handbook of antimicrobial resistance. New York, NY, USA: Springer.  

Gqunta, K. and Govender, S., 2015. Characterization of ESBL-producing Escherichia 

coli ST131 isolates from Port Elizabeth. Diagnostic Microbiology and Infectious 

Disease, 81(1), pp.44-46.  



 

  

63 | P a g 

e  

Graham, D.W., Knapp, C.W., Christensen, B.T., McCluskey, S. and Dolfing, J.,  

2016. Appearance of β-lactam resistance genes in agricultural soils and clinical 

isolates over the 20th century. Scientific reports, 6(1), p.21550.  

Grundmann, H., 2014. Towards a global antibiotic resistance surveillance system: a 

primer for a roadmap. Upsala journal of medical sciences, 119(2), pp.87-95.  

Gulumbe, B.H., Haruna, U.A., Almazan, J., Ibrahim, I.H., Faggo, A.A. and Bazata, 

A.Y., 2022. Combating the menace of antimicrobial resistance in Africa: a review on 

stewardship, surveillance, and diagnostic strategies. Biological procedures online, 

24(1), p.19.  

Gutkind, G.O., Di Conza, J., Power, P., & Radice, M. 2013. β-Lactamase-mediated 

resistance: a biochemical, epidemiological, and genetic overview. Current 

Pharmaceutical Design, 19(2), 164–208.  

Gwimbi, P., George, M. and Ramphalile, M., 2019. Bacterial contamination of 

drinking water sources in rural villages of Mohale Basin, Lesotho: exposures through 

neighbourhood sanitation and hygiene practices. Environmental health and preventive 

medicine, 24, pp.1-7.  

Hailegebriel, T., Nibret, E. and Munshea, A., 2020. Prevalence of soil-transmitted 

helminth infection among school-aged children of Ethiopia: a systematic review and 

meta-analysis. Infectious Diseases: Research and Treatment, 13, 

p.1178633720962812.  

Han, B., Ma, L., Yu, Q., Yang, J., Su, W., Hilal, M.G., Li, X., Zhang, S. and Li, H., 

2022. The source, fate, and prospect of antibiotic resistance genes in soil: A review. 

Frontiers in Microbiology, 13, p.976657.  

  

Hartinger, S.M., Medina-Pizzali, M.L., Salmon-Mulanovich, G., Larson, A.J., 

Pinedo-Bardales, M., Verastegui, H., Riveros, M. and Mäusezahl, D., 2021. 

Antimicrobial resistance in humans, animals, water, and household environs in rural 

andean peru: Exploring dissemination pathways through the one health lens.  

International Journal of Environmental Research and Public Health, 18(9), p.4604.  



 

  

64 | P a g 

e  

Hendriksen, R.S., Bortolaia, V., Tate, H., Tyson, G.H., Aarestrup, F.M. and 

McDermott, P.F., 2019. Using genomics to track global antimicrobial resistance. 

Frontiers in public health, 7, p.478239.  

Hindler, J.F. and Munro, S. eds., 2010. Antimicrobial susceptibility testing. Clinical 

microbiology procedures handbook, pp.5-0.  

Hiremath, M.B., 2018. Study of Virulence Factors and Antibiotic Susceptibility Pattern 

of Extraintestinal Pathogenic Escherichia Coli. (Doctoral dissertation, Rajiv Gandhi 

University of Health Sciences (India).  

Holcomb, D.A., Knee, J., Sumner, T., Adriano, Z., de Bruijn, E., Nalá, R., Cumming, 

O., Brown, J., and Stewart, J.R., 2020. Human faecal contamination of water, soil, 

and surfaces in households sharing poor-quality sanitation facilities in Maputo, 

Mozambique. International Journal of Hygiene and Environmental Health, 226, 

p.113496.  

  

Holten, K.B. and Onusko, E.M., 2000. Appropriate prescribing of oral beta-lactam 

antibiotics. American family physician, 62(3), pp.611-620.  

Ibrahim, M.K., Zambruni, M., Melby, C.L. and Melby, P.C., 2017. Impact of childhood 

malnutrition on host defense and infection. Clinical microbiology reviews, 30(4), 

pp.919-971.  

Ingle, D., Levine, M., Kotloff, K., Holt, K. and Robins-Browne, R., 2018. Dynamics 

of antimicrobial resistance in intestinal Escherichia coli from children in community 

settings in South Asia and sub-Saharan Africa. Nature Microbiology, 3(9), pp.1063-

1073.  

Iskandar, K., Molinier, L., Hallit, S., Sartelli, M., Hardcastle, T.C., Haque, M., 

Lugova, H., Dhingra, S., Sharma, P., Islam, S. and Mohammed, I., 2021. 

Surveillance of antimicrobial resistance in low-and middle-income countries: a 

scattered picture. Antimicrobial Resistance & Infection Control, 10, pp.1-19.  

  

Iwu, C.D., du Plessis, E., Korsten, L. and Okoh, A.I., 2021. Antibiogram imprints of 

E. coli O157: H7 recovered from irrigation water and agricultural soil samples collected 



 

  

65 | P a g 

e  

from two district municipalities in South Africa. International Journal of Environmental 

Studies, 78(6), pp.940-953.  

Jacoby, G.A., 1997. Extended-spectrum β-lactamases and other enzymes providing 

resistance to oxyimino-β-lactams. Infectious disease clinics of North America, 11(4), 

pp.875-887.  

Jenkins, S.G. and Jerris, R.C., 2011. Critical assessment of issues applicable to 

development of antimicrobial susceptibility testing breakpoints. Journal of Clinical 

Microbiology, 49(9_Supplement), pp.S5-S10.  

Johnson, T.A., Stedtfeld, R.D., Wang, Q., Cole, J.R., Hashsham, S.A., Looft, T., 

Zhu, Y.G. and Tiedje, J.M., 2016. Clusters of antibiotic resistance genes enriched 

together stay together in swine agriculture. MBio, 7(2), pp.10-1128.  

Joshi, M. and Deshpande, J.D., 2010. Polymerase chain reaction: methods, 

principles, and application. International Journal of Biomedical Research, 2(1), pp.81-

97.  

Jung, Y., Abney, S.E., Reynolds, K.A., Gerba, C.P. and Wilson, A.M., 2023. 

Evaluating infection risks and importance of hand hygiene during the household 

laundry process using a quantitative microbial risk assessment approach. American 

Journal of Infection Control, 51(12), pp.1377-1383.  

Kadri, K., 2019. Polymerase chain reaction (PCR): Principle and applications. 

Synthetic Biology-New Interdisciplinary Science, pp.1-17.  

Kalle, E., Kubista, M. and Rensing, C., 2014. Multi-template polymerase chain 

reaction. Biomolecular Detection and Quantification, 2, pp.11-29.  

Kann, S., Bruennert, D., Hansen, J., Mendoza, G.A.C., Gonzalez, J.J.C., Quintero, 

C.L.A., Hanke, M., Hagen, R.M., Backhaus, J. and Frickmann, H., 2020. High 

prevalence of intestinal pathogens in indigenous in Colombia. Journal of Clinical 

Medicine, 9(9), p.2786.  

Kaper, J.B., Nataro, J.P. and Mobley, H.L., 2004. Pathogenic Escherichia coli. Nature 

reviews microbiology, 2(2), pp.123-140.  

  



 

  

66 | P a g 

e  

Khairy, R.M., Fathy, Z.A., Mahrous, D.M., Mohamed, E.S. and Abdelrahim, S.S., 

2020. Prevalence, phylogeny, and antimicrobial resistance of Escherichia coli 

pathotypes isolated from children less than 5 years old with community acquired 

diarrhoea in Upper Egypt. BMC Infectious Diseases, 20(1), pp.1-9.  

Khalil, I.A., Troeger, C., Blacker, B.F., Rao, P.C., Brown, A., Atherly, D.E., Brewer, 

T.G., Engmann, C.M., Houpt, E.R., Kang, G. and Kotloff, K.L., 2018. Morbidity and 

mortality due to shigella and enterotoxigenic Escherichia coli diarrhoea: the Global 

Burden of Disease Study 1990–2016. The Lancet infectious diseases, 18(11), 

pp.1229-1240.  

Kim, Y.A., Kim, J.J., Kim, H. and Lee, K., 2017. Community-onset 

extendedspectrum-β-lactamase-producing Escherichia coli sequence type 131 at two 

Korean community hospitals: the spread of multidrug-resistant E. coli to the community 

via healthcare facilities. International Journal of Infectious Diseases, 54, pp.39-42.  

Kimura, S., Nakamura, Y., Kimura, S. and Nakamura, Y., 2020. Global Circulation of 

Imitated Products, Poor Quality Pharmaceuticals, Fake Products, and Health 

Problems. Poor Quality Pharmaceuticals in Global Public Health, pp.27-61.  

Kong, K.F., Schneper, L. and Mathee, K., 2010. Beta  lactam antibiotics: from 

antibiosis to resistance and bacteriology. Apmis, 118(1), pp.1-36.  

Koru, O., and Ozyurt, M. (2008). Determination of antimicrobial susceptibilities of 

clinically isolated anaerobic bacteria by E-test, ATB-ANA, and agar dilution.  

Anaerobe, 14(3), pp. 161-166.  

Kotloff, K., Nataro, J., Blackwelder, W., Nasrin, D., Farag, T., Panchalingam, S., 

Wu, Y., Sow, S., Sur, D., Breiman, R., Faruque, A., Zaidi, A., Saha, D., Alonso, P., 

Tamboura, B., Sanogo, D., Onwuchekwa, U., Manna, B., Ramamurthy, T., 

Kanungo, S., Ochieng, J., Omore, R., Oundo, J., Hossain, A., Das, S., Ahmed, S., 

Qureshi, S., Quadri, F., Adegbola, R., Antonio, M., Hossain, M., Akinsola, A.,  

Mandomando, I., Nhampossa, T., Acácio, S., Biswas, K., O'Reilly, C., Mintz, E., 

Berkeley, L., Muhsen, K., Sommerfelt, H., Robins-Browne, R. and Levine, M., 

2013. Burden and aetiology of diarrhoeal disease in infants and young children in 



 

  

67 | P a g 

e  

developing countries (the Global Enteric Multicenter Study, GEMS): a prospective, 

case-control study. The Lancet, 382(9888), pp.209-222.  

Lagier, J.C., Edouard, S., Pagnier, I., Mediannikov, O., Drancourt, M. and Raoult, 

D., 2015. Current and past strategies for bacterial culture in clinical microbiology. 

Clinical microbiology reviews, 28(1), pp.208-236.  

  

Lali, B.C., 2018. Identification of various pathotypes of diarrhoeagenic E. coli using 

multiplex PCR (Doctoral dissertation, Rajiv Gandhi University of Health Sciences  

(India)).  

Larson, A., Hartinger, S.M., Riveros, M., Salmon-Mulanovich, G., Hattendorf, J., 

Verastegui, H., Huaylinos, M.L. and Mäusezahl, D., 2019. Antibiotic-resistant 

Escherichia coli in drinking water samples from rural Andean households in 

Cajamarca, Peru. The American journal of tropical medicine and hygiene, 100(6), 

p.1363.  

Larsson, D.G. and Flach, C.F., 2022. Antibiotic resistance in the environment. Nature 

Reviews Microbiology, 20(5), pp.257-269.  

Ledwaba, S.E., Becker, P., Traore-Hoffman, A. and Potgieter, N., 2019. Bacterial 

contamination of children’s toys in rural Day care centres and households in South 

Africa. International Journal of Environmental Research and Public Health, 16(16), 

p.2900.  

Lehman, D., 2005. Triple sugar iron agar protocols. American Society for Microbiology: 

Washington, DC, USA, pp.1-7.  

Lin, J., Nishino, K., Roberts, M.C., Tolmasky, M., Aminov, R.I. and Zhang, L., 2015. 

Mechanisms of antibiotic resistance. Frontiers in microbiology, 6, p.34.  

Liu, C.M., Stegger, M., Aziz, M., Johnson, T.J., Waits, K., Nordstrom, L., Gauld, L., 

Weaver, B., Rolland, D., Statham, S. and Horwinski, J., 2018. Escherichia coli 

ST131-H 22 as a foodborne uropathogen. MBio, 9(4), pp.10-1128.  

Livermore, D.M., 1987. Mechanisms of resistance to cephalosporin antibiotics.  



 

  

68 | P a g 

e  

Drugs, 34(Suppl 2), pp.64-88.  

Livermore, D.M., 1995. Beta-lactamases in laboratory and clinical resistance.  

Clinical microbiology reviews, 8(4), pp.557-584.  

  

Luna-Guevara, J.J., Arenas-Hernandez, M.M., Martínez de la Peña, C., Silva,  

J.L. and Luna-Guevara, M.L., 2019. The role of pathogenic E. coli in fresh vegetables: 

Behaviour, contamination factors, and preventive measures. International journal of 

microbiology, 2019.  

Macheboeuf, P., Contreras-Martel, C., Job, V., Dideberg, O. and Dessen, A., 2006. 

Penicillin binding proteins: key players in bacterial cell cycle and drug resistance 

processes. FEMS microbiology reviews, 30(5), pp.673-691.  

Madeira, H., 2020. Perceptions and attitudes of health professionals on the 

establishment of an antimicrobial stewardship programme at a tertiary hospital in 

Gauteng Province (Doctoral dissertation, School of Public Health, Faculty of Health 

Sciences, University of the Witwatersrand, Johannesburg).  

Maillard, J.Y., Bloomfield, S.F., Courvalin, P., Essack, S.Y., Gandra, S., Gerba, 

C.P., Rubino, J.R. and Scott, E.A., 2020. Reducing antibiotic prescribing and 

addressing the global problem of antibiotic resistance by targeted hygiene in the home 

and everyday life settings: A position paper. American journal of infection control, 

48(9), pp.1090-1099.  

  

Majorin, F., Freeman, M.C., Barnard, S., Routray, P., Boisson, S. and Clasen, T., 

2014. Child faeces disposal practices in rural Orissa: a cross-sectional study. PloS 

one, 9(2), p.e89551.  

Makarova, M.A., 2023. A modern view of diarrhoeagenic Escherichia coli—a 

causative agent of acute intestinal infections. Journal of microbiology, epidemiology 

and immunobiology, 100(4), pp.333-344.  

Mann, H., (1992). Ultrarapid urease test. Gut, 33(10), pp.1439-1439.   



 

  

69 | P a g 

e  

Martinson, J.N. and Walk, S.T., 2020. Escherichia coli residency in the gut of healthy 

human adults. EcoSal Plus, 9(1), pp.10-1128.  

Medernach, R.L. and Logan, L.K., 2018. The growing threat of antibiotic resistance 

in children. Infectious Disease Clinics, 32(1), pp.1-17.  

Medgyesi, D., Sewell, D., Senesac, R., Cumming, O., Mumma, J. and Baker, K., 

2019. The landscape of enteric pathogen exposure of young children in public domains 

of low-income, urban Kenya: The influence of exposure pathway and spatial range of 

play on multi-pathogen exposure risks. PLOS Neglected Tropical Diseases, 13(3), 

p.e0007292.  

Medgyesi, D.N., Brogan, J.M., Sewell, D.K., Creve-Coeur, J.P., Kwong, L.H. and 

Baker, K.K., 2018. Where children play: young child exposure to environmental 

hazards during play in public areas in a transitioning internally displaced persons 

community in Haiti. International Journal of Environmental Research and Public 

Health, 15(8), p.1646.  

Meek, R.W., Vyas, H. and Piddock, L.J.V., 2015. Nonmedical uses of antibiotics: time 

to restrict their use. PLoS biology, 13(10), p.e1002266.  

Mehta, D., and Sharma, A.K., 2016. Cephalosporins: A review on imperative class of 

antibiotics. Inventi Rapid: Molecular Pharmacology, 1(3), pp.1-6.  

Mekonnen, E., Kebede, A., Nigussie, A., Kebede, G. and Tafesse, M., 2021. 

Isolation and characterization of urease-producing soil bacteria. International Journal 

of Microbiology.  

Messina, N.L., Williamson, D.A., Robins-Browne, R., Bryant, P.A. and Curtis, N., 

2020. Risk factors for carriage of antibiotic-resistant bacteria in healthy children in the 

community: a systematic review. The Pediatric Infectious Disease Journal, 39(5), 

pp.397-405.  

Millar, M.R., Walsh, T.R., Linton, C.J., Zhang, S., Leeming, J.P. and Bennett, P.M., 

2001. Carriage of antibiotic-resistant bacteria by healthy children. Journal of 

antimicrobial chemotherapy, 47(5), pp.605-610.  



 

  

70 | P a g 

e  

Miller, S.A., Ferreira, J.P., and LeJeune, J.T., 2022. Antimicrobial use and resistance 

in plant agriculture: a one health perspective. Agriculture, 12(2), p.289.  

  

Mills, F., Willetts, J., Petterson, S., Mitchell, C. and Norman, G., 2018. Faecal 

pathogen flows and their public health risks in urban environments: a proposed 

approach to inform sanitation planning. International Journal of Environmental 

Research and Public Health, 15(2), p.181.  

Mirsepasi-Lauridsen, H.C., Vallance, B.A., Krogfelt, K.A. and Petersen, A.M., 

2019. Escherichia coli pathobionts associated with inflammatory bowel disease. 

Clinical microbiology reviews, 32(2), pp.10-1128.  

Mohammed, S. and Tamiru, D., 2014. The burden of diarrhoeal diseases among 

children under five years of age in Arba Minch District, southern Ethiopia, and 

associated risk factors: a cross-sectional study. International scholarly research 

notices, 2014.  

Montealegre, M. C., Roy, S., Böni, F., Hossain, M. I., Navab-Daneshmand, T., 

Caduff, L., Faruque, A., Islam, M. A., & Julian, T. R. 2018. Risk Factors for Detection, 

Survival, and Growth of Antibiotic-Resistant and Pathogenic Escherichia coli in 

Household Soils in Rural Bangladesh. Applied and environmental microbiology, 

84(24), e01978-18. https://doi.org/10.1128/AEM.01978-18  

Monyama, M.C., Onyiche, E.T., Taioe, M.O., Nkhebenyane, J.S. and Thekisoe, 

O.M., 2022. Bacterial pathogens identified from houseflies in different human and 

animal settings: a systematic review and meta  analysis. Veterinary Medicine and 

Science, 8(2), pp.827-844.  

Mora-Ochomogo, M. and Lohans, C.T., 2021. β-Lactam antibiotic targets and 

resistance mechanisms: from covalent inhibitors to substrates. RSC Medicinal 

Chemistry, 12(10), pp.1623-1639.  

Mphego, M., 2022. Prevalence of zoonotic bacteria in a multi-land use community 

(Lwamondo): implication for the implementation of one health concepts, Honours mini-

dissertation, University of Venda, Thohoyandou.  

https://doi.org/10.1128/AEM.01978-18
https://doi.org/10.1128/AEM.01978-18
https://doi.org/10.1128/AEM.01978-18
https://doi.org/10.1128/AEM.01978-18


 

  

71 | P a g 

e  

Msolo, L., Iweriebor, B.C. and Okoh, A.I., 2020. Antimicrobial resistance profiles of 

diarrhoeagenic E. coli (DEC) and Salmonella species recovered from diarrhoeal 

patients in selected rural communities of the Amatole district municipality, Eastern 

Cape Province, South Africa. Infection and Drug Resistance, pp.4615-4626.  

Mthombeni, T.C., Burger, J.R., Lubbe, M.S. and Julyan, M., 2023. Antibiotic 

prescribing to inpatients in Limpopo, South Africa: a multicentre point-prevalence 

survey. Antimicrobial Resistance & Infection Control, 12(1), p.103. 

Mueller, M. and Tainter, C.R., 2023. Escherichia coli infection. In StatPearls [Internet]. 

StatPearls Publishing.  

Mwendwa, A.M., 2021. Characterization of Extended-spectrum Beta-lactamase 

(Esbl)-Producing Escherichia Coli Isolated from Raw Dairy Cattle Milk in Peri-urban 

Farms in Nairobi, Kenya (Doctoral dissertation, Uon).  

Nagshetty, K., Shilpa, B.M., Patil, S.A., Shivannavar, C.T. and Manjula, N.G., 2021. 

An overview of extended spectrum beta lactamases and metallo beta lactamases. 

Advances in Microbiology, 11(01), p.37.  

Naiemi, N.A., Duim, B., Savelkoul, P.H., Spanjaard, L., de Jonge, E., Bart, A., 

Vandenbroucke-Grauls, C.M. and de Jong, M.D., 2005. Widespread transfer of 

resistance genes between bacterial species in an intensive care unit: implications for 

hospital epidemiology. Journal of clinical microbiology, 43(9), pp.4862-4864.  

Nataro, J.P. and Kaper, J.B., 1998. Diarrhoeagenic Escherichia coli. Clinical 

microbiology reviews, 11(1), pp.142-201.  

Navab-Daneshmand, T., Friedrich, M., Gächter, M., Montealegre, M. C., Mlambo, 

L. S., Nhiwatiwa, T., Mosler, H. J., & Julian, T. R. 2018. Escherichia coli 

Contamination across Multiple Environmental Compartments (Soil, Hands, Drinking 

Water, and Handwashing Water) in Urban Harare: Correlations and Risk Factors. The 

American journal of tropical medicine and hygiene, 98(3), 803–813. 

https://doi.org/10.4269/ajtmh.17-0521  

Nayduch, D., Neupane, S., Pickens, V., Purvis, T. and Olds, C., 2023. House  

https://doi.org/10.4269/ajtmh.17-0521
https://doi.org/10.4269/ajtmh.17-0521
https://doi.org/10.4269/ajtmh.17-0521
https://doi.org/10.4269/ajtmh.17-0521


 

  

72 | P a g 

e  

Flies Are Underappreciated Yet Important Reservoirs and Vectors of Microbial Threats 

to Animal and Human Health. Microorganisms, 11(3), p.583.  

Ngure, F.M., Humphrey, J.H., Mbuya, M.N., Majo, F., Mutasa, K., Govha, M., 

Mazarura, E., Chasekwa, B., Prendergast, A.J., Curtis, V., and Boor, K.J., 2013. 

Formative research on hygiene behaviours and geophagy among infants and young 

children and implications of exposure to faecal bacteria. The American journal of 

tropical medicine and hygiene, 89(4), p.709.  

Ngure, F.M., Reid, B.M., Humphrey, J.H., Mbuya, M.N., Pelto, G. and Stoltzfus,  

R.J., 2014. Water, sanitation, and hygiene (WASH), environmental enteropathy, 

nutrition, and early child development: making the links. Annals of the New York 

Academy of Sciences, 1308(1), pp.118-128.  

Nguyen, T.Y.C., Fagbayigbo, B.O., Cissé, G., Redi, N., Fuhrimann, S., Okedi, J.,  

Schindler, C., Röösli, M., Armitage, N.P., Carden, K. and Dalvie, M.A., 2021. 

Diarrhoea among children aged under five years and risk factors in informal 

settlements: A cross-sectional study in Cape Town, South Africa. International Journal 

of Environmental Research and Public Health, 18(11), p.6043.  

Nicolini, G., Sperotto, F. and Esposito, S., 2014. Combating the rise of antibiotic 

resistance in children. Minerva Pediatr, 66(1), pp.31-9.  

Nieder, R., Benbi, D.K., Reichl, F.X., Nieder, R., Benbi, D.K. and Reichl, F.X., 2018. 

Soil as a transmitter of human pathogens. Soil components and human health, pp.723-

827.  

Nyasulu, P.S., 2014. Surveillance of antimicrobial susceptibility patterns among 

pathogens isolated in public sector hospitals associated with academic institutions in 

South Africa (Doctoral dissertation, Faculty of Health Sciences, University of the 

Witwatersrand, Johannesburg).  

Ogodo, A.C., Agwaranze, D.I., Daji, M. and Aso, R.E., 2022. Microbial techniques 

and methods: Basic techniques and microscopy. In Analytical Techniques in 

Biosciences (pp. 201-220). Academic Press.  



 

  

73 | P a g 

e  

Okeke, I.N. and Nataro, J.P., 2001. Enteroaggregative Escherichia coli. The Lancet 

infectious diseases, 1(5), pp.304-313.  

Oliveira, A., Dias, C., Oliveira, R., Almeida, C., Fuciños, P., Sillankorva, S. and 

Oliveira, H., 2023. Paving the way forward: Escherichia coli bacteriophages in a One 

Health approach. Critical Reviews in Microbiology, pp.1-18.  

 

Omolajaiye, S.A., Afolabi, K.O. and Iweriebor, B.C., 2020. Pathotyping and 

antibiotic resistance profiling of Escherichia coli isolates from children with acute 

diarrhoea in Amatole district municipality of Eastern Cape, South Africa. BioMed 

Research International, 2020, pp.1-10.  

Omotayo, A.O., Olagunju, K.O., Omotoso, A.B., Ogunniyi, A.I., Otekunrin, O.A. 

and Daud, A.S., 2021. Clean water, sanitation, and under-five children diarrhoea 

incidence: Empirical evidence from the South Africa’s General Household Survey. 

Environmental Science and Pollution Research, 28, pp.63150-63162.  

Oriaku, J., 2021. Pathogenic E. coli serotypes isolated from street vended fresh 

produce in ibafo, Ogun State.  

Pai, S., Enoch, D.A. and Aliyu, S.H., 2015. Bacteremia in children: epidemiology, 

clinical diagnosis, and antibiotic treatment. Expert review of anti-infective therapy, 

13(9), pp.1073-1088.  

Pal, M., Ayele, Y., Hadush, M., Panigrahi, S., and Jadhav, V.J., 2018. Public health 

hazards due to unsafe drinking water. Air Water Borne Dis, 7(1000138), p.2.  

  

Pandey, N. and Cascella, M., 2019. Beta lactam antibiotics. Treasure Island, Florida, 

StatPearls Publishing.  

  

Partridge, S.R., Kwong, S.M., Firth, N., and Jensen, S.O., 2018. Mobile genetic 

elements associated with antimicrobial resistance. Clinical microbiology reviews, 

31(4), pp.10-1128  



 

  

74 | P a g 

e  

Parvez, S.M., Azad, R., Pickering, A.J., Kwong, L.H., Arnold, B.F., Rahman, M.J., 

Rahman, M.Z., Alam, M., Sen, D., Islam, S. and Rahman, M., 2019.  

Microbiological contamination of young children’s hands in rural Bangladesh: 

Associations with child age and observed hand cleanliness as proxy. PLoS One, 14(9), 

p.e0222355.  

  

Paterson, D.L. and Bonomo, R.A., 2005. Extended-spectrum β-lactamases: a clinical 

update. Clinical microbiology reviews, 18(4), pp.657-686.  

Pedraz, L., Blanco  Cabra, N. and Torrents, E., 2020. Gradual adaptation of 

facultative anaerobic pathogens to microaerobic and anaerobic conditions. The 

FASEB Journal, 34(2), pp.2912-2928.  

Pem, D., 2015. Factors affecting early childhood growth and development: Golden 

1000 days. Adv Practice Nurs, 1(101), pp.2573-0347.  

Percival, S.L., and Williams, D.W., 2014. Aeromonas. In Microbiology of waterborne 

diseases (pp. 49-64). Academic Press.  

Peris-Vicente, J., Peris-García, E., Albiol-Chiva, J., Durgbanshi, A., 

OchoaAranda, E., Carda-Broch, S., Bose, D. and Esteve-Romero, J., 2022. Liquid 

chromatography, a valuable tool in the determination of antibiotics in biological, food 

and environmental samples. Microchemical Journal, 177, p.107309.  

Persad, A.K. and Lejeune, J.T., 2015. Animal reservoirs of Shiga toxin producing  

Escherichia coli. Enterohemorrhagic Escherichia coli and Other Shiga Toxin 

Producing E. coli, pp.211-230.  

Petri, W.A., 2006. Penicillins, cephalosporins, and other β-lactam antibiotics. 

Goodman & Gilman’s, The Pharmacologic Basis of Therapeutics, pp.1127-1154.  

Pickering, A.J., Julian, T.R., Marks, S.J., Mattioli, M.C., Boehm, A.B., Schwab, K.J. 

and Davis, J., 2012. Faecal contamination and diarrhoeal pathogens on surfaces and 

in soils among Tanzanian households with and without improved sanitation. 

Environmental science & technology, 46(11), pp.5736-5743.  



 

  

75 | P a g 

e  

Poague, K.I., Blanford, J.I. and Anthonj, C., 2022. Water, sanitation, and hygiene in 

schools in low-and middle-income countries: a systematic review and implications for 

the COVID-19 pandemic. International journal of environmental research and public 

health, 19(5), p.3124.  

  

Point, K., 2014. 16.1 Polymerase chain reaction (PCR). Medical Microbiology. UK. 

OUP Oxford.  

Poirel, L., Madec, J.Y., Lupo, A., Schink, A.K., Kieffer, N., Nordmann, P. and 

Schwarz, S., 2018. Antimicrobial resistance in Escherichia coli. Microbiology 

spectrum, 6(4), pp.10-1128.  

Purohit, M., Chandran, S., Shah, H., Diwan, V., Tamhankar, A. and Stålsby  

Lundborg, C., 2017. Antibiotic Resistance in an Indian Rural Community: A 

‘OneHealth’ Observational Study on Commensal Coliform from Humans, Animals, and 

Water. International Journal of Environmental Research and Public Health, 14(4), 

p.386.  

Purohit, M.R., Lindahl, L.F., Diwan, V., Marrone, G. and Lundborg, C.S., 2019. High 

levels of drug resistance in commensal E. coli in a cohort of children from rural central 

India. Scientific reports, 9(1), p.6682.  

Rajalakshmi, S., 2017. Different types of PCR techniques and its applications.  

International Journal of Pharmaceutical, Chemical & Biological Sciences, 7(3).  

Ramsamy, Y., Essack, S.Y., Sartorius, B., Patel, M. and Mlisana, K.P., 2018. 

Antibiotic resistance trends of ESKAPE pathogens in Kwazulu-Natal, South Africa: a 

five-year retrospective analysis. African journal of laboratory medicine, 7(2), pp.1-8.  

Ranjbar, R. and Sami, M., 2017. Genetic Investigation of beta-lactam associated 

antibiotic resistance among Escherichia coli strains isolated from water sources. The 

Open Microbiology Journal, 11, p.203.  

Reller, L.B., Weinstein, M., Jorgensen, J.H. and Ferraro, M.J., 2009. Antimicrobial 

susceptibility testing: a review of general principles and contemporary practices. 

Clinical infectious diseases, 49(11), pp.1749-1755.  



 

  

76 | P a g 

e  

Reygaert, W.C., 2018. An overview of the antimicrobial resistance mechanisms of 

bacteria. AIMS microbiology, 4(3), p.482.  

Rivas, L., Mellor, G.E., Gobius, K. and Fegan, N., 2015. Detection and typing 

strategies for pathogenic Escherichia coli. Springer.  

Rodrigues, S.M. and Römkens, P.F., 2018. Human health risks and soil pollution. In 

Soil Pollution (pp. 217-250). Academic Press.  

Rogawski McQuade, E.T., Platts-Mills, J.A., Gratz, J., Zhang, J., Moulton, L.H., 

Mutasa, K., Majo, F.D., Tavengwa, N., Ntozini, R., Prendergast, A.J. and 

Humphrey, J.H., 2020. Impact of water quality, sanitation, handwashing, and 

nutritional interventions on enteric infections in rural Zimbabwe: The Sanitation 

Hygiene Infant Nutrition Efficacy (SHINE) Trial. The Journal of infectious diseases, 

221(8), pp.1379-1386.  

Romandini, A., Pani, A., Schenardi, P.A., Pattarino, G.A.C., De Giacomo, C. and 

Scaglione, F., 2021. Antibiotic resistance in paediatric infections: global emerging 

threats, predicting the near future. Antibiotics, 10(4), p.393  

  

Roope, L.S., Smith, R.D., Pouwels, K.B., Buchanan, J., Abel, L., Eibich, P., Butler, 

C.C., Tan, P.S., Walker, A.S., Robotham, J.V. and Wordsworth, S., 2019. The 

challenge of antimicrobial resistance: what economics can contribute. Science, 

364(6435), p.eaau4679.  

Rytter, M., Kolte, L., Briend, A., Friis, H. and Christensen, V., 2014. The Immune 

System in Children with Malnutrition—A Systematic Review. PLoS ONE, 9(8), 

p.e105017.  

Saini, N., Saini, V., and Mehta, P.W., 2014. Misuse of antibiotics: A potential threat. 

IOSR J Dent Med Sci, 13(7), pp.68-72.  

Samarra, A., Esteban-Torres, M., Cabrera-Rubio, R., Bernabeu, M., Arboleya, S., 

Gueimonde, M., and Collado, M. C., 2023). Maternal-infant antibiotic resistance 

genes transference: what do we know?. Gut microbes, 15(1), 2194797. 

https://doi.org/10.1080/19490976.2023.2194797  



 

  

77 | P a g 

e  

Samie, A., Guerrant, R.L., Barrett, L., Bessong, P.O., Igumbor, E.O. and Obi, C.L., 

2009. Prevalence of intestinal parasitic and bacterial pathogens in diarrhoeal and non-

diarrhoeal human stools from Vhembe district, South Africa. Journal of health, 

population, and nutrition, 27(6), p.739.  

Samie, A., Ramalivhana, J., Igumbor, E.O. and Obi, C.L., 2007. Prevalence, 

haemolytic and haemagglutination activities and antibiotic susceptibility profiles of 

Campylobacter spp. isolated from human diarrhoeal stools in Vhembe District, South 

Africa. Journal of health, population, and nutrition, 25(4), p.406.  

  

Santamaría, J. and Toranzos, G., 2003. Enteric pathogens and soil: a short review.  

International Microbiology, 6(1), pp.5-9.  

Sapkota, A. et al. (2023). Urease test- principle, media, procedure, result, uses, 

Microbe Notes. Available at: https://microbenotes.com/urease-test-

principleprocedureandresult/#:~:text=Urease%20test%20is%20used%20to,members

%20of% 20the%20Enterobacteriaceae%20family. (Accessed: 13 February 2024).  

Sarba, E.J., Kelbesa, K.A., Bayu, M.D., Gebremedhin, E.Z., Borena, B.M. and 

Teshale, A., 2019. Identification and antimicrobial susceptibility profile of Escherichia 

coli isolated from backyard chicken in and around ambo, Central Ethiopia. BMC 

veterinary research, 15(1), pp.1-8.).  

Satam, H., Joshi, K., Mangrolia, U., Waghoo, S., Zaidi, G., Rawool, S., Thakare, 

R.P., Banday, S., Mishra, A.K., Das, G. and Malonia, S.K., 2023. Next-generation 

sequencing technology: current trends and advancements. Biology, 12(7), p.997. 

Scaletsky, I.C., Souza, T.B., Aranda, K.R. and Okeke, I.N., 2010. Genetic elements 

associated with antimicrobial resistance in enteropathogenic Escherichia coli (EPEC) 

from Brazil. BMC microbiology, 10, pp.1-5.  

Schachter, A.E., Gailey, A., Egendorf, S.P. and Mielke, H.W., 2020. Mechanisms of 

children's soil exposure. Current Problems in Paediatric and Adolescent Health Care, 

50(1), p.100742.  



 

  

78 | P a g 

e  

Sengupta, S., Chattopadhyay, M.K. and Grossart, H.P., 2013. The multifaceted 

roles of antibiotics and antibiotic resistance in nature. Frontiers in microbiology, 4, p.47.  

Shaffer, M. and Lozupone, C., 2018. Prevalence and source of faecal and oral 

bacteria on infant, child, and adult hands. Msystems, 3(1), pp.10-1128.  

  

Shahbaz, K., 2017. Cephalosporins: pharmacology and chemistry. Pharmaceutical 

and Biological Evaluations.  

Shaheen, N., Jalil, A., Adnan, F. and Arsalan Khushnood, R., 2021. Isolation of 

alkaliphilic calcifying bacteria and their feasibility for enhanced CaCO3 precipitation in 

bio based cementitious composites. Microbial biotechnology, 14(3), pp.1044-1059.  

  

Sharma, M., Pathak, S. and Srivastava, P., 2013. Prevalence and antibiogram of  

Extended Spectrum β-Lactamase (ESBL) producing Gram negative bacilli and further 

molecular characterization of ESBL producing Escherichia coli and Klebsiella spp. 

Journal of clinical and diagnostic research: JCDR, 7(10), p.2173.  

Shields, P. and Cathcart, L., 2013. Oxidase test protocol-library. American Society 

for Microbiology, ASM MicrobeLibrary, pp.1-5.  

  

Shkoporov, A.N., Turkington, C.J. and Hill, C., 2022. Mutualistic interplay between 

bacteriophages and bacteria in the human gut. Nature Reviews Microbiology, 20(12), 

pp.737-749.  

  

Shrestha, A., Six, J., Dahal, D., Marks, S. and Meierhofer, R., 2020. Association of 

nutrition, water, sanitation, and hygiene practices with children’s nutritional status, 

intestinal parasitic infections, and diarrhoea in rural Nepal: a cross-sectional study. 

BMC public health, 20, pp.1-21.  

Silva, H.D.O., 2022. Exploring resistance levels to third generation cephalosporins 

and carbapenems and its distribution (Doctoral dissertation).  



 

  

79 | P a g 

e  

Singh, A., Das, S., Singh, S., Gajamer, V., Pradhan, N., Lepcha, Y. and Tiwari, H., 

2018. Prevalence of antibiotic resistance in commensal Escherichia coli among the 

children in rural hill communities of Northeast India. PLOS ONE, 13(6), p.e0199179.  

Singleton, P., (1999). Bacteria in biology, biotechnology, and medicine. Chichester: 

UK. John Wiley & Sons  

Skurnik, D., Bonnet, D., Bernède Bauduin, C., Michel, R., Guette, C., Becker, J.M., 

Balaire, C., Chau, F., Mohler, J., Jarlier, V. and Boutin, J.P., 2008. Characteristics 

of human intestinal Escherichia coli with changing environments. Environmental 

microbiology, 10(8), pp.2132-2137.  

Sobia, F., Niwazi, S., Alotaibi, A.A. and Almaimani, H.A., 2022. Class B-Type  

Beta-Lactamases: Treatment Strategies. In Beta-Lactam Resistance in GramNegative 

Bacteria: Threats and Challenges (pp. 81-92). Singapore: Springer Nature Singapore.  

Solo-Gabriele, H.M., Wolfert, M.A., Desmarais, T.R. and Palmer, C.J., 2000. 

Sources of Escherichia coli in a coastal subtropical environment. Applied and 

environmental microbiology, 66(1), pp.230-237.  

Sonola, V.S., Katakweba, A.S., Misinzo, G. and Matee, M.I., 2021. Occurrence of 

multi-drug-resistant Escherichia coli in chickens, humans, rodents, and household soil 

in Karatu, Northern Tanzania. Antibiotics, 10(9), p.1137.  

Stanton, I.C., Bethel, A., Leonard, A.F.C., Gaze, W.H. and Garside, R., 2022. 

Existing evidence on antibiotic resistance exposure and transmission to humans from 

the environment: a systematic map. Environmental evidence, 11(1), p.8.  

Statistics South Africa., (2011). Statssa.gov.za. Available at: 

https://www.statssa.gov.za/?page_id=4286&id=12582 (Accessed: 13 February 2024).  

Stoppe, N.D.C., Silva, J.S., Carlos, C., Sato, M.I., Saraiva, A.M., Ottoboni, L.M. and 

Torres, T.T., 2017. Worldwide phylogenetic group patterns of Escherichia coli from 

commensal human and wastewater treatment plant isolates. Frontiers in microbiology, 

8, p.289063.  



 

  

80 | P a g 

e  

Tamhankar, A.J. and Stålsby Lundborg, C., 2019. Antimicrobials and antimicrobial 

resistance in the environment and its remediation: A global one health perspective. 

International Journal of Environmental Research and Public Health, 16(23), p.4614.  

  

Taylor, D.L., Kahawita, T.M., Cairncross, S. and Ensink, J.H., 2015. The impact of 

water, sanitation, and hygiene interventions to control cholera: a systematic review. 

PLoS one, 10(8), p.e0135676.  

Tenover, F.C., 2017. Antimicrobial susceptibility testing methods for bacterial 

pathogens. Antimicrobial Drug Resistance: Clinical and Epidemiological Aspects, 

Volume 2, pp.1347-1357.  

Tougas, S.R., Lodha, N., Vandermeer, B., Lorenzetti, D.L., Tarr, P.I., Tarr, G.A.,  

Chui, L., Vanderkooi, O.G. and Freedman, S.B., 2021. Prevalence of detection of 

Clostridioides difficile among asymptomatic children: a systematic review and 

metaanalysis. JAMA paediatrics, 175(10), pp.e212328-e212328.   

Tunkel, A.R., 1990. Aztreonam. Infection Control & Hospital Epidemiology, 11(9), 

pp.486-494.  

Uddin, T.M., Chakraborty, A.J., Khusro, A., Zidan, B.R.M., Mitra, S., Emran, T.B., 

Dhama, K., Ripon, M.K.H., Gajdács, M., Sahibzada, M.U.K. and Hossain, M.J., 

2021. Antibiotic resistance in microbes: History, mechanisms, therapeutic strategies, 

and future prospects. Journal of infection and public health, 14(12), pp.1750-1766.  

Ugboko, H.U., Nwinyi, O.C., Oranusi, S.U. and Fagbeminiyi, F.F., 2021. Risk factors 

of diarrhoea among children under Five Years in southwest Nigeria.  

International Journal of Microbiology, 2021, pp.1-9.  

  

Ugboko, H.U., Nwinyi, O.C., Oranusi, S.U. and Oyewale, J.O., 2020. Childhood 

diarrhoeal diseases in developing countries. Heliyon, 6(4).  

Umesha, S. and Manukumar, H.M., 2018. Advanced molecular diagnostic techniques 

for detection of food-borne pathogens: Current applications and future challenges. 

Critical Reviews in Food Science and Nutrition, 58(1), pp.84-104.  



 

  

81 | P a g 

e  

Valones, M.A.A., Guimarães, R.L., Brandão, L.A.C., Souza, P.R.E.D., Carvalho, 

A.D.A.T. and Crovela, S., 2009. Principles and applications of polymerase chain 

reaction in medical diagnostic fields: a review. Brazilian Journal of Microbiology, 40, 

pp.1-11.  

Van Elsas, J.D., Semenov, A.V., Costa, R. and Trevors, J.T., 2011. Survival of 

Escherichia coli in the environment: fundamental and public health aspects. The ISME 

journal, 5(2), pp.173-183.  

Van, T.T.H., Yidana, Z., Smooker, P.M. and Coloe, P.J., 2020. Antibiotic use in food 

animals worldwide, with a focus on Africa: Pluses and minuses. Journal of global 

antimicrobial resistance, 20, pp.170-177.  

Varga, C., Rajić, A., McFall, M.E., Reid-Smith, R.J., Deckert, A.E., Pearl, D.L., 

Avery, B.P., Checkley, S.L. and McEwen, S.A., 2008. Comparison of antimicrobial 

resistance in generic Escherichia coli and Salmonella spp. cultured from identical 

faecal samples in finishing swine. Canadian Journal of Veterinary Research, 72(2), 

p.181.  

Villamizar-Rodríguez, G., Fernández, J., Marín, L., Muñiz, J., González, I. and 

Lombó, F., 2015. Multiplex detection of nine food-borne pathogens by mPCR and 

capillary electrophoresis after using a universal pre-enrichment medium. Frontiers in 

microbiology, 6, p.1194.  

Von Wintersdorff, C.J., Penders, J., Van Niekerk, J.M., Mills, N.D., Majumder, S., 

Van Alphen, L.B., Savelkoul, P.H. and Wolffs, P.F., 2016. Dissemination of 

antimicrobial resistance in microbial ecosystems through horizontal gene transfer.  

Frontiers in microbiology, 7, p.173.  

Wang, L., Wu, Y., Cai, P. and Huang, Q., 2020. The attachment process and 

physiological properties of Escherichia coli O157: H7 on quartz. BMC microbiology, 

20(1), pp.1-14.  

Wang, Y., Moe, C.L., Null, C., Raj, S.J., Baker, K.K., Robb, K.A., Yakubu, H., 

Ampofo, J.A., Wellington, N., Freeman, M.C. and Armah, G., 2017. Multipathway 



 

  

82 | P a g 

e  

quantitative assessment of exposure to faecal contamination for young children in low-

income urban environments in Accra, Ghana: The SaniPath analytical approach.  

The American journal of tropical medicine and hygiene, 97(4), p.1009.  

Wiegand, I., Hilpert, K. and Hancock, R.E., 2008. Agar and broth dilution methods 

to determine the minimal inhibitory concentration (MIC) of antimicrobial substances. 

Nature protocols, 3(2), pp.163-175.  

  

Wiener, J., Quinn, J.P., Bradford, P.A., Goering, R.V., Nathan, C., Bush, K. and 

Weinstein, R.A., 1999. Multiple antibiotic resistant Klebsiella and Escherichia coli in 

nursing homes. Jama, 281(6), pp.517-523.  

  

Wistrand-Yuen, E., Knopp, M., Hjort, K., Koskiniemi, S., Berg, O.G. and 

Andersson, D.I., 2018. Evolution of high-level resistance during low-level antibiotic 

exposure. Nature communications, 9(1), p.1599.  

Workie, G.Y., Akalu, T.Y. and Baraki, A.G., 2019. Environmental factors affecting 

childhood diarrhoeal disease among under-five children in Jamma district, South Wello 

zone, Northeast Ethiopia. BMC infectious diseases, 19(1), pp.1-7.  

World Health Organization (2017). Diarrhoeal disease. Available at: 

https://www.who.int/news-room/fact-sheets/detail/diarrhoeal-disease (Accessed: 16 

November 2023).   

World Health Organization (2020) 10 threats to Global Health in 2018, Medium.  

Available  at:  https://medium.com/who/10-threats-to-global-health-in-

2018232daf0bbef3 (Accessed: 14 November 2023).  

World Health Organization, 2004. The importance of caregiver-child interactions for 

the survival and healthy development of young children: A review.  

World Health Organization, 2014. Antimicrobial resistance: global report on 

surveillance. World Health Organization.  

World Health Organization, 2015. Report of the 6th meeting of the WHO advisory 

group on integrated surveillance of antimicrobial resistance with AGISAR 5-year 



 

  

83 | P a g 

e  

strategic framework to support implementation of the global action plan on 

antimicrobial resistance (2015-2019), 10-12 June 2015, Seoul, Republic of Korea. 

World Health Organization.  

World Health Organization, 2018. Guidelines on sanitation and health. World Health 

Organization.  

World Health Organization, 2018. WHO water, sanitation, and hygiene strategy 

2018-2025 (No. WHO/CED/PHE/WSH/18.03). World Health Organization.  

World Health Organization., 2017 Progress on drinking water, sanitation, and 

hygiene: 2017 update and SDG baselines. Progress on drinking water, sanitation, and 

hygiene: 2017 update and SDG baselines.  

Yamin, D., Uskoković, V., Wakil, A.M., Goni, M.D., Shamsuddin, S.H., Mustafa, 

F.H., Alfouzan, W.A., Alissa, M., Alshengeti, A., Almaghrabi, R.H. and Fares, 

M.A.A., 2023. Current and future technologies for the detection of antibiotic-resistant 

bacteria. Diagnostics, 13(20), p.3246. 

Zango, U.U., Ibrahim, M., Shawai, S.A.A. and Shamsuddin, I.M., 2019. A review on 

β-lactam antibiotic drug resistance. MOJ Drug Des. Develop. Ther, 3(2), pp.52- 

58.  

Zenebe, T., Eguale, T., Desalegn, Z., Beshah, D., Gebre-Selassie, S., Mihret, A. 

and Abebe, T., 2023. Distribution of ß-Lactamase Genes Among Multidrug Resistant 

and Extended-Spectrum ß-Lactamase-Producing Diarrhoeagenic Escherichia coli 

from Under-Five Children in Ethiopia. Infection and Drug Resistance, pp.7041-7054.  

Zhang, D.F., Zhang, Q.Q. and Li, A.H., 2014. Development of a multiplex PCR assay 

for rapid and simultaneous detection of four genera of fish pathogenic bacteria. Letters 

in applied microbiology, 59(5), pp.471-478.  

Zhang, J., Lin, H., Ma, J., Sun, W., Yang, Y. and Zhang, X., 2019. Compostbulking 

agents reduce the reservoir of antibiotics and antibiotic resistance genes in manures 

by modifying bacterial microbiota. Science of the total environment, 649, pp.396-404.  



 

  

84 | P a g 

e  

Zhivich, A., 2017. Fighting bacterial resistance: approaches, challenges, and 

opportunities in the search for new antibiotics. Part 1. Antibiotics used in clinical 

practice: mechanisms of action and the development of bacterial resistance. 

Microbiology Independent Research Journal, 4(1), pp.31-51.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  



 

  

85 | P a g 

e  

APPENDICES 

APPENDIX A: BIOCHEMICAL TESTING RESULTS  

Biochemical tests (catalase, urease, oxidase, and triple sugar iron) were used to identify 

bacteria in children's stool samples.  
Sample ID  Catalase  Urease  Oxidase  Triple sugar iron agar  Presumptive bacteria  

H1.1  Positive  Negative  Negative  Positive  E. coli  

H 1.2  Positive  Negative  Negative  Positive  E. coli  

H1.3  Positive  Negative  Negative  Positive  E. coli  

H2.1  Positive  Negative  Negative  Positive  E. coli  

H2.2  Positive  Negative  Negative  Positive  E. coli  

H2.3  Positive  Negative  Negative  Positive  E. coli  

H3.1  Positive  Negative  Negative  Positive  E. coli  

H3.2  Positive  Negative  Negative  Positive  E. coli  

H3.3  Positive  Negative  Negative  Positive  E. coli  

H4.1  Positive  Negative  Negative  Positive  E. coli  

H4.2  Positive  Negative  Negative  Positive  E. coli  

H4.3  Positive  Negative  Negative  Positive  E. coli  

H5.1  Positive  Negative  Negative  Positive  E. coli  

H5.2  Positive  Negative  Negative  Positive  E. coli  

H5.3  Positive  Negative  Negative  Positive  E. coli  

H6.1  Positive  Negative  Negative  Positive  E. coli  

H6.2  Positive  Negative  Negative  Positive  E. coli  

H6.3  Positive  Negative  Negative  Positive  E. coli  

H7.1  Positive  Negative  Negative  Positive  E. coli  

H7.2  Positive  Negative  Negative  Positive  E. coli  

H7.3  Positive  Negative  Negative  Positive  E. coli  

H8.1  Positive  Negative  Negative  Positive  E. coli  

H8.2  Positive  Negative  Negative  Positive  E. coli  

H8.3  Positive  Negative  Negative  Positive  E. coli  

H9.1  Positive  Negative  Negative  Positive  E. coli  

H9.2  Positive  Negative  Negative  Positive  E. coli  

H9.3  Positive  Negative  Negative  Positive  E. coli  

H10.1  Positive  Negative  Negative  Positive  E. coli  

H10.2  Positive  Negative  Negative  Positive  E. coli  

H10.3  Positive  Negative  Negative  Positive  E. coli  

H11.1  Positive  Negative  Negative  Positive  E. coli  

H11.2  Positive  Negative  Negative  Positive  E. coli  

H11.3  Positive  Negative  Negative  Positive  E. coli  

H12.1  Positive  Negative  Negative  Positive  E. coli  
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H12.2  Positive  Negative  Negative  Positive  E. coli  

 
H12.3  Positive  Negative  Negative  Positive  E. coli  

H13.1  Positive  Negative  Negative  Positive  E. coli  

H13.2  Positive  Negative  Negative  Positive  E. coli  

H13.3  Positive  Negative  Negative  Positive  E. coli  

H14.1  Positive  Negative  Negative  Positive  E. coli  

H14.2  Positive  Negative  Negative  Positive  E. coli  

H14.3  Positive  Negative  Negative  Positive  E. coli  

H15.1  Positive  Negative  Negative  Positive  E. coli  

H15.2  Positive  Negative  Negative  Positive  E. coli  

H15.3  Positive  Negative  Negative  Positive  E. coli  

H16.1  Positive  Negative  Negative  Positive  E. coli  

H16.2  Positive  Negative  Negative  Positive  E. coli  

H16.3  Positive  Negative  Negative  Positive  E. coli  

H17.1  Positive  Negative  Negative  Positive  E. coli  

H17.2  Positive  Negative  Negative  Positive  E. coli  

H17.3  Positive  Negative  Negative  Positive  E. coli  

H18.1  Positive  Negative  Negative  Positive  E. coli  

H18.2  Positive  Negative  Negative  Positive  E. coli  

H18.3  Positive  Negative  Negative  Positive  E. coli  

H19.1  Positive  Negative  Negative  Positive  E. coli  

H19.2  Positive  Negative  Negative  Positive  E. coli  

H19.3  Positive  Negative  Negative  Positive  E. coli  

H20.1  Positive  Negative  Negative  Positive  E. coli  

H20.2  Positive  Negative  Negative  Positive  E. coli  

H20.3  Positive  Negative  Negative  Positive  E. coli  

H21.1  Positive  Negative  Negative  Positive  E. coli  

H21.2  Positive  Negative  Negative  Positive  E. coli  

H21.3  Positive  Negative  Negative  Positive  E. coli  

H22.1  Positive  Negative  Negative  Positive  E. coli  

H22.2  Positive  Negative  Negative  Positive  E. coli  

H22.3  Positive  Negative  Negative  Positive  E. coli  

H23.1  Positive  Negative  Negative  Positive  E. coli  

H23.2  Positive  Negative  Negative  Positive  E. coli  

H23.3  Positive  Negative  Negative  Positive  E. coli  

H24.1  Positive  Negative  Negative  Positive  E. coli  

H24.2  Positive  Negative  Negative  Positive  E. coli  

H24.3  Positive  Negative  Negative  Positive  E. coli  

H25.1  Positive  Negative  Negative  Positive  E. coli  

H25.2  Positive  Negative  Negative  Positive  E coli  

H25.3  Positive  Negative  Negative  Positive  E. coli  
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H26.1  Positive  Negative  Negative  Positive  E. coli  

H26.2  Positive  Negative  Negative  Positive  E. coli  

H26.3  Positive  Negative  Negative  Positive  E. coli  

H27.1  Positive  Negative  Negative  Positive  E. coli  

H27.2  Positive  Negative  Negative  Positive  E. coli  

H27.3  Positive  Negative  Negative  Positive  E. coli  

H28.1  Positive  Negative  Negative  Positive  E. coli  

H28.2  Positive  Negative  Negative  Positive  E. coli  

H28.3  Positive  Negative  Negative  Positive  E. coli  

H29.1  Positive  Negative  Negative  Positive  E. coli  

H29.2  Positive  Negative  Negative  Positive  E. coli  

H29.3  Positive  Negative  Negative  Positive  E. coli  

H30.1  Positive  Negative  Negative  Positive  E. coli  

H30.2  Positive  Negative  Negative  Positive  E. coli  

H30.3  Positive  Negative  Negative  Positive  E. coli  

H31.1  Positive  Negative  Negative  Positive  E. coli  

H31.2  Positive  Negative  Negative  Positive  E. coli  

H31.3  Positive  Negative  Negative  Positive  E. coli  

H32.1  Positive  Negative  Negative  Positive  E. coli  

H32.2  Positive  Negative  Negative  Positive  E. coli  

H32.3  Positive  Negative  Negative  Positive  E. coli  

H33.1  Positive  Negative  Negative  Positive  E. coli  

H33.2  Positive  Negative  Negative  Positive  E. coli  

H33.3  Positive  Negative  Negative  Positive  E. coli  

H34.1  Positive  Negative  Negative  Positive  E. coli  

H34.2  Positive  Negative  Negative  Positive  E. coli  

H34.3  Positive  Negative  Negative  Positive  E. coli  

H35.1  Positive  Negative  Negative  Positive  E. coli  

H35.2  Positive  Negative  Negative  Positive  E. coli  

H35.3  Positive  Negative  Negative  Positive  E. coli  

H36.1  Positive  Negative  Negative  Positive  E. coli  

H36.2  Positive  Negative  Negative  Positive  E. coli  

H36.3  Positive  Negative  Negative  Positive  E. coli  

H37.1  Positive  Negative  Negative  Positive  E. coli  

H37.2  Positive  Negative  Negative  Positive  E. coli  

H37.3  Positive  Negative  Negative  Positive  E. coli  

H38.1  Positive  Negative  Negative  Positive  E. coli  

H38.2  Positive  Negative  Negative  Positive  E. coli  

H38.3  Positive  Negative  Negative  Positive  E. coli  

H39.1  Positive  Negative  Negative  Positive  E. coli  

H39.2  Positive  Negative  Negative  Positive  E. coli  

H39.3  Positive  Negative  Negative  Positive  E. coli  

  



 

  

88 | P a g 

e  

Table 4.11: Biochemical tests (catalase, urease, oxidase, and triple sugar iron) were used to 

identify bacteria in soil samples.  
Sample No  Catalase  Urease  Oxidase  Triple sugar iron agar  Presumptive bacteria  

 S 1.1  Positive  Negative  Negative  Positive  E. coli  

 
S 1.2  Positive  Negative  Negative  Positive  E. coli  

S1.3  Positive  Negative  Negative  Positive  E. coli  

S2.1  Positive  Negative  Negative  Positive  E. coli  

S2.2  Positive  Negative  Negative  Positive  E. coli  

S2.3  Positive  Negative  Negative  Positive  E. coli  

S3.1  Positive  Negative  Negative  Positive  E. coli  

S3.2  Positive  Negative  Negative  Positive  E. coli  

S3.3  Positive  Negative  Negative  Positive  E. coli  

S4.1  Positive  Negative  Negative  Positive  E. coli  

S4.2  Positive  Negative  Negative  Positive  E. coli  

S4.3  Positive  Negative  Negative  Positive  E. coli  

S5.1  Positive  Negative  Negative  Positive  E. coli  

S5.2  Positive  Negative  Negative  Positive  E. coli  

S5.3  Positive  Negative  Negative  Positive  E. coli  

S6.1  Positive  Negative  Negative  Positive  E. coli  

S6.2  Positive  Negative  Negative  Positive  E. coli  

S6.3  Positive  Negative  Negative  Positive  E. coli  

S7.1  Positive  Negative  Negative  Positive  E. coli  

S7.2  Positive  Negative  Negative  Positive  E. coli  

S7.3  Positive  Negative  Negative  Positive  E. coli  

S8.1  Positive  Negative  Negative  Positive  E. coli  

S8.2  Positive  Negative  Negative  Positive  E. coli  

S8.3  Positive  Negative  Negative  Positive  E. coli  

S9.1  Positive  Negative  Negative  Positive  E. coli  

S9.2  Positive  Negative  Negative  Positive  E. coli  

S9.3  Positive  Negative  Negative  Positive  E. coli  

S10.1  Positive  Negative  Negative  Positive  E. coli  

S10.2  Positive  Negative  Negative  Positive  E. coli  

S10.3  Positive  Negative  Negative  Positive  E. coli  

S11.1  Positive  Negative  Negative  Positive  E. coli  

S11.2  Positive  Negative  Negative  Positive  E. coli  

S11.3  Positive  Negative  Negative  Positive  E. coli  

S12.1  Positive  Negative  Negative  Positive  E. coli  

S12.2  Positive  Negative  Negative  Positive  E. coli  

S12.3  Positive  Negative  Negative  Positive  E. coli  

S13.1  Positive  Negative  Negative  Positive  E. coli  
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S13.2  Positive  Negative  Negative  Positive  E. coli  

S13.3  Positive  Negative  Negative  Positive  E. coli  

S14.1  Positive  Negative  Negative  Positive  E. coli  

S14.2  Positive  Negative  Negative  Positive  E. coli  

S14.3  Positive  Negative  Negative  Positive  E. coli  

S15.1  Positive  Negative  Negative  Positive  E. coli  

 
S15.2  Positive  Negative  Negative  Positive  E. coli  

S15.3  Positive  Negative  Negative  Positive  E. coli  

S16.1  Positive  Negative  Negative  Positive  E. coli  

S16.2  Positive  Negative  Negative  Positive  E. coli  

S16.3  Positive  Negative  Negative  Positive  E. coli  

S17.1   Positive  Negative  Negative  Positive  E. coli  

S17.2  Positive  Negative  Negative  Positive  E. coli  

S17.3  Positive  Negative  Negative  Positive  E. coli  

S18.1  Positive  Negative  Negative  Positive  E. coli  

S18.2  Positive  Negative  Negative  Positive  E. coli  

S18.3  Positive  Negative  Negative  Positive  E. coli  

S19.1  Positive  Negative  Negative  Positive  E. coli  

S19.2  Positive  Negative  Negative  Positive  E. coli  

S19.3  Positive  Negative  Negative  Positive  E. coli  

S20.1  Positive  Negative  Negative  Positive  E. coli  

S20.2  Positive  Negative  Negative  Positive  E. coli  

S20.3  Positive  Negative  Negative  Positive  E. coli  

S21.1  Positive  Negative  Negative  Positive  E. coli  

S21.2  Positive  Negative  Negative  Positive  E. coli  

S21.3  Positive  Negative  Negative  Positive  E. coli  

S22.1  Positive  Negative  Negative  Positive  E. coli  

S22.2  Positive  Negative  Negative  Positive  E. coli  

S22.3  Positive  Negative  Negative  Positive  E. coli  

S23.1  Positive  Negative  Negative  Positive  E. coli  

S23.2  Positive  Negative  Negative  Positive  E. coli  

S23.3  Positive  Negative  Negative  Positive  E. coli  

S24.1  Positive  Negative  Negative  Positive  E. coli  

S24.2  Positive  Negative  Negative  Positive  E. coli  

S24.3  Positive  Negative  Negative  Positive  E. coli  

S25.1  Positive  Negative  Negative  Positive  E. coli  

S25.2  Positive  Negative  Negative  Positive  E. coli  

S25.3  Positive  Negative  Negative  Positive  E. coli  

S26.1  Positive  Negative  Negative  Positive  E. coli  

S26.2  Positive  Negative  Negative  Positive  E. coli  

S26.3  Positive  Negative  Negative  Positive  E. coli  
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S27.1  Positive  Negative  Negative  Positive  E. coli  

S27.2  Positive  Negative  Negative  Positive  E. coli  

S27.3  Positive  Negative  Negative  Positive  E. coli  

S28.1  Positive  Negative  Negative  Positive  E. coli  

S28.2  Positive  Negative  Negative  Positive  E. coli  

S28.3  Positive  Negative  Negative  Positive  E. coli  

S29.1  Positive  Negative  Negative  Positive  E. coli  

S29.2  Positive  Negative  Negative  Positive  E. coli  

S29.3  Positive  Negative  Negative  Positive  E. coli  

S30.1  Positive  Negative  Negative  Positive  E. coli  

S30.2  Positive  Negative  Negative  Positive  E. coli  

S30.3  Positive  Negative  Negative  Positive  E. coli  

S31.1  Positive  Negative  Negative  Positive  E. coli  

S31.2  Positive  Negative  Negative  Positive  E. coli  

S31.3  Positive  Negative  Negative  Positive  E. coli  

S32.1  Positive  Negative  Negative  Positive  E. coli  

S32.2  Positive  Negative  Negative  Positive  E. coli  

S32.3  Positive  Negative  Negative  Positive  E. coli  

S33.1  Positive  Negative  Negative  Positive  E. coli  

S33.2  Positive  Negative  Negative  Positive  E. coli  

S33.3  Positive  Negative  Negative  Positive  E. coli  

  

APPENDIX B: MULTI-DRUG RESISTANCE 

Multi-drug resistance of E. coli in stool samples. 

Antibiotic combination Number of E. coli isolates  

 Resistance to two antibiotics) n=% 

FOX + CIP 1 (0.85%) 

ATH + AP 1 (0.85%) 

AP + CIP 1 (0.85% 

ATH + FOX 1 (0.85%) 

ATH + NA 2 (1.71%) 

AP + T 1 (0.85%) 

AP +CL  4 (3.42%) 

AP + C 3 (3.42%) 

AK + ATH 1 (0.85%) 

C + NA 2 (1.71%) 

C + CTX 2 (1.71%) 

C+CL 1 (0.85%) 

A+C 1 (0.85%) 

FOX +T 1 (0.85%) 
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AP+CTX 1 (0.85%) 

A+T 1 (0.85%) 

C+A 3 (3.42%) 

C+FOX 1 (0.85%) 

FOX+GM 1 (0.85%) 

AP+AK 1 (0.85%) 

CIP+AK 1 (0.85%) 

CIP+C 1 (0.85%) 

AP+ A 1 (0.85%) 

CTX+A 1 (0.85%) 

CTX+ATH 1 (0.85%) 

C+AK 1 (0.85%) 

NA+A 1 (0.85%) 

ATH+A 1 (0.85%) 

NA+C 2 (1.71%) 

Total 40 (34.18%) 

Resistance to three or more antibiotics)   

CL+CTX+FOX 1 (0.85%) 

CTX+AP+C 1 (0.85%) 

ATH+CL+A 1 (0.85%) 

FOX+C+CIP 1 (0.85%) 

CIP+CL+ATH 1 (0.85%) 

ATH+C+AP 1 (0.85%) 

CL+CTX+A 1 (0.85%) 

NA+AK+C 2 (1.71%) 

C+AK+A 1 (0.85%) 

GM+ATH+CL 1 (0.85%) 

AP+T+C 1 (0.85%) 

NA+CIP+C 1 (0.85%) 

FOX+AP+ATH 1 (0.85%) 

ATM+C+AP 1 (0.85%) 

ATH+A+CTX 1 (0.85%) 

AK+C+CTX 1 (0.85%) 

AK+C+FOX 1 (0.85%) 

C+T+NA+CL 1 (0.85%) 

NA+AP+FOX 1 (0.85%) 

FOX+CTX+AP+CIP+A+NA+CL+ATH 1 (0.85%) 

FOX+CTX+AP+CL 1 (0.85%) 

FOX+CTX+AP+C+A+NA+CL 1 (0.85%) 

FOX+CTX+AP+C+A+CL 1 (0.85%) 

FOX+CTX+C+A+CL 1 (0.85%) 

CTX+AP+A+NA+CL 1 (0.85%) 
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AP+C+A+CL 1 (0.85%) 

CTX+AK+T+ATH 1 (0.85%) 

CTX+AP+A+NA+CL+ATH 1(0.85%) 

ATH+ATM+NA+A+C+GM+AP+CTX 1 (0.85%) 

ATH+CL+C+A 1 (0.85%) 

FOX+AK+A+CL 1 (0.85%) 

ATH+A+AP+CTX+FOX 1 (0.85%) 

CTX+C+T+CL 1 (0.85%) 

A+T+AK+C 1 (0.85%) 

FOX+CIP+C+CL 1 (0.85%) 

FOX+AP+C+A+CL 1 (0.85%) 

CTX+AP+C+A+CL 1 (0.85%) 

AP+GM+C+CIP 1 (0.85%) 

FOX+AP+C+CL 1 (0.85%) 

CTX+A+NA+CL 1 (0.85%) 

FOX+C+T+A+NA 1 (0.85%) 

GM+NA+CL+ATH 1 (0.85%) 

CTX+AP+CL+ATH 1 (0.85%) 

CTX+AP+AK+NA+ATH 1 (0.85%) 

FOX+CTX+ATH+CL+NA 1 (0.85%) 

Total 48 (41.02%) 

 Overall total 88 (75.20%) 

Keywords: AP= Ampicillin, A= Amoxycillin, T= Tetracycline, C=Chloramphenicol, ATH= Azithromycin, MEM= 

Meropenem, GM= Gentamycin, CL= Cephalexin, CTX-M= Cefotaxime, CIP= Ciprofloxacin, FOX= Cefoxitin, AK= 

Amikacin, ATM= Aztreonam and NA= Nalidixic acid.  

Table 4.13: Multi-drug resistance of E. coli in soil samples. 

Antibiotic resistance combination Number of E. coli isolates 

Resistance to two antibiotics n (%) 

CL+FOX 2 (2.12%) 

CL+AK 1 (1.06%) 

T+ATH  2 (2.12%) 

CL+ATH 1 (1.06%) 

AP+A 1 (1.06%)     

ATH+C 2 (2.12%) 

CL+C 3 (3.19%) 

C+AK 1 (1.06%) 

AK+A 1 (1.06%) 

GM+C 1 (1.06%) 

CTX+C 1 (1.06%) 

C+T 1 (1.06%) 

FOX+T 1 (1.06%) 
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FOX+ATH 1 (1.06%) 

CTX+CL 1 (1.06%) 

AP+C 1 (1.06%) 

A+CL 1 (1.06%) 

Total 22 (23%)  

Resistance to three or more antibiotics  

FOX+CL+ATH 2 (2.12%) 

FOX+C+CL 2 (2.12%) 

AP+A+ATH 1 (1.06%) 

CIP+CL+ATH 2 (2.12%) 

ATH+C+A 2 (2.12%) 

CTX+AP+ATH 1 (06%) 

CTX+CL+ATH 2 (2.12%) 

C+CIP+ATH 1 (1.06%) 

GM+A+CL 1 (1.06%) 

CTX+C+ATH 1 (1.06%) 

FOX+C+ATH 1 (1.06%) 

FOX+C+GM 1 (1.06%) 

FOX+T+ATH 1 (1.06%) 

C+CL+ATH 1 (1.06%) 

FOX+T+CL 1 (1.06%) 

CTX+CIP+AP 1 (1.06%) 

FOX+CTX+A+NA 1 (1.06%) 

GM+C+CL+ATH 1 (1.06%) 

FOX+CTX+A+C 1 (1.06%) 

C+AP+CIP+A 1 (1.06%) 

FOX+C+AK+T 1 (1.06%) 

CTX+CIP+T+NA+ATH 1 (1.06%) 

CTX+GM+C+T+ATH 1 (1.06%) 

A+C+GM+AP 1 (1.06%) 

ATM+C+GM+CTX+FOX 1 (1.06%) 

NA+AK+C+GM+AP+FOX 1 (1.06%) 

FOX+AP+C+CIP+A+ATH 1 (1.06%) 

FOX+CTX+C+CIP+T+A+CL 1 (1.06%) 

FOX+CTX+C+CIP+A+ATH 1 (1.06%) 

CTX+A+NA+ATM+FOX 1 (1.06%) 

FOX+CTX+AP+C+A+ATM+ATH 1 (1.06%) 

FOX+CTX+C+CIP+NA 1 (1.06%) 

FOX+CTX+AK+A+CIP+C 1 (1.06%) 

CTX+C+A+ATH 1(1.06%) 

C+CIP+T+CL+A 1 (1.06%) 

GM+C+NA+ATH 1 (1.06%) 
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C+AP+A+ATH 1 (1.06%) 

FOX+AP+A+CL+ATH 1 (1.06%) 

FOX+C+CL+ATH 1 (1.06%) 

AP+A+CL+ATH 1 (1.06%) 

CL+C+A+ATH 1 (1.06%) 

FOX+CTX+GM+CL 1 (1.06%) 

FOX+CL+A+T+AP 2 (2.12%) 

FOX+AP+C+CL 1 (1.06%) 

FOX+C+AK+A+CL 1 (1.06%) 

Total 61 (65%) 

Overall total 83 (88%) 

Keywords: AP= Ampicillin, A= Amoxycillin, T= Tetracycline, C=Chloramphenicol, ATH= Azithromycin, MEM= 

Meropenem, GM= Gentamycin, CL= Cephalexin, CTX-M= Cefotaxime, CIP= Ciprofloxacin, FOX= Cefoxitin, AK= 

Amikacin, ATM= Aztreonam and NA= Nalidixic acid.  

  

 


