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ABSTRACT 
 

The gastrointestinal tract of cattle houses several microorganisms that are excreted 

through faecal material into the environment. Some strains of these microorganisms 

are known to be zoonotic and carry determinants of antimicrobial drug resistance 

(AMR). Antimicrobial-resistant organisms from food producing animals pose a 

significant public health danger globally (Song et al., 2022). This research aimed at 

conducting whole genome sequencing (WGS) for both generic Escherichia coli (E. 

coli) and Enterobacter hormaechei (E. hormaechei) isolates from healthy communally 

grazed cattle faecal samples, and identifying AMR determinants. This study also 

assessed the phenotypic resistant profiles of E. coli and E. hormaechei isolates from 

the same study population. In total, 35 faecal samples were collected and traditional 

microbiological techniques were used to culture and isolate bacteria from faecal 

samples. Of the 35 samples only three (n=3; 9%) of the samples yielded E. coli isolates 

and 12 (34%) were positive for E. hormaechei. Confirmed E. coli and E. hormaechei 

isolates were tested for susceptibility using the NCCL disc diffusion method towards 

10 antimicrobials namely: Gentamycin (CN), Streptomycin (S), Neomycin (N), 

Ciprofoxacin (CIP), Norfloxacin (NOR), Erythromycin (E), Ampicillin (AMP), 

Chloramphenicol (C), Nalidixic acid (NA) and Tetracycline (T). A selection of isolates 

exhibiting resistance to more than two antibiotics were sent to the Agricultural 

Research Council-Onderstepoort Institute (ARC-OVI) for the purpose of extracting 

DNA. For whole genomic sequencing, Illumina TruSeq Nano DNA Library Preparation 

kit was used to construct DNA libraries. These libraries were sequenced on an Illumina 

Hiseq X instrument to generate 2 x 150bp reads. Whole genome assemblies were 

performed with Abyss software (v.2.2.4-1) at default parameters. Thereafter, the 

generated raw reads (fastq files) were assembled on the Inqaba Biotech platform. 

Reference assembly for WGS was done with De novo assembly. Pathogenwatch 

(https://pathogenwatch/) was used to get possible species as a positive hit per the 

assembled Contig fasta file. For annotating and reference assembly, bacterial and viral 

resource center were used (https://www.bv-btc.ord). Blast-ncbi was used (basic local 

alignment tool: https://blast.ncbi.nlm.nih.gov/Blast.cgi) for accession ID for reference 

assembly. 

 

https://protect.checkpoint.com/v2/___https:/pathogenwatch/___.YzJlOnVuaXNhbW9iaWxlOmM6bzozYTMwYjg4ODE1OTQ3OWQyNDU3N2Q2OWU1NjhkYzI5Mjo2OmQxM2E6YzMxOWJhN2RhMWMwMTQyNTdjYjUzYWM3NjAzODRiMmE4ZWI0MDQyMTQ4NmFhZDA1ZTUyYTMyM2YwZTgwZjFhZDpwOkY
https://protect.checkpoint.com/v2/___https:/www.bv-btc.ord___.YzJlOnVuaXNhbW9iaWxlOmM6bzozYTMwYjg4ODE1OTQ3OWQyNDU3N2Q2OWU1NjhkYzI5Mjo2OjEzYmI6OGZjNGYyMzQ0NGMyMzJiODdlN2RlNGFiM2RhNGI1Yjg0M2VlZGFkMDc1MjBkYjhlNmZmYjg4MGYzMDllNWNhZDpwOkY
https://protect.checkpoint.com/v2/___https:/blast.ncbi.nlm.nih.gov/Blast.cgi___.YzJlOnVuaXNhbW9iaWxlOmM6bzozYTMwYjg4ODE1OTQ3OWQyNDU3N2Q2OWU1NjhkYzI5Mjo2OjYyNmM6ZDYwM2IwMDIzNzBmM2YwMzhlYTA2MTZmZDIxNzJhZmEzZTY1NDczM2ZjNTUzMTRjYWFhYTA1NzExNTA5OGE2YzpwOkY
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All E. coli isolates (100%), exhibited resistance against streptomycin and 

erythromycin, thus a phenotype of S-E. The aforementioned isolates also showed 

100% intermediate resistance  against NA and AMP. The two E. coli isolates were 

evidenced as susceptible to all other antimicrobials. These isolates exhibited 

resistance to two drugs from two antimicrobial classes, indicating the absence of multi-

drug resistance (MDR). With regards to AMR genes, “aphA” together with “rpsL” 

mutation genes were detected in E. coli isolates that showed phenotypic resistance to 

aminoglycoside. WGS annotations are accessible under BioProject accession number 

PRJNA1028407. The experimental sequence reads archives (SRA) are accessed 

under SRR26374259 and SRR26393805 respectively in the National Center for 

Biotechnology Information (NCBI) platform. Twelve (n=12; 34%) E. hormaechei were 

isolated from communally grazed HMVC. Of the 12, seven (n=8; 67%) were resistant 

to E and AMP, and four (n=4; 33%) to S, E and AMP. The observed phenotypes were 

E-AMP (67%), S-E-AMP (33%). AMR was observed in 67% of these isolates, while 

33% were MDR. AMR was observed in 67% of these isolates. Several AMR and MDR 

determinants were identified and included: “acrA”, “acrB” and “marA” genes amongst 

many others. WGS annotations are accessible under BioProject accession number 

PRJNA991313 and the experimental sequence reads archives (SRA) of the 12 E. 

hormaechei isolates are accessed in the NCBI platform. This study identified possible 

phenotypic resistance profile of bacterial from communally grazed cattle. The results 

reported here confirm the presence of antimicrobial drug resistance determinants 

among cattle in rural areas of South Africa. The obtained data provides support for 

future research on E. coli and E. hormaechei isolates from communally grazed HMVC. 

Thus, to prevent the distribution of AMR organisms or their transferable resistance 

genes, a sensible use of antimicrobials is still necessary in veterinary medicine, animal 

husbandry, and human health. Further studies on AMR should be undertaken 

especially in rural areas, where communal farmers and veterinary officials could be 

using over-the-counter and prescribed medicines when it is not necessary.  

 

Key words: Escherichia coli; Enterobacter hormaechei; Multidrug resistance; Cattle 

faeces; phenotypic resistance, genotypic resistance  
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CHAPTER 1  
 

INTRODUCTION 
 

1.1 Background 

 

South Africa's Registrar Act 36 of 1947 regulates the import, manufacturing, and sale 

of stock remedies, while the Medicines and Related Substances Control Act (Act 101 

of 1965) controls veterinary medicines. Both are regulated to ensure quality, efficacy, 

and safety without compromising human and animal health. Veterinarians can only 

administer stock remedies which include antibiotics and antimicrobials. 

 

Thirty to ninety percent of the antibiotics given to animals can be eliminated in urine 

or manure, either unaltered or as an active metabolite (Spielmeyer, 2018; Filippitzi et 

al., 2019). Antibiotic-resistant bacteria as well as antibiotic residues can enter the 

ecosystem through the use of raw manure on agricultural fields. More recently, eating 

product crops like lettuce and spinach that have had animal manure added to the soil 

has been allied to a higher risk of infection in homo sapiens (Vanselow et al., 2005). 

Manure and soil-associated bacteria can exchange antimicrobial resistant genes 

horizontally through this process (Krapac et al., 2001). Consequently, antibiotic 

residues and resistant bacteria present in soil have the potential to find their way into 

surface water, groundwater, and crops growing on fertilized fields. Therefore, this 

could result in a risk of exposure for humans and animals when they consume food 

and feed (Kivits et al., 2018; Chee-Sanford et al., 2009). 

 

Antimicrobials are normally utilized in cattle to stop and control infections. However, 

too much usage of antimicrobials in food animals such as cattle, may result in the 

production of antimicrobial-resistant bacteria which makes it difficult to treat infections. 

Antibiotic resistance manifests when bacterial organisms develop adaptations that 

allow them to resist the therapeutic effects of antibiotics through multiple pathways. 

(Mukuna et al., 2023). The prospect of bacteria to establish resistance to antibiotics is 

significantly influenced by their skill in genomic transformation (Hoeksema et al., 
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2018).  Global concerns regarding antimicrobial resistance (AMR) and its 

consequences on human and animal health are increasing (Khine et al., 2023). 

 

Escherichia coli and Enterobacter hormaechei both belong to the Enterobacteriaceae 

family. They are both Gram negative bacteria (Hoffmann et al., 2005; Ghernaout, 

Elboughdiri and Lajimi, 2022), and both are opportunistic bacteria (Wang et al., 2022). 

These bacterial species are present as normal colonic flora in animals and are 

common in environments contaminated by animal faecal material as well as in food 

products derived from animals (O’Hara et al., 1989; Song et al., 2022). Escherichia 

coli has been reported to make up 1% of the intestinal bacteria in cattle (Callaway et 

al., 2009). Hence, it is critical to keep an eye on antimicrobial resistance in bacteria 

like E. coli as well as E. hormaechei in food animals like cattle so as to identify the 

establishment of antimicrobial resistance and the danger it poses to people (van den 

Honert, Gouws and Hoffman, 2021; Song et al., 2022).   

 

Due to E. coli's well-known presence in the gut and the fact that it has been 

demonstrated to be the primary cause of resistance in Enterobacteriaceae. 

Escherichia coli has been suggested to operate as a source of genes linked to 

antibiotic resistance in the gastrointestinal system (Golomidova et al., 2018). Food 

animals can transmit E. coli isolates with the potential to develop antibiotic resistance 

to humans either directly or indirectly through the food chain (Geenen et al., 2013). 

Moreover, Escherichia coli possesses the capacity to engage in the horizontal transfer 

of genetic material among diverse bacterial taxa, and it may also facilitate the 

dissemination of antibiotic resistance determinants to transient bacterial pathogens 

that are responsible for human diseases. Consequently, Escherichia coli serves as a 

standard biomarker for assessing the magnitude of antibiotic resistance present in the 

microbial communities inhabiting the bovine gastrointestinal system (Callaway et al., 

2009).  

 

Certain epidemiological investigations have demonstrated that as much as 30% of 

feedlot cattle excrete E. coli O157:H7 in their fecal matter. Although other animals may 

also harbor this pathogen, cattle are thought to be its main reservoir. 

Enterohemorrhagic Escherichia coli O157:H7 (EHEC) constitutes a notable human 
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pathogen that inhabits the gastrointestinal tracts of asymptomatic bovines. Examples 

of harmful E. coli strains besides the enterohemorrhagic E. coli O157:H7 are; 

O104:H4, O121, O26, O103, O111, O145, and O104: H21. E. coli O157:H7 

specifically causes food poisoning, which leads to anaemia and/ or kidney failure 

which may cause death. The transmission of the infection occurs upon exposure to 

the excrement or fecal matter of humans or animals. This transmission may take place 

through the intake of water or food that has been polluted by fecal contamination 

(Henry et al., 2017). E. coli can also get into meat during processing. Furthermore, 

eating meat infected with cow feces during the slaughter process has been connected 

to E. Coli O157:H7 infections in people (Duffy et al., 2006). Among principal worldwide 

obstacles regarding control of bacterial drug resistance is the emergence of multidrug-

resistant (MDR) bacterial strains. The Enterobacteriaceae family of bacteria (including 

Enterobacter species) is considered to be the highest priority group when it comes to 

finding new antibiotics and strategies to fight multidrug-resistant diseases, according 

to a 2017 World Health Organization (WHO) assessment (Cieślik et al., 2022). 

Hospital infections are renowned to be regularly caused by Enterobacter hormaechei 

species, which belong to Enterobacter cloacae complex (ECC). The significance of 

livestock in the rise and spread of antibiotic resistance has been highlighted by the 

discovery that a few multidrug resistant strains of E. hormaechei are linked to infection 

in piglets, calves, and foxes (Zaitsev, Khizhnyakova and Feodorova, 2022). As a 

result, E. hormaechei is an opportunistic pathogen that can infect both people and 

animals. (Cao et al., 2022).  

 

Previous research has found three distinct subspecies of E. hormaechei: E. 

hormaechei subsp. oharae, E. hormaechei subsp. hormaechei, and E. hormaechei 

subsp. Steigerwaltii. Enterobacter cloacae was the strain to which these strains were 

most closely related (O’Hara et al., 1989; Hoffmann et al., 2005). The clinical 

presentation and environmental conditions of E. coli and E. hormaechei are mutable 

and its genome is highly diverse (Hoeksema et al., 2018; Yusaimi et al., 2022).   

 

Numerous investigations have demonstrated that the identification of genetic markers 

for antibiotic resistance through whole genome sequencing (WGS) precisely forecasts 

the phenotypic behaviour of bacteria resistant to antibiotics (Reid et al., 2020; 
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Jeamsripong et al., 2021; Ma et al., 2022). Research has shown that phenotypic 

antibiotic susceptibility testing and WGS have a degree of agreement (Iramiot, 

Kajumbula, Bazira, Villiers, et al., 2020). 

 

Taxonomic classification has historically relied predominantly on phenotypic attributes, 

with genetic data being employed only since the 1960s. Nevertheless, the sequencing 

of the inaugural bacterial genome in 1995 (Fleischmann et al., 1995) markedly 

transformed the field of microbiology by providing comprehensive access to the 

complete genetic repertoire of a given strain (Sentausa and Fournier, 2013). The 

genome sequencing of type strains is anticipated to fundamentally alter prokaryotic 

systematics by significantly enhancing species identification, clarifying the functional 

characteristics of taxonomic groups, and addressing numerous ambiguities within the 

phylogenetic frameworks of higher taxa (Whiteman, 2015). 

 

This study focused on determining the AMR assay and genotypes of established 

generic E. coli and E. hormaechei isolates from communal cattle faeces, sequencing 

the whole genome of these isolates, screening the genes responsible for AMR among 

E. coli and E. hormaechei isolates using WGS and saving the data in the GenBank to 

make it available for use in further studies.  

 1.2  Problem Statement  

 
Cattle are the majority of households' primary source of income in the North West 

province including at Mogosane village in South Africa. Additionally, as grazers or end 

users of plants, particularly grass, cattle are important to the ecosystem. Therefore, 

rumen bacteria from cattle may represent the diversity of microbes in an ecosystem. 

(Bath et al., 2013). At the same time, cattle are considered the primary reservoirs of 

pathogens some of which are intrinsically resistant to antimicrobials.  

 

Due to AMR being a problem in the world, the One Health concept requires a holistic 

approach to looking at AMR in humans, animals, and the environment (Khine et al., 

2023). Drug-resistant microorganisms are circulating in the environment with a 

negative effect that has significantly risen in the past years (Abdus Sobur et al., 2019). 
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This is even more important for communal rural areas such as Mogosane village 

where often, communal farmers and veterinary officials might be using over-the-

counter and prescribed medicines when it is not necessary. Although E. coli has been 

isolated and tested for antimicrobial resistance before in cattle at Mogosane village in 

the North West Province (Ateba, Mbewe and Bezuidenhout, 2008), there is no record 

of WGS of generic  E. coli isolates from cattle in the study area. Furthermore, 

according to Punina et al. (2015), underdeveloped nations such as South Africa still 

needs to work in terms of putting WGS of E. coli and E. hormaechei isolates from cattle 

in the GenBank for future investigations. (Gambushe, Zishiri and El Zowalaty, 2022). 

Therefore, this is the first research to investigate the WGS of generic E. coli in the 

study area to identify genes mediating AMR among isolates from cattle in the area.  

 

In 2022, Zaitsev, Khizhnyakova, and Feodorova reported the first case of the E. 

hormaechei subsp. xiangfangensis strain from a cow that had an infection of the 

reproductive system in Russia. At the same time, E. hormaechei has been added to 

the global priority list of pathogens of the WHO because it is known as the MDR 

organism that is associated with infectious diseases (De Oliveira et al., 2020). 

Therefore, based on the WHO, One health, and CDC’s concern of increasing AMR in 

animals, there is a need for studies such as the present study that investigate AMR 

among E. hormaechei.   

Thus, the overuse or underuse of antimicrobials leads to these medicines becoming 

ineffective and leading to infections becoming difficult or impossible to treat. If 

infections become difficult to treat, there is a risk of increased spread of diseases which 

might lead to death. 

1.3 Motivation for the study 

 

This study contributes to the body of knowledge on genome sequence of the AMR 

generic E. coli and E. hormaechei isolated from healthy Mogosane village communal 

cattle (HMVC). While whole genome sequencing (WGS) data for Escherichia coli in 

farm animals has been intensively investigated for decades in developed countries 

and is archived in the GenBank, there has not been much done for E. hormaechei in 
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farm animals around the globe in this instance. Only a few studies have been 

conducted on AMR E. hormaechei in animal husbandry (Cao et al., 2022; Scarpellini 

et al., 2023). Amongst those studies, only a handful were done in cows (Wang et al., 

2020; Zaitsev, Khizhnyakova and Feodorova, 2022). Moreover, there is no evidence 

of studies on E. hormaechei in communal cattle of Mogosane village. Genome 

analysis is a great tool for identifying as well as understanding genetic variants that 

may predispose animals to conditions, which can allow for early intervention and 

preventative measures. Understanding genetic factors responsible for AMR E. coli and 

E. hormaechei is important in promoting animal health and preventing diseases 

(Punina et al., 2015). This study has added value with its findings to the veterinary 

literature in South Africa.  

 

1.4 Aim and Objectives 

 

1.4.1 Aim 

We aimed to assess the AMR and genome sequences of generic E. coli and E. 

hormaechei strains from faecal samples of communal cattle in Mogosane village, 

North west province, in this study. 

 

1.4.2 Objectives 

The following objectives were considered to address the aim of this research project: 

 To determine the antimicrobial susceptibility profiles of both generic E. coli and 

E. hormaechei isolates from faecal samples of communal cattle in Mogosane  

Village, North west province. This objective focused on identifying which 

antibiotics were effective against E. Coli and E. Hormaechei by using 

standardized tests e.g., disk diffusion, to determine the zone of inhibition.  

 

 To determine genetic determinants of resistance of all established AMR 

generic E. coli and E. hormaechei isolates from  faecal samples of communal 

cattle in Mogosane village, North west province. This objective explores the 

underlying characteristics that contribute to the bacteria's ability to resist or be 
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susceptible to antibiotics. It helps understand the mechanisms behind the 

bacteria's susceptibility or resistance to antibiotics. 

 To evaluate the whole genome sequences of the AMR generic E. coli and E. 

hormaechei isolates to identify the AMR determinants and to store the 

information in the NCBI GenBank for further studies.  

 

1.5 Research Questions 

 

This research answered the following questions: 

 How many generic E. coli and E. hormaechei isolates recovered from faecal 

samples from communal cattle in Mogosane village, North west province exhibit 

AMR?  

 What AMR genotypes are exhibited by the generic E. coli and E. hormaechei 

isolates from faecal samples of communal cattle in Mogosane village, North 

west province? 

 What AMR determinants of the identified AMR generic E. coli and E. 

hormaechei isolates using whole genome sequence are present among 

isolates from the study population? Can the AMR information be accessed for 

future studies? 

 

1.6 Significance of the study 

 

The findings of this study contribute to improved understanding of the current 

knowledge of the AMR phenotypes among E. coli and E. hormaechei isolates and 

genes responsible for AMR in the same strains. According to  the findings of this study, 

it was possible to add the discovered whole genome sequence profiles to the NCBI 

GenBank for further studies. As a result, AMR profiles of E. coli and E. hormaechei 

isolates and their responsible resistance genes from Mogosane village communal 

cattle are known and can be accessed from anywhere in the world. Furthermore, the 

WGS information provided gives resourceful knowledge on molecular characterization 

to determine the prevalence of AMR E. coli and E. hormaechei and also facilitates 

comparison with new or current AMR datasets should there be a need.  Future studies 
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can also look at comparing the discovered AMR E. coli and E. hormaechei profiles 

and genes from Mogosane communally grazed cattle to the ones discovered 

elsewhere in the world. Once more, this study is important as it has contributed to One 

Health’s requirement of a holistic approach to looking at AMR in animals and adding 

the data to GenBank for future surveillance and monitoring. 

 

1.7 Structure of the Thesis 

The thesis is divided into the following five (5) chapters: 

a. Chapter one: Provides the background to the study and includes the aims, 

objectives, research questions, significance, and insight into the research site. 

b. Chapter two: This chapter presents the literature review. 

c. Chapter three: This chapter presents the extended materials and methods 

used in this study. It outlines the sampling regime and context, collection of 

faecal samples, bacteriological analysis, molecular analysis, statistical 

analysis, and ethical approval and informed consent. 

d. Chapter Four: Bacterial strains isolated from the communally grazed healthy 

Mogosane village cattle faecal samples. 

e. Chapter Five: The antimicrobial susceptibility profiles of the E. coli and E. 

hormaechei isolates from faecal samples of communal cattle in Mogosane 

village, North west province. 

f. Chapter Six: Screening of the whole genome sequences of AMR E. coli 

isolates for the AMR determinants.   

g. Chapter Seven: Screening of the whole genome sequences of the AMR E. 

hormaechei isolates for the AMR determinants. 

h. Chapter Eight: Limitations, conclusion and recommendations.  

i. Chapter Nine: References 
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CHAPTER 2  
 

LITERATURE REVIEW 
 
2.1 Introduction 

 

Many farmers in developing nations use their livestock as a way to store wealth, 

protect against starvation during times of food scarcity, provide fertilizer, pay for 

weddings, transport, and a driving force behind crop production (Randela, 2003; 

Bettencourt et al., 2015). A primary contributor to resistance to antibiotics is their 

application in food animals (Van et al., 2020). Antibiotic resistance is more common in 

the enteric bacteria of food animals when antibiotics are frequently used on these 

animals (Oguttu, Veary and Picard, 2008). Antimicrobial-resistant (AMR) bacteria, 

including bacteria resistant to multiple classes of antimicrobials, are found in animal 

manures from food-producing animal farms (US-CDC, 2018). According to Omar et al. 

(2024), there is a growing concern in African cattle production systems regarding 

antimicrobial resistance, which poses a threat to both human and animal health as 

well as the associated economic value chain. Multiple drug resistance (MDR) refers to 

the capability of specific microorganisms to withstand the effects of various 

antimicrobial agents. Multi-drug resistance encompasses those microorganisms that 

exhibit resistance to a range of antibacterial, antifungal, antiviral, and anti-parasitic 

pharmacological agents. The phenomenon whereby certain microorganisms 

demonstrate resilience to specific chemical agents (drugs) that would typically 

eradicate them or inhibit their proliferation is termed antimicrobial resistance (AMR) 

(Wartu et al., 2019). 

 

Drug-resistant microorganisms are circulating in the environment with a negative effect 

that has significantly risen in the past years (Abdus Sobur et al., 2019). The ability of 

bacteria to acquire resistance to antibiotics relies to a large extent on their capacity for 

genome modification (Hoeksema et al., 2018). Genome-based characterization of 

isolates has provided answers to respective questions in species identification, 

pathogenicity as well as drug resistance (Madaha et al., 2020). 
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2.2 The Importance of Cattle in Rural Communities  

 

Livestock is essential in the lives of indigenous rural communities in southern Africa. 

They fulfill a variety of purposes, including social, cultural, spiritual, utilitarian, 

economic, and political values (Shava and Masuku, 2019). For both output and capital 

value, cattle are the most important species of livestock (Azabo et al., 2022). Cattle 

are a major source of meat and milk. It is commonly known that meat provides 

essential nutrients that are good  for human health and is an essential component of 

a balanced diet. Milk and milk products provide sufficient nutrients to support the 

development of skeletal, muscular, and neurological structures, making them 

beneficial foods for all stages of human life (Banda and Tanganyika, 2021). 

Furthermore, cattle production provides employment and livelihoods for many of the 

world’s rural poor communities (FAO).  

 

2.3 Escherichia Coli  

 

Escherichia coli (E. coli) belongs to the Enterobacteriaceae family and is classified as 

a gamma-proteobacteria. It was discovered in 1885 by a German bacteriologist and 

paediatrician known as Theodor Escherich. The aforementioned is a Gram-negative 

bacterium and classified as Prokaryote because it contains a single circular DNA 

molecule that makes up its whole genome. This microorganism is facultative, 

anaerobic, non-sporing, non-sorbitol fermenting but lactose fermenting bacteria. 

Moreover, it is indole-positive, oxidase-negative also catalyse-positive (Jang et al., 

2017, Ghernaout, Elboughdiri and Lajimi, 2022). While other animals may be carriers, 

cattle are assumed to be the leading source of E. coli (Song et al., 2022) as it has 

been said to account for up to 1% of the bacteria in the gastrointestinal tract of these 

domestic animals (Callaway et al., 2009). The E. coli species are present in the normal 

intestinal flora in animals and are common in environments contaminated by animal 

faecal material as well as in food products derived from animals (Song et al., 2022). 

Although E. coli can initiate a wide range of illnesses in cattle, it is commonly 

associated with mastitis in adult dairy cows and intestinal or septicemic infections in 

calves (Nielsen et al., 2021). 
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Due to its well-known presence in the gut and its demonstrated role in most 

Enterobacteriaceae resistance, E. coli has been suggested as a potential source of 

antibiotic resistance genes in the digestive tract (Golomidova et al., 2018). Food 

animals can transmit Escherichia coli isolates with the potential to develop antibiotic 

resistance to people either directly or indirectly via the food chain. Furthermore, E. coli 

freely exchanges genetic material with other species of bacteria, and it's probable that 

this bacterium passes antibiotic resistance genes to human disease-causing bacteria 

that are only transitory pathogens (Elmonir et al., 2021). Thus, this bacterium is a 

reasonable measure of how much the microbial populations in the cow’s digestive tract 

are resistant to antibiotics (Callaway et al., 2009). Suzuki et al., (2022) monitored 

antimicrobial-resistant Escherichia coli strains from cattle faeces and the adjoining 

surroundings once a year, on a monthly basis. From cow faeces, tetracycline-resistant 

E. coli accounted for 1.7% of the strains, while all other strains were sensitive to all 

other antimicrobial agents. Out of the 136 strains that were recovered from cows and 

wild animals, only a single strain indicated resistance to ampicillin. Nonetheless, 248 

of the antibiotic resistant profiles of Escherichia coli isolated from carcass samples 

also cow faeces from Tamaulipas, Mexico, were assessed by Martínez-Vázquez et 

al., (2021). They discovered that 12 familiar antibiotics used in human and veterinary 

medicine might be utilized to treat the E. coli strains. Strains of E. coli were found in 

85.9% (213/248) tested samples, of which 87.9% (109/124) of those samples were E. 

coli strains from faecal samples, and 83.8% (104/124) were E. coli isolates from 

carcass samples. 

 

Other researchers in the world have isolated E. coli from cattle and tested it for AMR. 

(Martínez-Vázquez et al., 2021) found that MDR (72.7%) and resistant (82.0%) E. coli 

strains were highly prevalent, with tetracycline, ampicillin, and cephalothin being the 

least effective antibiotics. They conjectured that their findings demonstrate the 

necessity of enforcing laws governing how to use antibiotics in animals that produce 

food and that cattle may serve as a significant source of bacteria resistant to 

antibiotics. 
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Further research has revealed that E. Coli O157:H7 can be found in feces of up to 

30% of feedlot cattle. Enterohemorrhagic Escherichia coli O157:H7 (EHEC) is a 

significant human pathogen residing in healthy cattle. Cattle are deemed a 

fundamental source in outbreaks involving non-beef foods that become contaminated 

by environmental or waterborne E. coli O157:H7. However, it can also prevent 

pathogenic bacteria from establishing themselves in the intestines, which therefore 

means that some strains of this bacterium are harmless while others do cause harm 

(Song et al., 2022; Zaheer et al., 2017).  

 

Examples of harmful E. coli strains besides the enterohemorrhagic E. coli O157:H7 

are; O104:H4, O121, O26, O103, O111, O145, and O104: H21. The aforementioned 

micro-organism is capable of causing food poisoning in humans. E. coli O157:H7 

specifically causes food poisoning, which leads to anaemia and/or kidney failure which 

may cause death. The infection is contracted when in contact with faeces or stools of 

humanbeings or animals. This is possible when sipping water or consuming food that 

has been infected by faeces (Henry et al., 2017). E. coli can also get into meat during 

handling. Some research on the link between the consumption of meat by humans 

and human diseases due to E. coli O157:H7 has been done. Consuming meat tainted 

with excrement from the intestine during the slaughter process has also been 

connected to E. Coli O157:H7 infection in humans (Duffy et al, 2006). Recently, when 

animal manure was applied as a soil amendment, eating lettuce, spinach, and other 

produce crops was linked to an increased danger of infection in humans (Vanselow et 

al., 2005).  

 

Escherichia coli serotype O157:H7 (E.coli O157:H7) can infect animals and 

humanbeings through food and/or water, causing utmost hospitalization rates and fatal 

complications (Characterization et al., 2017). It produces Shiga toxins (STEC) which 

are responsible for causing mild diarrhoea to severe bloody diarrhoea in animals and 

humanbeings (O’Sullivan et al., 2007).  This toxin is damaging to the lining of the small 

intestines. Thus, E. coli that produces shiga toxins  are a group of bacteria that cause 

diseases associated with food (Martorelli et al., 2017). 

 



  

16 
 

E. coli has been studied at length and some of the work done includes strain 

characterization, its functional properties, and whole genome sequencing (WGS) 

(Tenhagen et al., 2020; Manishimwe et al., 2021; Martínez-Vázquez et al., 2021). 

Resistant genes do not reside within the E. coli genome but reside independently on 

plasmids within the bacteria. E. coli has a mobile genome that exchanges genetic 

material and keeps on mutating (Ludden et al., 2019).  

 

2.4 Enterobacter Hormaechei  

 

Enterobacter as a Genus, was initially described in the International Bulletin of 

bacteriological nomenclature and taxonomy (Hormaeche and Edwards, 1960). This 

genus is inclusive of facultative anaerobic Gram-negative bacilli which are 2mm in 

length, are motile using multiple random assortment flagella, and belong to the family 

Enterobacteriaceae. They are found in soil and water and are linked to diverse 

environmental habitats. For a variety of plant species, these bacteria are either 

endophytic or regarded as phytopathogens. Furthermore, according to Davin-Regli, 

Lavigne, and Pagès (2019), Enterobacter spp. are naturally occurring commensals of 

the gut microbiota of humans and animals. 

 

E. hormaechei is one of the highest isolated species described in clinical infections, 

principally in immune-compromised patients who are admitted in intensive care units. 

This is because of their adaptation to antimicrobial agents and their behaviour as 

opportunistic pathogens (Davin-Regli, Lavigne and Pagès, 2019).  
 

Many different types of microbes are residents of the gastrointestinal tract of animals 

(Zhang et al., 2017). ESKAPE group inclusive of, Enterobacter species, 

Staphylococcus aureus, Acinetobacter baumanni , Pseudomonas aeruginosa and 

Enterobacter faecium, is thought to be the primary source of resistant nosocomial 

infections in humans (De Oliveira et al., 2020). Reports have surfaced regarding 

enterobacteriaceae that are resistant to or that produce carbapenems worldwide, and 

these bacteria pose a serious danger to public health. Treatment options for 

carbapenem-resistant Enterobacteriaceae (CRE) are restricted because they are 

naturally resistant to all β-lactam medicines and most other classes of antimicrobial 



  

17 
 

drugs. Once an Enterobacteriaceae acquires a carbapenem or generates an 

extended-spectrum cephalosporinase (such an AmpC-type β-lactamase) 

simultaneously with porin loss, it effects in carbapenem resistance 

https://microbeonline.com/enterobacteriaceae/.       

   

A new species within the Enterobacteriaceae family, previously known as Enteric 

Group 75, was given the name Enterobacter hormaechei. Of these strains, 22 were 

isolated from human beings. Strains of E. hormaechei are gram-negative, oxidase-

negative, fermentive, nonpigmented rods with the general characteristics of the family 

Enterobacteriaceae and of the genus Enterobacter (O’Hara et al., 1989). Owing to its 

adaptable nature and opportunistic pathogenetic behavior, Enterobacter hormaechei 

is a commonly isolated species seen in clinical infections, especially in patients with 

impaired immune systems and those admitted to intensive care units. (Davin-Regli, 

Lavigne and Pagès, 2019).  

 

One of the major issues facing the world today is the emergence of bacterial strains 

that are resistant to multiple drugs (MDR). The World Health Organization (WHO) 

reported in 2017 that the Enterobacteriaceae family of bacteria, which includes 

Enterobacter spp., is deemed to be in the highest priority group when it comes to 

developing new antibiotics and tactics to fight pathogens that are resistant to drugs 

(Cieślik et al., 2022). Hospital infections are frequently caused by Enterobacter 

hormaechei organisms, which are members of the Enterobacter cloacae complex 

(ECC) (Davin-Regli, Lavigne and Pagès, 2019).  

 

A major worry about the emergence and spread of antibiotic resistance in cattle and 

other animals is brought to light by the most recent findings of some E. hormaechei 

MDR strains connected to illness in piglets, a fox, and calves (Wang et al., 2020; 

Zaitsev, Khizhnyakova and Feodorova, 2002). Enterobacter hormaechei strains have 

of late, been isolated from the lungs of three sheep that died of respiratory disease 

(Shi et al., 2022). A subspecies of E. hormaechei known as E. hormaechei 

xiangfangensis has recently been isolated from companion animals (Scarpellini et al., 

2023).  

 

https://microbeonline.com/enterobacteriaceae/
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In a different investigation, Enterobacter hormaechei was linked to respiratory 

disorders in China's unweaned calves (Wang et al., 2020). A rural veterinarian 

identified a respiratory infection in a sick two-month-old calf, which died five days after 

receiving penicillin G treatment. After that, pathogen isolation and histopathological 

analysis were performed on the lung sample. Enterobacter hormaechei was identified 

as the isolated bacterium strain based on sequence analysis and biochemical test 

results. Tests for drug sensitivity demonstrated quinolone sensitivity and resistance to 

all β-lactam antibiotics. A calf at the same farm exhibited comparable clinical 

symptoms a week later, and its nasal discharge contained an isolate of Enterobacter 

hormaechei strain. This was the first instance of a respiratory ailment in calves linked 

to E. hormaechei, according to Wang et al. (2020), and the isolates showed signs of 

multi-drug resistance. In a different study (Shi et al., 2022), lung samples from two 

more sheep were obtained and subjected to both bacterium isolation and 

histopathological analysis. One sheep's frozen lung sample was examined using 

bacterium isolation. The isolates biochemical traits and 16S rRNA gene sequences 

were examined. The isolated strain was classified as Enterobacter hormaechei. By 

utilizing phylogenetic analysis of the 16S rRNA sequencing, it was discovered that 

three representative strains were most similar to the strains obtained from a calf. Tests 

for antimicrobial sensitivity revealed that the sheep respiratory disease was not 

sensitive to the β-lactam antibiotics used to treat it. Upon identifying the β-lactam 

resistance genes, it was revealed that blaSHV and blaKPC were present in all three 

sheep isolates.  

 

Saratov_2019, an Enterobacter hormaechei MDR bacterial strain, was isolated from 

a bovine sample by Zaitsev, Khizhnyakova, and Feodorova (2022). Enterobacter 

hormaechei subsp. xiangfangensis was the isolate's species, according to the 

genome-based phylogenetic analysis. The Saratov_2019 genome included a 6364 bp 

plasmid. Interestingly, they found that 13 MDR genes, exclusively found on 

chromosomes and not on plasmids, correlate with the MDR phenotype as well as the 

novel sequence type ST1416. According to their research, there may be a risk to 

human and animal health if this strain spreads. Their data encourages careful 

examination of the MDR spectra for bacterial isolates related to livestock and validates 

the idea that livestock show a significant part in the expansion and magnitude of 
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antimicrobial resistance. On the other hand, (Scarpellini et al., 2023) isolated E. 

hormaechei subsp. xiangfangensis from a blood sample of a cat. They discovered that 

the cat had bacteraemia. When tested for antibiotics, the isolated E. hormaechei 

subsp. xiangfangensis was resistant to multiple antibiotics.  

 

2.5 Antibiotic Mechanism of Action and Resistance 

 

The most important purpose of using antimicrobial agents in livestock is for the therapy 

of infections to eliminate the pathogen’s harmful effects (Larsson, 2014; Azabo et al., 

2022). Therefore, the antibiotic needs to bind to a given target-binding site on the 

microorganism to interrupt a point of biochemical response. The concentration of the 

antimicrobial must also be sufficient to occupy some specific active spots on the 

microorganism for a long period. Active sites are diverse for different antibiotic classes 

(Phillips et al., 2004). The active modes of antimicrobial drugs include inhibitors of the 

synthesis of cell walls, inhibitors of thesynthesis of proteins, inhibitors of key metabolic 

pathways,inhibitors of the synthesis of nucleicacids,etc. As stated by Wartu et al. 

(2019), bacteria frequently exhibit resistance to a variety of biological transfer 

mechanisms, such as conjugation, transformation, and transduction, as well as some 

biochemical mechanisms like mutation, destruction, or inactivation.  

 

Table 2.1 is a summary of various classes of antibiotic modes of action and 

mechanisms of resistance. 
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Table 2.1: Antibiotic mechanism of action and resistance mechanisms 

Leclercq, 2002; Spagnolo et al., 2016; Springer et al., 2001; https://go.drugbank.com/drugs/DB01059; Poirel et al., 2018 

 

Antibiotic group Example Target Resistance Mechanism 

Β-Lactams Ampicillin Cell wall synthesis. 

Inhibitor-acts on penicillin-

binding proteins (PBP) 

Penicillin-G impermeable to G (-) 

Mutation in PBP 

Produces B-Lactamases 

Aminoglycoside Streptomycin Binds to 30S sub-unit of 

ribosomes-inhibit protein 

synthesis 

Aminoglycoside modifying enzymes 

Flux mechanisms 

RNA modifications 

Tetracycline Oxytetracycline Binds to 30S sub-unit of 

ribosomes- Inhibits protein 

synthesis 

Efflux mechanisms 

16S mutations 

Phenicol Chloramphenicol Binds to 50S sub-unit of 

ribosomes (inhibits protein 

synthesis) 

Efflux mechanisms 16S mutation 

Quinolones Nalidixic acid Inhibits DNA gyrase 

synthesis 

Inhibits the microbial enzyme DNA gyrase and 

thus blocks chromosomal replication 

 

Macrolides Erythromycin inhibition of protein 

synthesis by binding to the 

23S ribosomal RNA 

molecule in the 50S subunit 

of ribosomes 

Mutation that prevents the binding of the 

antibiotic to its ribosomal target 

inactivation by modifying enzymes 

Efflux mechanism 

Fluoroquinolone Norfloxacin inhibits bacterial DNA 

gyrase. 

inhibition of the enzymes topoisomerase II 

(DNA gyrase) and topoisomerase IV 

https://protect.checkpoint.com/v2/___https:/go.drugbank.com/drugs/DB01059___.YzJlOnVuaXNhbW9iaWxlOmM6bzozYTMwYjg4ODE1OTQ3OWQyNDU3N2Q2OWU1NjhkYzI5Mjo2OjZkNWQ6YjUwN2E2OGViODU4ZWI2OTE0Mzk2ZDRiY2YwMzIzY2ZhZDhlZTU2MmFhZjA1OWY3YmNkYzhjZWQ5ZmRkMzdmNTpwOkY
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Despite having a built-in resistance to almost all therapeutically relevant antibiotics, E. 

coli can pick up resistance genes, mostly by horizontal gene transfer. E. hormaechei 

infections are commonly associated with a multidrug resistance phenotype because 

they can readily acquire many mobile genetic components including resistance and 

virulence genes and because they typically adapt to the hospital environment (Davin-

Regli, Lavigne and Pagès, 2019). 

 

Bacteria have an astonishing genetic pliability that grants them the opportunity to react 

to a wide array of environmental hazards, including the existence of antibiotic 

molecules that may endanger their survival. Bacteria sharing the ecological niche with 

antimicrobial-producing organisms have advanced early mechanisms to endure the 

effect of the damaging antibiotic molecule and, therefore, their inherent resistance 

allows them to prosper in its presence. In terms of evolution, bacteria employ two main 

genetic coping mechanisms in response to the antibiotic "attack":  

1) Transmutations in genes usually connected to the compound's mechanism of 

action, 

2) Acquisition of foreign DNA via horizontal gene transfer (HGT) coding for 

resistance elements (de Oliveira and Van Der Sand, 2016). 

 

2.5.1  Aminoglycosides 

 

Streptomycin is an aminoglycoside. It has a broad spectrum of antimicrobial activity. 

This antibiotic binds to the 30S ribosomal sub-unit. Moreover, it inhibits S12 and 16S 

rRNA of 30S small ribosomal sub-unit encoded by the genes rpsL and rrs. 

Chromosomally acquired streptomycin resistance is commonly a result of 

modifications in the gene encoding the ribosomal protein S12, rpsL (Spagnolo et al., 

2016). The existence of a number of rRNA operons (rrn) and a single rpsL gene in a 

lot of bacterial genomes hinders the isolation of streptomycin-resistant mutants in 

which resistance is  interceded by alterations in the 16S rRNA gene (rrs) (Springer et 

al., 2001). Single nucleotide polymorphisms (SNPs) in the rpsL gene are repeatedly 

linked with resistance alterations against streptomycin in cultures of Escherichia coli. 

The ribosomal protein S12, which is a fragment of the small (30S) subunit of the E. 

coli ribosome, is encoded by the rpsL gene. This protein specifically interrelates with 
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mRNA and rRNA at the ribosome's codon-anticodon recognition site. According to 

(Spagnolo et al., 2016), this implies that S12 is implicated in the translational proof 

reading process, aminoacyl-tRNA selection, and/or codon-anticodon recognition. 

 

By joining itself to bacterial 70S ribosomes also stopping protein synthesis, 

streptomycin damages bacteria. One alteration can cause E. coli that is susceptible to 

streptomycin to be resistant. Mutation at the site of aminoglycoside attachment may 

interfere with ribosomal binding (Springer et al., 2001). E. coli resistance to 

streptomycin occurs by the above-mentioned mechanism since the streptomycin binds 

to a single 30S sub-unit of the ribosome. The most frequently found aminoglycoside 

phosphotransferases in E. coli across the globe are APH(6)-Ia and APH(6)-Id, which 

are encoded by the strA and strB genes, respectively. They are often linked to a 

distinct mobile element and mediate resistance to streptomycin; occasionally, they are 

linked in conjunction with the aph(3″)-I/II genes that mediate resistance to kanamycin 

(Poirel et al., 2018). 

 

A study by (Martínez-Vázquez et al., 2021) found the strA gene in 17% and the aadA 

gene in 52% of the E. coli isolates from cattle faeces. (Sunde and Norström, 2005) 

found strA, strB, and aadA cassette in 81% of the E. coli strains investigated, with the 

most prevalent genes as strA and strB detected in 90 strains. 

 

2.5.2  Macrolides 
 

Erythromycin is a Macrolide. Macrolides are valuable antibacterial drugs for the 

therapy of a lot of widespread illnesses in cattle. Pathogens in food producing animals 

and several zoonotic bacteria have acquired resistance to macrolides (Pyörälä et al., 

2014).  Escherichia coli has low susceptibility to macrolides, due to the poor 

absorbency of the hydrophobic substances across their wall (Vaara, 1993b). Because 

of the impermeability of its outer membrane, Escherichia coli is naturally resistant to 

macrolides. Additionally, it is possible for it to obtain the resistance genes through 

horizontal transfer (Shan et al., 2011). Members of the family Enterobacteriaceae are 

innately resistant to low levels of erythromycin most likely because of efflux pumps 

(O’Hara et al., 1989). 
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Macrolide antibiotics are resisted by bacteria in a number of ways. Numerous 

resistance mechanisms, some of which have already been documented in 

Enterobacteriaceae, can lead to acquired resistance to macrolides (Ojo et al., 2004). 

By methylating or changing the target site in a way that stops the antibiotic from 

attaching to its ribosomal protein. The systems include target site alteration by 

methylases coded by erm genes, especially, erm(A), erm(B), and erm(C) (Leclercq, 

2002).  By altering the enzymes that were initially discovered in Enterobacteriaceae 

(Nakamura et al., 2000), such as phosphotransferases encoded by mph(A), mph(B), 

and mph(D) genes or esterases encoded by ere(A) or ere(B) genes, macrolides can 

be rendered inactive. This can also be through efflux of the antibiotic. The other 

process is the acquirement of efflux pumps, mef(A) and msr(A), that are mostly 

present in gram-positive organisms, even though mef(A) has been detected in gram-

negative organisms (Ojo et al., 2004).  

 

2.5.3  Penicillin 

 

Many animal-derived genes in E. coli give resistance to β-lactam antibiotics. A minority 

of them, like blaTEM-1, originate in animal-derived E. coli, but only yield narrow-

spectrum β-lactamases that are proficient of inactivating aminopenicillins and 

penicillins. The resistance that ESBL-producing strains of E. coli confer to penicillins, 

aminopenicillins, together with cephalosporins—including the third-generation 

cephalosporins, ceftiofur also cefovecin, and the fourth-generation cephalosporin, 

cefquinome—makes them clinically relevant in the field of veterinary medicine (Poirel 

et al. 2018). According to Poirel et al. (2018), the complicated mechanisms in E. coli 

are the acquirement of genes coding for carbapenemases, that confers resistance to 

carbapenems; plasmid-mediated quinolone resistance genes, which yields resistance 

to (fluoro)quinolones; mcr genes, which gives resistance to polymyxins, also 

extended-spectrum β-lactamases, that confers resistance to broad-spectrum 

cephalosporins.  

 

However, because the E. hormaechei species expresses a constitutive β-lactamase 

AmpC, it has an inherent resistance to ampicillin, amoxicillin, first-generation 

cephalosporins including cefoxitin. Furthermore, it has been documented that these 
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bacteria produce extended-spectrum β-lactamases, which makes them challenging to 

treat (Davin-Regli, Lavigne, and Pagès, 2019). 

 

2.5.4  Phenicol 

 

Phenol displays effective antimicrobial activity in vitro against an array of organisms 

such as both gram-negative and gram-positive bacteria. Phenolic compounds are 

used as antibacterial which include a pure form of phenol and by-products with 

halogenos and alkyl groups. They act by denaturing and coagulating proteins 

(Sabbineni, 2016). Impairment of the bacterial membrane, inhibition of virulence 

factors like enzymes, toxins, including suppression of bacterial biofilm formation have 

all been proposed as part of the mechanisms of action of phenolic compounds on 

bacterial cells (Miklasińska-Majdanik et al., 2018). Phenicols inhibit bacterial protein 

synthesis by attaching to the 50S ribosomal subunit and inhibiting the activity of 

peptidyl transferase on the 70S ribosome (Schwarz, Werckenthin and Kehrenberg, 

2000; Schwarz et al., 2004).  

 

2.5.5  Fluoroquinolones and Quinolones 

 

Norfloxacin is a quinolone/fluoroquinolone antibiotic. The enzymes topoisomerase II 

(DNA gyrase) and topoisomerase IV, are necessary for bacterial DNA duplication, 

transcription, restoration, and also recombination, nonetheless, they are also inhibited 

by norfloxacin, which has bactericidal effects. Norfloxacin is a broad-spectrum 

antibiotic agent that is in effect against a number of Gram-positive also Gram-negative 

bacterial species. Piperazine moiety at locus 7 is what causes the anti-pseudomonal 

action, while the fluorine atom at position 6 enhances strength contrary to gram-

negative organisms. (https://go.drugbank.com/drugs/DB01059). 

  

2.5.6  Tetracyclines 

 

In veterinary medicine, tetracyclines are frequently utilized. The Tetracycline 

Resistance Gene Nomenclature Center reports that nine tetracycline efflux genes 

were spotted in E. coli: tet(A), tet(B), tet(C), tet(D), tet(E), tet(G), tet(J), tet(L) and 

https://protect.checkpoint.com/v2/___https:/go.drugbank.com/drugs/DB01059___.YzJlOnVuaXNhbW9iaWxlOmM6bzozYTMwYjg4ODE1OTQ3OWQyNDU3N2Q2OWU1NjhkYzI5Mjo2OjZkNWQ6YjUwN2E2OGViODU4ZWI2OTE0Mzk2ZDRiY2YwMzIzY2ZhZDhlZTU2MmFhZjA1OWY3YmNkYzhjZWQ5ZmRkMzdmNTpwOkY
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tet(Y); two tetracycline resistance genes that encode ribosome protective proteins, 

tet(M) and tet(W); one gene coding for an oxidoreductase that incapacitates 

tetracyclines tet(X) (https://faculty.washington.edu/marilynr/). The two main 

tetracycline resistance mechanisms found in animal-origin E. coli are (i) ribosome 

protection and (ii) active efflux by major facilitator superfamily proteins. A PubMed 

exploration for tetracycline resistance genes in E. coli of animal origin discovered that 

not all the 12 tet genes are present in E. coli originating from animals (Poirel et al., 

2018). To ascertain the occurrence of resistance to antimicrobials and its risk to 

humans , it is critical to monitor resistance of antibiotics in bacteria such as E. coli and 

E. hormaechei food producing animals (Song et al., 2022). 

 

2.6  Literature Review Summary 

 

Cattle are representatives of significant livestock species in terms of produce and 

money worth for a large number of farmers in the developing world. They are also a 

form of stored wealth, a cushion against starvation when food is scarce, a source of 

fertiliser, payment of the bridal price, a means of transportation, and a source of 

traction in crop production (Randela, 2003; Bettencourt et al., 2015; Azabo et al., 

2022). Although cattle are considered of significant value, they are known as the 

primary reservoirs of pathogens (Azabo et al., 2022). According to (Zhang et al., 2017), 

microbial pathogens live in the guts of animals and might be shed via faeces. Cattle 

can contract a range of illnesses from E. coli, although the most common infections 

are colonic or septicemic infections in calves and mastitis in mature dairy cows 

(Nielsen et al., 2021). In animals, specifically sheep and cattle, Enterobacter 

hormaechei has been associated with respiratory diseases (Wang et al., 2020; Shi et 

al., 2022). The isolation of E. coli and E. hormaechei from communal Mogosane cattle 

faecal samples resonates with the studies by (Zhang et al., 2017; Azabo et al., 2022) 

that attests to the fact that E. coli and E. hormaechei can be isolated from cattle. 

Moreover, (LiRong et al., 2018) used McConkey agar, EMB agar, Nutrient agar and 

Blood agar to identify the pathogenic E. coli strain that caused diarrhoea in foxes they 

also used conventional bacterial isolation, culture, and morphological observation. 

Conversely, (O’Hara et al., 1989) also verified the morphological characteristics of  E. 

hormaechei on McConkey agar, EMB agar, Nutrient agar, and Blood agar. The colony 

https://faculty.washington.edu/marilynr/
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morphology for E. coli on McConkey agar was Red, circular, smooth, translucent, 

lactose fermenting, and low convex; on EMB, Green metallic sheen; on BA, Non-

hemolytic, large, grey, moist; and on NA, they were large, opaque, circular, smooth, 

moist, greyish or white https://microbenotes.com/. The results of the work indicated by 

(O’Hara et al., 1989; LiRong et al., 2018) agree with the morphological and 

biochemical properties results of E. coli and E. hormaechei isolates indicated in this 

research. 

 

Antibiotic resistance profiles of 248 Escherichia coli strains isolates from cattle faeces 

and carcass samples from Tamaulipas, Mexico, were assessed by Martínez-Vázquez 

et al. in their work from 2021. Moreover, (Wang et al., 2020) announced on the AMR 

of E. hormaechei isolates from a cow. This work also reported on the existance of 

AMR E. coli and multidrug-resistant E. hormaechei isolates from cattle. Numerous 

biochemical processes, including mutation, destruction, inactivation, and efflux, as 

well as genetic material transfer between bacteria through conjugation, 

transformation, and transduction, can lead to the development of bacterial resistance. 

(Wartu et al., 2019).  Characterization of isolates based on their genomes has solved 

a number of issues related to pathogenicity and species identification (Madaha et al., 

2020). Drug-resistant commensal and pathogenic Escherichia coli and Enterobacter 

hormaechei have been subjected to WGS in a lot of studies. This has allowed for a 

deeper understanding of the genetic structure involved in the development of multi-

drug resistance (MDR) and the underlying forces of transmission (Punina et al., 2015).  

Whole genome sequencing has also been used in this research to determine the 

antimicrobial resistance factors of  E. coli also E. hormaechei isolates. In this project, 

E. coli and E. hormaechei isolates indicated resistance to several antimicrobials, 

making them AMR and MDR. Furthemore, their responsible mechanisms of resistance 

were due to genetic mutations and efflux pumps. The mechanisms of resistance of 

these identified isolates were carried out by WGS. 

 

Monitoring of AMR in bacterial strains may present knowledge on antimicrobial misuse 

and also the changing aspects of the spread and development of AMR pathogens. 

Antimicrobial-resistant (AMR) bacteria in food animals such as cattle are a concern 

because AMR is a key factor in emerging infectious diseases (Mohsin et al., 2022). 

https://microbenotes.com/
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The World Organization for Animal Health (WOAH) states that the extent of antibiotic 

resistance in cattle can be prevented and controlled by only administering antibiotics 

under veterinary supervision, using alternatives to antibiotics when available, avoiding 

the usage of antibiotics for the objective of supporting animal growth, immunizing 

healthy animals against diseases, enhancing biosecurity on farms, and preventing 

infection through improved hygiene and animal welfare. 
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CHAPTER 3   
 

MATERIALS AND METHODS 
 
3.1 Context nd Sampling Regime  

 

The research was conducted at Mogosane Village. This village was chosen because  

cattle keeping is one of the main agricultural activities in the area and there is a close 

animal human interface. The size of this village is approximately 34,41 square 

kilometers (km2) in area and the number of cattle in the village is approximately 600. 

Mogosane village is found in the Molopo area,  which is located at the Mahikeng local 

municipality in the Ngaka Modiri Molema district, Northwest Province, South Africa. 

Geographical coordinates for Mogosane village according to Statistics South Africa 

(https://www.statssa.gov.za) are 25.7645 S, 25.5529 E. The mean temperature 

ranges from 22°C to 37°C in summer and the mean minimum temperature varies from 

7°C to 11°C in winter.  Mogosane village has a Savanna natural veld that is composed 

of grasses, shrubs and bushes of mostly Acacia and Eragrostis species (Materechera 

and Modiakgotla, 2006; Molefe and Mwanza, 2020). The farmers buy over counter 

medications for their cattle at Agricultural stores in Mahikeng and Lichtenburg or are 

assisted by veterinary officials from the North West University for treatment of the sick 

animals. This research is part of a major project that was carried out at Mogosane 

village, where 35 cattle were used in an experiment to investigate the impact of 

supplementing groundnut shells on a few specific biochemical parameters in restricted 

native cattle in winter at the North West Province, South Africa (Mokolopi, Oguttu and 

Mbajiorgu, 2021). Thirty-five cattle were randomly chosen for sampling in the above-

mentioned project.   

 

Faecal samples of thirty-five communal cattle between the ages of six months and five 

years were recruited for sampling. All research animals were maintained and housed 

under the same conditions, on a similar diet, and same management. During sample 

collection, animals were handled with care and were properly restrained to avoid 

injury. The cattle kraals were constructed to meet the recommended standards with 

respect to animal welfare. Proper care was taken to ensure that animals were not 

https://protect.checkpoint.com/v2/___https:/www.statssa.gov.za___.YzJlOnVuaXNhbW9iaWxlOmM6bzozYTMwYjg4ODE1OTQ3OWQyNDU3N2Q2OWU1NjhkYzI5Mjo2OmNiZWU6YjBmZDljMmIzNDEwMGFjMGMzY2UzMTUzYmZlY2UzZjMwZThiNzgxOTU4YTRiNDA4MWRiODAxOGE5NGYzYzRiZDpwOkY
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stressed. The animals’ health and welfare were taken into consideration by having 

animals regularly examined by a qualified Veterinarian appointed to take care of the 

health of the animals. Animals that were sick were treated by the Veterinarian 

(Mokolopi, Oguttu and Mbajiorgu, 2021).  

 

3.1.1 Collection of cattle faecal samples  

 
Using sterile, clean arm-length gloves, 35 feces samples were aseptically taken 

directly from the rectum of cattle. Following collection, feces were kept in plastic feces 

containers that had been sanitized. Samples were then shipped in sealed containers 

on ice to the Department of Animal Health at North West University (Mahikeng 

Campus), where they were examined within six hours of collection. 

 

3.1.2 Control strain  

 
E. coli ATCC 25922 (JGK Lab AfriQA, South Africa) strain and E. hormaechei ATCC 

49162 (ATCC, United States of America) were used as positive controls.  

 
3.2 Bacteriological Analysis 

 

3.2.1  Enrichment and Selective isolation of E. coli and E. hormaechei isolates 

 
A full loop of each faecal sample was inoculated into Peptone water-buffered liquid 

medium (1ml) (Merck, South Africa) with Novobiocin (0.02g) (Merck, SA) added as a 

supplement to enhance the growth of both isolates and incubated in an incubator (Ecr 

manufacturing, model, Su 131h, Serial 128538. South Africa) aerobically for 24 hours 

at 37°C. Novobiocin does not inhibit nucleoside triphosphate synthesis; it inhibits cell 

division and slows cell growth but does not degrade DNA  (Al-Ajmi et al., 2006). The 

sample suspensions were serially diluted up to 10-2 then 100 microliters (0.1 ml) of the 

suspension inoculated and streaked onto McConkey and Eosin Methylene blue (EMB) 

agars (Merck, South Africa) and incubated for 18 to 24 hours at 37°C. As a measure 

of quality control, for negative controls, plain McConkey and EMB agars were plated 

and checked for non-contamination by incubating them at 37°C for 24 hours.  
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Because E. coli and E. hormaechei are lactose fermenters, McConkey agar was used 

as one of the mediums of isolation. Red, round medium-sized colonies with smooth 

edges were picked as E. coli suspect colonies. Pink lactose fermenting colonies were 

picked as E. hormaechei. Deep purple circular with metallic cluster and pink with no 

sheen colonies on EMB agar were also isolated (LiRong et al., 2018).  Suspected E. 

coli and E. hormaechei colonies were transferred to Blood agar (BA) (Merck, South 

Africa) for purification. The process of repeatedly streaking onto sterile BA produced 

the pure culture (Makhetha et al., 2023).  

 

3.2.2 Preservation of E. coli and E. hormaechei isolates 

 

Isolates were frozen using 30% glycerol stocks. The glycerol was autoclaved and then 

allowed to cool in order to make glycerol stocks. Thirty percent of glycerol stock was 

added to a suspension of bacteria and vortexed (Lab net int So 200-230 V-EU, Serial 

# : Z 0061666 USA) to separate the cells and guarantee that the bacteria and glycerol 

are mixed evenly. Following the aliquoting of the suspension into cryogenic screw-cap 

vials (Merck, South Africa), the tubes were submerged in liquid nitrogen or ethanol-dry 

ice to snap-freeze the cells, which were subsequently kept in freezers (-20 to -

80°C)(Bellali et al., 2020; Guo, Wei and Xu, 2020).  

 

3.2.3  Isolate revival 

 

To revive the isolates, a full loop of culture was inoculated onto the nutrient agar (NA) 

(Merck, South Africa) and then incubated at 37°C for 18-24 hours. E. coli isolates on 

nutrient agar appeared large, opaque, circular, moist, smooth, greyish, or white. E. 

hormaechei isolates appeared round, flat, on-pigmented, and irregular-edged 

(Flournoy, Wongpradit and Silberg, 1990); https://microbenotes.com/. Thereafter, 

gram-staining was done and a light microscope (Axio star plus, Serial. 3108001956. 

South Africa) was used to view if the isolates were gram positive or gram negative.  

 

 

 

 

https://microbenotes.com/
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3.3 Primary Biochemical Preliminary Identification of E. Coli and E. Hormaechei 

Isolates 

 

Isolates of E. coli and E. hormaechei were presumptively confirmed using the 

traditional IMViC test method. The IMViC stands for; Indole, Methyl red, Voges-

Proskauer, and Citrate utilization tests. A catalyse test was also done to confirm the 

production of catalase as both E. coli and E. hormaechei are catalase positive. 

 

3.3.1  Indole test 

 
Analysis of presumptive E. coli and E. hormaechei isolates was done by testing for 

indole reaction. When E. coli reacts with the aldehyde in Kovac's reagent to produce 

a red or pink ring at the top of the tube, it is considered indole-positive. On the other 

hand, E. hormaechei is indole negative. The bacterial isolate was inoculated into 

peptone water. After 24 hours of incubation at 37°C, a few drops of Kovac’s reagent 

were added to the solution. A red or pink coloured ring at the top signified a positive 

reaction (Müller and Ehlers, 2005); https://microbenotes.com/.  

 

3.3.2  Methyl red test 

 
In 2ml MR-VP broth media, a single colony was inserted. For 48 hours, the liquid 

medium was incubated at 37°C. After incubation, 5 to 6 drops of methyl red reagent 

per 5 mL of broth were added. A positive outcome was indicated by the creation of a 

red color in 15 minutes, whereas a negative effect was indicated by a yellow reaction 

https://microbenotes.com/imvic-tests/#references). 

 
3.3.3 Voges-Proskauer test 

 
A single colony was inoculated in 2ml MR-VP broth media, incubated at 37°C for 24 

hours. After incubation, 6 drops of 15% alpha–naphthol in alcohol were added, 

together with 2 drops of 40% KOH, followed by gentle shaking. A red colour formation  

within 15min indicated a positive outcome and no colour change indicated a negative 

effect https://microbenotes.com/imvic-tests/#references). 

https://microbenotes.com/
https://microbenotes.com/imvic-tests/#references
https://microbenotes.com/imvic-tests/#references
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3.3.4 Citrate test 

 
Simmon-citrate agar was streaked with a single colony and incubated for 24 to 48 

hours at 37°C. The agar contained the following per liter: Ammonium Dihydrogen 

Phosphate 1 g, Dipotassium Phosphate 1 g, Sodium Citrate 2 g, Sodium Chloride 5 g, 

Magnesium Sulphate 0.2 g, Bromothymol blue 0.08 g, Agar 15 g, and 1L distilled 

water. Positive outcomes are indicated by blue, and negative reactions are indicated 

by a green colour https://microbenotes.com/imvic-tests/#references. 

 

3.3.5 Catalase test 

 
Catalase test was performed for both isolates by a cover-slip method. One drop of 3% 

hydrogen peroxide solution was dispensed on the microscope slide. A colony of the 

isolate was placed on the centre of the coverslip. The cover slip was inverted and 

placed on the drop of hydrogen peroxide solution. Bubbling reactions after 10 seconds 

indicate the presence of catalyse (positive reaction) while the absence of bubbling 

denotes the absence of catalyse (negative reaction), (Awad, Mowafy and Osman, 

2020).  

 

3.4 Antibiogram Test 

 

The Kirby Bauer disk diffusion technique, Bauer et al (1966), was standardized by the  

World Health Organization (WHO). This method was used as described by Biemer 

(1973) and Yadav et. al (2015) to determine the resistance of E. coli and E. 

hormaechei isolates to chemotherapeutic agents following the CSLI guidelines (Table 

3.1). Sterile wire loops were used to inoculate pure colonies of both isolates. The 

colonies were suspended into 2ml of Phosphate Buffered Saline (PBS) solution to 

make a turbid bacterial suspension (0.5 McFarland).  This turbid solution was 

vortexed, thereafter 0.1ml was spread onto Mueller Hinton (MH) agar. After spreading 

onto MH agar, the spread plate was left to dry at room temperature for 5 minutes. 

Antimicrobial paper disks (Mast Diagnostics, UK) with the specific concentration of 

antibiotics (Table 3.1) were placed using sterile forceps on the surface of the agar 

https://microbenotes.com/imvic-tests/#references
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plates. A total of seven classes of antibiotics were included in the test panel (Table 

3.1). Plates were incubated for 16 to 18 hours at 37ºC. 

 

3.4.1 Reading of Antibiogram Test Results 

 
The diameter of the inhibition zone was measured by the use of a see-through ruler 

and recording to the nearest millimetres. The inhibition zone measurements were used 

to classify the isolates as resistant, intermediate, or sensitive to antibiotics, Table 3.1. 
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Table 3.1:  Antimicrobial Susceptibility Testing Performance Standards as Per the Clinical and 

Laboratory Standards Institution (CLSI) 2020 

Class Name & Concentration Abbreviations S* I* R* 
Aminoglycoside Gentamycin           10µg CN ≥ 15 13-14 ≤ 12 

Aminoglycoside Streptomycin         10µg S ≥ 15 12-14 ≤ 11 

Aminoglycoside Neomycin               30µg N ≥ 15 13-14 ≤ 12 

Fluoroquinolone Ciprofloxacin          5µg CIP ≥ 21 16-21 ≤ 15 

Fluoroquinolone Norfloxacin            5µg NOR ≥ 17 13-16 ≤ 12 

Penicillin Ampicillin              10µg AMP ≥ 17 14-16 ≤ 13 

Phenicol Chloramphenicol    30µg C ≥ 18 13-17 ≤ 12 

Quinolone Nalidixic acid         30µg NA ≥ 19 14-18 ≤ 13 

Tetracycline Tetracycline           30µg TE ≥ 15 12-14 ≤ 11 

*S-Susceptible; I-Intermediate; R-Resistant 

 
According to CLSI 2020, erythromycin is intrinsically resistant to E. coli as it falls under 

Enterobacterales. This study used erythromycin with the knowledge that E. coli is 

naturally resistant to it, with the aim of being able to screen for the resistance genes 

for future studies. Analysis of erythromycin resistance in E. coli can provide insight into 

resistance mechanisms, evolutionary dynamics and the impact of antibiotic use on 

resistance patterns (CDC, 2023). 
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3.5 Molecular Analysis of the Amr E. Coli and E. Hormaechei  

Isolates   

 

3.5.1 Preparation of Template DNA using High pure DNA template preparation kit 

(Roche) 

 
Esherichia coli and E. hormaechei isolates were tested for resistance to ten 

antimicrobials. The isolates that showed antimicrobial resistance were selected and 

revived on Blood agar (BA) plates. These were sent to the Agricultural Research 

Council-Onderstepoort Veterinary Institute (ARC-OVI) at Onderstepoort, Pretoria, 

where the extraction of DNA was carried out using a high pure DNA template 

preparation kit from Roche (Roche Diagnostics, Mannheim, Germany; Cat No: 

11796828001) according to the producer’s instructions as stated below. 

 

3.5.1.1 Pre-preparation 

 
Bacterial cells were scraped off the plates using plastic inoculation loops, and 

suspended in 200μl of sdH2O. 

 

3.5.1.2 DNA Extraction Procedure 

 

Two hundred micro litres (200 μl) of sample material, 200 μl binding buffer, and 40 μl 

Proteinase K were added to a nuclease-free 2 ml micro-centrifuge tube. After 

thoroughly mixing the contents of the micro-centrifuge tube with a vortex, it was 

immediately incubated for ten minutes at +70°C. After incubation 100 μl of Isopropanol 

was added to the contents in the micro-centrifuge tube and vortexed. One High Pure 

Filter tube was inserted into one collection tube, and labelled accordingly, and all of 

the samples were transferred into the upper reservoir of the filter tube. Samples were 

then centrifuged for 1 minute at 12 000 rpm. After centrifugation, the filter tubes were 

removed from the collection tubes. The flow through and the collection tubes were 

thrown away. Filter tubes were positioned with the new collection tubes. Five hundred 

microliters of the inhibitor removal buffer was added to the filter tubes. The samples 

were then centrifuged for 1 minute at 12 000 rpm. The filter tubes were removed from 
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the collection tubes and 500 μl of wash buffer was added to the filter tubes. Samples 

were centrifuged again for 1 minute at 12 000 rpm. The filter tubes were removed from 

the collection tube and 500 μl of wash buffer was added to the filter tubes again. The 

samples were then centrifuged again for 1 minute at 12 000 rpm. Thereafter, they were 

span at high speed for an additional 10-15 seconds to ensure the removal of residual 

wash buffer, and the collection tubes were discarded. The filter tubes were then 

inserted into clean and sterile 2 ml micro-centrifuge tubes and 200 μl pre-warmed (at 

70°C) elution buffer was added. The tube assemblies were centrifuged for 1 minute at 

12 000 rpm. The micro-centrifuge tubes contained the eluted purified DNA which was 

stored for later use in Whole Genome Analysis, using the New Generation Sequencing 

(NGS). A 2% agarose gel was used to assess quality of the extracted DNA, and 

NanoDrop (Thermofisher Scientific, Carlsbad, CA, USA) was used to establish the 

concentration of the DNA. 

 

3.6 Whole Genome Sequencing of the Antimicrobial Escherichia Coli and 

Enterobacter Hormaechei Isolates using Illumina Sequencing Technology 

 

For whole genomic sequencing, the DNA libraries were constructed using the Illumina 

TruSeq Nano DNA Library Preparation kit, according to the producer’s instructions 

(Illumina Proprietary, San Diego, CA, USA, June 2015). A gDNA sample was 

fragmented, and specialized adapters were ligated to both fragment ends to create a 

next generation sequencing library. This was followed by cluster amplification 

whereby, the libraries were loaded into flow cells and the fragments hybridized to the 

flow cell surface. Libraries were then sequenced on an Illumina Hiseq X instrument to 

generate 2 x 150bp reads. Whole genome assemblies were performed with Abyss 

software (v.2.2.4-1) at default parameters. By using bridge amplification, every bonded 

fragment was amplified into a clonal cluster. The first base was added, and sequencing 

reagents, such as fluorescently tagged nucleotides, were added. Every cluster's 

emission was recorded and the flow cell was photographed. The bases were identified 

using the emission wavelength and intensity. A total of 150 base pairs were read by 

repeating this cycle twice. Next, using bioinformatics software, reads were aligned to 

a reference sequence (ARC, Pretoria, South Africa).  
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3.7 Bioinformatic Data Analysis 

 

Differences between the newly sequenced reads and the reference genomes were 

found after alignment. Thereafter, the generated raw reads (fastq files) were 

assembled on the Inqaba Biotech platform. FastQC v0.11.5 was utilized to measure 

the read quality, and Trimmomatic v0.36 (MINLEN:75) was utilized to filter the raw 

illumina paired-end reads to eliminate sequence adaptors and low-quality reads 

(quality score of <15). SPAdes v3.13.0 was then used to assemble the trimmed reads 

de novo. QUAST v5.0.2 was used to assess the quality of the assembly. CheckM 

v1.0.18 was utilized to evaluate the contamination and completeness of the genome. 

Pathogenwatch (https://pathogenwatch/) was used to get species possible as a 

positive hit per the assembled Contig fasta file. Kaiju v1.7.3 (9) was used to identify 

the HMVC1, HMVC2 E. coli isolates, as well as all Enterobacter species. Krona v2.7.1 

(10) was used to visualize the results. The NCBI Prokaryotic Genome Annotation 

Pipeline (PGAP) v6.3 (11) was used for annotation. Unless otherwise noted, all 

software was run with default parameters. For annotating and reference assembly, 

bacterial and viral resource center were used (https://www.bv-btc.ord). Blast-ncbi was 

used (basic local alignment tool: https://blast.ncbi.nlm.nih.gov/Blast.cgi) for accession 

ID for reference assembly. Antimicrobial-resistant genes were screened by the 

extensive antibiotic resistance database v3.1.0 and  resistant gene identification (RG1) 

v5.1.1, which provide a wide homology-based search with distinct criteria ranging from 

"Perfect" to "Strict" matches.  Whole genome sequence data reported was deposited 

in the GenBank (NCBI). 

 

3.8 Ethical Approval and Informed Consent 

 

3.8.1 The approval committees 

 

The ethical committee of the University of South Africa (UNISA) approved the 

research. The Mogosane village cattle owners and/or farm workers gave written 

permission for samples to be collected and also provided assistance. The ethics 

certificate reference number is;  2018/CAES/006. 

 

https://protect.checkpoint.com/v2/___https:/pathogenwatch/___.YzJlOnVuaXNhbW9iaWxlOmM6bzozYTMwYjg4ODE1OTQ3OWQyNDU3N2Q2OWU1NjhkYzI5Mjo2OmQxM2E6YzMxOWJhN2RhMWMwMTQyNTdjYjUzYWM3NjAzODRiMmE4ZWI0MDQyMTQ4NmFhZDA1ZTUyYTMyM2YwZTgwZjFhZDpwOkY
https://protect.checkpoint.com/v2/___https:/www.bv-btc.ord___.YzJlOnVuaXNhbW9iaWxlOmM6bzozYTMwYjg4ODE1OTQ3OWQyNDU3N2Q2OWU1NjhkYzI5Mjo2OjEzYmI6OGZjNGYyMzQ0NGMyMzJiODdlN2RlNGFiM2RhNGI1Yjg0M2VlZGFkMDc1MjBkYjhlNmZmYjg4MGYzMDllNWNhZDpwOkY
https://protect.checkpoint.com/v2/___https:/blast.ncbi.nlm.nih.gov/Blast.cgi___.YzJlOnVuaXNhbW9iaWxlOmM6bzozYTMwYjg4ODE1OTQ3OWQyNDU3N2Q2OWU1NjhkYzI5Mjo2OjYyNmM6ZDYwM2IwMDIzNzBmM2YwMzhlYTA2MTZmZDIxNzJhZmEzZTY1NDczM2ZjNTUzMTRjYWFhYTA1NzExNTA5OGE2YzpwOkY
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CHAPTER 4  
 

Isolation of Bacterial Strains from Communally Grazed Healthy Mogosane 
Village Cattle Faecal Samples 
 

4.1 Abstract  

 

The gastrointestinal tract of cattle houses several microorganisms that are excreted 

through faecal material into the environment. The goal of the research was to isolate 

bacterial strains from faecal samples of communal healthy Mogosane village cattle, 

North west province. Thirty five samples were collected from cattle faeces. The 

samples were examined to see whether any species of E. hormaechei or generic E. 

coli were present. E. coli ATCC 25922 and E. hormaechei ATCC 49162 strains were 

used as positive controls for the isolation of E. coli and E. hormaechei. For enrichment 

of E. coli and E. hormaechei isolates, faecal samples were inoculated into Peptone 

water-buffered liquid medium (1ml) with Novobiocin (0.02g) added and incubated 

aerobically for 24 hours at 37°C. Sample suspensions were serially diluted up to 10-2 

then inoculated onto McConkey and Eosin Methylene blue (EMB) agars and incubated 

for 18 to 24 hours at 37°C. For primary biochemical preliminary identification of E. coli 

and E. hormaechei isolates the traditional IMViC test, Gram-staining, and catalase 

methods were used. Both isolates were catalase positive and Gram-negative.  Colony 

morphology was analysed on the agars for both E. coli and E. hormaechei. Based on 

colony morphology, E. coli colonies appeared red, circular, smooth, translucent on 

McConkey agar. On the other hand, E. hormaechei colonies appeared Pink on the 

same media. From the 35 samples, (n=3;9%) E. coli (HMVC1, HMVC2 and HMVC3) 

and (n=12;34%) E. hormaechei (HCF1 to HCF12) isolates were identified. 

 
Keywords: Escherichia coli, Enterobacter hormaechei, biochemical tests 
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4.2 Results and Discussions 

 

Table 4.1 below illustrates the morphological properties of the isolated generic E. coli 

and E. hormaechei respectively. 
 

 Table 4.1: Morphological (Secondary) test properties of Escherichia coli and Enterobacter 
hormaechei isolates 

(O’Hara et al., 1989)(Flournoy, Wongpradit and Silberg, 1990); https://microbenotes.com/enterobacteriaceae-cultural- 
haracteristics/ and  https://microbenotes.com/ attest to the results. 

 

Many studies agree with the morphological and biochemical properties results of E. 

coli and E. hormaechei isolates indicated in this study, as indicated in Tables 4.1 and 

4.2. (LiRong et al., 2018) used McConkey agar, EMB agar, Nutrient agar, and Blood 

agar to identify the pathogenic E. coli strain that caused diarrhoea in foxes they also 

used conventional bacterial isolation, culture, and morphological observation. 

Similarly, (O’Hara et al., 1989) also demonstrated the morphological characteristics of  

E. hormaechei on McConkey agar, EMB agar, Nutrient agar, and Blood agar. As 

indicated in Table 4.1, the colony morphology for E. coli on McConkey agar was red, 

circular, smooth, translucent, lactose fermenting and low convex; on EMB, green 

metallic sheen; on BA, Non-hemolytic, large, grey, moist; and on NA, the isolates were 

large, opaque, circular, smooth, moist, greyish or white https://microbenotes.com/. On 

the other hand, E. hormaechei appeared pink on McConkey agar, pink with no sheen 

on EMB agar. On BA, it appears large, smooth, and flat without beta haemolysis. 

SOLID MEDIA COLONY MORPHOLOGY 

E. coli E. hormaechei 

McConkey agar Red, circular, smooth, translucent, 

lactose fermenting, low convex 

Pink, lactose fermenting 

EMB agar Green metallic sheen Fair growth, pink, no sheen 

Blood agar Non-hemolytic, large, grey, moist Large, smooth, flat, entire margin 

without beta haemolysis 

Nutrient agar Large, opaque, circular, smooth, moist, 

greyish or white 

Round, flat, large, convex, greyish to 

white, irregular edged 

https://microbenotes.com/enterobacteriaceae-cultural-%20haracteristics/
https://microbenotes.com/enterobacteriaceae-cultural-%20haracteristics/
https://microbenotes.com/
https://microbenotes.com/
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Colony morphology on NA appears round, flat, convex, greyish to white with irregular 

edges. 

 

According to Table 4.2 the biochemical test properties of E. coli were in agreement 

with a study by (Awad, Mowafy and Osman, 2020). In their study, although E. coli was 

isolated from urine, the Primary (Biochemical) test properties results resembled the 

ones of E. coli isolates in this research. According to the biochemical test results of 

this project, it is evident that E. coli is Gram-negative and  indole positive. According 

to Rezwan et al. (2004), "since 96% of E. coli are indole positive while many other 

enterobacterial species are negative on the indole reaction, indole production is 

frequently used to distinguish E. coli from other enteric bacteria that are indole-

negative," it is well-documented that 96% of E. coli isolates are indole positive. It 

reacted positively to Methyl-red test, was Voges-Proskauer negative, Citrate negative, 

and Catalase positive. On the other hand, E. hormaechei also matched the description 

of the biochemical tests properties (O’Hara et al., 1989; Cao et al., 2022). Enterobacter 

hormaechei in this study was also Gram-negative but Indole negative, reacted 

negative for the Methyl-red test, was Voges-Proskauer negative, Citrate positive, and 

Catalase positive. 

 

Table 4.2 presents the illustration of the biochemical properties of the isolated E. coli 

and E. hormaechei respectively. 

 
 
 
 
 
 
 
 
 
 



  

47 
 

Table 4.2: Biochemical (Primary) test properties of Escherichia coli and Enterobacter 
hormaechei isolates 

https://microbenotes.com/enterobacteriaceae-cultural-characteristics/;https://microbenotes.com/biochemical-test-of-escherichia-

coli-e-coli/  

 

Both E. coli and E. hormaechei showed similar biochemical reactions as they 

displayed to be Gram-negative rods, were Voges-Proskauer negative, and Catalase 

positive. Therefore, the morphological and biochemical test properties of E. coli and 

E. hormaechei are both similar to what other researchers have discovered regarding 

their reaction to both primary and secondary identification tests. 

TEST REACTION 

E. coli E. hormaechei 

Gram staining Gram-negative rods Gram-negative rods 

Indole +ve -ve 

Methyl-red +ve -ve 

Voges-Proskauer -ve -ve 

Citrate -ve +ve 

Catalase +ve +ve 

https://microbenotes.com/enterobacteriaceae-cultural-characteristics/
https://microbenotes.com/biochemical-test-of-escherichia-coli-e-coli/
https://microbenotes.com/biochemical-test-of-escherichia-coli-e-coli/
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Figure 1: Escherichia coli and Enterobacter hormaechei isolates from communal Healthy Mogosane 

Village Cattle faecal samples. 

 

Figure 1, demonstrates the % of E. coli and E. hormaechei isolated from communally 

grazed Mogosane village cattle. From the 35 samples in this study, only three E. coli 

(9%) and twelve E. hormaechei (34%) isolates were definite based on colony 

morphology and biochemical tests.  

 

Escherichia coli is accountable for about 1% of the intestinal bacteria in cattle 

(Callaway et al., 2009). Several studies have attested to this Enterobacteriaceae 

species being isolated in cattle in Mogosane village and areas around the North West 

Province in South Africa. Ateba and Bezuidenhout (2008) isolated four pathogenic E. 

coli O157 from communal cattle faeces in Mogosane in their study. As compared to 

their study, this project indicated that only three E. coli isolates were found from 

communal cattle of Mogosane village. In Zeerust, 60km away from Mogosane village, 

54 E. coli isolates were discovered from communal cattle (Matloko et al., 2021). 

Moreover, E. coli has been isolated from cattle faecal samples in a barn in Japan 

(Suzuki et al., 2022). In their work (Martínez-Vázquez et al., 2021), evaluated antibiotic 
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resistance profiles of 248 Escherichia coli strains from bovine faeces also carcass 

samples from Tamaulipas, Mexico.  

 

It was once widely believed that Enterobacter hormaechei was the bacteria 

responsible for nosocomial infections (De Oliveira et al., 2020), and not a cause of 

diseases in animals until a few, researchers recently identified the pathogenic 

Enterobacter hormaechei from foxes (Yue et al., 2021), companion animals 

(Scarpellini et al., 2023), sheep (Shi et al., 2022), piglets (Zaitsev, Khizhnyakova and 

Feodorova, 2022), an aborted sample of a ruminant and was found to be linked with 

respiratory disease in unweaned calves in China (Wang et al., 2020). (Makhetha et 

al., 2023) has isolated 12 strains of E. hormaechei from Mogosane communally grazed 

cattle, and to our knowledge this is the only study that has isolated this bacteria from 

cattle faeces in Mogosane village, North West Province of South Africa.  

 

Although E. coli can cause a wide array of illnesses in cattle, it is most commonly 

associated with mastitis in adult dairy cows and intestinal or septicemic infections in 

calves (Nielsen et al., 2021). In animals, specifically sheep and cattle, Enterobacter 

hormaechei has been found to be related with respiratory diseases (Wang et al., 2020; 

Shi et al., 2022).   

 

The isolation of generic E. coli and E. hormaechei from communal Mogosane cattle 

faecal samples is proof that microbial pathogens are inherent in the guts of animals 

and might be shed through faeces (Zhang et al., 2017). Thus, the ways in which 

animals and manure are managed is important because they act as determinants of 

pathogen transmission from animals to the environment and humans (Hutchison et 

al., 2005). Escherichia coli and E. hormaechei bacterial strains were isolated from 

communally grazed Mogosane village cattle. These two organisms are known as 

opportunistic pathogens which can cause infections in both animals and human 

beings. 
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4.3 Contribution to Knowledge 

 

This research is the initial investigation to isolate E. hormaechei among cattle in 

Mogosane village. Both E. coli and E. hormaechei are Enterobacteriaceae, but have 

different reactions to primary and secondary biochemical tests. Amongst other 

differences, their colony morphologies are different on various media. Additionally, E. 

coli reacts positively to methyl-red and indole tests; and it reacts negatively to citrate 

tests. On the other hand, E. hormaechei reacts negatively to both methyl-red and 

indole tests; and it reacts positively to the citrate test. The two bacterial strains were 

further identified by WGS.  
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CHAPTER 5 
 

Antimicrobial Susceptibility Profiles of E. Coli and E. Hormaechei Isolates from 
Faecal Samples of Communal Cattle in Mogosane Village, Northwest Province. 
 

5.1 Abstract  

 

The purpose of the study was to determine the antimicrobial susceptibility profiles of 

the generic E. coli and E. hormaechei isolates from faecal samples of communal 

healthy Mogosane village cattle, Northwest province. A total of three (n=3; 9%) E. coli 

and 12 (34%) E. hormaechei isolates from the 35 faecal samples of cattle. The 

confirmed E. coli and E. hormaechei isolates were tested for susceptibility towards 10 

antimicrobials using the Kirby Bauer disk diffusion technique. All E. coli isolates 

(100%) were resistant to Streptomycin (S) and Erythromycin (E). Moreover, all E. coli 

isolates (100%) were susceptible to Tetracycline (TE), Gentamycin (CN), 

Chloramphenicol (C), Norfloxacin (NOR), Ciprofoxacin (CIP), Erythromycin (E) and 

Neomycin (N), but exhibited intermediate susceptibility towards Ampicillin (AMP) and 

Nalidixic acid (NA). All E. hormaechei isolates (100%) exhibited resistance against two 

antimicrobials (E and AMP), while only 33% were resistant to S. Moreover, these 

results indicate that two of the E. hormaechei strains (HCF1 to HCF12) were resistant 

to three classes antimicrobials, meaning that the E. hormaechei isolates exhibited 

Multidrug resistance (MDR). Although results presented here suggest a low level of 

resistance among E. coli, the observed resistance nonetheless was against two 

groups of antimicrobials that belong to the Watch group antibiotics. This plus the MDR 

observed among the E. hormaechei isolates is a serious public health concern. 

 
Keywords: antimicrobials, cattle, antimicrobial resistance, multi drug resistance 
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5.2 Introduction 

 

While the use of antimicrobial agents in livestock is useful for the treatment of 

infections to eliminate the pathogen’s harmful effects (Larsson, 2014; Azabo et al., 

2022), animal dung from food-producing farms contains antimicrobial-resistant 

bacteria, including microorganisms resistant to many types of antimicrobials (US-

CDC, 2018). Antimicrobial resistance (AMR) in organisms from food animals poses a 

major public health threat throughout the world (Vanderhaeghen and Dewulf, 2017). 

Escherichia coli is a rational measure of the amount of antibiotic resistance among 

bacteria communities in the bovine intestinal tract (Callaway et al., 2009). E. 

hormaechei has been included in the World Health Organization (WHO) global priority 

list of pathogens because it is known as the MDR organism that is associated with 

infectious diseases (De Oliveira et al., 2020).  

 

Antimicrobial-resistant bacteria are a concern because AMR is a key factor in 

emerging infectious diseases (Mohsin et al., 2022). Given this, the World Health 

Organization (WHO) created the AWaRe (Access, Watch, Reserve) classification to 

categorise antibiotics based on their ability to transmit resistance. The dynamics of 

AMR pathogen development and transmission, as well as information on antibiotic 

usage, can be obtained by tracking AMR in bacterial strains.  

 

5.3 Methodology 

 

The Kirby Bauer disk diffusion technique, Bauer et al (1966), was standardized by the  

World Health Organization (WHO). This method was used as described by Biemer 

(1973) and Yadav et. al (2015) to determine the resistance of E. coli and E. 

hormaechei isolates to chemotherapeutic agents following the CSLI guidelines (Table 

3.1). Gentamycin (CN), Streptomycin (S), Neomycin (N), Ciprofoxacin (CIP), 

Norfloxacin (NOR), Erythromycin (E), Ampicillin (AMP), Chloramphenicol (C), Nalidixic 

acid (NA) and Tetracycline (T) were antimicrobials used for susceptibility profiles of E. 

coli and E. hormaechei isolates. Seven classes of antibiotics were encompassed in 

the test panel (Chapter 3, Table 3.1). Paper disks saturated with the specific 

concentration of an antimicrobial were placed on Mueller Hinton (MH) agar plate and 
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the antimicrobial diffused into the agar. Plates were incubated for 16 to 18 hours at 

37ºC. The diameter of the inhibition zone was measured by using a transparent ruler 

and recording to the nearest millimetres. The CSLI 2020 guidelines were followed 

regarding the interpretation of the zones of inhibition. The isolates were categorized 

as resistant, intermediate, or sensitive to antibiotics using the inhibition zone 

measurements.  

 
5.4 Results and Discussions 

 

5.4.1 Antibiotic susceptibility profiles of Escherichia coli and Enterobacter hormaechei 

isolates 

  

Reported below are the antimicrobial susceptibility profiles of three E. coli and 12 E. 

hormaechei isolates from the communally grazed cattle faecal samples. The first 

report is on E. coli susceptibility profiles followed by E. hormaechei susceptibility 

profiles.  

 

The section below reports on the antimicrobial susceptibility profiles of three of the E. 

coli isolates from the communally grazed healthy Mogosane village cattle (HMVC) 

faecal samples, as illustrated in Table 5.1 and Figure 2. 
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Table 5.1: Susceptibility of Escherichia coli isolates by drug 

Drug R S I 

 No                        % No                          % No                            % 

CN 0                                 0 3                            100 0                                       0 

S 3                                 100     0                                    0                                       0 

N 0                                 0 3                             100  0                                        0 

CIP 0                                0 3                             100 0                                        0 

NOR 0                                0 3                             100 0                                        0 

E 3                                100 0                                 0 0                                        0 

AMP 0                                0 0                                 0 3                                    100 

C 0                                0 3                              100 0                                        0 

NA 0                                0 0                                 0 3                                    100 

TE 0                                0 3                              100 0                                        0 

*R-Resistant; S-Susceptible; I-Intermediate; No-Number of E. coli isolates 

 

Screening of AMR in bacteria is an important step in the administration of the correct 

antibiotics to treat bacterial infections (Anjum, 2015). Table 5.1, indicates that all E. 

coli isolates showed complete resistance to Streptomycin (S) and Erythromycin (E). 

All E. coli isolates (100%) were susceptible to Tetracycline (TE), Gentamycin (CN), 

Chloramphenicol (C), Norfloxacin (NOR), Ciprofloxacin (CIP) and Neomycin (N). 

These isolates showed intermediate susceptibility to Ampicillin (AMP) and Nalidixic 

acid (NA) as indicated in Table 5.1. 
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Table 5.2: Antimicrobial Resistant (AMR) Phenotype of Escherichia coil isolates  

E. coli isolates Resistance 
Phenotype 

Total % of Resistant Phenotypes  

3 S-E 100%  

S- Streptomycin; E- Erythromycin 

 

Table 5.2 illustrates that all E. coli isolates from communally grazed healthy Mogosane 

village cattle (HMVC) displayed antimicrobial resistance with the resistant phenotype 

S-E. They were all resistant to Streptomycin and Erythromycin. All three E. coli isolates 

showed resistance to two categories of antibiotics namely, Aminoglycoside 

(Streptomycin) and Macrolide (Erythromycin). These isolates did not display Multiple 

Antibiotic Resistance (MAR). As stated by the Centre for Disease Control (CDC), 

“MAR is shown by the resistance of a species of microorganism to at least one 

antimicrobial drug in three or more antimicrobial classes.” These E. coli isolates 

consequently, displayed the S-E resistant phenotype. AMR profile of Escherichia coli 

reveals the use of antibiotics in animals that produce food (Kholik et al., 2021). 

 

 

 

 

 

 

 



  

58 
 

Figure 2: Susceptibility of E. coli isolates by drug. 

 

As indicated in Figure 2, all the orange coloured bars indicate that E. coli was 

susceptible to CN, N, CIP, NOR, C and TE. It had intermediate susceptibility to the 

blue-coloured bars namely: AMP and NA, with total resistance shown in the grey-

coloured bars labelled, E and S.  

Prior studies show that E. coli antimicrobial resistance differs widely and that depends 

on the extent of the usage of various antimicrobials on animals (Subbiah et al., 2020).  
Investigated E. coli isolates indicated intermediate susceptibility to ampicillin and 

nalidixic acid, which means E. coli can be treated by these drugs or their dose might 
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need to be adjusted to a more effective dosage. Moreover, all E. coli isolates were 

susceptible to tetracycline, neomycin, gentamycin, chloramphenicol, ciprofloxacin, 

and norfloxacin (Figure 2).  In a study by (Ateba and Bezuidenhout, 2008) in which 

four E. coli isolates were detected from communally grazed Mogosane village cattle, 

100% of E. coli isolates were resistant to tetracycline. Their findings are a contrast to 

this study regarding tetracycline resistance because in this study all three E. coli 

isolates were susceptible to tetracycline. Several studies have found E. coli isolates to 

be resistant to streptomycin (Festus et al., 2020; Sacher-Pirklbauer et al., 2021; van 

den Honert, Gouws and Hoffman, 2021; Gemeda et al., 2023).   

Erythromycin-resistant E.coli (100%) has previously been isolated from communal 

cattle faeces at Mogosane village (Ateba and Bezuidenhout, 2008). Many other 

researchers have also found 100% erythromycin-resistant E. coli in their studies 

(Joddha et al., 2023; Mukuna et al., 2023). Since the hydrophobic substances have 

poor permeability across their wall, E. coli species are less susceptible to macrolides. 

Non-transferable resistance due to alterations in ribosomal RNA and ribosomal 

proteins can also lead to lowered macrolide susceptibility (Vaara, 1993a). In bacteria, 

chromosomal gene changes and the acquisition of mobile genetic elements (MGE) 

containing AMR genes can both lead to antimicrobial resistance (de Oliveira and Van 

Der Sand, 2016). 

 

Regarding the 100% susceptibility that was observed to tetracycline and 100% 

intermediate susceptibility to ampicillin,  it is unusual results, as most Escherichia coli 

isolates have been known to be resistant to tetracycline and ampicillin for decades in 

veterinary medicine and in agriculture (Banu et al., 2018; Iramiot, Kajumbula, Bazira, 

De Villiers, et al., 2020). Globally, tetracycline and ampicillin are broadly used in animal 

production, disease prevention, and growth advancement.  

The use of antimicrobials is common in cattle to prevent and control diseases.  Below 

is the section that reports on the antimicrobial susceptibility profiles of 12 of the E. 

hormaechei isolates from the communally grazed faecal samples HCF, as illustrated 

in Table 5.2 and Figure 2. 
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Table 5.3: Susceptibility of E. hormaechei isolates by drug 

Drug R S I 

  

No                          % 

 

No                          % 

 

No                           % 

CN 0                               0 12                            100 0                                0 

S 4                                 33     1                                   8 7                                58 

N 0                                 0 12                             100  0                                 0 

CIP 0                                0 12                             100 0                                 0 

NOR 0                                0 12                              100 0                                 0 

E 12                                100 0                                 0 0                                 0 

AMP 12                               100 0                                 0 0                                 0 

C 0                                0 12                              100 0                                 0 

NA 0                                0 2                                 17 10                             83 

TE 0                                0 11                           92 1                                 8 

*R-Resistant; S-Susceptible; I-Intermediate 

 

Table 5.3 above and Figure 3 below, describe the antimicrobial susceptibility profiles 

of 34% of the E. hormaechei isolates from the healthy communally grazed cattle faecal 

samples (HCF). As illustrated in Figure 3 and Table 5.3, all E. hormaechei isolates 

showed complete (100%) resistance to Ampicillin (AMP) and Erythromycin (E), while 

only 33% were resistant to Streptomycin (S). It did not demonstrate resistance to all 

other tested antimicrobials. E. hormaechei isolates showed 100% susceptibility to 

Gentamycin (CN), Neomycin (N), Ciprofloxacin (CIP), Norfloxacin (NOR) and 

Chloramphenicol (C). This bacterial isolate indicated 8%, 17%, and 92% susceptibility 
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to (S), Nalidixic acid (NA), and Tetracycline (TE) respectively. E. hormaechei 

subsequently showed 58%, 83%, and 8% intermediate susceptibility to S, NA, and TE. 
 

Figure 3: Susceptibility of E. hormaechei isolates by drug.*R-Resistant; S-Susceptible; I-Intermediate 

 

Indicated in Figure 3 is a bar graph that describes the susceptibility of E. hormaechei 

to each tested antimicrobial. The bar graphs are colour coded each representing E. 

hormaechei reaction to the drug. As indicated, E. hormaechei isolates are completely 

susceptible to NOR, C, CN, N, and CIP. Only 92% of the isolates were susceptible to 

TE. This bacterial isolate indicated 8%, 17% and 92% susceptibility to (S), Nalidixic 

acid (NA) and Tetracycline (TE) respectively. E. hormaechei subsequently showed 

58%, 83%, and 8% intermediate susceptibility to S, NA, and TE. All E. hormaechei 

isolates showed complete (100%) resistance to Ampicillin (AMP) and Erythromycin 

(E), while only 33% were resistant to Streptomycin (S). 
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Table 5.4: Antimicrobial Resistant (AMR) Phenotype of E. hormaechei isolates 

*E-Erythromycin; AMP-Ampicillin; S-Streptomycin 

 
 

Table 5.4 indicates the antimicrobial phenotypic resistant patterns that were identified 

and the number of E. hormaechei isolates from the communally grazed HCF from 

Mogosane village that carried those patterns. Eight of the E. hormaechei isolates from 

the communally grazed HCF from Mogosane village had 67% of the E-AMP phenotype 

as the highest demonstrated. Four (33%) of the isolates carried the S-E-AMP 

phenotype. The S-E-AMP phenotype demonstrates that E. hormaechei isolates are 

resistant to an antimicrobial in three classes, which is an indication of MDR.  

 

Wang et al., (2020), in their study, isolated E. hormaechei from two calves that were 

diagnosed with respiratory diseases and were treated with penicillin and enrofloxacin. 

The one treated with penicillin died and the one treated with enrofloxacin survived. E. 

hormaechei species has an intrinsic resistance to ampicillin. Penicillin and Ampicillin 

are β-lactams (Widodo, Effendi and Khairullah, 2020). Several studies have identified 

and reported MDR resistant E. hormaechei species worldwide (Kumari et al., 2022; 

Zaitsev, Khizhnyakova and Feodorova, 2022). In this study, MDR E. hormaechei was 

also identified and indicated total resistance to ampicillin. The WHO states that one of 

the major worldwide obstacles to controlling bacterial drug resistance is the 

emergence of MDR bacterial strains, necessitating the development of novel 

antibiotics and strategies for combating MDR pathogens. The Enterobacteriaceae 

family of bacteria, which includes Enterobacter species, is the highest priority group of 

bacteria (Cieślik et al., 2022).  

E.hormaechei 
isolates 

Resistance Phenotype Total % of Resistant Phenotypes  

8 E-AMP 67% 

4 S-E-AMP 33% 

https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/ampicillin
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Enterobacteriaceae, as other Gram-negative organisms, are naturally resilient to 

erythromycin (O'Hara et al., 1989). This study has indicated total resistance of both E. 

coli and E. hormaechei to erythromycin. Additionally, 33% of the E. hormaechei 

isolates in this study were resistant to streptomycin. Moreover, 100% of the E. 

hormaechei isolates also showed resistance to AMP. 

 

In conclusion, erythromycin, ampicillin, and streptomycin are classified under WHO 

AWaRe for evaluation and monitoring use for countries to better support antibiotic 

monitoring and stewardship activities. According to the WHO, AWaRe AMP falls under 

the category ‘Access’ and is listed in the Essential Medicine List (EML) of 2021, 

whereas, erythromycin and streptomycin are classified under category ‘Watch’ and 

are not listed in EML 2021.  Antibiotics classified as "Watch" have a greater potential 

to select for antimicrobial resistance, hence their usage needs to be closely watched.  

 
5.5 Contribution to Knowledge 

 

The findings reported here demonstrated the presence of AMR E. coli and MDR E. 

hormaechei isolates in healthy communally grazed cattle of Mogosane village. 

Multidrug resistant isolates have rarely been isolated in animals around the world, 

therefore, this study provides baseline data that can be used to do more studies on 

MDR among E. hormaechei.  The veterinary and the Agricultural sector must take 

advantage of these findings, and do more research on AMR among E. coli and E. 

hormaechei isolates. Increased antimicrobial resistance awareness will help in the 

fight to combat antimicrobial resistance.  
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CHAPTER 6 
 

Screening of the Whole Genome Sequences of the Amr Escherichia Coli Isolates 
for the Antimicrobial Resistance Determinants 
 

6.1 Abstract 

 

The two E. coli strains, HMVC1 and HMVC2, isolated from the communally grazed 

healthy Mogosane village cattle, with resistant phenotype S-E were subjected to WGS 

with the aim of screening their AMR determinants and storing their AMR determinants 

details in the NCBI GenBank for further studies. Whole genome sequencing results 

for HMVC1 and HMVC2 E. coli isolates indicated the presence of antimicrobial 

resistance genes (AMRG) in the two E. coli strains. Together HMVC1 and HMVC2 E. 

coli isolates carried the aminoglycoside resistant gene "aphA".  Amongst others, the 

"rpsLʺ genes were also found in both HMVC1 and HMVC2 E. coli isolates. The 

antimicrobial-resistant gene (AMRG) positions on the chromosomes were also 

identified and the mechanisms of action responsible for the AMR were also 

established. Moreover, three major families of efflux pumps from AMR E. coli strains 

HMVC1 and HMVC2 have been identified. The WGS annotations are accessible under 

BioProject accession number PRJNA1028407. The experimental sequence reads 

archives (SRA) are accessed under SRR26374259 and SRR26393805 respectively 

in the NCBI platform.  
 

Keywords: E. coli HMVC1, E. coli HMVC2, antimicrobial resistance genes, efflux 

pumps 

 

 

 

 

 

 

 



  

68 
 

6.2 Introduction 

 

The expansion of antibiotic resistance is mostly linked with genetic variations, either 

to the acquisition of resistance genes or to modifications in elements relevant to the 

activity of the antibiotic (Corona and Martinez, 2013). Whole genome sequencing has 

progressively remained used to inspect drug-resistant commensal and infectious E. 

coli, providing comprehensive understanding into the genetic structure correlated with 

the development of Multi-drug resistance (MDR) and transmission dynamics (Punina 

et al., 2015). Genome-based categorization of isolates has provided resolutions to 

quite a few questions in species classification and pathogenicity (Madaha et al., 2020). 

 
6.3 Methodology 

 

Due to financial constraints only two E. coli isolates were further analysed using WGS. 

Both HMVC1 and HMVC2 E. coli isolates with S-E phenotypic resistance were sent to 

the Agricultural Research Council (ARC-OVI) Pretoria, for extraction of DNA and 

whole genome sequencing. The Illumina TruSeq Nano DNA Library Preparation kit 

was used to create the DNA libraries for WGS. Subsequently, libraries were 

sequenced by an Illumina Hiseq X instrument to generate 2 x 150bp reads. Whole 

genome assemblies were performed with Abyss software (v.2.2.4-1) at default 

parameters. Thereafter, the generated raw reads (fastq files) were assembled on the 

Inqaba Biotech platform. Reference assembly for WGS was done with De novo 

assembly. Pathogenwatch (https://pathogenwatch/) was used to get species possible 

as a positive hit per the assembled Contig fasta file. For annotating and reference 

assembly, bacterial and viral resource center were used (https://www.bv-btc.ord). 

Blast-ncbi was used (basic local alignment tool: 

https://blast.ncbi.nlm.nih.gov/Blast.cgi) for accession ID for reference assembly. Using 

the resistant gene identification (RG1) v5.1.1, antimicrobial-resistance genes were 

screened. The whole genome sequence data reported was deposited in the GenBank 

(NCBI). 

 

 

 

https://protect.checkpoint.com/v2/___https:/pathogenwatch/___.YzJlOnVuaXNhbW9iaWxlOmM6bzozYTMwYjg4ODE1OTQ3OWQyNDU3N2Q2OWU1NjhkYzI5Mjo2OmQxM2E6YzMxOWJhN2RhMWMwMTQyNTdjYjUzYWM3NjAzODRiMmE4ZWI0MDQyMTQ4NmFhZDA1ZTUyYTMyM2YwZTgwZjFhZDpwOkY
https://protect.checkpoint.com/v2/___https:/www.bv-btc.ord___.YzJlOnVuaXNhbW9iaWxlOmM6bzozYTMwYjg4ODE1OTQ3OWQyNDU3N2Q2OWU1NjhkYzI5Mjo2OjEzYmI6OGZjNGYyMzQ0NGMyMzJiODdlN2RlNGFiM2RhNGI1Yjg0M2VlZGFkMDc1MjBkYjhlNmZmYjg4MGYzMDllNWNhZDpwOkY
https://protect.checkpoint.com/v2/___https:/blast.ncbi.nlm.nih.gov/Blast.cgi___.YzJlOnVuaXNhbW9iaWxlOmM6bzozYTMwYjg4ODE1OTQ3OWQyNDU3N2Q2OWU1NjhkYzI5Mjo2OjYyNmM6ZDYwM2IwMDIzNzBmM2YwMzhlYTA2MTZmZDIxNzJhZmEzZTY1NDczM2ZjNTUzMTRjYWFhYTA1NzExNTA5OGE2YzpwOkY
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6.4 Results and Discussions 

 

The section below reports on the results of the Whole Genome Sequencing of E. coli 

strains HMVC1 and HMVC2. The results include:  
- Genome Assembly details of E. coli Isolates HMVC1 and HMVC2. 

- Annotated Genome Features of HMVC1 and HMVC2 E. coli isolates. 

- Antimicrobial resistance genes, locus tags, and products of E. coli HMVC1 and   

  HMVC2. 

- HMVC1 and HMVC2 Whole Genome Sequence identifiers on NCBI. 
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Table 6.1: Genome Assembly details of Escherichia coli isolates HMVC1 and HMVC2 

 

 

 

 

 

 

 

 

 

 

 

 

The above table details the genome assemblies of the two AMR E. coli isolates from 

the communally grazed cattle identified as HMVC1 and HMVC2. There were 110 and 

112 contigs, an estimated genome size of 5,043,843 bp and 5,048,327 bp 

respectively, and an average G+C content of 50.5% for both HMVC1 and HMVC2. 

The N50 lengths were 141,930 bp and 151,694 bp respectively. The L50 counts for 

both isolates were 13 and 12 respectively. The entire genomes of the two E. coli 

isolates used in this investigation were sequenced to access their genomic sequences. 

Two E. coli isolates were identified and named HMVC1 and HMVC2. The two E. coli 

genomes were assembled into 110 and 112 contigs with genome sizes of 5,043,843 

bp and 4,845,267 base pairs respectively. Moreover, these genomes had gene 

content GC content of 50.5% and 50.5%. The GC content of a gene region can impact 

its coverage, with regions having 50–60% GC content receiving the highest coverage 

while regions with high (70–80%) or low (30–40%) GC content having significantly 

decreased coverage (Hu et al., 2022).  With the number of protein-coding genes at 

4,663 and 4,667 respectively. Total number of reads was 5,959,616 and 4,845,267 

with coverage of 354x and 288x respectively.  

CHARACTERISTICS HMVC 1 HMVC 2 

No. of reads 5,959,616 4,845,267 

Assembly size (bp) 5,043,843 5,048,327 

G+C content (%) 50.5 50.5 

No. of contigs 110 112 

Coverage (X) 354X 288X 

N50 contig (bp) 141,930 151,694 

L50 contig 13 12 

No. of genes (total) 4,960 4,960 

No. of coding genes 4663 4667 
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N50 is universally used as metric for evaluating assembly contiguity and is interpreted 

as; ‘length of the shortest contig for which longer and equal length contigs cover at 

least 50% of the assembly’ (Alhakami, Mirebrahim, and Lonardi, 2017; Videvall, 2017). 

N50 value was 141,930bp and 151,694bp respectively. The L50 count was 13 and 12 

respectively, with the total number of genes at 4960 correspondingly, as indicated in 

table 6.1.  

 

The table below explains the genome features of HMVC1 and HMVC2 Escherichia 

coli isolates. 

 

Table 6.2: Annotated Genome Features of HMVC1 and HMVC2 Escherichia coli isolates 

 

 

 

 

 

 

 

 

CDS-protein coding sequence; RNA; tRNA-transfer RNA; rRNA-ribosomal RNA 

 

The Escherichia coli HMVC1 and HMVC2 genomes were annotated as stated in 

Chapter 3.7. The genomes of HMVC1 and HMVC2 had 4869 and 4874 protein-coding 

sequences, 91 and 86 RNAs, 76 and 72 tRNAs, as well as 7 rRNAs singly, as indicated 

in Table 6.2. Annotated in the HMVC1 and HMVC2 genomes were the protein-coding 

sequences (CDS) with 4869 bp and 4874 bp respectively. The ribonucleic acid (RNA) 

with 91 bp and 86 bp respectively. The transfer RNA (tRNA) at values 76 and 72 bp 

respectively and the ribosomal RNA (rRNA) at 7 bp each as indicated in Table 6.3. E. 

coli that are sensitive to streptomycin can become resistant to one mutation. Mutation 

 

Reference stain 

 

CDSs 

 

RNAs 

 

tRNAs 

 

rRNAs 

 

HMVC 1 

 

4869 

 

91 

 

76 

 

7 

 

HMVC 2 

 

4874 

 

86 

 

72 

 

7 



  

72 
 

at the site of aminoglycoside attachment may interfere with ribosomal binding 

(Spagnolo et al., 2016). 

The section below reports on the E. coli HMVC1 and HMVC2 isolate genes 

responsible for resistance to streptomycin and erythromycin.  

 
Table 6.3: Antimicrobial resistance genes, locus tags, and products of E. coli HMVC1 and 
HMVC2 

 
ISOLATE ID 

 
AMRG 
 

 
LOCUS TAG 

 
Mechanisms of resistance 

 
HMVC 2 

 

aphA 

 

R2R64_05370 

 

acid phosphatase AphA 

 
HMVC 1 

 

aphA 

 

R0152_03360 

 

acid phosphatase AphA 

 
HMVC 1 

 

rpsL 

 

R0152_06470 

 

30S ribosomal protein S12 

 
HMVC 2 

 

rpsL 

 

R2R64_08345 

 

30S ribosomal protein S12 
 

Table 6.3 annotates the AMRG that were found in this study. Both HMVC1 and 

HMVC2 E. coli isolates carried the aminoglycoside resistant gene "aphA".  The "rpsLʺ 

genes were also found in both HMVC1 and HMVC2 E. coli isolates. Two streptomycin-

resistant genes namely “aphA” and “rpsL” were identified in both HMVC1 and HMVC2. 

The “aphA” in E. coli is a class B acid phosphatase encoding gene (Batt, 2014). This 

“aphA” gene in HMVC1 was found in locus tag R0152_03360 while the one for HMVC2 

was identified in locus tag R2R64_05370. The locus tag refers to the physical location 

of the gene on the chromosome (Li and Li, 2012).  The "rpsLʺ gene indicates 

resistance modifications to streptomycin in E. coli (Pelchovich et al., 2013). Ribosomal 

protein S12, produced by rspL gene comprises a portion of the small (30S) sub-unit of 

the E. coli ribosome and is important in maintaining translational accuracy  (Springer 

et al., 2001). The "rpsLʺ gene was identified in locus tag R0152_06470 for HMVC1 

and R2R64_08345 for HMVC2 as indicated in table 6.3. 

 

Next is a table indicating the results from the resistance gene identifier. 
 



  

73 
 

Table 6.4: Other identified Antibiotic resistant genes in Escherichia coli HMVC1 and HMVC2 

RGIa-Resistance Gene Identifier; AROb-Antibiotic Resistance Ontology; AMRc-Antimicrobial resistance; ATP-Adenosine 
Triphosphate 

  

Criteria used 

by RGIa 

AROTermb Family of AMRc genes Drug class Mechanism of 

resistance 

Identity with the 

matching 

region 

 

Perfect 

 

H-NS 

 

Major facilitator superfamily (MFS) antibiotic 

efflux pump;  

 

Resistance nodulation-cell division (RND) 

antibiotic efflux pump 

 

Macrolide 

antibiotic 

 

Antibiotic efflux 

 

100.0 

 

Perfect 

 

tolC 

 

MFS antibiotic efflux pump,  

 

RND antibiotic efflux pump,  

 

ATP-binding cassette (ABC) antibiotic efflux 

pump 

 

Macrolide 

antibiotic 

 

Antibiotic efflux 

 

100.0 

 

Perfect 

 

mdtE 

 

RND antibiotic efflux pump 

 

Macrolide 

antibiotic 

 

Antibiotic efflux 

 

100.0 

 

Strict 

 

acrD 

 

RND antibiotic efflux pump 

 

Aminoglycoside 

antibiotic 

 

Antibiotic efflux 

 

99.9 
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Table 6.4, indicates other identified resistant genes in E. coli HMVC1 and HMVC2. 

Both E. coli isolates carried the genes indicated in Table 6.4. The RGI's "Perfect" 

criterion indicates that the projected gene exactly matches a known resistance gene 

that has been curated at the amino acid level in the CARD (Alcock et al., 2020). Strict 

hits are interpreted as being in the similar cut-offs of the individual AMR discovery 

models and represent probable homologs of AMR genes. Similar results organized by 

Antibiotic Resistance Ontology functional classifications, expressing both drug classes 

and resistance mechanisms (Alcock et al., 2020). The HMVC1 and HMVC2 genes 

indicated by ARO in Table 6.4 are H-NS, tolC, mdtE, and acrD. All carried genes have 

the antibiotic efflux mechanism of resistance.  H-NS, tolC, and mdtE are shown to be 

of drug class Macrolide while mdtE is of the drug class Aminoglycoside. The Major 

facilitator superfamily (MFS) antibiotic efflux pump and the Resistance nodulation-cell 

division (RND) antibiotic efflux pump are two AMR gene families which the H-NS 

belong to. The ATP-binding cassette (ABC) antibiotic efflux pump, the RND antibiotic 

efflux pump, also the MFS antibiotic efflux pump are all comprised of tolC. Both mdtE 

and acrD are members of the RND antibiotic efflux pump gene family.  

Literature identifies the following five major families of efflux pumps:  

1. The major facilitator superfamily (MFS) 

2. The SMR family, or small multidrug resistance family 

3. The RND family, or resistance-nodulation-cell-division 

4. The ABC family of ATP-binding cassettes 

5. The extrusion family of toxic and multidrug compounds (MATE).  

The structural conformation, energy source, substrate range, and type of bacterial 

organisms distributed within these families are different (Ebbensgaard, Løbner-

Olesen, and Frimodt-Møller, 2020).  In this study, as indicated in Table 6.4, three major 

families of efflux pumps from AMR E. coli strains HMVC1 and HMVC2 have been 

identified with Perfect and Strict matching regions according to RGI.  
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Gram-negative bacteria have a lot of efflux pumps because they have an innate 

resistance to harmful substances. Multi-drug resistant pumps belonging to the RND 

family are commonly observed in the chromosome of gram-negative bacteria and 

conclude changing degrees of natural resistance to a number of antimicrobials 

(Ebbensgaard, Løbner-Olesen and Frimodt-Møller, 2020). Efflux pumps belonging to 

this family are arranged as tripartite structures covering the width of the gram-negative 

cell envelope and selectively interacting the cytoplasm with the peripheral 

surroundings. The AcrAB-TolC system is found in E. coli, and is inclusive of a 

transporter protein, situated in the inner membrane (AcrB), a linker protein, positioned 

in the periplasmic space (AcrA), and a protein channel, found in the outer membrane 

(TolC) cited in (de Oliveira and Van Der Sand, 2016). 

 

The table below indicates where to identify the WGS of this study on the NCBI 

GenBank. 

 

 
Table 6.5: HMVC1 and HMVC2 WGS identifiers on NCBI 

 HMVC1 HMVC2 

GeneBank 

accession no. 

 

https://www.ncbi.nlm.nih.gov/nuccore/ 

JAWJYW000000000 

 

https://www.ncbi.nlm.nih.gov/nuccore/ 

JAWJYX000000000 

BioSample 

accession no. 

 

https://www.ncbi.nlm.nih.gov/biosample/ 

SAMN37826605 

 

https://www.ncbi.nlm.nih.gov/biosample/ 

SAMN37830234 

SRA accession 

no.a 

 

https://www.ncbi.nlm.nih.gov/sra/ 

SRR26374259 

 

https://www.ncbi.nlm.nih.gov/sra/ 

SRR26393805 

aSRA, Sequence Read Archive. bHMVC 

 

 

Reads for Escherichia coli HMVC1 and HMVC2 were submitted to the comprehensive 

genome analysis service at NCBI. Genomes of the two E. coli isolates appeared to be 

of good quality established on the annotation statistics and comparison to the other 

https://www.ncbi.nlm.nih.gov/nuccore/
https://www.ncbi.nlm.nih.gov/nuccore/
https://www.ncbi.nlm.nih.gov/biosample/
https://www.ncbi.nlm.nih.gov/biosample/
https://www.ncbi.nlm.nih.gov/sra/
https://www.ncbi.nlm.nih.gov/sra/
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genomes in NCBI in the same species. Table 6.5, above indicates HMVC1 and 

HMVC2 WGS identifiers on NCBI. 
 

Thus, With the phenotype S-E discovered, and the E. coli HMVC1 and HMVC2 strains 

found to carry AMR genes for macrolides and aminoglycoside in this study, we can 

agree with Manishimwe et al., (2021). Whole Genome Sequencing demonstrated that 

the presence of genetic antibiotic resistance determinants can be inferred from the 

phenotypic antibiotic resistance seen in E. coli isolates (Manishimwe et al., 2021). The 

results of the antimicrobial determinants in this study are vital regarding the concern 

brought up by the WHO AWaRe about the Watch antibiotics classification. These 

results suggest that HMVC E. coli isolates may represent an important reservoir of 

antibiotic-resistant bacteria. 

 
6.5 Contribution to Knowledge 

  

This study was able to demonstrate AMR determinants present in the E. coli isolates 

from healthy communally grazed Mogosane village cattle. Their mechanisms of 

resistance have also been identified which makes it easier for further research to be 

carried out. The presence of AMR E. coli carrying resistant genes as indicated in this 

study will be an eye-opener to the veterinary and farming community in the North West 

Province. The Agricultural community at large will have to be educated about the risks 

that are linked to the presence of AMR E. coli in cattle, the environment, and human 

beings.  
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CHAPTER 7 
 

Screening of the Whole Genome Sequences of the Amr E. Hormaechei Isolates 
for the Amr Determinants 
 

7.1 Abstract 

 

Twelve E. hormaechei species were isolated from the communally grazed healthy 

Mogosane village cattle. These isolates showed resistance to S, E and AMP. They 

were subjected to WGS with the aim of screening resistance determinants and storing 

the details in the NCBI GenBank for further studies. Whole genome sequencing results 

for the twelve E. hormaechei species confirmed the presence of 12 antimicrobial 

resistance genes. The AMRG positions on the chromosomes were also identified and 

the mechanisms of action responsible for the resistance were also established. 

Moreover, five major families of efflux pumps from MDR E. hormaechei strains HCF1 

to HCF12 were identified, and all the details are stored in the NCBI for further studies. 

These results pave the way to multitudes of insights through more research. 

 
Keywords: Whole Genomic Sequencing, efflux pumps, bacteria, 
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7.2 Introduction 

 

Bacteria often become resistant and this could be through one of several biochemical 

mechanisms such as transformation, desolation, or deactivation and effluence or 

genetic transfer of materials between bacteria by several means such as conjugation, 

transformation, and transduction (Wartu et al., 2019). The characterization of isolates 

based on their genomes has solved a number of issues with species identification and 

pathogenicity (Madaha et al., 2020). Whole genome sequencing has progressively 

examined drug-resistant commensal and infectious E. coli and E. hormaechei 

providing insight into the genetic structure associated with the progression of MDR 

and their dynamics of spreading (Punina et al., 2015). 
 
7.3 Methodology 

 

For WGS, the DNA libraries were constructed using the Illumina TruSeq Nano DNA 

Library Preparation kit. Two (2) x 150bp reads were generated by sequencing the 

libraries on an illumina Hiseq X instrument. Whole genome assemblies were 

performed with Abyss software (v.2.2.4-1) at default parameters. Thereafter, the 

generated raw reads (fastq files) were assembled on the Inqaba Biotech platform. 

Reference assembly for WGS was done with De novo assembly. Pathogenwatch 

(https://pathogenwatch/) was used to get species possible as a positive hit per the 

assembled Contig fasta file. For annotating and reference assembly, bacterial and viral 

resource center were used (https://www.bv-btc.ord). Blast-ncbi was used (basic local 

alignment tool: https://blast.ncbi.nlm.nih.gov/Blast.cgi) for accession ID for reference 

assembly. Antimicrobial resistance genes were identified using the resistant gene 

identification (RG1) v5.1.1. The whole genome sequence data reported was deposited 

in the GenBank (NCBI). WGS annotations are accessible under BioProject accession 

number PRJNA991313 and the experimental sequence reads archives (SRA) of the 

12 E. hormaechei isolates are accessed from NCBI.  
 
 

 

https://protect.checkpoint.com/v2/___https:/pathogenwatch/___.YzJlOnVuaXNhbW9iaWxlOmM6bzozYTMwYjg4ODE1OTQ3OWQyNDU3N2Q2OWU1NjhkYzI5Mjo2OmQxM2E6YzMxOWJhN2RhMWMwMTQyNTdjYjUzYWM3NjAzODRiMmE4ZWI0MDQyMTQ4NmFhZDA1ZTUyYTMyM2YwZTgwZjFhZDpwOkY
https://protect.checkpoint.com/v2/___https:/www.bv-btc.ord___.YzJlOnVuaXNhbW9iaWxlOmM6bzozYTMwYjg4ODE1OTQ3OWQyNDU3N2Q2OWU1NjhkYzI5Mjo2OjEzYmI6OGZjNGYyMzQ0NGMyMzJiODdlN2RlNGFiM2RhNGI1Yjg0M2VlZGFkMDc1MjBkYjhlNmZmYjg4MGYzMDllNWNhZDpwOkY
https://protect.checkpoint.com/v2/___https:/blast.ncbi.nlm.nih.gov/Blast.cgi___.YzJlOnVuaXNhbW9iaWxlOmM6bzozYTMwYjg4ODE1OTQ3OWQyNDU3N2Q2OWU1NjhkYzI5Mjo2OjYyNmM6ZDYwM2IwMDIzNzBmM2YwMzhlYTA2MTZmZDIxNzJhZmEzZTY1NDczM2ZjNTUzMTRjYWFhYTA1NzExNTA5OGE2YzpwOkY
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7.4 Results and Discussions 

 

The section below reports on the WGS results of E. hormaechei. The results include:  
- Genome Assembly details of AMR E. hormaechei isolates.  

- Annotated Genome Features of AMR E. hormaechei isolates.  

- E. hormaechei strains and their Antimicrobial resistance phenotypes indication of  

  MDR or AMR. 

- Anti-microbial resistance genes, locus tags, and products of AMR E. hormaechei. 

 
Table 7.1, Provides details of the genome assemblies of the twelve AMR E. 

hormaechei strains from the Mogosane village communally grazed cattle.  
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Table 7.1: Genome Assembly details of AMR E. hormaechei isolates 

 

Enterobacter hormaechei subsp. Steigerwaltii HCF9 is identified with a genome size 

of 4,876,499bp with a G+C content of 55.5% and this strain contains MDR genes 

(Table 7.4). Wee et al. (2021) also reported the genome sequence of E. hormaechei 

subsp. steigerwaltii strain BEI01, which was in the beginning placed as a component 

of the Enterobacter cloacae complex. Numerous metal resistance operons and 

multidrug anti-microbial resistance genes can be found in the 4,900,246 bp genome, 

which has a 55.44% GC content. 

 

 

 

 

Isolate 
id 

No. of 
reads 

Assembly 
size (bp) 

G+C 
content 
(%) 

No. of 
contigs 

Coverage 
(X) 

N50 
contig 
(bp) 

L50 
contig 

No. of 
genes 
(total) 

HCF1 4,676,625 4.51 55.5 25 312 302,776 5 4,281 

HCF2 4,770,778 4.71 55.5 26 305 515,661 4 4,473 

HCF3 5,340,394 4.56 55.5 30 353 456,289 4 4,394 

HCF4 4,7795,322 4.56 55.5 26 317 764,843 3 4,391 

HCF5 6,238,972 4.70 55.5 28 400 441,216 5 4,470 

HCF6 5,296,276 4.43 56 33 360 425,702 5 4,230 

HCF7 5,966,971 4.59 55.5 27 392 484,492 4 4,370 

HCF8 5,639,719 4.52 55.5 29 376 478,206 4 4,293 

HCF9 4,876,499 5.02 55.5 262 292 81,556 18 4.929 

HCF10 5,980,271 4.59 55.5 29 392 577,149 3 4,376 

HCF11 5,820,958 4.55 56 16 385 640,068 3 4,311 

HCF12 6,656,610 4.63 55.5 16 434 575,824 4 4,398 
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Table 7.2:  Annotated Genome Features of AMR Enterobacter hormaechei isolates 

CDS-protein coding sequence; RNA; tRNA-transfer RNA; rRNA-ribosomal RNA 

 

The E. hormaechei genomes were annotated as stated in Chapter 3.7. The annotated 

genomes revealed that the twelve strains (HCF1-HCF12) of E. hormaechei comprised 

three different sub-species. The strains as indicated in Table 7.2: above and Figure 4 

below were identified as E. hormaechei subsp. steigerwaltii, E. hormaechei subsp. 

xiangfan-gensis and E. hormaechei subsp. oharae. Only one (n=1; 8%) strain was 

identified as E. hormaechei subsp. oharae, three (25%) as E. hormaechei subsp. 

steigerwaltii and eight (67%) E. hormaechei subsp. xiangfan-gensis.  As shown in the 

table, Enterobacter isolates HCF1, HCF2, HCF3, HCF4, HCF5, HCF7, HCF8 and 

HCF10 were detected as E. hormaechei subsp. xiangfan-gensis. On the other hand, 

isolate HCF6 was recognized as E. hormaechei subsp. oharae. Lastly, isolate HCF9, 

HCF11, and HCF12 were detected as E. hormaechei subsp. steigerwaltii. A few 

ISOLATE ID 

 

E. hormaechei STRAINS CDSs rRNAs tRNAs RNAs 

HCF1 E.hormaechei subsp.xiangfan-gensis  4,156 7 66 81 

HCF2 E.hormaechei subsp.xiangfan-gensis 4,334 8 72 87 

HCF3 E.hormaechei subsp.xiangfan-gensis 4,267 7 76 89 

HCF4 E.hormaechei subsp.xiangfan-gensis 4,274 6 67 79 

HCF5 E.hormaechei subsp.xiangfan-gensis 4,335 8 68 83 

HCF6 E.hormaechei subsp.oharae 4,119 8 71 84 

HCF7 E.hormaechei subsp.xiangfan-gensis 4,245 8 72 86 

HCF8 E.hormaechei subsp.xiangfan-gensis 4,160 8 75 89 

HCF9 E.hormaechei subsp.steigerwaltii 4,800 8 77 91 

HCF10 E.hormaechei subsp.xiangfan-gensis 4,248 10 72 88 

HCF11 E.hormaechei subsp.steigerwaltii 4,200 7 72 84 

HCF12 E.hormaechei subsp.steigerwaltii 4,289 5 73 84 
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studies have also isolated the E. hormaechei and E. hormaechei sub-species   from 

animals as in this study. Saratov_2019, an MDR Enterobacter hormaechei subspecies 

bacterial strain, was isolated by Zaitsev, Khizhnyakova, and Feodorova (2022) from 

the aborted cow sample. Enterobacter hormaechei subsp. xiangfangensis was the 

isolate's species according to genome-based phylogenetic analysis.  

The values of the number of coding genes, rRNAs, tRNAs, and RNAs of the twelve 

reference trains are indicated in Table 7.2. Using the NCBI Prokaryotic Genome 

Annotation Pipeline (PGAP) to create the de novo assembled whole genome, these 

strains' annotation revealed the presence of over 4000 coding sequences (CDSs), with 

each CDS falling between 4100 and 4800.  

 

 

 

 

 

 

 



  

85 
 

 

Figure 4: Identified Enterobacter Hormaechei reference strains isolated from communally grazed 

Mogosane Village cattle 
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Table 7.3: Enterobacter hormaechei strains and their Antimicrobial resistance phenotypes 
indication of Multidrug resistance or Antimicrobial resistance 

Isolate id Enterobacter strain Resistant 

phenotype 

MDRa AMRb 

HCF1 E.hormaechei xiangfan-gensis  S-E-AMP Y N 

HCF2 E.hormaechei xiangfan-gensis  E-AMP N Y 

HCF3 E.hormaechei xiangfan-gensis  E-AMP N Y 

HCF4 E.hormaechei xiangfan-gensis  E-AMP N Y 

HCF5 E.hormaechei xiangfan-gensis  E-AMP N Y 

HCF6 E.hormaechei oharae S-E-AMP Y N 

HCF7 E.hormaechei xiangfan-gensis  S-E-AMP Y N 

HCF8 E.hormaechei xiangfan-gensis  E-AMP N Y 

HCF9 E.hormaechei steigerwaltii S-E-AMP Y N 

HCF10 E.hormaechei xiangfan-gensis  E-AMP N Y 

HCF11 E.hormaechei steigerwaltii E-AMP N Y 

HCF12 E.hormaechei steigerwaltii E-AMP N Y 

aMDR-multidrug resistance; bAMR-antimicrobial resistance; Y-yes; N-not 

 

Table 7.3 indicates the E. hormaechei reference strains and their resistant 

phenotypes. Four (33%) Strains of E. hormaechei demonstrated resistance to three 

classes of antimicrobials namely Streptomycin, Erythromycin, and Ampicillin. This 

indicates MDR. Eight (67%) of these isolates were resistant to only two classes of 

antimicrobials and this is an indication of AMR.  

 

Due to financial and time constraints, one of each strain type was further analysed for 

AMR determinants. Three AMR determinants for each AMR and MDR phenotype 

identified for E. hormaechei strains were randomly mined and screened, as presented 

in Table 7.4.  A locus is the location of a gene on the genome (Li and Li, 2012). 

 

Table 7.4 below, indicates the locus tag/position of the E. hormaechei Antimicrobial 

Resistance Genes (AMRG), MDR-Multidrug resistance, MAR-Multiple antibiotic 
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resistance, MFS-Major facilitator superfamily, RND-Resistance-nodulation-cell 

division, MATE-Multidrug, and toxin extrusion. 

 

 
 Table 7.4: Antimicrobial resistance genes, locus tags, and products of E. hormaechei 

 

 

 

 

 

 

 

Strain and AMR phenotype AMRG 
 

Locus_ tag Mechanisms of resistance 

HCF1 
(E. hormaechei Xiangfan-
gensis) 
S-E-AMP 

mdtC 

emmdR 

acrD 

QYM52_01870 

QYM52_02195 

QYM52_00615 

MDR efflux RND transporter 

MDR efflux MATE transporter 

MDR efflux RND transporter 

HCF2 
(E. hormaechei Xiangfan-
gensis) 
E-AMP 

acrR 

mdtG 

mdtH 

QYY52_00860 

QYY52_03670 

QYY52_03725 

MDR efflux transporter transcriptional repressor 

MDR efflux MFS transporter 

MDR efflux MFS transporter 

 

HCF6 
(E. hormaechei oharae) 
S-E-AMP 

emmdR 

mdtC 

mdtQ 

 

QY053_01410 

QY053_01715 

QY053_01915 

MDR efflux MATE transporter 

MDR efflux RND transporter 

MDR outer membrane protein 

 

HCF9 
(E.hormaechei 
steigerwaltii) 
S-E-AMP 

acrA 

acrR 

macA 

QZD11_00655 

QZD11_00660 

QZD11_06225 

MDR efflux RND transporter 

MDR efflux transporter transcriptional repressor 

Macrolide transporter subunit 

 

HCF11 
(E.hormaechei 
steigerwaltii)  
E-AMP 

marA 

marB 

marR 

QZQ17_00865 

QZQ17_00870 

QZQ17_00860 

MDR efflux pump AcrAB transcriptional 

activator 

MAR resistance protein 

MAR transcriptional regulator 
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Enterobacter hormaechei Xiangfan-gensis HCF1 with MDR phenotype S-E-AMP 

carried AMR genes mdtC; emmdR and acrD with the locus_tag of QYM52_01870; 

QYM52_02195 and QYM52_00615 respectively. The mechanism of resistance for the 

carried AMR gene mdtC is the MDR efflux RND transporter.  

 

Enterobacter hormaechei Xiangfan-gensis HCF2 with AMR phenotype E-AMP carried 

the acrR; mdtG and mdtH genes with locus _tags QYY52_00860; QYY52_03670 and 

QYY52_03725 respectively. Their mechanisms of resistance are MDR efflux 

transporter transcriptional repressor, MDR efflux MFS transporter, and MDR MFS 

transporter.  

 

Enterobacter hormaechei Xiangfan-gensis HCF6 with MDR phenotype S-E-AMP 

carried AMR genes emmdR; mdtC and mdtQ with the locus_tag QY053_01410; 

QY053_01715 and QY053_01915 respectively. Their mechanisms of resistance are 

MDR efflux MATE transporter, MDR efflux RND transporter and MDR outer membrane 

protein respectively. 
 

Enterobacter hormaechei Xiangfan-gensis HCF9 with MDR phenotype S-E-AMP 

carried AMR genes acrA, acrR, and macA at locus_tags QZD11_00655; 

QZD11_00660 and QZD11_06225 respectively. Their mechanisms of resistance are 

MDR efflux RND transporter, MDR efflux transporter transcriptional repressor, and 

Macrolide transporter subunit. 
 

Enterobacter hormaechei Xiangfan-gensis HCF11 with MDR phenotype E-AMP 

carried AMR genes marA, marB, and marR at locus_tags QZQ17_00865, 

QZQ17_00870 and QZQ17_00860 respectively. Their mechanisms of resistance are 

the MDR efflux pump AcrAB transcriptional activator, MAR resistance protein, and 

MAR transcriptional regulator.  

 

Efflux pumps are common in Gram-negative bacteria because they provide innate 

resistance to harmful chemicals. Multidrug-resistant pumps belonging to the RND 

family are regularly presented in the chromosome of gram-negative bacteria and 

uncover variable degrees of innate resistance to many antimicrobials (Ebbensgaard, 

Løbner-Olesen and Frimodt-Møller, 2020). These efflux pumps are arranged as 
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tripartite structures across the width of the gram-negative cell envelope and selectively 

communicating the cytoplasm with the outside surroundings (de Oliveira and Van Der 

Sand, 2016). Efflux pumps of the Resistance Nodulation Division (RND) superfamily 

perform a main responsibility in the innate and acquired resistance of Gram-negative 

pathogens to antibiotics. Moreover, they are largely responsible for multi-drug 

resistance (MDR) phenomena in these bacteria (Ruggerone et al., 2013).  On the other 

hand, MDR efflux pumps have the ability to pump out various antimicrobial agents 

(Ebbensgaard, Løbner-Olesen and Frimodt-Møller, 2020).  

 

Table 7.5, below indicates E. hormaechei strains HFC1 to HCF2 WGS identifiers on 

NCBI. 

 
Table 7.5: Enterobacter hormaechei identifiers on NCBI 

SRR-Sequence Read Archive 
 

Reads for E. hormaechei strains HFC1 to HCF2 were submitted to the comprehensive 

genome analysis service at NCBI. Genomes of the twelve E. hormaechei isolates 

appeared to be of good quality based on the annotation statistics and comparison to 

the other genomes in NCBI within the same species.  

 
 

 

 

Strain GenBank accession no. BioSample accession no. SRA accession no. 

HCF1 JAUHQK000000000 SAMN36291778 SRR25132773 

HCF2 JAUOLX000000000 SAMN36292261 SRR25132929 

HCF3 JAUOLV000000000 SAMN36292742 SRR25160155 

HCF4 JAUOLW000000000 SAMN36292822 SRR25133425 

HCF5 JAUIZV000000000 SAMN36315906 SRR25158114 

HCF6 JAUIZW000000000 SAMN36316627 SRR25159898 

HCF7 JAUIZX000000000 SAMN36317785 SRR25160397 

HCF8 JAUIZY000000000 SAMN36319008 SRR25181455 

HCF9 JAUKNV000000000 SAMN36346506 SRR25181904 

HCF10 JAUJUG000000000 SAMN36346815 SRR25210418 

HCF11 JAUJWX000000000 SAMN36378996 SRR25211045 

HCF12 JAUJWY000000000 SAMN36378998 SRR25211258 
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7.5 Contribution to Knowledge 

 

Antimicrobial resistance is a huge global concern and it transpires naturally over time, 

generally through genetic changes.  This study has indicated the presence of genes 

responsible for E. hormaechei resistance to antimicrobials and their mechanism of 

action.  The results of this study will contribute to the ongoing research on AMR as 

many organizations such as the WHO, One Health, and WOAH are battling to stop the 

spread of AMR and are encouraging countries to do more research on identifying AMR 

determinants. These results will assist researchers in gaining a comprehensive 

understanding of the aforementioned AMR determinants extracted from E. 

hormaechei isolates from communally grazed healthy cattle of Mogosane village. 
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CHAPTER 8  
 

Limitations, Conclusion and Recommendations 
 

8.1 Limitations 

 

This research, however, is subject to several limitations. The first is that, the isolation 

methods were not specifically targeting some E. coli groups such as  Shiga toxin E. 

coli, which are isolated on CT-SMAC and are usually concentrated using 

immunomagnetic separation techniques -in the case of E. coli O157. This study was 

targeting generic E. coli. One of the isolated generic E. coli was not further analysed 

for AMR genetic determinants due to financial constrains. In future this isolate will be 

analysed for genetic determinants of AMR. 

 

The second limitation concerns, breakpoints for erythromycin. According to CLSI 

2020, erythromycin is intrinsically resistant to E. coli as it falls under Enterobacterales. 

This study used erythromycin with the knowledge that E. coli is naturally resistant to 

it, with the aim of being able to screen for the resistant genes and banking them in 

NCBI GENBANK for future studies. Analysis of erythromycin resistance in E. coli can 

provide insight into resistance mechanisms, evolutionary dynamics and the impact of 

antibiotic use on resistance patterns even though it is well known that E. coli is 

resistant to erythromycin. Nonetheless, bacteria resistant to antibiotics found in farm 

animals' intestines are suspected of being a source of antibiotic resistant genes, which 

can cause illness and spread via water, manure, and direct animal contact, as well as 

horizontally through the food chain to zoonotic and other bacteria. (CDC, 2023). 

Kaleva et al., (2023), isolated E. coli from pig farms in Bulgaria and tested it for 

antimicrobial resistance using list of antimicrobials including erythromycin. The E. coli 

isolates were mostly showing intermediate resistance to erythromycin. In their 

research, there was minute (6%) resistance to the macrolide (erythromycin) class of 

drugs. This indicates that there are some evolutionary dynamics regarding the E. coli 

resistance to erythromycin. Hence in this study erythromycin was used as one of the 

antimicrobials E. coli was tested against. 
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Thirdly, phylogenetic analysis was not carried out because it was outside the scope of 

this study. Future studies will consider including phylogenetic analysis. 

 

Lastly, the number of cattle used is a limitation concern. The animals used were few 

due to limitation of being part of a project study that used only 35 cattle as explained 

in section 3.1 of this study: This research is part of a major project that was carried out 

at Mogosane village, where 35 cattle were used in an experiment to ascertain the 

impact of supplementing groundnut shells on particular biochemical parameters in 

kept native cattle during the winter in the North West Province of South Africa 

(Mokolopi, Oguttu and Mbajiorgu, 2021). A herd of 35 cattle was identified and 

included in the above-mentioned project.  

 

8.2 Conclusion  

 

Generic Escherichia coli and Enterobacter hormaechei bacterial strains were isolated 

from healthy communally grazed Mogosane village cattle. These two organisms are 

known as opportunistic pathogens which can cause infections in both animals and 

human beings. The antimicrobial profiles of E. coli and E. hormaechei were assessed 

and resulted in the discovery of the presence of AMR and MDR determinants in the 

bacterial isolates. In addition, the resistance mechanisms of the AMR determinants 

have also been identified and need to be further studied. These findings show that 

these cattle are a major reservoir of antibiotic-resistant bacteria. Results of this 

research will be of vital use in the veterinary field for surveillance in the context of 

antimicrobial resistance.  

 

In this study, E. coli HMVC1, E. coli HMVC2, E. coli HMVC3, and E. hormaechei 

strains HCF1 to HCF12 comprising of E. hormaechei species Xiangfan-gensis, 

Oharae, and steigerwaltii were isolated, tested for antimicrobial susceptibility profiles 

and determined the antimicrobial resistance genes responsible for the resistance of 

the isolated to antimicrobials. Escherichia coli and E. hormaechei showed resistance 

to streptomycin and erythromycin, which according to WHO AWaRe are a serious 

concern due to them being classified under the Watch antibiotics. All E. hormaechei 

species carried multidrug resistant genes with multidrug-resistant efflux pumps.  
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Moreover, E. coli isolates also carried antimicrobial resistance determinants with 

mutation genes. The rationale for undertaking erythromycin resistance testing for E. 

coli may seem counterintuitive, given that E. coli is naturally resistant to erythromycin. 

However, there are several context-dependent reasons such as, acquired resistance, 

horizontal gene transfer, co-selection and cross-resistance, research and surveillance 

and quality control and validation.  

 

In conclusion, this study established that AMR bacterial strains resistant to 

antimicrobials were present in Mogosane healthy communal cattle faeces. The AMR 

determinants were screened and identified, the WGS of both bacterial isolates was 

annotated and all the information was stored in the GenBank NCBI for a lifetime of 

future studies. Moreover, this study advances our understanding of the status of AMR 

and MDR E. coli and E. hormaechei isolates respectively, from communally grazed 

healthy Mogosane village cattle. 

 

Thus, the aim and objectives of this research were entirely met. This information will 

assist in terms of surveillance and evaluations should there be a need in the future in 

support of prudent use of antibiotics in rural cattle.  

 

8.3 Recommendations 

 

a. Phylogenetic analyses of the communally grazed Healthy Mogosane village cattle 

E. coli and E. hormaechei strains and their antimicrobial resistance genes must be 

carried out to understand the evolution of the two bacterial AMR strains and their 

resistant genes. 

b. The AMR and the MDR genes identified in this study must be intensely analysed 

and studied as this will be helpful in the veterinary field for surveillance in the context 

of AMR. 

c. The health of humans and animals is at risk due to resistant bacteria that are present 

in animal farms. Therefore, Mogosane Village's communal cattle farmers ought to be 

informed about the dangers of antimicrobial resistance (AMR), better husbandry 

techniques and sanitation as alternatives to antibiotics, and the benefits of 
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vaccinations. Farmers that raise communal cattle with knowledge of AMR will be better 

able to make decisions that will help stop the spread of AMR. 

d. It is recommended that all antimicrobials used in livestock become prescription 

drugs. This will assist in prudent use of antimicrobials as they will be monitored by the 

veterinary officials and only used when necessary. 

e. It is recommended that antimicrobials only be used to treat sick animals and not be 

used as growth enhancers. 

f. The development of AMR in rural cattle farming communities can also be prevented 

by good infection control practices. 

g. Cattle farmers must always seek veterinary advise before purchasing over-counter 

medications. 

h. The Department of Agriculture must have an electronic data capturing system for 

tracking  the use of every antimicrobial prescribed drug by veterinary officials or any 

antimicrobial drug bought over counter by farmers. Every Province can have acess to 

the system. This will assist with surveillance and monitoring of antimicrobial use.    

 

8.4 Data Availability 

 

The NCBI has the whole genome assemblies of the twelve isolates of Enterobacter 

hormaechei and two isolates of Escherichia coli under BioProject PRJNA991313 and 

PRJNA1028407, respectively. Escherichia coli isolates have Biosample: 

SAMN37826605 and SAMN37830234 respectively. The experimental sequence 

reads archives (SRA) are accessed under SRR26374259 and SRR26393805 

respectively and are available in the NCBI GenBank under accession numbers as 

indicated in the summary of the genome identifiers in Table 6.5 for E. coli. The 

Biosample, SRA, and GenBank accession numbers for Enterobacter hormaechei 

strains are indicated in table 7.5. 
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APPENDICES  
 

APPENDIX A 

 

Biochemical test results of isolates 

 
Table 1: Biochemical (Primary) test properties of Escherichia coli isolates 

E. coli BIOCHEMICAL TESTS 

Isolate Identity Gram staining  Indole Methyl-red Voges-Proskauer Citrate Catalase 

 

HMVC1 

 

-ve rods 

 

+ve 

 

+ve 

 

-ve 

 

-ve 

 

+ve 

 

HMVC2 

 

-ve rods 

 

+ve 

 

+ve 

 

-ve 

 

-ve 

 

+ve 

 

HMVC3 

 

-ve rods 

 

+ve 

 

+ve 

 

-ve 

 

-ve 

 

+ve 

HMVC- Healthy Mogosane Village Cattle 
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Table 2: Biochemical (Primary) test properties of Enterobacter hormaechei isolates 
 

E.hormaechei 

 

BIOCHEMICAL TESTS 

Isolate Identity Gram staining  Indole Methyl-red Voges-Proskauer Citrate Catalase 

HCF1 

 

-ve rods -ve -ve -ve +ve +ve 

HCF2 

 

-ve rods -ve -ve -ve +ve +ve 

HCF3 

 

-ve rods -ve -ve -ve +ve +ve 

HCF4 

 

-ve rods -ve -ve -ve +ve +ve 

HCF5 

 

-ve rods -ve -ve -ve +ve +ve 

HCF6 

 

-ve rods -ve -ve -ve +ve +ve 

HCF7 

 

-ve rods -ve -ve -ve +ve +ve 

HCF8 

 

-ve rods -ve -ve -ve +ve +ve 

HCF9 

 

-ve rods -ve -ve -ve +ve +ve 

HCF10 

 

-ve rods -ve -ve -ve +ve +ve 

HCF11 

 

-ve rods -ve -ve -ve +ve +ve 

HCF12 

 

-ve rods -ve -ve -ve +ve +ve 

HCF- Healthy Cattle Faeces 
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APPENDIX B 
 
Publication 1 

 

 

 | Antimicrobial Chemotherapy | Announcement 

Draft genome assemblies of 12 Enterobacter hormaechei 
strains isolated from the North West province of South Africa 

Lerato Lisbeth Njaki Makhetha,1 Khayalethu Ntushelo,1 Baitsholetsi Gloria Mokolopi,1 James 
Wabwire Oguttu,1 Christian Anayochukwu Mbajiorgu,1 Goitsemang Makete,2 Tshifhiwa 
Paris Mamphogoro2 

AUTHOR AFFILIATIONS See affiliation list on p. 4. 

ABSTRACT We present draft genome sequences of 12 

Enterobacter hormaechei strains from feces isolated 

from cow rectums in the North West province, South 

Africa. The genome sizes ranged from 4.43 to 

5.02Mb, with G + C contents of 55.5–56%, and 

contained 16–262 contigs. These data will contribute 

to our knowledge of the ecology and diversity of this 

species in South Africa. 

KEYWORDS Enterobacter hormaechei, cattle, rumen 

microbial, antimicrobial resistance, tomato-associated 

bacteria, yield promoting bacterium 
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attle are an important economic commodity for 

most rural households in the North  

West province in South Africa. Moreover, cattle are 

also an important part of the ecosystem as grazers or 

consumers of plants especially grass. Therefore, the 

rumen of cattle harbor various microbes which may 

reflect the microbial diversity of an ecosystem (1). 

Enterobacter hormaechei is a plant growth and yield-

promoting bacterium in tomato and okra plants, and it 

also enhances disease and salinity tolerance in 

tomatoes (2, 3). 

The bacteria were isolated from cattle in Mogosane 

Village in the North West province, South Africa 

(25°45′30.6″S 25°33′43.9″E). Thirty-five cattle were 

selected for the study, and fecal samples were directly 

collected from the rectum of each cow using a sterile 

arm-length glove. The faeces samples were enclosed 

in sterile plastic containers and transported on ice to 

the laboratory. A loopful of each faeces sample was 

inoculated into Buffered Peptone Water medium; the 

mixture was serially diluted up to 10−2. The sample 

suspension was then inoculated onto McConkey agar 

and incubated for 18–24 h at 37°C under aerobic 

conditions. Distinct pink bacterial colonies formed on 

the plates were selected. Pure culture of the bacterial 

C 



  

111 
 

isolate was obtained by repeated streaking onto 

sterile Blood Agar (BA). 

Genomic DNA was isolated from overnight cultures 

in BA using HighPure PCR template preparation kit 

(Roche Diagnostics, Mannheim, Germany; Cat No: 

11796828001), following the manufacturer’s protocol. 

The extracted DNA concentration was measured 

using a NanoDrop (ThermoFisher Scientific, 

Carlsbad, CA, USA), while DNA quality was evaluated 

on 2% agarose gel. The paired-end (2 × 150 bp) 

libraries were generated using the Illumina TruSeq 

DNA Nano Preparation Kit (Illumina, San Diego, CA, 

USA); these libraries were sequenced on an Illumina 

Hiseq X instrument with standard operating 

procedures at Agricultural Research Council-

Biotechnology Platform in South Africa, producing a 

total of 4,676,625–6,656,610 paired-end 2 × 150 bp 

reads. The sequences were analyzed via KBase 

platform (4). The quality of the reads was evaluated 

using FastQC v0.11.5 (5), while the raw Illumina 

paired-end reads were filtered to remove sequence 

adaptors and low-quality reads (quality score of <15) 

using Trimmomatic v0.36 (MINLEN:75) (6). The 

trimmed reads were then used for de novo assembly 

using SPAdes v3.13.0 (7). Contigs representing 
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sequencing artifacts (<500 bp) were removed, and the 

post-filtered assemblies were used for the subsequent 

analysis. Assembly quality was  
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https://www.ncbi.nlm.nih.gov/biosample/SAMN36378998
https://www.ncbi.nlm.nih.gov/sra/SRR25211258
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assessed using QUAST v5.0.2 (8). While the genome 

completeness and contamination were evaluated 

using CheckM v1.0.18 (9). 

Identification of each isolate was conducted using 

Kaiju v1.7.3 (10), and the results were visualized 

using Krona v2.7.1 (11). The contigs for each strain 

were annotated using NCBI’s Prokaryotic Genome 

Annotation Pipeline v6.3 (12). All software programs 

were run with default parameters. The genome sizes 

ranged from 4.43 to 5.02 Mb, and the G + C contents 

ranged from 55.5 to 56%. The data obtained provide 

support for future research regarding E. hormaechei 

epidemiology, phylogenetics, antimicrobial 

resistance, virulence, and plant growth-promoting 

gene content, which will be detailed in future 

publications. 

Acknowledgments 

This work was financially supported by the University 

of South Africa under the Emerging Researchers 

Support Programme (ERSP). 

Author Affiliations 

1Department of Agriculture and Animal Health, 

University of South Africa, Science Campus, Florida, 

South Africa 



  

116 
 

2Gastro-Intestinal Microbiology and Biotechnology 

Unit, Agricultural Research Council- 

Animal Production, Irene, Pretoria, South Africa 

Author ORCIDs 

Lerato Lisbeth Njaki Makhetha   
http://orcid.org/0009-0000-4924-985X 
Khayalethu Ntushelo   http://orcid.org/0000-
0002-3413-3384 
Baitsholetsi Gloria Mokolopi   
http://orcid.org/0000-0002-4849-2636 James 
Wabwire Oguttu   http://orcid.org/0000-0001-
6810-4437 
Christian Anayochukwu Mbajiorgu   
http://orcid.org/0000-0002-6612-7982 
Goitsemang Makete   http://orcid.org/0000-
0002-0783-3166 
Tshifhiwa Paris Mamphogoro  http://orcid.org/0000-0003-4763-8952 

Funding 

Funder Grant(s) Author(s) 
University of South 
Africa (Unisa) 

Emerging Researchers Support 
Baitsholetsi Gloria  
Programme (ERSP) Mokolopi 

 

Author Contributions 

Lerato Lisbeth Njaki Makhetha, Data curation, 

Investigation, Writing – original draft | Khayalethu 

Ntushelo, Data curation, Formal analysis, 

Methodology, Resources, Supervision, Validation, 

Writing – original draft, Writing – review and editing, 

Conceptualization | Baitsholetsi Gloria Mokolopi, 

Conceptualization, Funding acquisition, Investigation, 

Methodology, Project administration, Supervision, 



  

117 
 

Validation, Writing – review and editing | James 

Wabwire Oguttu, Investigation, Validation, Writing – 

original draft, Writing – review and editing | Christian 

Anayochukwu Mbajiorgu, Investigation, Methodology, 

Supervision, Validation, Writing – original draft | 

Goitsemang Makete, Formal analysis, Writing – 

original draft, Writing – review and editing | Tshifhiwa 

Paris Mamphogoro, Formal analysis, Software, 

Validation, Writing – original draft, Methodology, 

Writing – review and editing, Conceptualization 

Data Availability 

The draft genome sequences of the 12 Enterobacter 

hormaechei isolates reported here are available at 

GenBank under the accession numbers listed in 

Table 1; these post-filtered assemblies were made 

publicly available on National Center for 

Biotechnology Information (NCBI). The NCBI 

BioProject accession number is PRJNA991313. 

https://www.ncbi.nlm.nih.gov/bioproject/PRJNA991313


Announcement Microbiology Resource Announcements 

March 2024 Volume 13  Issue 3 10.1128/mra.01273-23 118 

References 

1. Church DC. 1993. Ruminant animal: digestive physiology and nutrition. Prentice-Hall, Englewood Cliffs, NJ. 
2. Ranawat B, Mishra S, Singh A. 2021. Enterobacter hormaechei (MF957335) enhanced yield, disease and salinity tolerance in tomato. 

Arch Microbiol 203:2659–2667. https://doi.org/10.1007/s00203-021-02226-5 
3. Roslan MAM, Zulkifli NN, Sobri ZM, Zuan ATK, Cheak SC, Abdul Rahman  

NA, Shahzad AN. 2020. Seed biopriming with P- and K-solubilizing Enterobacter hormaechei sp. improves the early vegetative growth 
and the P and K uptake of okra (Abelmoschus esculentus) seedling. PLoS ONE 15:e0232860. 
https://doi.org/10.1371/journal.pone.0232860 

4. Arkin AP, Cottingham RW, Henry CS, Harris NL, Stevens RL, Maslov S, Dehal P, Ware D, Perez F, Canon S, Sneddon MW, 
Henderson ML, Riehl WJ, Murphy-Olson D, Chan SY, Kamimura RT, Kumari S, Drake MM, Brettin TS, Glass EM, Chivian D, Gunter 
D, Weston DJ, Allen BH, Baumohl J, Best AA, Bowen B, Brenner SE, Bun CC, Chandonia J-M, Chia J-M,  
Colasanti R, Conrad N, Davis JJ, Davison BH, DeJongh M, Devoid S, Dietrich E, Dubchak I, Edirisinghe JN, Fang G, Faria JP, 
Frybarger PM, Gerlach W, Gerstein M, Greiner A, Gurtowski J, Haun HL, He F, Jain R,  
Joachimiak MP, Keegan KP, Kondo S, Kumar V, Land ML, Meyer F, Mills M,  
Novichkov PS, Oh T, Olsen GJ, Olson R, Parrello B, Pasternak S, Pearson E, Poon SS, Price GA, Ramakrishnan S, Ranjan P, 
Ronald PC, Schatz MC,  
Seaver SMD, Shukla M, Sutormin RA, Syed MH, Thomason J, Tintle NL, Wang D, Xia F, Yoo H, Yoo S, Yu D. 2018. KBase: the 
United States department of energy systems biology knowledgebase. Nat Biotechnol 36:566–569. https://doi.org/10.1038/nbt.4163 

5. Andrews S. 2010. FastQC: a quality control tool for high throughput sequence data. Babraham Institute, Cambridge, United 
Kingdom. http:// www.bioinformatics.babraham.ac.uk/projects/fastqc. 

6. Bolger AM, Lohse M, Usadel B. 2014. Trimmomatic: a flexible Trimmer for Illumina sequence data. Bioinformatics 30:2114–2120. 
https://doi.org/ 
10.1093/bioinformatics/btu170 

7. Nurk S, Bankevich A, Antipov D, Gurevich AA, Korobeynikov A, Lapidus A, Prjibelski AD, Pyshkin A, Sirotkin A, Sirotkin Y, 
Stepanauskas R, Clingenpeel SR, Woyke T, McLean JS, Lasken R, Tesler G, Alekseyev MA, Pevzner PA. 2013. Assembling single-
cell genomes and mini-metagenomes from chimeric MDA products. J Comput Biol 20:714–737. https:// 
doi.org/10.1089/cmb.2013.0084 

8. Gurevich A, Saveliev V, Vyahhi N, Tesler G. 2013. QUAST: quality assessment tool for genome assemblies. Bioinformatics 29:1072–
1075.  
https://doi.org/10.1093/bioinformatics/btt086 

9. Parks DH, Imelfort M, Skennerton CT, Hugenholtz P, Tyson GW. 2015. CheckM: assessing the quality of microbial genomes 
recovered from isolates, single cells, and metagenomes. Genome Res 25:1043–1055. https://doi.org/10.1101/gr.186072.114 

10. Menzel P, Ng KL, Krogh A. 2016. Fast and sensitive taxonomic classification for metagenomics with Kaiju. Nat Commun 7:11257. 
https:/ 
/doi.org/10.1038/ncomms11257 

11. Ondov BD, Bergman NH, Phillippy AM. 2011. Interactive metagenomic visualization in a web browser. BMC Bioinformatics 12:385. 
https://doi. org/10.1186/1471-2105-12-385 

12. Haft DH, DiCuccio M, Badretdin A, Brover V, Chetvernin V, O’Neill K, Li W,  
Chitsaz F, Derbyshire MK, Gonzales NR, Gwadz M, Lu F, Marchler GH, Song JS, Thanki N, Yamashita RA, Zheng C, Thibaud-
Nissen F, Geer LY, Marchler-Bauer A, Pruitt KD. 2018. RefSeq: an update on prokaryotic genome annotation and curation. Nucleic 
Acids Res 46:D851–D860.  
https://doi.org/10.1093/nar/gkx1068 

  

https://doi.org/10.1007/s00203-021-02226-5
https://doi.org/10.1371/journal.pone.0232860
https://doi.org/10.1038/nbt.4163
http://www.bioinformatics.babraham.ac.uk/projects/fastqc
http://www.bioinformatics.babraham.ac.uk/projects/fastqc
http://www.bioinformatics.babraham.ac.uk/projects/fastqc
http://www.bioinformatics.babraham.ac.uk/projects/fastqc
https://doi.org/10.1093/bioinformatics/btu170
https://doi.org/10.1093/bioinformatics/btu170
https://doi.org/10.1093/bioinformatics/btu170
https://doi.org/10.1093/bioinformatics/btu170
https://doi.org/10.1093/bioinformatics/btu170
https://doi.org/10.1093/bioinformatics/btu170
https://doi.org/10.1089/cmb.2013.0084
https://doi.org/10.1089/cmb.2013.0084
https://doi.org/10.1089/cmb.2013.0084
https://doi.org/10.1089/cmb.2013.0084
https://doi.org/10.1089/cmb.2013.0084
https://doi.org/10.1093/bioinformatics/btt086
https://doi.org/10.1101/gr.186072.114
https://doi.org/10.1038/ncomms11257
https://doi.org/10.1038/ncomms11257
https://doi.org/10.1038/ncomms11257
https://doi.org/10.1038/ncomms11257
https://doi.org/10.1038/ncomms11257
https://doi.org/10.1038/ncomms11257
https://doi.org/10.1186/1471-2105-12-385
https://doi.org/10.1186/1471-2105-12-385
https://doi.org/10.1186/1471-2105-12-385
https://doi.org/10.1186/1471-2105-12-385
https://doi.org/10.1186/1471-2105-12-385
https://doi.org/10.1093/nar/gkx1068


Announcement Microbiology Resource Announcements 

March 2024 Volume 13  Issue 3 10.1128/mra.01273-23 119 

APPENDIX C 
 

Publication 2 

 

 

 | Antimicrobial Chemotherapy | Announcement 

Genome assembly of antimicrobial-resistant Escherichia 
coli HMVC1 isolated from healthy Mogosane village 
cattle, South Africa 
Lerato Lisbeth Njaki Makhetha,1 Baitsholetsi Gloria Mokolopi,1 James Wabwire Oguttu,1 
Christian Anayochukwu Mbajiorgu,1 Goitsemang Makete,2 Tshifhiwa Paris Mamphogoro2 

AUTHOR AFFILIATIONS See affiliation list on p. 3. 

ABSTRACT Here, we present the genome assembly of E. 

coli strain HMVC1 isolated from rectal fecal samples 

of healthy cattle in South Africa. The genome size of 

HMVC1 consisted of 5,043,843 bp, with G + C content 

of 50.5%. The strain harbors marA, mdtM, acrF, acrD, 

and other antimicrobial resistance genes. 

KEYWORDS Escherichia coli, cattle, antimicrobial resistance genes, genome assemblies 

scherichia coli in farm animals has extensively been 

studied for decades in developed countries, and its 

data on whole genomic sequencing (WGS) are stored 

in the GenBank. Developing countries such as South 

E 
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Africa still have more work regarding depositing WGS 

of E. coli isolates from cattle in the GenBank for future 

studies (1). Besides the reputation of some strains of 

E. coli as animal pathogens, E. coli has been shown to 

account for the majority of resistance in 

Enterobacteriaceae; this bacterium has been 

postulated to serve as a reservoir of antimicrobial 

resistance genes within the digestive tract (2). 

E. coli HMVC1 was isolated from rectal fecal 

samples of healthy cattle in Mogosane Village in the 

North West province, South Africa (25°45′30.6″S 

25°33′43.9″E). A loopful of feces sample was 

inoculated into Buffered Peptone Water medium; the 

mixture was serially diluted up to 10−2 and inoculated 

onto McConkey agar for 24 h at 37°C. The pure 

culture was obtained by repeated streaking onto 

sterile Blood Agar (BA) (3). Genomic DNA was 

isolated from overnight culture on BA using HighPure 

PCR template preparation kit (Roche Diagnostics, 

Mannheim, Germany), in accordance with the 

manufacturer’s instructions. A NanoDrop 

(ThermoFisher Scientific, Carlsbad, CA, USA) was 

used to determine the concentration of extracted 

DNA, while the quality of the DNA was assessed using 

a 2% agarose gel. The DNA libraries were generated 
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employing the Illumina TruSeq DNA Nano 

Preparation Kit (Illumina, San Diego, CA, USA); these 

libraries were sequenced by 150 bp paired-end 

sequencing on Illumina Hiseq X machine, producing a 

total of 4,845,267 paired-end 2 × 150 bp reads. The 

raw reads were trimmed using Trimmomatic v0.36 (4) 

and quality controlled using FastQC v0.11.5 (5). 

Trimmed reads were then de novo assembled using 

SPAdes v3.13.0 (6). Assembly quality was evaluated 

using QUAST v5.0.2 (7). While the genome 

completeness and contamination were assessed 

using CheckM v1.0.18 (8). 

Identification of HMVC1 was conducted using Kaiju 

v1.7.3 (9), and the results were visualized using Krona 

v2.7.1 (10). Annotation was performed using the NCBI 

Prokaryotic Genome Annotation Pipeline (PGAP) v6.3 

(11). Default parameters were used for all software 

unless otherwise specified. The HMVC1 genome size 

consisted of 5,043,843 bp and is predicted to contain 

4,960 total genes, of which 4,663 are predicted to 

encode proteins. Genome completeness was 

estimated at 100%, consisting of 110 contigs and  

TABLE 1 (A) Characteristics of the sequenced Escherichia coli HMVC1 and (B) antibiotic-resistant genes encoded by the strain 
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(A) Characteristics of the sequenced E. coli HMVC1   
Strain name Date of Isolation Isolation source Number of rRNAs Number of tRNAs Number of RNAs 
HMVC1 14/06/2017 MVNWPSAa (healthy Bos Taurus fecal 

sample) 
7 76 91 

(B) Antibiotic resistant genes in E. coli HMVC1   
Criteria used 
by RGIb 

AROTermc Family of AMR genesd Drug class Mechanisms of resistance Identity with the matching 
region (%) 

Perfect mdtN Major facilitator superfamily (MFS) antibiotic efflux 
pump 

Nucleoside antibiotic, disinfecting agents, and  Antibiotic efflux antiseptics 100.0 

Perfect H-NS MFS antibiotic efflux pump, resistancenodulation-
cell division (RND) antibiotic efflux pump 

Macrolide antibiotic, fluoroquinolone antibiotic, Antibiotic efflux cephalosporin, cephamycin, penam, 
tetracycline antibiotic 

100.0 

Perfect tolC ATP-binding cassette (ABC) antibiotic efflux pump, 
MFS antibiotic  efflux pump, RND antibiotic efflux 
pump 

Macrolide antibiotic, fluoroquinolone antibiotic, aminoglycoside 
antibiotic, carbapenem, cephalosporin, glycylcycline, cephamycin, 
penam, tetracycline antibiotic, peptide antibiotic, aminocoumarin 
antibiotic, rifamycin antibiotic, phenicol antibiotic, penem, 
disinfecting agents, and antiseptics 

Antibiotic efflux 100.0 

Perfect mdtE RND antibiotic efflux pump Macrolide antibiotic, fluoroquinolone antibiotic, penam Antibiotic efflux 100.0 

Perfect mdtH MFS antibiotic efflux pump Fluoroquinolone antibiotic Antibiotic efflux 100.0 
Perfect mdtG MFS antibiotic efflux pump Phosphonic acid antibiotic Antibiotic efflux 100.0 
Perfect marA RND antibiotic efflux pump, General Bacterial Porin 

with reduced permeability to beta-lactams 
Fluoroquinolone antibiotic, monobactam, carbapenem, 

cephalosporin, glycylcycline, cephamycin, penam, tetracycline 
antibiotic, rifamycin antibiotic, phenicol antibiotic, penem, 
disinfecting agents, and antiseptics 

Antibiotic  efflux, reduced permeability to 
antibiotic 

100.0 

Strict mdtO MFS antibiotic efflux pump Nucleoside antibiotic, disinfecting agents, and antiseptics Antibiotic efflux 98.54 

Strict mdtM MFS antibiotic efflux pump Fluoroquinolone antibiotic, lincosamide antibiotic, nucleoside 
antibiotic, phenicol antibiotic, disinfecting agents, and antiseptics 

Antibiotic efflux 98.29 
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Strict acrD RND antibiotic efflux pump Aminoglycoside antibiotic Antibiotic efflux 99.9 
Strict AcrF RND antibiotic efflux pump Fluoroquinolone antibiotic, cephalosporin, cephamycin, penam Antibiotic efflux 99.52 

Strict E. coli soxR with 
mutation 
conferring 
antibiotic 
resistance 

ABC antibiotic efflux pump, MFS antibiotic efflux 
pump, RND antibiotic efflux pump 

Fluoroquinolone antibiotic, cephalosporin, glycylcycline, penam, 
tetracycline  

antibiotic, rifamycin antibiotic, phenicol antibiotic, disinfecting 
agents, and antiseptics 

Antibiotic target alteration, antibiotic efflux 100.0 

 E. coli soxS with 
mutation 
conferring 
antibiotic 
resistance 

ABC antibiotic efflux pump, MFS antibiotic 
efflux pump, RND antibiotic  efflux 

pump, General Bacterial Porin with reduced 
permeability to beta-lactams 

Fluoroquinolone antibiotic, monobactam, carbapenem, 
cephalosporin, glycylcycline, cephamycin,  

penam, tetracycline antibiotic, rifamycin antibiotic, phenicol 
antibiotic, penem, disinfecting agents, and antiseptics 

Antibiotic target alteration, antibiotic efflux, 
reduced permeability to antibiotic 

100.0 

Strict emrK MFS antibiotic efflux pump Tetracycline antibiotic Antibiotic efflux 99.43 
 

aMVNWPSA, Mogosane Village in the North West province in South Africa. bRGI, Resistant Gene Identifier. cARO, Antibiotic 
Resistance Ontology. dAMR, Antimicrobial Resistant. 
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the G + C content of 50.5%. The N50 value was 

141,930 bp with a genome coverage of 354×. 

Antimicrobial-resistant genes were screened using 

resistant gene identifier (RG1) v5.1.1, which employs 

the comprehensive antibiotic resistance database 

v3.1.0 (12), allowing a broad homology-based search 

with defined criteria ranging from “Perfect” to “Strict” 

matches. A total of 38 strict hits along with 15 perfect 

were detected. E. coli HMVC1 harbor genes providing 

resistance to fluoroquinolones, cephamycins, 

tetracyclines, rifamycins, and penams along with that 

the resistance mechanisms mainly antibiotic efflux, 

reduced permeability, and antibiotic target alteration 

(Table 1) (13, 14). This study marks the ability of the 

isolated bacterial strains to be used in the production 

of novel antimicrobial compounds and in the 

surveillance of antimicrobial drug resistance. 
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