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ABSTRACT 

Antimicrobial use in agriculture, livestock and in human health has increased over the 

years leading to increase in antimicrobial resistance among strains that can also find 

their way into the aquatic environments. Rivers can act as reservoirs of highly resistant 

strains and facilitate the dissemination of multidrug resistant (MDR) strains to animals 

and humans using the water. The objective of the study was to determine antimicrobial 

resistance profiles and genetic characterization of Escherichia coli isolated from water in 

Athi River, Machakos. The study design was cross-sectional. A total of 318 E. coli 

isolates (53 from each of the size site) were analysed for antibiotic susceptibility and 

characterized using polymerase chain reaction (PCR). Descriptive analysis using mean, 

frequency and proportion were used to analyse the data. Chi square test, odds ratio and 

confidence intervals (set at 95%) were used to assess drug susceptibility between the 

sites. Student’s t-test was also computed to compare the means of coliform count during 

dry and wet season. Sewage effluent site most highly contaminated (mean of 9.5x103 

CFUs/ml) and virgin land with the least CFUs (mean 9.5x102CFUs/ml). E. coli isolates 

were most resistant to ampicillin (63.8%) and most susceptible to gentamicin (99.4%). 

The prevalence of Multi drug resistant (MDR) strains (resistance to ≥3 classes of 

antimicrobials) was 65.4% in all sites. The prevalence of extended spectrum β-

lactamases (ESBLs) was 2.2% out of 318 and their distribution was not related to the 

sites. Based on PCR results, 22% had blaTEM, 33% had blaCTX-M and 28% had blaCMY. 

The prevalence of typical Enteropathogenic E. coli (EPEC) strains (carrying both eae 

and bfp genes) was 5% while the prevalence of atypical EPEC (carrying only eae) was 

1.8%. The prevalence of Enteroaggregative E. coli (EAEC) carrying the aggR gene was 

11%. The prevalence of Enterotoxigenic E. coli (ETEC) encoding only lt toxin was16 

(5%) and while those carrying only st toxin was 6.9%. The prevalence of Enteroinvasive 

E. coli strains (EIEC) encoding as IpaH was 5% while that of strains, adherent invasive 

E. coli (AIEC), carrying adherent invasive gene inv was 8.7%. PCR analysis also 

showed that 36% isolates were positive for class 1integrons. It can be concluded that 

water from Athi River is not safe for human consumption and region near the sewage 

treatment plant requires most attention for decontamination. Better management of 



xvii 

 

sewage treatment plant should be encouraged as well as reduction of anthropogenic 

activities near water systems. 
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CHAPTER ONE  

                                               INTRODUCTION 

1.1 Background information 

Rise in resistance to multiple antimicrobials among E. coli is a major concern both in 

developed and developing countries. Evolutionary pressure arising from widespread 

use of antimicrobials has contributed to the emergence of multidrug-resistant (MDR) 

strains and the spread of resistance between and among bacterial species. The major 

cause of the emergence of MDR strains is the misuse and overuse of antimicrobials. 

Antimicrobial resistance has also been influenced by activities along a water body 

such as misuse of antimicrobials in humans and veterinary industries and as a result 

of drainage of sewage containing heavy metal. This presents a strong selection 

pressure for resistant strains. In addition, contamination of water sources as a result 

of pollution with fecal bacteria has potential to spread highly resistant and 

pathogenic strains (Kummerer, 2009).  

Water bodies and aquatic systems have great potential as sources of infectious 

bacteria to people who use the water for recreational activities, fishing, drinking, 

bathing and irrigation of crops, especially those eaten raw (Liu et al., 2006). E. coli is 

an important indicator organism for fecal pollution in environmental waters and has 

also been useful in monitoring antimicrobial resistance patterns in gram-negative 

bacteria and therefore, pollution of water bodies with MDR strains, especially those 

suspected to be of human origin requires evaluation (Hawkey et al., 2009; WHO, 

2006).  

Some E. coli strains have acquired virulence genes that allow them to cause various 

infections such as diarrhea and hemolytic-uremic syndrome (HUS), (Xi et al., 2009). 

If such pathotypes find their way into the water systems, their potential for spread 

could be multiplied. Clinical isolates can find their way into water systems through 

fecal matter from humans and animals. This is particularly the case if the sewerage 

systems are not properly designed or where water treatment is poor. The MDR 

strains can be a challenge due to public use of untreated water. 

 In Africa, multidrug resistance in fecal coliforms in water has been reported in 

Nigeria, Ethiopia with limited studies in Kenya (Ali et al., 2012; Felicitas et al., 
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2010). When it comes to resistance of isolates to antimicrobials, β-lactams have been 

highly affected. Most importantly is the emergence of Extended-spectrum β-

lactamases (ESBLs) which affects the health sector. ESBLs are a rapidly evolving 

group of β-lactamases which share the ability to hydrolyze third-generation 

cephalosporins and aztreonam yet are inhibited by clavulanic acid. Typically are 

derived from genes blaTEM-1, blaTEM-2 or blaSHV-1 by mutations that alter the amino 

acid configuration near the active site of these β-lactamases. This affects the 

spectrum of β-lactam antibiotics susceptible to hydrolysis by these enzymes. The 

presence of ESBLs, especially those that are plasmid-encoded is of tremendous 

clinical significance. Plasmids responsible for ESBL production frequently carry 

genes encoding resistance to other antimicrobial classes (for example, 

aminoglycosides and fluoroquinolones). Therefore, options available for the 

treatment of ESBL-producing organisms are extremely limited (Paterson & Bonomo 

2005). 

The presence of antimicrobial resistance genes on mobile genetic elements leads to 

their dissemination and possible development of multi-resistance phenotype. The 

dissemination of resistance is associated with genetic mobile elements, such as 

plasmids, that may also carry virulence determinants. A combination of resistance 

genes and virulence factors enable a host to replicate and disseminate these genes to 

other hosts with ease. As a result of using antimicrobials, bacteria can evolve 

resistance that can be passed to commensal and other pathogens sharing the same 

ecosystem, e.g. the human gut. It is assumed that virulent MDR strains are more 

difficult to control than other strains and this impacts on patient's chemotherapeutic 

success. Presence of such bacteria in healthcare, animal and environmental setting is 

a major public health concern because such bacteria are highly virulent and 

untreatable using antimicrobials (Holt et al., 2015). 

Among resistance determinants, integrons have received significant attention. 

Integrons are genetic elements that are borne on plasmids and/or chromosomes and 

containing site-specific recombination sequences that mediate, capture and mobilize  

resistance genes known as cassettes. At present, three classes of integrons are known 

to have a role in the dissemination of antibiotic resistance genes. These classes are 

distinguished by their respective genes (int I), encoding class-specific integrases. 
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Classes, 1, 2 and 3, are strongly associated with resistance to multiple antibiotics, 

with the class 1 integrons being the most prevalent. The high prevalence of class 1 

integron is partially due to their association with Tn21 transposon which is more 

promiscuous and associates with multiple conjugative plasmids (Dakic et al., 2007). 

The ability of E. coli to carry plasmid-borne integron 1 suggests that the encoded 

antimicrobial resistance genes can easily be transferred among bacteria and even 

between pathogenic commensal strains and environment E. coli trains. It is of 

interest to note that if such highly resistant strains enter aquatic systems, their 

chances of spread are highly increased. 

Rivers and aquatic systems are important environments for exchange of resistance 

determinants among enteric and environmental isolates due to activities along a 

water body such as drainage of sewage containing heavy metal that result in natural 

selection of resistant strains, humans’ extensive use of antibiotics in agriculture and 

health. This promotes displacement of susceptible strains with resistant ones which 

find their way to the aquatic environments as well as use of detergents which can 

select for MDR strains in sections of rivers where domestic activities such as 

washing clothes and household items with detergents take place (Coutinho et al., 

2013). 

Athi River in Machakos County is a heavily polluted water system mainly as a result 

of contamination from sewerage originating from Westlands and Kasarani areas in 

Nairobi (Musyoki et al., 2013). However, little is known about the carriage of E. 

coli, antimicrobial susceptibility patterns and the genetic basis of resistance from this 

river. The aim of this cross-sectional study was therefore to determine the carriage of 

E. coli as an indicator of pollution and antimicrobial susceptibility profiles among 

strains isolated from different sections of this river. It also determined the molecular 

basis of resistance to selected antimicrobials and carriage of virulence genes and 

integron 1 gene among the isolates.   

1.2 Statement of the problem 

Antimicrobial use in agriculture, livestock and in human health has increased over 

the years leading to an increase in antimicrobial resistance that can also find its way 

to the aquatic environments. Rivers can also act as reservoirs of highly resistant 

strains and can facilitate the dissemination of MDR strains including ESBL-
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producers. This process, involving notable co-selection events, could cause an 

ecological imbalance leading to the dominance of resistant bacteria and their 

eventual disturbance in multiple global ecosystems. Human activities along water 

bodies affect microbial contamination levels as a result of pollution of the water 

ways with fecal matter, agricultural and industrial activities. Antimicrobial resistance 

has also been influenced by activities along a water body such as drainage of sewage 

containing heavy metal that result in natural selection of resistant strains, extensive 

use of antibiotics by humans in agriculture and health that promote displacement of 

susceptible strains with resistant ones finding their way to the aquatic environments. 

Water systems are one of the major sources of diarrhoeic pathogens and drainage of 

untreated waste water from sewage plants into surface water can lead to spread of 

resistant isolates that can result in serious waterborne diseases with limited 

antimicrobials available for treatment. In Kenya, antimicrobial resistance has been 

determined in very limited studies and most of these studies mainly focus on clinical 

isolates. Limited studies have been done to show the extent of microbial 

contamination in Athi River (Musyoki et al., 2013). Furthermore, only scanty 

information is available on carriage of E. coli in this water and the resistance 

mechanisms among water isolates have not been elucidated. Until now, no study has 

determined how human activity impacts on microbial contamination of this river 

whose untreated water is used for commercial and domestic purpose and therefore 

can be a source of infectious strains to the public. In the absence of this data, it is 

difficult to recommend any suitable interventions concerning contamination and to 

recommend treatment regimens in case these strains are implicated in human 

infections.   

1.3 Justification 

A high prevalence MDR strains has been reported in many parts of the world 

including Kenya. This trend presents a great challenge to public health because some 

pollutants such as detergents can select for MDR strains. In Kenya there is limited 

data regarding antimicrobial resistance phenotypic encountered among E. coli from 

aquatic systems and the genetic basis of such resistances are yet to be elucidated. 

There is therefore a need to determine contamination levels of various aquatic 

systems and proportions of MDR strains. It is also important to determine the genetic 
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basis of resistance and the major groups of elements that encode such resistances. 

The aim of this study was to assess whether Athi River carries a significant burden of 

MDR E. coli and what pathotypes are represented in this ecosystem. The data 

presented in this work will be useful in addressing public health concerns about the 

potential risk to health of the communities living near the contaminated water as well 

as help in formulation of intervention policies and recommendations applicable 

locally. 

1.4 Research questions 

1. What is the occurrence of E. coli as an indicator of pollution at different sections 

of the Athi River?  

2. What are the resistance profiles of E. coli isolates recovered from different 

sections of Athi River?  

3. What is the prevalence of multi drug resistance and proportion of extended 

spectrum β- lactamases producers? 

4. What is the prevalence of various E. coli resistance genes, pathotypes and 

common resistance phenotypes among such pathotypes and isolates carrying class 1 

integrons? 

1.6 Objectives 

1.6.1 General Objective 

To determine antimicrobial resistance profiles, resistance genes, virulence genes and 

integron 1 from E. coli isolated from water in Athi River, Machakos.  

1.6.2   Specific Objectives 

1. To investigate the occurrence of E. coli as an indicator of pollution at different 

sections of the Athi River.  

2. To assess resistance profiles of E. coli isolates recovered from different sections of 

Athi River.  
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3. To determine the prevalence of multidrug resistance and proportion of isolates 

exhibiting resistance to extended spectrum β-lactamases. 

4. To determine the prevalence of various E. coli resistance genes, pathotypes, 

common resistance phenotypes among such pathotypes and if these isolates carry 

class 1 integrons. 

1.7 Scope of the study 

E. coli occurrence were determined and the resistance phenotypes of the isolates at 

different sections of the river. MDR and ESBL proportions and carriage of virulence 

genes and class 1 integrons among these isolates were also determined. The six 

sampling sites were determined by the type of activities occurring near or on the 

river which were: domestic use (water used for domestic purposes such as drinking 

and washing), settlements (houses built very close to the river bed, less than 200 

meters), virgin land (with no apparent evidence of recent or past human activity 

including farming and settlement), Sewage site near sewage influent/effluent from 

sewage treatment plant, and sections near road as well and those near industrial 

installations. The sites were sampled during the wet and the dry seasons over a six 

month period. 

1.8 Limitations of the study 

Due to lack of sophisticated equipment to reach the middle of the river, sampling was 

restricted to the banks collecting run offs and shallow water that was easy to access.  

1.9 Expected benefits of the Research 

The data generated from the study will be used to advise NEMA on the true state of 

pollution of Athi River as well as alert Ministry of health (MoPHs). The data from 

this work also provided a platform for assessing the level of MDR contamination in 

the environment and prevalence of E. coli pathotypes. This knowledge will be useful 

in determining treatment therapy options for individuals coming from this study area.  
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CHAPTER TWO  

                                            LITERATURE REVIEW 

2.1 Pollution and contamination of river waters 

Approximately a quarter of the diseases facing mankind today occur due to 

prolonged exposure to water pollution mainly from the discharge of industrial 

effluent into water bodies causing environmental contamination and degradation in 

many cities, especially those in developing countries (Smith & Coast 2002). Water 

quality can be measured by use of indicators of pollution such as fecal coliform 

bacteria naturally present in the human digestive tract, but rare or absent in 

unpolluted water.  E. coli is one of fecal flora in many species including humans and 

is an excellent indicator for water contamination. Rainfall and run off have been 

implicated in water borne disease outbreaks in both developed and developing 

countries due to increase in microbial pollution (Shehane et al., 2005).  

2.2   Antimicrobial resistance in E. coli 

It should be noted that the pollution of water can select antibiotic resistant bacteria. 

This process, involving co-selection events, could cause an ecological imbalance 

leading to the dominance of resistant bacteria strains and their global dissemination. 

The development of antibiotic resistances very likely occurs naturally in the 

environment, but factors like pollution, especially of water bodies, could increase the 

volume of the genes and hasten strains evolution. Improved water quality could limit 

this phenomenon. Despite this, the status of the water quality especially untreated 

water that is used for domestic purposes in many developing countries is poorly 

investigated (Lupo et al., 2012). 

Human activities along water bodies affect microbial contamination levels as a result 

of pollution of the water ways with faecal matter, agricultural and industrial 

activities. Untreated sewage or manure coming from human or animals treated with 

antibiotics can contaminate aquatic and soil environments   and may lead to 

emergence of antimicrobial-resistant strains (Kummerer 2009; Lupo et al., 2012; 

Suzuki et al., 2012). Some antibiotics may not be fully eliminated or deactivated 

during the sewage treatment process and these can provide sufficient evolutionary 
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pressure to select for MDR strains. Therefore, aquatic environments such as rivers 

can act as reservoirs of highly resistant strains ( Kummerer 2004; Lupo et al., 2012).  

Antimicrobial resistance has also been influenced by activities along a water body 

such as drainage of sewage containing heavy metals that result in natural selection of 

resistant strains, extensive use of antibiotics in agriculture and human health that 

erode commensal bacteria leaving resistant ones. Studies carried out in China, Brazil 

and US areas showed differences in site contaminations along rivers and varying 

antimicrobial susceptibilities among strains. Statistical differences were found 

between antimicrobial susceptibilities of isolates obtained from different sites further 

suggesting that activities along the river contribute to different results. These studies 

show anthropogenic activities, waste discharge and industrial activities propagate 

antibiotic resistant bacteria in aquatic environment (Coutinho et al., 2013; Hamelin et 

al., 2007; Tao et al., 2010).  

Resistant E. coli in aquatic environment has been reported from different water 

sources such as hospital effluents, sewage, sludge, De Boeck, ocean and rivers. This 

is a public health concern because E. coli is an indicator for environmental 

contamination with microbes from the gut ecosystem (Hamelin et al., 2007). Factors 

that contribute to antimicrobial resistance in aquatic environment are the over-usage 

of antibiotics in clinics which is been believed to be the principal element involved in 

the rise of new resistances. More recent evidence suggests that habitats such as rivers 

and streams are ideal environments for the antibiotic resistance dissemination. Here, 

the propagation of bacteria harbouring antibiotic resistance genes can occur spatially 

along the river. Furthermore, the dispersion of these bacteria in the environment 

favours the interaction with the autochthonous microbiota, creating new scenarios for 

the evolution of antibiotic resistances (Lupo et al., 2012). Presence of heavy metals 

and cations due to industrial pollution are known to co-select for MDR strains 

(Baker-Austin et al., 2006). 

In strong contrast to clinics, there are no data available on the epidemiology of 

antibiotic resistances in the environment. This in turn makes it extremely difficult to 

predict the risk of spread and emergence of new resistant strains in non-human 

ecosystems. For this reason, a better knowledge on the environmental reservoir of 
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resistances is fundamental to predict the emergences of new resistances of clinical 

concern (Amaya et al., 2012). 

2.3   Bacterial mechanisms of antibiotic resistance 

Pathogenic and potentially pathogenic bacteria from human and animals are 

constantly released from waste water into the aquatic environment. Many of these 

organisms harbour antimicrobial resistant genes, especially those inserted into 

genetic platforms such as self-transmissible plasmids and transposons  and also in  

integrons (Chen et al., 2011). Investigating strains that harbor resistance gene, 

virulence genes and integrons is essential in understanding the epidemiology of 

resistance in the environment. β-lactam drugs mechanism of action is inhibition of 

the last stage of bacterial cell wall synthesis  and are the largest family of 

antimicrobial agents and the most widely used in current clinical practice (Kong et 

al., 2010). More so, β-lactam antimicrobials are widely used in Kenya where 

treatment with alternative or more effective agents may be beyond the reach of 

majority of patients due to cost and therefore their resistance levels in aquatic 

environment are of key importance (Xi et al., 2009). 

2.3.1 ß-lactam resistance 

β-lactam antibiotics consist of  a broad class of antibiotics containing a β-lactam ring 

in their molecular structures.This includes penicillin and its derivatives, 

cephalosporins, monobactams, and carbapenems. β-lactams constitute the main 

therapeutic choices to treat serious infections including those caused by E. coli 

(Zhang & Chang 2015). 

2.3.2 Molecular basis of resistance to β-lactams 

There are several hundred types of β-lactamase enzymes, coded for by different β-

lactamase (bla) genes. Their individual differences lie in the amino-acid structure of 

the protein molecules. These enzymes are categorized into families, based on 

genetically similar characteristics. Several of these genes are specific which confirm 

the ESBL phenotype. ESBLs are a rapidly evolving group of β-lactamases which 

share the ability to hydrolyze third generation celaphosporins and aztreonam yet are 

inhibited by clavulanic acid and the most common genes they exhibit are blaCTX-M, 
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blaTEM, and blaSHV families. Each ESBL bacterium may possess genes for one or 

more of these enzymes (Rashid et al., 2015). Phylogenetically similar bla genes with 

structural likeness are grouped together within these gene families and are often 

targeted for detection and identification using PCR. For instance, bla genes coding 

for the blaTEM-1 enzyme are found within group 1 of the blaTEM family. Some ESBL 

types, such as blaTEM and blaOXA, have also been shown to possess resistance genes 

against β-lactamase inhibitors (e.g. IRT genes), making such species more of a threat. 

Furthermore, since bla genes are usually found encoded on mobile vectors such as 

plasmids (blaCTX-M, blaSHV) and transposons (blaTEM), the transfer of resistance 

between bacteria is easily facilitated. This implies the easy spread of disease in the 

event of outbreaks (Tissera & Lee 2013). β-lactamases are diverse with their own 

substrate spectrums which are Narrow Spectrum β-lactamases (NSBLs), Extended 

spectrum ß-lactamases (ESBLs), Complex Mutant TEMs (CMTs), and ampCs that 

are discussed below. 

2.3.3 Narrow Spectrum β-lactamase Phenotypes (NSBLs)  

Based on resistance to β-lactam antibiotics, bacteria strains may be conveniently 

categorized into various resistant phenotypes. Strains exhibiting Narrow Spectrum β-

lactamase phenotypes (NSBLs) normally produce blaTEM-1 and/or blaSHV-1 enzymes 

that effectively degrade basic antibiotics such as penicillins but are susceptible to 

other classes of β-lactams. However, mutations on the promoter region of the gene 

encoding blaTEM-1 may result to over-production of these otherwise narrow-spectrum 

enzymes. This overproduction may in turn confer resistance to other classes of β-

lactams besides penicillins. Point mutations on these enzymes may also generate 

inhibitor resistant enzymes such as the Inhibitor Resistant TEMs (IRTs) that degrade 

penicillins not cephalosporins but are not sensitive to by β-lactamase inhibitors such 

clavulanic acid or sulbactam (Bennet,2008 ; Kiiru et al., 2012). 

2.3.4 Complex Mutant TEMs (CMTs)  

Complex Mutant TEMs (CMTs) are also derived from TEM-1 or TEM-2 and 

degrade most β-lactams but are susceptible to advanced classes β-lactamase 

inhibitors such ad tazobactam but not to clavulanic acid or sulbactam. The CMTs are 

also susceptible to cephamycins and carbapenems (Jacoby et al., 2006). 
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2.3.5 AmpC β-lactamases 

Plasmid–encoded AmpC (pAmpC) such as blaCMYs mediate resistance to most 

classes of β-lactams except to fourth generation cephalosporins and carbapenems 

(Kiiru et al., 2012). AmpC β-lactamases are clinically important cephalosporinases 

encoded on the chromosomes of many of the Enterobacteriaceae and a few other 

organisms, where they mediate resistance to cefoxitin, cephalosporins most 

penicillins, and most β-lactamase inhibitor-β-lactam combinations. In many bacteria, 

AmpC enzymes are inducible and can be expressed at high levels by mutation. Over-

expression confers resistance to broad-spectrum cephalosporins including 

cefotaxime, ceftazidime, and ceftriaxone and is a problem especially in infections 

due to Enterobacter aerogenes and Enterobacter cloacae, where an isolate initially 

susceptible to these agents may become resistant upon therapy. Transmissible 

plasmids have acquired genes for AmpC enzymes, which consequently appear in 

bacteria E. coli that lack or poorly express chromosomal blaAmpC genes. Resistance 

due to plasmid-mediated AmpC enzymes is less common than extended-spectrum β-

lactamase production in most parts of the world but may be both harder to detect and 

broader in spectrum (Jacoby, 2009). 

2.3.6 Extended spectrum ß-lactamase enzymes (ESBLs)  

Extended spectrum ß-lactamase enzymes (ESBLs) are modified ß-lactamases which 

are mainly plasmid-borne and have evolved from point mutations on TEM 1/2, SHV-

1. Other ESBLs include blaCTX-M that are plasmid-borne and are not derived from 

TEM or SHV enzymes (Clermont et al., 2009). The ESBL enzymes are widespread 

all over the world, but their prevalence among clinical isolates may vary between 

geographical regions (Jacoby et al., 2006; Sirot et al., 1991).  ESBLs exhibit a wide 

hydrolytic ability to different generations of cephalosporins but remain susceptible to 

β-lactamase inhibitors.  

In recent years, ESBL-producing Enterobacteriaceae isolates have shifted from the 

hospital to the community and the environment. ESBL-producing bacteria have been 

recovered from different sources in the community, including food and companion 

animals and one recent study from India reported that a substantial number of tap 

water samples were contaminated with carbapenemase blaNDM-1 producing organisms 

(De Boeck & Sacramento 2012). Dissemination of ESBLs producing genes can 
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occur through horizontal gene transfer from resistant pathogens in waste water to 

environmental non pathogenic bacteria. Environmental non-pathogenic bacteria 

would then serve as a reservoir of resistance genes. The risk of contamination is 

greatest when wastewater is discharged directly into the environment (Armine, 

2013). 

According to Storberg who summarized Africa ESBL reports published 2008-2012, 

he found blaCTX-M-15 was the most prevalent gene in a high proportion of the samples, 

disregarding the country and were usually combined with other types of blaCTX-M, 

blaTEM, and blaSHV genes. In the community setting, ESBL-producing 

Enterobacteriaceae had a lower prevalence than in the hospital; however genes 

involved in the community were the same as in the hospital setting (Storberg, 2014).  

2.4 Dissemination of bla genes in aquatic systems 

Water systems may harbour isolates resistant to β-lactams (Blaak et al., 2014). Genes 

that have been identified as mediators of β-lactam resistance among isolates 

recovered from aquatic systems include blaCTX-M, blaTEM and blaCMY. A study in 

Portugal reported that the occurrence and diversity of blaCTX-M genes were clearly 

different between polluted and unpolluted ecosystems; these findings favored the 

hypothesis that natural environments are reservoirs of resistant bacteria and 

resistance genes, where anthropogenic-driven selective pressures may be 

contributing to the persistence and dissemination of genes usually relevant in clinical 

environments (Tacão et al., 2012). 

In aquatic environment, positive AmpC beta-lactamase gene from E. coli was 

isolated from hospital wastewater in city of Mainz, Germany (Schwartz, 2003). In 

Kenya, studies have been restricted to clinical isolates and there are no published 

studies showing presence of blaAmpC gene in water.  

Some of the commensals as well as pathogenic E. coli that are excreted into the 

environment may have the capacity to produce ESBL. ESBL-producing E. coli have 

been detected in surface water in United Kingdom River (Dhanji, 2011). Human 

exposure to these bacteria may occur, for instance during recreation in contaminated 

surface water, or indirectly, when contaminated surface water is used for irrigation of 

(raw consumed) crops, therewith contributing to community-associated 
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dissemination of ESBL-producing E. coli. Additionally, contaminated surface water 

might contribute to exposure of animals that drink from it (Blaak et al., 2014). 

In a study in China, twenty aquatic isolates contained a single bla gene including 

blaCTX-M (17 strains), blaTEM (2 strains) and blaSHV (1 strain). Forty six isolates had 

more than one type of β-lactamase gene. It was concluded that contamination with 

ESBL producing Enterobacteriaceae in rural water environment was closely related 

to local animal farms and anthropogenic activities (Zhang & Chang 2015).  In 

Kenya, blaTEM-1, blaSHV-1, blaCTX-M, blaCMT and blaOXA-1 have been previously 

recovered from clinical isolates collected over 18 year period (Kiiru et al., 2012).  

Unfortunately, there are no published reports of β-lactam resistance in water yet. 

2.5 Options for treating infections caused by β-lactamase-producers 

Unfortunately ESBL producing organisms often possess resistance determinants to 

other important antibiotic groups, such as   fluoroquinolones, leaving an extremely 

limited range of effective agents (Kariuki et al., 2005). 

 The 7α-methoxy cephalosporins, such as cefoxitin, cefmetazole, cefotetan and 

latamoxef, are often effective against Enterobacteriaceae producing blaTEM- and 

blaSHV-derived ESBLs. However, Klebsiella pneumoniae strains are prone to 

cephamycin resistance as a result of porin loss. Cefipime is active against most 

ESBLs, but is reported to show a marked inoculum effect (Pitout et al., 1998). The 

choice of β-lactam antibiotics for the treatment of infections caused by ESBL-

positive isolates thus appears limited to cephamycins and carbapenems; or for the 

producers of AmpC-type β-lactamases or cephamycinases, to carbapenems only. 

Carbapenems are the only β-lactam antibiotics uniformly active against isolates 

producing ESBLs and plasmid-mediated AmpC-type β-lactamases. Carbapenems 

are, however, susceptible to carbapenemases.  

BlaTEM and blaSHV derived ESBLs are generally sensitive to β-lactamase inhibitor 

combinations such as amoxicillin-clavulanic acid and these have been recommended 

as treatment. However, sulbactam which is also a β-lactamase inhibitor is less 

effective than clavulanate for the inhibition of blaSHV enzymes, a marked inoculum 

effect has been noted and combinations are not always successful in the treatment of 

experimental infections. The viability of tazobactam against SHV-derived ESBL 
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producers is controversial. Their use is thus advocated with caution, taking 

cognisance of the inoculum effect and the family of ESBLs produced (Livermore, 

1995). 

 ESBLs are typically encoded by plasmids carrying multi-resistant genes conferring 

resistance to aminoglycosides, chloramphenicol, sulfonamides, trimethoprim and 

other antimicrobials, severely limiting even alternative therapies. Extensive 

susceptibility testing before the institution of antibiotic therapy is thus vital (Essack, 

2000). Fluoroquinolones are often used to treat infections caused by ESBL-producers  

2.5.1 Fluoroquinolones 

Broad use of fluroquinolones has been followed by emergence of resistance, which 

has been due mainly to chromosomal mutations in genes encoding the sub-units of 

the antimicrobial target, enzymes, DNA gyrase and topoisomerase IV, and in the 

genes that affect the expression of diffusion channels in the outer membrane and 

multidrug-resistant efflux systems. The reported resistance rate of E. coli to 

ciprofloxacin is still very low at less than 3%. As we approach the halfway point of 

second decade of fluoroquinone use, resistance has already emerged in many 

bacterial species (Arslan, 2005; Hooper, 2001). 

Fluoroquinolone resistance has been reported in E. coli belonging to O25b:H4-

ST131 clone from river Thames in London as well as environmental samples in 

Mexico (Amábile-Cuevas et al. 2010; Dhanji et al., 2011).  In Sweden, quinolone 

resistance genes were detected in 42% of well water, 100% and 18% in Swedish 

river sediments respectively (Rutgersson et al., 2014).  

In Kenya, quinolone resistance has only been reported in clinical isolates where 

resistance resulted from combination of the presence of qnrA, qnrB and 

ciprofloxacin acetylating enzyme designated aac(6’)-lb-cr and mutations in the two 

amino acid substitutions (Kariuki et al., 2005). There are no published reports of 

fluoroquinolone resistance in water. 

Antimicrobial resistance in water can be due to integrons, β-lactamases, 

fluoroquinolone resistance genes and other genes that can be found in plasmids. The 

ability of  plasmids to harbour resistance genes as well as virulence genes which can 
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then be acquired by commensal susceptible bacterial isolates creates need to 

ascertain whether E. coli isolates from water can have virulence genes. Bacterial 

isolates that are pathogenic and MDR are of unique clinical significance. Bacterial 

isolates have shown they are capable of carrying both resistance and virulence genes 

and it is therefore  important to investigate whether aquatic bacteria harbour 

virulence genes which would render them pathogenic and able to cause disease. 

2.6 Occurrence of E. coli pathotypes in aquatic environments  

Intestinal E. coli consists of a diverse group of bacteria. Pathogenic E. coli strains are 

categorized into more than six pathotypes based on phenotypic characteristics and 

virulence properties associated with diarrhoea and collectively are referred to as 

diarrheagenic E. coli (Jafari et al., 2012; Kaper et al., 2004; Nataro & Kaper, 1998). 

2.6.1 Enteroaggregative E. coli (EAEC) 

It is found only in humans. So named because they have fimbriae which aggregate 

tissue culture cells, EAEC bind to the intestinal mucosa to cause watery diarrhea 

without fever and are non-invasive. They produce a hemolysin and a Shiga-like 

Toxin (ST) similar to that of ETEC. EAEC has been shown to have significant 

resistance to trimethoprim-sulfamethoxazole and ampicillin (Abe et al., 2001). These 

pathogens have been isolated from aquatic environments in Detroit and South Africa 

(Hamelin et al., 2007; Ndlovu et al., 2015). In Kenya, studies have focused on 

clinical isolates from patients and children (Sang et al., 2012; Sang et al., 2012) but 

no publication to the same in Kenya. 

2.6.2 Enteropathogenic E. coli (EPEC)  

EPEC causes diarrhea in humans, rabbits, dogs, cats and horses. Like ETEC, EPEC 

also causes diarrhea, but the molecular mechanisms of colonization and etiology are 

different. EPEC lack fimbriae, Shiga-like Toxin (ST) and Labile Toxin (LT), but they 

utilize an adhesin known as intimin to bind host intestinal cells. This pathotype has 

an array of virulence factors that are similar to those found in Shigella, and may 

possess a shiga toxin. Adherence to the intestinal mucosa causes a rearrangement of 

actin in the host cell, causing significant deformation (Mellies, 2001). EPEC has 
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been isolated in aquatic environments including South Africa but in Kenya studies 

have been limited to clinical isolates (Ndlovu et al., 2015;  Sang et al., 2012). 

2.6.3 Enteroinvasive E. coli (EIEC)  

EIEC is found only in humans. EIEC infection causes a syndrome that is identical to 

Shigellosis, with profuse diarrhea and high fever. Although little work has been done 

to characterize EIEC virulence factors by molecular typing, it is assumed that they 

are virtually identical to those of Shigella species (Kaper et al., 2004). These 

pathogens have been isolated from water in other countries across the world 

including South Africa but no published reports are found in Kenya (Ndlovu et al., 

2015). 

2.6.4 Enterohemorrhagic E. coli (EHEC)  

EHEC is found in humans, cattle, and goats. Enterohaemorrhagic E. coli have 

emerged as a serious gastrointestinal pathogen in many countries. Although the mode 

of transmission is mainly through the consumption of contaminated meat, outbreaks 

associated with water-borne enterohaemorrhagic E. coli have also been described 

(Musyoki et al., 2013; Páll et al., 2013). The clinically significant member of this 

pathotype is strain O157:H7, which causes bloody diarrhea but no fever. EHEC can 

cause hemolytic-uremic syndrome and sudden kidney failure. It uses bacterial 

fimbriae for attachment (E. coli common pilus, ECP) and is moderately-invasive and 

possesses a phage-encoded Shiga toxin (phage encoded virulence factor stx1 and stx2 

that can elicit an intense inflammatory response (Jafari et al., 2012). These pathogens 

have been isolated across the world including Iran and a study in South Africa which 

found different serotypes in waste water but published reports using water samples 

lack in Kenya. However, this study did not analyse this group of E. coli pathotype 

(Jafari et al., 2012; Doughari et al., 2011). 

2.6.5 Enterotoxigenic E. coli (ETEC)  

ETEC is a causative agent of diarrhea (without fever) in humans, pigs, sheep, goats, 

cattle, dogs, and horses. ETEC uses fimbrial adhesins (projections from the bacterial 

cell surface) to bind enterocyte cells in the small intestine. ETEC can produce two 

proteinaceous enterotoxins. The larger of the two proteins, LT enterotoxin, is similar 
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to cholera toxin in structure and function. The smaller protein, ST enterotoxin causes 

Cyclic guanosine monophosphate (cGMP) accumulation in the target cells and a 

subsequent secretion of fluid and electrolytes into the intestinal lumen ETEC has 

been isolated from water in other parts of the world including South Africa but 

published reports still lack in Kenya (Jafari et al., 2012; Ndlovu et al., 2015).  

2.6.6 Diffusely adherent E. coli (DAEC) 

Diffusely adherent E. coli can cause acute diarrhoea in children and are characterized 

by the diffuse adherence pattern on cultured epithelial cells HeLa or HEp-2. 

Approximately 75% of DAEC harbor adhesins from the Afa/Dr family, responsible 

for this adherence phenotype. The adhesins of Afa/Dr family have been implicated in 

DAEC pathogenesis. They include adhesins found in uropathogenic strains, like the 

Dr adhesin, in addition to AfaE-I, AfaE-II, AfaE-III, AfaE-V and F1845, which occur 

in diarrheagenic DAEC strains (Mansan-Almeida et al. 2013).These pathogens have 

also been isolated in aquatic environments in Peru and South Africa with an 

exception to Kenya where there is no published data (Guion et al., 2008; Ndlovu et 

al., 2015).  

2.7 Integrons 

Integrons are mobile DNA elements with the ability to capture gene cassettes, 

notably those encoding antibiotic resistance, by site-specific recombination. 

Integrons have an intergase gene (int), a nearby recombination site (attI), and a 

promoter. The nine classes of resistance integrons are distinguished based on their 

respective integrase (int) genes (Gillings et al., 2015). 

 In E. coli isolates harbouring integrons, the level of antimicrobial resistance depends 

on the origin and habitat and differs among isolates cultured from clinical, sewage 

and river water samples. Moreover the discharge of treated waste water may 

contribute to elevated frequency of integron-positive E. coli isolates because after 

waste water is treated through waste water treatment plant,  the resistant bacteria can 

enter the reservoir that receives the waste water treatment plant effluent in the river 

and may broaden their resistance range (Koczura et al., 2012).  
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Three classes of integrons are mainly responsible for multidrug resistance phenotype 

with class 1being the most ubiquitous among Gram-negative bacteria and is 

considered to play a major role in the emergence and wide dissemination of 

resistance cassettes (Nemergut et al., 2008).  

2.7.1 Class 1 integron 

Class 1 integrons consist of a variable region bordered by 5' and 3' conserved 

regions. The 5' region is made up of the int gene encoding attI (the recombination 

site), and a promoter that drives transcription of genes within the variable region. The 

3' region consists of a truncated ethidium bromide resistance locus (qacED1), a 

sulfonamide resistance gene (sulI). Class I integrons are frequently associated with 

the Tn21 transposon family (Gillings et al., 2015).  

Integron class 1-mediated resistance has been reported in environmental Gram-

negative bacteria (Koczura et al., 2012). More so, a study has shown a link between a 

high prevalence of class 1 integrons and anthropogenic pollution. These studies 

suggest that carriage of these integrons confer unique advantages to the host bacteria 

in the presence of selective pressure emanating from pollution. Class 1 integrons also 

confer resistance to disinfectants, and heavy metals (Gillings et al., 2015). 

2.7.2 Integron gene cassette 

Cassettes which contain antimicrobial resistance genes are defined as discrete units 

by comparison of the sequences flanking a limited number of genes which are either 

found alone or in different positions in naturally occurring cassette arrays (Hall & 

Collis 1995). Diverse antibiotic-resistance gene cassettes, aadA1, aadA2, aadA4, 

aadA5, dfrA1, dfrA5, dfrA7, dfrA12, dfrA16, dfrA17, dfrA28, dfrA30, dfr-IIe, 

blaIMP-9, aacA4, Ac-6′-Ib, oxa1, oxa10 and arr2 were detected in 64 isolates 

facultative oligotrophic bacteria in India(Chakraborty et al., 2013). A recent study  of 

Aeromonas  from water  streams and beaches of California found that all integrons 

detected in these isolates belonged to class 1 and the most common gene cassettes 

contained dfrA12, dfrA15, dfrA17 (conferring resistance to trimethoprim) and aadA2 

and aadB (conferring resistance to aminoglycosides) (Rosser & Young 1999). 

Additionally, in another study done in river Tay, United Kingdom, it was revealed 
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that integron structures were prevalent in bacteria in natural habitats. Nineteen 

integrons contained additional or other gene cassettes in their variable region, 

including those encoding resistance to trimethoprim (dfrA1, dfrB3, dfr4 dfr7, and 

dfr12), chloramphenicol (catB3, catB5), aminoglycosides (aadA2, aacA4, and 

aacC1), β-lactamases (oxa2) and erythromycin (ereA). It was concluded the frequent 

identification of ‘empty’ integrons supported the view that antibiotic selective 

pressure plays a significant role in promoting the incorporation and maintenance of 

cassettes in the variable region of integrons with a possibility that cassettes are 

excised from integron in the absence of sustained antibiotic pressures resistance 

(Armine, 2013).  

 The predominance of selected aminoglycoside and trimethoprim resistance gene 

cassettes however, indicated that some gene cassettes were more stably incorporated 

within integron structures than others (Chakraborty et al., 2013; Rosser & Young 

1999). In Kenya, most research has focused on integron cassettes in clinical isolates 

with limited studies published on integron cassettes present in aquatic environments. 
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CHAPTER THREE  

                                         MATERIALS AND METHODS 

3.1 Study site and specimen source 

The study was carried out along the banks of River Athi in Athi River town, 

Machakos County. River Athi is the second longest river (390 km) in Kenya after 

River Tana (1000kms) and drains a basin area of 70,000 km². The river arises at 1° 

42' S on Aberdare’s or Mt Kenya as River Athi and enters the Indian Ocean as River 

Galana (also known as River Sabaki). The River flows across the Kapiti and Athi 

plains, through the Athi River town, takes a northeast direction and is met by the 

Nairobi River. Near Thika, it forms the Fourteen Falls and turns south-south-east 

under the wooded slopes of the Yatta ridge, which ends in its basin on the east 

(Figure 3.1). 

The Athi River Township, catchment area of this river, experiences recurrent sewage 

outbursts and poor sanitation due to increasing number of people living in slum 

areas. The town also has poor water sanitation as a result of direct use of untreated 

river water for washing, drinking as well as irrigation. 

Population from this area to water pollutants and disease include the fact that the 

river passes through human settlements with poor sanitation infrastructure such as 

slums. The town also has medical facilities and hospitals that may discharge medical 

wastes into the river. However, the possibility that this river is contaminated with 

such wastes has not been determined so far.  This river also runs near industrial 

establishments therefore presenting a possibility of contamination with industrial 

wastes that may contain heavy metals and cations which are known to co-select for 

MDR strains (Baker-Austin et al., 2006). Figure 3.1 shows the study site and sources 

of water that was collected from the River when passing near human settlements, 

waste effluent and arid areas. These are shown in detail in Figures 3.2, 3.3, 3.4, 3.5, 

3.6 and 3.7. 
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Figure 3-1: Google earth picture showing the flow of River Athi along sites 

Domestic  human settlements, virgin land , sewage effluent, near road and farming and industrial zone  

in Athi River town. 
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Figure 3-2: Domestic use 

Due to easy access of the river at this point, people use the water for washing clothes, swimming, 

fetching for home use and other domestic purposes 

 

Figure 3-3: Human settlements 

People have built very close to river with domestic water effluents directed towards the river 
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Figure 3-4: Virgin land 

No apparent human activity in site 

 

Figure 3-5: Sewage effluent 

Sewage treatment plant in close proximity to the river 
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Figure 3-6: Near road and farming 

 Area used for farming and easily accessible 

 

 

Figure 3-7: Industrial zone 

The River is near a busy industrial part of Athi River Town 
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3.2 Sampling and study design 

3.2.1 Study design 

The study was a cross-sectional in which environmental samples were obtained at 

random from the banks of River Athi in Machakos County during wet and dry 

periods. 

3.2.2 Sampling sites 

The sampling points were selected based on prevailing human activities such as 

washing, drinking points for livestock, points where residents fetch water for 

domestic use, and points contaminated with industrial effluent from industries 

nearby. Sampling was also done along sections of the river passing through virgin 

lands that have no obvious evidence of recent interference by human activity, 

agriculture or settlement as shown in Table 3.1 and Figure 3.1.  
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Table 3-1: Activities on different sites where water was sampled 

 

3.3 Sample size determination 

From previous studies carried out in Nairobi river and other water sources, the 

prevalence of E. coli was 29.4% (Njugu, 2011) which was used for estimation of the 

number of isolates required to provide a statistically significant sample size using 

Fishers exact test (Jung, 2014) as shown below: 

n =    (Z 1-α) 2 X (PXQ) / d2 

Where: 

N= the sample size needed 

Z 1-α= Z 0.95=1.96 (95% Confidence Limit) 

P= 0.294 (29.4% Prevalence  of E. coli from various water sources (Njugu 2011) 

Q= (1-P); d= Absolute precision required= 0.05% 

n= (1.96) ²*(0.294*0.706) =0.7974/ (0.05)²=318 

Site Activities on site

 Domestic use
 Water for drinking and for other domestic use such as washing 

clothes  

 Human settlements  Informal and formal human settlements 

 Virgin land No apparent human, industrial or agricultural activities

 Sewerage effluent  Sewage treatment plant in close vicinity

 Near road and 
farming

Close to tarmac road. Water also used for flower farming 

 Industrial zone
Near the industrial zone (cement factory in close vicinity), water 
used for bathing, watering flowers, livestock watering in shallow 

edges of the river.
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The minimum sample size that would yield statistically significant number of E. coli 

isolates to generate meaningful data was 318. 

The minimum E. coli isolate size of 318 was used to determine the number of water 

samples that would be significant in the study. The number 318 was conveniently 

divided by the six sampling sites therefore in each site; 53 samples were collected in 

total per site. From which, 26 were from rainy season and 27 from dry season per 

site. 

One site =      53 water samples in total  

  Rainy season 26 water samples  

  Dry season     27 water samples 

Therefore      53 water samples per site × 6 sites =   318 water samples were 

collected. 

  Rainy season (26x6) =156, Dry season (27x6)= 162 water samples 

3.3.1 Sample collection 

Water samples were collected from each site at varying dates from September 2014 

to January 2015. Sampling of each site was done only once. From each site, a total of 

53 samples (500ml each) were taken during dry and wet seasons and also varied by 

time of day.  Water samples were collected using sterile plastic bottles. These bottles 

were lowered into the water body near the river banks where water was surface run 

off that was settled and not flowing with the river current to a maximum depth of 

30cm before withdrawal. The samples were transported to Kenya Medical Research 

Institute Centre for Microbiology laboratory in insulated cool boxes (4-8° C) and 

processed within 24 hrs. 
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3.4 Laboratory procedures 

3.4.1 Determination of colony forming units  

To determine presence of coliforms in water samples, multiple tube fermentation 

technique was used. The dilution factor was determined. Afterwards, Each water 

sample was  inoculated directly on three plates of colony count agar plates using a 

10µl sterile wire loop and then incubated for 24 hours under 37° C. CFUs/ml were 

then determined and the means calculated. 

3.4.2 Isolation of E. coli 

For isolation of E. coli, 25 ml of sample water was inoculated into 225 mL of 

buffered peptone water (BPW) (Oxoid, UK) and incubated at 37°C for 24 hrs. A 

loop-full of broth (10µl) was then streaked on MacConkey’s agar (Oxoid, UK), 

(preparation shown in appendix 3) and incubated at 37°C for 24 hrs. Suspect colonies 

colonies (medium sized pink non-mucoid colonies) were then picked from the plates 

by use of sterile wire loop (3 colonies per plate) were identified as E. coli using 

standard morphological and biochemical tests for Enterobacteriaceae. 

3.4.3 Biochemical identification of bacteria 

A total of 954 E. coli isolates that were presumptively identified as E. coli based on 

their growth characteristic on MacConkey agar and were further identified by 

biochemical typing as shown in Figure 4.5. Colony morphology and sugar 

fermentation reactions were used for presumptive identification of the isolates on the 

culturing plates. All Biochemical typing media used were obtained from Oxoid, UK. 

The biochemical characteristics were determined on Triple Sugar Iron agar, Sulphur 

Indole motility agar, Simmons citrate agar, Methyl Red Voges-Proskauer (MRVP) 

broth and urea agar (interpretation of the tests shown in appendix 4). E. coli isolates 

identified were stocked in 1ml capacity vials containing 15% glycerol and tryptic soy 

broth, stored at -80°C for further analysis. 

3.4.4 Antimicrobial susceptibility testing 

E. coli isolates analysed for antimicrobial susceptibility testing were selected from 

the 954 isolates stored. From this stock, one colony was picked from the three 
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colonies per water sample in random to a total of 318 E. coli isolates that were a 

representative of each water sample collected from the six sampling sites. 

Antibiotic susceptibility was done using the disk diffusion technique on Mueller-

Hinton agar (Oxoid, UK),(Appendix 2). Quality control was performed by including 

E. coli ATCC 25922 in each batch of testing. The panel of antimicrobial used 

comprised of amoxicillin/clavulanic acid (AMC, 20/10µg), ampicillin (AMP,10µg), 

aztreonam (ATM, 30µg), cefotaxime (CTX,30µg) cefepime (FEP,30µg), cefoxitin 

(FOX, 30µg), ceftazidime (CAZ,30µg), cefpodoxime (CPD,10µg), tetracycline 

(Te,30µg), gentamicin (Cn, 10µg), trimethoprim (W,5µg), chloramphenicol (C, 

30µg), sulfamethoxazole (SMX, 50ug), ciprofloxacin (Cip,5 µg), nalidixic acid (NA, 

30µg) and streptomycin (S,10µg). 

 Double disc synergy (m-DDS) test was used for the determination of the ESBLs 

phenotype (Karisik et al. 2006).The synergy was determined by placing a disk of 

augumentin (AMC; 20µg of amoxicillin plus 10 µg of clavulanic acid) and antibiotic 

discs representing the four generations of β-lactam antibiotics at inter-disc distance 

(center to center of 24 mm) which included the following;  

(moderate- spectrum: - ampicillin (AMP,10 µg) monobactam: -  aztreonam (ATM, 

30 µg) broad spectrum 3rd generation cephalosporins : -  cefotaxime (CTX, 30 µg) 

ceftazidime (CAZ, 30 µg) cefpodoxime (CPD 10 µg)  broad spectrum 4th generation 

cephalosporin: - cefepime (FEP,30 µg) and  cephamycins: -  cefoxitin (FOX, 30 µg)  

The double-disk synergy test was considered positive when a clear extension of the 

edge of cephalosporin disc zone was towards the amoxicillin/ clavulanic acid.  

3.4.6 Isolation of DNA by boiling method 

E. coli isolates that were done antimicrobial susceptibility testing were used for 

molecular analysis. From a total of 318 E. coli isolates, each isolate was suspended in 

300 µl of DNA extraction buffer (99ml deionised water, 1ml PH8.0Tris and 200µl-

0.5M EDTA) and boiled for 15 minutes at 95°C using a heating block. After lysis, 

centrifugation was done at 14,000 rmp for 5 minutes at 4°C. The DNA containing 
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3.4.7 PCR amplification for virulence, resistance genes 

PCR amplification was carried out in 25μL reaction volumes containing 1x Taq 

standard buffer 12.5µl [20 mM Tris/HCl (pH 8·9@ 25°C), 22 mM KCl, 1.8 mM 

MgCl2, 22Mm NH4Cl,0.2 mM DNTPs, 5% glycerol, 0.06% IGEPALR CA-630, 

0.05% TweenR 20, 25 units/ml One Taq DNA Polymerase], template DNA 1µl , 10 

µM forward primer 0.5 µl ,10 µM reverse primer 0.5µl and nuclease-free water to 

25µl. The thermo-cycler PCR conditions were primer specific. Table 3.2 shows the 

PCR annealing temperatures (°C) and primers used 

 

Table 3-2: PCR primers and annealing temperature used in PCR amplification 

 

PCR  annealing temperatues that were used and the specific primers for  resistance genes, virulence 

genes and integron 1 genes. Example of  primer specific themo cycler condition is CMY consensus 

which was Initial denaturation  was  at 94°C for 5 minutes, Denaturation at 94°C for 1 minute, 

annealing temperatures stated on the table (55°C) for 1 minute,extension at 72°C for I munite and 

final extension at 94°C for 35 more times and  storage at 72°C for 10 minutes . After which PCR 

products were to be incubated at 10°Cfoerver. 

Oligonucleotide name Oligonucleotide 5’-3’ Target gene PCR annealing TM Product  Size (bp) Gene Accession Number/ Reference

Resistance genes

blaTEM ATGAGTATTCAACAT TTC CG-F blaTEM 55 840 EF125012

CCAATGCTTAATCAG TGA-R

blaCMY ATGATGAAAAAATCGTTATGC-F blaCMY 55 1200 U77414

TTGCAGCTTTTCAAGAATGCG-R

blaCTX-M ATGTGCAGYACCAGTAARGTK-F blaCTX-M 60 593 Y10278

ATGGCRAARTARGTSACCAGA-R

   eae CTGAACGGCGATTACGCGAA-F   eae 54 917  (Aranda et al., 2007)

CGAGAGACGATACGATCCAG-R
    bfp AATGGTGCTTGCGCTTGCTGC-F   bfp 54 326 (Aranda et al., 2007)

GCCGCTTTATCCAACCTGGTA-R
Virulence genes

   Aggr GTATACACAAAGAAGGAAGC-F  Aggrksa1 54 254 (Aranda et al., 2007)

ACAGAATCGTCAGCATCAGC-R Aggrksa2

   lt GCACACGGAGCTCCTCAGTC-F  lt 54 218 (Vidal et al., 2005)
TCCTTCATCCTTTCAATGGCTTT-R

  st GCTAAACCAGTAGASTCTTCAAAA-F st 54 147 (Aranda et al., 2007)

CCCGGTACARGCAGGATTACAACA-R

  Ipa H CTCGGCACGTTTTAATAGTCTGG-F ipaH 54 933 (Vidal et al., 2005)

GTGGAGAGCTGAAGTTTCTCTGC-R

  inv ATATCTCTATTTCCAATCGCGT-F inv 54 382 (Vidal et al., 2005)

GATGGCGAGAAATTATATCCCG-R
Int 1 TCGGTCAAGGTT-F int1 50 923 U12338

AACTTTCAGCACATG-R
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3.4.8 Gel electrophoresis. 

3.4.8.1 Gel preparation 

Electrophoresis was carried out in 1.5% agarose (wt/vol) in Tris-borate EDTA (TBE) 

(sigma) shown in appendix 6. A small volume of 0.5µl ethidium bromide solution 

was added to the agarose. 10ul of the PCR product was mixed with 3 μl of loading 

buffer and added to the wells for electrophoresis. Three micro-litre of molecular 

weight marker (Hyper Ladder I; Bioline USA Inc., Canton, MA) was loaded in the 

first lane of the gel to aid in the estimation of the PCR product sizes. Electrophoresis 

was performed at 100 V for 1hr. The gel was observed under UV light and image 

captured using a digital camera. 

3.5 Data management 

Laboratory procedures and results were recorded in a note book. The data was 

collected in a spreadsheet and stored in the hard disk with flash disk backups. The 

notebook and flash disks were kept in a securely locked cabinet when not in use and 

a password used for data in the computer hard disk drive.  

3.6 Data analysis 

Data presentation was done by use of tables, bar graphs and pie chart. Statistical 

Package for Social Sciences (SPSS) software version 20.0 was used for analysis of 

the data. Descriptive analysis using mean, frequency and proportion were used. Chi 

square test and odds ratio with corresponding 95% confidence intervals were used to 

assess drug susceptibility between the sites. Virgin land was selected as reference 

because it had no apparent human or industrial activities. Student’s t test was also 

computed to compare the means of coliform count during dry and wet season. P 

values < 0.05 were considered significant.  

3.7 Ethical considerations 

Laboratory procedures were performed in accordance to the standard operating 

procedures. No human subjects were involved in the study. However, ethical 

requirements were sought from Kenya Medical Research Institute (KEMRI) 

Scientific Steering Committee (SSC) and Ethical Review Committee (ERC). 
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CHAPTER FOUR  

                                                     RESULTS 

4.1 Samples 

A total of three hundred and eighteen samples were collected from six sampling 

points along Athi River. From each site, 53 samples were collected at random during 

wet and dry seasons. Figure 4.1 shows site used for domestic purposes after rainfall.  

 

Figure 4-1: Area used for Domestic purposes  after rainfall 

4.2 Presumptive E. coli counts during dry and wet season across sites 

 The total CFU counts were more near to the sewage treatment plant and domestic 

use in a rainy season when compared to dry period (P≤0.01). However, in the 

industrial zone the total counts were more in dry season than rainy period (P<0.001) 

as shown in Figure 4.2 

 



 

Figure 4-2: Total E. coli

season 

Total numbers of E. coli

plates were inoculated and 

4.2.1 Mean of presumptive 

The mean of E. coli

significantly higher (

sewage treatment plant 

mean counts after rains than dry period

counts were also significantly mo

season. Sewage effluent area 

+2.3x103). However, area

shown by Figure 4.3 
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E. coli (CFUs/ml) across the six sites during wet and dry 

E. coli were obtained from colony count agar plates triplicate counts where three 

plates were inoculated and CFUs counted and average of the three plates determined

Mean of presumptive E. coli counts 

E. coli isolates from the total counts during rainy season

significantly higher (P ≤0.01) than the dry period. Samples collected fr

sewage treatment plant and domestic use had significantly higher (

mean counts after rains than dry period. In industrial zone additionally, the

were also significantly more (P < 0.001) in the dry season compared to rainy 

Sewage effluent area had the highest mean E. coli counts

. However, areaof the river which had no activities, had the lowest mean as 

 

 

s/ml) across the six sites during wet and dry 

triplicate counts where three 

counted and average of the three plates determined 

during rainy season were 

Samples collected from near 

had significantly higher (P ≤0.01) E. coli 

. In industrial zone additionally, the mean 

in the dry season compared to rainy 

counts of 9.5x103 (SD 

, had the lowest mean as 



 

Figure 4-3: Mean E. coli (CFUs

The mean was obtained from colony count agar plates 

inoculated, CFUs were counted and means determined

obtained from the mean. 

 

4.3 Isolation and identification of 

The total cfus of E. coli were isolated on MacConke

in buffered peptone water at 37°C

morphology of E. coli obtained.
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CFUs/ml) across sites in Athi River 

colony count agar plates triplicate counts where three plates were 

counted and means determined for both dry and wet season.  SD bars were 

dentification of E. coli 

were isolated on MacConkey agar after enrichment of water 

in buffered peptone water at 37°C overnight. Figure 4.4 shows the colony 

obtained. 

 

triplicate counts where three plates were 

SD bars were 

y agar after enrichment of water 

ws the colony 



 

Figure 4-4: Morphology of 

A plate showing E. coli

settlement characteristic 

 

Three discrete colonies with characteristic pink (lactose fermenters 

E. coli) were picked and 

Figure 4-5: Biochemical typing characteristics of 
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Morphology of E. coli colony 

E. coli morphology from water sample 25 collected from site having human 

iscrete colonies with characteristic pink (lactose fermenters 

) were picked and confirmed using biochemical tests as shown in 

Biochemical typing characteristics of E. coli 

 

morphology from water sample 25 collected from site having human 

iscrete colonies with characteristic pink (lactose fermenters – characteristic of 

as shown in Figure 4.5. 

 



 

 TSI: Gas +Ve, Slunt +Ve, Butt +Ve. SIM: Sulphur 

MR:+Ve: TSI- Triple sugar iron, SIM

VP- Methyl red-Vogues Proskeur. 

4.4 Antimicrobial susceptibility among 

The diameter of the inhibition zones (zone without growth) was measured and 

interpreted to resistant (R) 

interpretation (Appendix 4). The 

below. Synergy is shown in second plate which is phenotypic characteristic of ESBL 

production by E. coli isolate no. 526

Figure 4-6: Disk diffusion technique

 The plate(1) on the left, E. coli isolate 

antimicrobials with exception to  chloramphenicol

between amoxicillin/clavulanic acid 

In E. coli isolate no.7 below in 

drug on the right plate while 

also observed in significantly high numbers of isolates
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Gas +Ve, Slunt +Ve, Butt +Ve. SIM: Sulphur –Ve, Indole +Ve, Motility +Ve. SC: –

Triple sugar iron, SIM- Sulphur Indole motility, SC- Simmons Citrate, U

Antimicrobial susceptibility among E. coli isolates  

The diameter of the inhibition zones (zone without growth) was measured and 

 or sensitive (S). A standard chart was used for 

The inhibition zones appeared as shown in 

. Synergy is shown in second plate which is phenotypic characteristic of ESBL 

isolate no. 526 

Disk diffusion technique for antibiotic susceptibility testing

isolate isolated from water near industrial zone was resistant to 

with exception to  chloramphenicol while on right plate(2), zone of synergy was 

oxicillin/clavulanic acid (AMC) in the middle and cefoxtin (FOX) and aztreonam (ATM)

in Figure 4.7, the isolate was highly resistant to c

while susceptible to other β-lactam antimicrobials

in significantly high numbers of isolates tested. 

–Ve. U: -Ve. 

Simmons Citrate, U-Urea, MR-

The diameter of the inhibition zones (zone without growth) was measured and 

ndard chart was used for 

ed as shown in Figure 4.6 

. Synergy is shown in second plate which is phenotypic characteristic of ESBL 

 

for antibiotic susceptibility testing 

was resistant to most 

one of synergy was noted 

and aztreonam (ATM). 

to cefoxitin 

antimicrobials. This was 



 

Figure 4-7: E. coli resista

The plates showed susceptibility of the 

standard chart. E. coli isolate tested was isolated from water near virgin land

Distribution of antimicrobial resistance

Figure 4.8. A total of 318 isolates were tested for resistance. 

observed against ampicillin 

(46.2%) and sulfamethazole (44%). Least resistances were observed against 

gentamicin (<1%), cefepime (1.9%), ceftazidime (2.5%) and chloramphenicol 

(3.8%).  
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resistant to cefoxitin 

susceptibility of the isolate to the antimicrobials tested and 

isolate tested was isolated from water near virgin land 

f antimicrobial resistance of E. coli from Athi River is presented in 

A total of 318 isolates were tested for resistance. High 

ampicillin (63.8%), cefoxitin (46.9%), amoxicillin/clavulanic acid

(46.2%) and sulfamethazole (44%). Least resistances were observed against 

gentamicin (<1%), cefepime (1.9%), ceftazidime (2.5%) and chloramphenicol 

 

s tested and  interpreted using 

i River is presented in 

High resistances were 

cefoxitin (46.9%), amoxicillin/clavulanic acid 

(46.2%) and sulfamethazole (44%). Least resistances were observed against 

gentamicin (<1%), cefepime (1.9%), ceftazidime (2.5%) and chloramphenicol 



 

Figure 4-8: Percentage of resistance

various antimicrobials 

 In general most isolates were susceptible to the antimicrobials used

 

4.4.1 Resistance of E. coli isolates across

Antimicrobial resistance patterns among isolates recovered from each of the six 

sampling sites are shown in T

observed among isolates recovered from sections of the river close to tarmac road 

where water was used for flower farming 

isolates isolated from water 

resistance to ampicillin (47.2%). Resistance to cefoxitin was highest 

from the industrial zone (73.6%), and lowest 

(30.2%). Resistance to amoxicillin/clavulanic acid was highest 

the sections near the industrial zone (

section of the river near formal and informal settlements 32.1%). Resistance to 

sulfamethazole was highest among isolates from the sections through the

(52.8%) and lowest in the informal 

ciprofloxacin (20.8%) was observed among isolates obtained from water 

domestic purposes and lowest (0%) 

for farming and was closest to the tarmac road
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Percentage of resistance and susceptibility in E. coli isolates to 

most isolates were susceptible to the antimicrobials used. 

isolates across the sampling points (sites) 

Antimicrobial resistance patterns among isolates recovered from each of the six 

ling sites are shown in Table 4.1. Highest resistance to ampicillin (79.2%) was

observed among isolates recovered from sections of the river close to tarmac road 

where water was used for flower farming and industrial zone. However, 

ater used for domestic purposes had the lowest observed 

(47.2%). Resistance to cefoxitin was highest among isolates 

73.6%), and lowest among those from the virgin land 

(30.2%). Resistance to amoxicillin/clavulanic acid was highest among isolates from 

ustrial zone (81.1%) and lowest among isolates from the

formal and informal settlements 32.1%). Resistance to 

among isolates from the sections through the virgin land 

informal settlement site (34%). Highest resistance to 

ciprofloxacin (20.8%) was observed among isolates obtained from water utilized for

and lowest (0%) in flower farming site where water was 

for farming and was closest to the tarmac road. Interestingly, highest resistance to 

 

isolates to 

Antimicrobial resistance patterns among isolates recovered from each of the six 

resistance to ampicillin (79.2%) was 

observed among isolates recovered from sections of the river close to tarmac road 

However, E. coli 

ad the lowest observed 

among isolates 

virgin land 

among isolates from 

among isolates from the 

formal and informal settlements 32.1%). Resistance to 

virgin land 

(34%). Highest resistance to 

utilized for 

where water was utilized 

highest resistance to 
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cefepime (a fourth generation cephalosporin) was recorded among isolates from the 

virgin land (9.4%) and lowest in all the other sites including the industrial zone and 

the section contaminated with sewerage effluent. Highest resistance to aztreonam 

was recorded among isolates obtained from water utilized for domestic purposes 

(13.2%) while the lowest resistances were observed among isolates recovered from 

the river section closest to the tarmac road where water was also utilized for flower 

farming (5.7%). 
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Table 4-1: Distribution of resistance across sites 

 

 Amp:Ampicillin, Fox:Cefoxitin, Ctx:Cefotaxime, Caz:Ceftazidime, Cpd:Cefpodoxim, Fep:Cefepime, Atm:Aztreonam, Amc:Amoxicillin/clavulanic acid, 

Cip:Ciprofloxacin, S:Streptomycin, Na:Nalidixic, Cn:Gentamicin, C: Chloramphenicol, Te: Tetracycline, Smx:Sulfamethoxazole,W:Trimethoprim. The 

percentages were based on 318 E. coli isolates isolated from  water samples across the six sites. 

 

Sampling sites Total n

Sites (n) Amp Fox Ctx Caz Cpd Fep Atm Amc Cip S Na Cn C Te Smx W

25 25 10 3 10 1 7 20 11 4 6 1 4 17 26 18

-47.2 -47.2 -18.9 -5.7 -18.9 -1.9 -13.2 -37.7 -20.8 -7.5 -11.3 -1.9 -7.5 -32.1 -49.1 -34

30 21 4 0 9 0 5 17 1 5 5 0 1 8 18 8

-56.6 -39.6 -7.5 0 -17 0 -9.4 -32.1 -1.9 -9.4 -9.4 0 -1.9 -15.1 -34 -15.1

35 16 3 4 9 5 9 18 4 11 4 1 4 10 28 13

-66 -30.2 -5.7 -7.5 -17 -9.4 -17 -34 -7.5 -20.8 -7.5 -1.9 -7.5 -18.9 -52.8 -24.5

29 17 7 0 8 0 5 22 4 8 5 0 2 18 22 17

53 -54.7 -32.1 -13.2 0 -15.1 0 -9.4 -41.5 -7.5 -15.1 -9.4 0 -3.8 -34 -41.5 -32.1

42 31 1 0 7 0 3 27 0 6 4 0 1 5 19 15

53 -79.2 -58.5 -1.9 0 -13.2 0 -5.7 -50.9 0 -11.3 -7.5 0 -1.9 -9.4 -35.8 -28.3

42 39 1 1 11 0 4 43 2 16 9 0 0 6 27 11

-79.2 -73.6 -1.9 -1.9 -20.8 0 -7.5 -81.1 -3.8 -30.2 -17 0 0 -11.3 -50.9 -20.8

 Sewerage 

effluent

 Near road and 

farming

 Industrial zone 53

 E.coli isolates resistant to various antimicrobials (%)

 Domestic use 53

 Settlements 53

 Virgin land 53



41 

 

4.2.2 Distribution of resistance strains 

Antimicrobials can be grouped into several groups or classes depending on the type 

of antimicrobial. For this study, the antimicrobials used belonged to the following 

classes: Aminogycosides - streptomycin and gentamicin, Β-lactams- aztreonam, 

ampicillin, cefoxitin, cefotaxime, ceftazidime, cefpodoxime, cefepime, 

amoxicillin/clavulanic acid, Fluoroquinolones - nalidixic acid and ciprofloxacin, 

Chloramphenicol, Tetracyclines and Nucleic acid inhibitors - trimethoprim and 

sulfamethazole. 

E. coli isolates that were resistant to more than three groups/classes of antimicrobials 

were termed MDR. Isolates near virgin land and sewage effluents had a high number 

of isolates resistant to four to five antimicrobials (37.1%) and in general, majority of 

isolates from any given site were resistant to 4-5 classes of antimicrobials. Water for 

domestic use had the highest counts of strains resistant to > 5 classes. Antimicrobial 

resistant phenotypes that were resistant to different classes of antimicrobials are 

presented in Table 4.2. 

Table 4-2: Percentage of E. coli showing resistance to classes of antimicrobials 

 

 

N.B: MDR 1: Resistance to one antimicrobial, MDR 2: Resistance to two antimicrobials, MDR 3: 

Resistance to three antimicrobials, MDR 3: Resistance to three antimicrobials, MDR 4-5: Resistance 

to four and five antimicrobials, MDR >5: Resistance to five or more antimicrobials 

4.2.3 Association between antimicrobial resistance and sampling sites  

Virgin land was selected as the reference site to compare differences in antimicrobial 

susceptibilities to other sites because it had no apparent human or industrial 

Total n
Fully 

susceptible, 
MDR (1) MDR (2) MDR (3) MDR (4-5) MDR (>5)

All sites 318 17(5.3) 41(12.9) 52(16.4) 65(20.4) 118(37.1) 25(7.9)

Domestic use 53 1(1.9) 6(11.3) 15(28.3) 5(9.4) 18(34.0) 8(15.1)

Settlements 53 7(13.2) 10(18.9) 10(18.9) 9(17.0) 16(30.2) 1(1.9)

Virgin land 53 0 10(18.9) 10(18.9) 9(17.0) 20(37.7) 4(7.5)

 

Antimicrobial Resistance Phenotype, n (%)

53
 Sewerage 
effluent

4(7.5) 6(11.3) 10(18.9) 10(18.9) 20(37.7) 3(5.7)

53

 Industrial zone 53 1(1.9) 2(3.8) 2(3.8) 13(24.5) 29(54.7) 6(11.3)

3(5.7)
 Near road and 

farming
4(7.5) 7(13.2) 5(9.4) 19(35.8) 15(28.3)
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activities. Antimicrobials selected to be compared were those whose resistances were 

above 15%.  

4.2.3.1 Association of drug resistance between virgin land site and domestic site 

 Table 4.3 shows the bivariate analysis of relationship in antimicrobial resistance 

between virgin land and domestic use. However, there was no significant association 

(P<0.05) observed between the virgin land and domestic use sites. 

Table 4-3: Virgin land and domestic use 

 

OR=Odds ratio; CI= Confidence interval  

4.2.3.2 Association of drug resistance between virgin land and settlements 

Table 4.4 shows the bivariate analysis of relationship in drug resistance between 

virgin land and settlements. However, there was no significant association (P<0.05) 

observed between the virgin land and human settlements. 

Susceptibility of 
drugs

Resistant, n  (%) Susceptible, n  (%) OR  (95%CI) P value

Domestic use 25 (47.2%) 28 (52.8%)
Virgin land 35 (66.0%) 18 (34.0%)

Domestic use 25 (47.2%) 28 (52.8%)
Virgin land 16 (30.2%) 37 (69.8%)

Domestic use 10 (18.9%) 43 (81.1%)
Virgin land 9 (17.0%) 44 (83.0%)

Domestic use 20 (37.7%) 33 (62.3%)
Virgin land 18 (34.0%) 35 (66.0%)

Domestic use 4 (7.5%) 49 (92.5%)
Virgin land 11 (20.8%) 42 (79.2%)

Domestic use 17 (32.1%) 36 (67.9%)
Virgin land 10 (18.9%) 43 (81.1%)

Domestic use 26 (49.1%) 27 (50.9%)
Virgin land 28 (52.8%) 25 (47.2%)

Domestic use 18 (34.0%) 35 (66.0%)
Virgin land 13 (24.5%) 40 (75.5%)

Ampicillin

0.46 (0.21-1.01) 0.052

Cefoxitin

2.07 (0.93-4.58) 0.075

Cefpodoxime

1.14 (0.42-3.07) 0.8

Amoxicillin/clavulanic acid

1.18 (0.53-2.61) 0.686

Streptomycin

0.31 (0.09-1.05) 0.06

Tetracycline

2.03 (0.83-4.98) 0.122

Sulfamethoxazole

0.86 (0.40-1.84) 0.698

Trimethoprim

1.58 (0.68-3.69) 0.287
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Table 4-4: Virgin land  and settlements 

 

OR=Odds ratio; CI= Confidence interval  

4.2.3.3 Association of drug resistance between virgin land and sewerage effluent 

Table 4.5 shows the bivariate analysis of relationship in drug resistance between 

virgin land and sewerage effluent. However, there was no significant association 

(P<0.05) observed between the virgin land and sewerage effluent sites. 

  

Susceptibility of drugs Resistant, n  (%) Susceptible, n  (%) OR (95%CI) P value

Settlements 30 (56.6%) 23 (43.4%)
Virgin land 35 (66.0%) 18 (34.0%)

Settlements 21 (39.6%) 32 (60.4%)
Virgin land 16 (30.2%) 37 (69.8%)

Settlements 9 (17.0%) 44 (83.0%)
Virgin land 9 (17.0%) 44 (83.0%)

Settlements 17 (32.1%) 36 (67.9%)
Virgin land 18 (34.0%) 35 (66.0%)

Settlements 5 (9.4%) 48 (90.6%)
Virgin land 11 (20.8%) 42 (79.2%)

Settlements 8 (15.1%) 45 (84.9%)
Virgin land 10 (18.9%) 43 (81.1%)

Settlements 18 (34.0%) 35 (66.0%)
Virgin land 28 (52.8%) 25 (47.2%)

Settlements 8 (15.1%) 45 (84.9%)
Virgin land 13 (24.5%) 40 (75.5%)

Ampicillin

 0.67 (0.31-1.47) 0.32
Cefoxitin

1.52 (0.68-3.39) 0.309
Cefpodoxime

1.00 (0.36-2.96) 1
Amoxicillin/clavulanic acid

0.928 (0.41-2.06) 0.836
Streptomycin

0.40 (0.13-1.24) 0.111
Tetracycline

0.76 (0.28-2.12) 0.606
Sulfamethoxazole

0.46 (0.21-1.01) 0.052
Trimethoprim

0.55 (0.21-1.46) 0.227
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Table 4-5: Virgin land  and sewerage effluent 

 

  OR=Odds ratio; CI= Confidence interval  

4.2.3.4 Association of drug resistance between virgin land and near road and 

farming 

Table 4.6 shows the bivariate analysis of relationship in drug resistance between 

virgin land and near road and farming. There was a significant difference observed 

on cefoxitin between the virgin land and near road and farming with odds ratio of 

3.26 (CI 1.46-7.26), P value of 0.004. 

  

Susceptibility of 
drugs

Resistant, n  (%)
Susceptible, n  

(%)
OR  (95%CI) P value

Sewerage effluent 29 (54.7%) 24 (45.3%)

Virgin land 35 (66.0%) 18 (34.0%)

Sewerage effluent 17 (32.1%) 36 (67.9%)

Virgin land 16 (30.2%) 37 (69.8%)

Sewerage effluent 8 (15.1%) 45 (84.9%)

Virgin land 9 (17.0%) 44 (83.0%)

Sewerage effluent 22 (41.5%) 31 (58.5%)

Virgin land 18 (34.0%) 35 (66.0%)

Sewerage effluent 8 (15.1%) 45 (84.9%)

Virgin land 11 (20.8%) 42 (79.2%)

Sewerage effluent 18 (34.0%) 35 (66.0%)

Virgin land 10 (18.9%) 43 (81.1%)

Sewerage effluent 22 (41.5%) 31 (58.5%)

Virgin land 28 (52.8%) 25 (47.2%)

Sewerage effluent 17 (32.1%) 36 (67.9%)

Virgin land 13 (24.5%) 40 (75.5%)

Ampicillin

0.62 (0.28-1.36) 0.235

Cefoxitin

1.09 (0.48-2.49) 0.834

Cefpodoxime

0.87 (0.31-2.46) 0.791

Amoxicillin/clavulanic acid

1.38 (0.63-3.04) 0.423

Streptomycin

0.68 (0.25-1.85) 0.449

Tetracycline

2.21 (0.91-5.40) 0.081

Sulfamethoxazole

0.63 (0.29-1.37) 0.244

Trimethoprim

1.45 (0.62-3.40) 0.39
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Table 4-6: Virgin land and near road and farming 

 

OR=Odds ratio; CI= Confidence interval  

4.2.3.5 Association of drug resistance between virgin land and industrial zone 

Table 4.7 shows the bivariate analysis of relationship in drug resistance between 

virgin land and industrial zone. There was a significant difference on cefoxitin (odds 

ratio of 6.44 (95%CI 2.76-15.02) and P value of 0.000 and amoxicillin/ clavulanic 

acid (odds ratio of 8.36 (95% CI 3.43-3.43) and P value of 0.000. 

Susceptibility of 
drugs

Resistant, n  (%)
Susceptible, n  

(%)
OR  (95%CI) P value

Near road and 
farming 

42 (79.2%) 11 (20.8%)

Virgin land 35 (66.0%) 18 (34.0%)

Near road and 
farming 

31 (58.5%) 22 (41.5%)

Virgin land 16 (30.2%) 37 (69.8%)

Near road and 
farming 

7 (13.2%) 46 (86.8%)

Virgin land 9 (17.0%) 44 (83.0%)

Near road and 
farming 

27 (50.9%) 26 (49.1%)

Virgin land 18 (34.0%) 35 (66.0%)

Near road and 
farming 

6 (11.3%) 47 (88.7%)

Virgin land 11 (20.8%) 42 (79.2%)

Near road and 
farming 

5 (9.4%) 48 (90.6%)

Virgin land 10 (18.9%) 43 (81.1%)

Near road and 
farming 

19 (35.8%) 34 (64.2%)

Virgin land 28 (52.8%) 25 (47.2%)

Near road and 
farming 

15 (28.3%) 38 (71.7%)

Virgin land 13 (24.5%) 40 (75.5%)

Ampicillin

1.96 (0.82-4.71) 0.13

Cefoxitin

3.26 (1.46-7.26) 0.004

Cefpodoxime

0.74 (0.26-2.17) 0.588

Amoxicillin/clavulanic acid

2.02 (0.92-4.42) 0.079

Streptomycin

0.49 (0.17-1.43) 0.449

Tetracycline

0.45 (0.14-1.41) 0.171

Sulfamethoxazole

0.50 (0.23-1.09) 0.08

Trimethoprim

1.22 (0.51-2.89) 0.66
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Table 4-7: Virgin land  and industrial zone 

 

OR=Odds ratio; CI= Confidence interval  

4.2.3.6 Association of multiple antibiotic resistance between virgin land and the 

other different sites 

Table 4.8 shows the bivariate analysis of relationship of multi drug resistance 

between virgin land and the other sites. There was a significant difference in 

industrial zone compared to virgin land with an odds ratio of 5.82 (95% CI1.99-

17.06), and P value of 0.001.  

Industrial zone 42 (79.2%) 11 (20.8%)
Virgin land 35 (66.0%) 18 (34.0%)

Industrial zone 39 (73.6%) 14 (26.4%)
Virgin land 16 (30.2%) 37 (69.8%)

Industrial zone 11 (20.8%) 42 (79.2%)
Virgin land 9 (17.0%) 44 (83.0%)

Industrial zone 43 (81.1%) 10 (18.9%)
Virgin land 18 (34.0%) 35 (66.0%)

Industrial zone 6 (11.3%) 47 (88.7%)
Virgin land 11 (20.8%) 42 (79.2%)

Industrial zone 6 (11.3%) 47 (88.7%)
Virgin land 10 (18.9%) 43 (81.1%)

Industrial zone 27 (50.9%) 26 (49.1%)
Virgin land 28 (52.8%) 25 (47.2%)

Industrial zone 11 (20.8%) 42 (79.2%)
Virgin land 13 (24.5%) 40 (75.5%)

1.96 (0.82-4.71) 0.13

Susceptibility of 
drugs

Susceptible, 
n  (%) OR (95%CI) P value

Ampicillin

Resistant, n  
(%)

Cefoxitin

6.44 (2.76-15.02) 0
Cefpodoxime

1.28 (0.48-3.40) 0.62
Amoxicillin/clavulanic acid

8.36 (3.43-3.43) 0
Streptomycin

0.49 (0.17-1.43) 0.449

Trimethoprim

0.81 (0.32-2.01) 0.643

Tetracycline

0.55 (0.18-1.64) 0.282
Sulfamethoxazole

0.93 (0.43-1.99) 0.846
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Table 4-8: MDR isolates from virgin land and other sites 

 

  OR=Odds ratio; CI= Confidence interval  

4.2.4 Distribution of resistance phenotypes across sites 

The resistance isolates from the antimicrobials tested were placed into groups 

starting with the most susceptible antimicrobial to the most resistant and distribution 

across the sites. Table 4.9 below summarizes the groupings. 

Table 4-9: Prevalence and distribution of resistance phenotypes across sites 

 

N.B: Amp: Ampicillin, Fox:Cefoxitin, Ctx: Cefotaxime, Caz: Ceftazidime, Cpd: Cefpodoxim, Fep: 

Cefepime, Atm: Aztreonam, Amc: Amoxicillin/clavulanic acid, Cip: Ciprofloxacin, S: Streptomycin, 

Na: Nalidixic, Cn: Gentamicin, C: Chloramphenicol, Te: Tetracycline, Smx: Sulfamethoxazole, W: 

Trimethoprim 

Domestic use 31 (58.5%) 22 (41.5%)
Virgin land 33 (62.3%) 20 (37.7%) 0.691
Settlements 26 (49.1%) 27 (50.9%)
Virgin land 33 (62.3%) 20 (37.7%) 0.172
Sewerage effluent 33 (62.3%) 20 (37.7%)
Virgin land 33 (62.3%) 20 (37.7%) 1
Near road and farming 39 (73.6%) 14 (26.4%)
Virgin land 33 (62.3%) 20 (37.7%) 0.214
Industrial zone 48 (90.6%) 5 (9.4%)
Virgin land 33 (62.3%) 20 (37.7%) 0.0015.82 (1.99-17.06)

Sites
MDR  (>3 drugs), n  

(%) OR (95%CI) P value

0.85 (0.39-1.86)

0.58 (0.27-1.27)

1.00 (0.46-2.19)

1.69 (0.74-3.85)

Non MDR  (<3 drugs), n  
(%) 

Group of antimicrobials Total, n
Domestic 
use Settlements

Virgin 
land

Sewage  
effluent

Near road and
farming

Industrial 
zone

Cn, Fep, Caz, C, Cip, Na, Atm, S, Cpd, Te, W, Smx,
Amc,  Fox, Amp 2 1 0 1 0 0 0

Fep, Caz, C, Cip, Ctx, Na, Atm, S, Cpd, Te, W,
Smx, Amc,  Fox, Amp 5 1 0 4 0 0 0

Caz, Cip, Ctx,  Na,  W,  Amc,  Fox, Amp 4 2 0 1 0 0 1

C, Cip,  Na, Atm, S, Cpd, Te,  W, Smx, Amc,   Amp 9 2 1 3 2 1 0

Cip, Ctx, Na, Atm, S, Cpd, Te, W, Smx, Amc, Fox,
Amp 17 9 0 2 4 0 2

Ctx, Na, Atm, S, Cpd, Te, W, Smx, Amc, Fox,
Amp 19 6 4 2 6 1 0

Na, Atm,  Cpd, Te,  W, Smx, Amc,  Fox, Amp 22 3 3 1 2 4 9

Atm, S, Cpd, Te, W, Smx, Amc,  Fox, Amp 20 2 3 5 4 2 4

S, Cpd, Te, W, Smx, Amc,  Fox, Amp 32 2 2 6 3 6 13

Cpd, Te, W, Smx, Amc,  Fox, Amp 31 4 5 5 3 6 2

Te,  W, Smx, Amc,  Fox, Amp 25 4 3 5 9 2 2

W, Smx, Amc,  Fox, Amp 24 7 5 2 5 3 2

Smx, Amc,  Fox, Amp 38 5 7 7 6 3 10

Amc,  Fox, Amp 27 1 5 0 1 13 7

Fox, Amp 12 1 4 2 3 2 0

Amp 14 2 0 6 0 5 1
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4.2.4.1 Six resistance profiles selected 

From a total 301 E. coli isolates grouped to resistance profiles in table 4.9 above, six 

resistance profiles were randomly selected to present profiles that were most 

commonly found in Athi River. Table 4.10 below shows the six resistance profiles 

and the number of isolates from each site. 

 

Table 4-10: Six Resistance profiles of selected isolates 

 

N.B: Amp:Ampicillin, Fox:Cefoxitin, Ctx:Cefotaxime, Caz:Ceftazidime, Cpd:Cefpodoxim, 

Fep:Cefepime, Atm:Aztreonam, Amc:Amoxicillin/clavulanic acid, Cip:Ciprofloxacin, 

S:Streptomycin, Na:Nalidixic, Cn:Gentamicin, C: Chloramphenicol, Te: Tetracycline, Smx: 

Sulfamethoxazole, W:Trimethoprim 

4.5 ESBLs proportion 

There were a total of 7out of 318 (2.2%) E. coli isolates that were ESBL- producers.  

Table 4.11 shows their resistance profile and site where they are isolated from. 

Table 4-11: Resistance profiles of ESBL isolates across sites 

 

N.B: Amp: Ampicillin, Fox: Cefoxitin, Ctx:Cefotaxime, Caz:Ceftazidime, Cpd:Cefpodoxim, 

Fep:Cefepime, Atm:Aztreonam, Amc:Amoxicillin/clavulanic acid, Cip:Ciprofloxacin, 

S:Streptomycin, Na:Nalidixic, Cn:Gentamicin, C: Chloramphenicol, Te: Tetracycline, Smx: 

Sulfamethoxazole, W:Trimethoprim 

Resistance profile
Total 

number
Domestic 

use settlements Virgin land 
Sewage 
effluent

Near road and 
farming

Industrial 
zone 

C, Cip,  Na, Atm, S, Cpd, Te,  W, Smx, 
Amc,   Amp 9 2 1 3 2 1 0

 Cip, Ctx,  Na, Atm, S, Cpd, Te,  W, Smx, 
Amc,  Fox, Amp 17 9 0 2 4 0 2

 Na, Atm,  Cpd, Te,  W, Smx, Amc,  Fox, 
Amp 22 3 3 1 2 4 9

S, Cpd, Te,  W, Smx, Amc,  Fox, Amp 32 2 2 6 3 6 13

Smx, Amc,  Fox, Amp 38 5 7 7 6 3 10

Amc,  Fox, Amp 27 1 5 0 1 13 7

Resistance profile

Cip, S, Na, Cn, Smx, Te, Amt, Amp, Fep, 
Caz, Cpd 2 0 1 0 0 0 1
S, Na, Cn, Smx, C, Te, Amp, Atm, Fep, Caz, 
Cpd, Amc

1 0 1 0 0 0 0
Cip, S, Na, C, Te, Amp, Amc

1 0 0 1 0 0 0
S, Na, Smx, Atm, Fep, Caz

1 0 0 0 1 0 0
Cip, S, Na, Cn, Smx, C, Te, Atm, Amp, Caz, 
Fep, Cpd, Amc 2 0 0 0 1 0 1

Industrial zoneTotal, n Domestic use Settlements Virgin land Sewage effluent Near road and 
farming
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Double-disk synergy 

Figure 4.9 below shows an isolate that is an ESBL producer. ESBLs hydrolyse third 

generation cephalosporins and azreonam but are inhibited by clavulanic acid as seen 

in the figure below.  

 

Figure 4-9: Disk diffusion showing a phenotypic ESBL producer 

The plate(1) on the left, E. coli isolate isolated from water near industrial zone was resistant to most 

antimicrobials with exception to  chloramphenicol while on right plate(2), zone of synergy was noted 

between amoxicillin/clavulanic acid (AMC) in the middle and cefoxtin (FOX) and aztreonam (ATM). 

4.6 Resistance genes 

4.6.1 Distribution of resistance genes blaTEM, bla CTX-M, bla CMY 

Out of 318 E. coli isolates, those that had resistance genes blaTEM, blaCTX-M and 

blaCMY were 265(83%) and the rest had no resistance genes. BlaCTX-M had the highest 

prevalence of 106 (33%) (CI= 27.8-38.2) while blaTEM had lowest prevalence of 70 

(22%) (CI =17.45-26.55) as shown in Figure 4.10. 

 



 

Figure 4-10: Distribution of resistance genes

 PCR analysis of blaTEM, blaCTX-M 

responsible for resistance against ampicillin, cefotaxime and cefoxitin respectively

shows error bars of percentage values 

 

4.6.2 Distribution of resistance genes across sites

Resistance genes  blaTEM, bla

near road and farming  while bla

32(12%) and near road and farming  27(10.2%). 

compared to the other two across sites as shown in 
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Distribution of resistance genes 

 and blaCMY genes.318 isolates were analyzed. These genes are 

ampicillin, cefotaxime and cefoxitin respectively. The graph also 

shows error bars of percentage values at 95% CI. 

Distribution of resistance genes across sites 

blaCTX-M and blaCMY were highest in sewage effluent

blaCMY gene was relatively higher near sewage effluent 

32(12%) and near road and farming  27(10.2%). blaTEM had  lower prevalence 

across sites as shown in Figure 4.11. 

 

. These genes are 

. The graph also 

effluent and 

near sewage effluent  

lower prevalence 
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Figure 4-11: Distribution of resistance genes across sites 

PCR analysis of blaTEM, blaCTX-M and blaCMY genes. 318 isolates were analyzed. The values on bars are 

the exact percentages obtained. These genes are responsible for resistance against ampicillin, 

cefotaxime and cefoxitin respectively 

 

4.6.3 Distribution of resistance genes during wet and dry period 

blaCMY gene during dry period were 29(10.9%) (CI=7.2-14.7) and in wet season were 

62 (23.4%) (18.3-28.5) while blaTEM were 19 (7.2) (CI=4.1-10.3) in dry season and 

51 (19.2%) (CI=14.5-23.9). This is shown in Figure 4.12 below. Rainy season had 

more bla genes than dry season (P<0.004). 



 

Figure 4-12: Resistance genes during wet and dry season

 PCR analysis of blaTEM, blaCTX-M

responsible for resistance against ampicillin, cefotaxime and cefoxitin respectively. Th

error bars of percentage values at 95% CI

4.6.4 Resistance profile of bla

Out of the 318 isolates 70 (22%) 

4.12 below shows the resistance profiles for some of the 

Table 4-12: Resistance profile of 

N.B: Amp: Ampicillin, Fox: Cefoxitin, Ctx:

Cefepime, Atm: Aztreonam, Amc: Amoxicillin/clavulanic acid

Na: Nalidixic, Cn: Gentamicin, C: 

Trimethoprim 

Resistance profile

Total numb

C, Cip, Na, Atm, S, Cpd, Te, W,
Smx, Amc,   Amp

1

Cip, Ctx, Na, Atm, S, Cpd, Te, W,
Smx, Amc,  Fox, Amp

5

Na, Atm, Cpd, Te, W, Smx, Amc,
Fox, Amp

7

S, Cpd, Te, W, Smx, Amc, Fox,
Amp

4

Smx, Amc,  Fox, Amp
7

Amc,  Fox, Amp

4
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Resistance genes during wet and dry season 

M and blaCMY genes.318 isolates were tested. These genes are 

responsible for resistance against ampicillin, cefotaxime and cefoxitin respectively. The graph shows 

95% CI. 

blaTEM positive isolates 

solates 70 (22%) were found to be positive for blaTEM gene

below shows the resistance profiles for some of the isolates.  

Resistance profile of blaTEM isolates 

Cefoxitin, Ctx: Cefotaxime, Caz: Ceftazidime, Cpd: Cefpodoxim, Fep:

Amoxicillin/clavulanic acid, Cip: Ciprofloxacin, S: Streptomycin, 

 Chloramphenicol, Te: Tetracycline, Smx: Sulfamethoxazole, W:

mber Domestic 
use

settlements Virgin 
land

Sewage 
effluent

Near 
road and
farming

Ind
zon

0 0 0 0 0

1 0 1 1 0

2 0 1 0 1

0 0 0 2 2

1 0 1 1 0

0 0 0 0 1

 

318 isolates were tested. These genes are 

e graph shows 

gene. Table 

 

Cefpodoxim, Fep: 

Streptomycin, 

Smx: Sulfamethoxazole, W: 

dustrial 
one

0

2

3

0

2

0
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4.6.5 Resistance profile of blaCTX-M positive isolates 

Isolates that were found positive for bla CTX-M genes were 106 out of 318 isolates 

(33%). Table 4.13 below shows the distribution of some of the isolates on the 

phenotypes that were most common. 

Table 4-13: Resistance profile of blaCTX-M positive isolates 

 

N.B: Amp: Ampicillin, Fox: Cefoxitin, Ctx: Cefotaxime, Caz: Ceftazidime, Cpd: Cefpodoxim, Fep: 

Cefepime, Atm: Aztreonam, Amc: Amoxicillin/clavulanic acid, Cip:Ciprofloxacin, S: Streptomycin, 

Na: Nalidixic, Cn: Gentamicin, C: Chloramphenicol, Te: Tetracycline, Smx: Sulfamethoxazole, W: 

Trimethoprim 

4.6.6 Resistance profile of blaCMY positive isolates 

The number of isolates that were positive for blaCMY gene were 89 out of 318 isolates 

(28%). Table 4.14 below summarizes the common phenotype which had the gene 

and their distribution across the sites. 

Table 4-14: Resistance profile of blaCMY positive isolates 

 

 N.B: Amp: Ampicillin, Fox: Cefoxitin, Ctx: Cefotaxime, Caz: Ceftazidime, Cpd: Cefpodoxim, Fep: 

Cefepime, Atm: Aztreonam, Amc: Amoxicillin/clavulanic acid, Cip: Ciprofloxacin, S: Streptomycin, 

Na: Nalidixic, Cn: Gentamicin, C: Chloramphenicol, Te: Tetracycline, Smx: Sulfamethoxazole, W: 

Trimethoprim 

Resistance profile Total number Domestic use settlements Virgin land Sewage effluent
Near road and 
farming Industrial zone

C, Cip,  Na, Atm, S, Cpd, Te,  W, Smx, Amc,   Amp 6 1 0 2 2 1 0

 Cip, Ctx,  Na, Atm, S, Cpd, Te, W, Smx, Amc,  Fox, 
Amp 10 8 0 1 1 0 0

  Na, Atm,  Cpd, Te,  W, Smx, Amc,  Fox, Amp 12 0 2 0 1 3 6

S, Cpd, Te,  W, Smx, Amc,  Fox, Amp 18 1 1 6 1 0 9

Smx, Amc,  Fox, Amp 19 4 2 3 3 3 4

Amc,  Fox, Amp 16 0 2 0 1 8 5

Resistance profile
Total 

number
Domestic 

use
Settlements Virgin land

Sewage 
effluent

Near road 
and 

farming

Industrial 
zone

C, Cip,  Na, Atm, S, Cpd, Te, W, 
Smx, Amc,   Amp

2 1 0 1 0 0 0

 Cip, Ctx,  Na, Atm, S, Cpd, Te, W, 
Smx, Amc,  Fox, Amp

2 0 0 0 2 0 0

Na, Atm,  Cpd, Te,  W, Smx, Amc,  
Fox, Amp

3 1 1 0 1 0 0

S, Cpd, Te, W, Smx, Amc, Fox, Amp 10 1 1 0 0 4 4

Smx, Amc, Fox, Amp 12 0 3 3 2 0 4

Amc, Fox, Amp 7 1 0 0 0 4 2
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4.7 Gel images for resistance genes 

4.7.1 blaCTX-M 

Gel electrophoresis of blaCTX-M PCR products are shown in Figure 4.13.  

 

Figure 4-13: Gel image showing blaCTX-M gene 

(M) -ladder, well 1 empty, 2-negative control, 3-6 positive isolates from sewage effluent and positive 

isolates 7-9 from site near road and farming, 10-positive control 

 

4.7.2 blaTEM 

Figure 4.14 shows a sample of gel electrophoresis of blaTEM PCR 
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Figure 4-14: Gel image showing blaTEM gene 

 (M)-ladder 1-negative control, 2-positive control 3 and 4 positive isolates from human settlements, 

isolate 7 from sewage effluent and isolates 8 and 9 from near road and farming, wells 5 and 6 were 

empty 

 

4.7.3 blaCMY 

Figure 4.15 shows a sample of gel electrophoresis of blaCMY PCR. 

 

Figure 4-15: Gel image showing blaCMY and blaCTX-M genes: 

L-ladder, N-negative control for blaCMY gene on the left, 1 to 3 are positive isolates from seawage 

effluent. 4-positive control while on right blaCTX-M gene 1 to 3 isolates positive from sewage effluent 

and 4-positive control 



 

4.8 Carriage of E. coli pathotypes 

4.8.1 Prevalence of virulence 

Isolates that harbored virulence genes were 140

any virulence genes were 178 (56%) as shown in 

Figure 4-16: Prevalence of virulence genes

 PCR analysis using primers for virulen

shows error bars from percentage using 95% CI

  

4.8.2 Distribution of selected virulence genes

EAEC pathotype had the highest prevalence of 35(25.0

atypical EPEC had the lowest prevalence of 6(4.3

4.17. 
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pathotypes  

Prevalence of virulence genes 

Isolates that harbored virulence genes were 140 (44%) while those that did not have

ere 178 (56%) as shown in Figure 4.16. 

Prevalence of virulence genes 

using primers for virulence genes. A total of 318 isolates were analyzed. The bar graph 

shows error bars from percentage using 95% CI 

Distribution of selected virulence genes 

EAEC pathotype had the highest prevalence of 35(25.0%) (CI17.8-32.2) 

atypical EPEC had the lowest prevalence of 6(4.3%) (CI=0.9-7.6) as shown in Figure 

while those that did not have 

 

The bar graph 

32.2) while 

7.6) as shown in Figure 
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Figure 4-17: Distribution of virulence genes 

 PCR analysis using primers for virulence genes. A total of 318 isolates were analyzed. The bar graph 

shows error bars from percentage using 95% CI. 

4.8.3 Distribution of virulence genes across sites 

EAEC pathotype was highest near road and farming site and were not isolated in site 

used for domestic purposes. AIEC pathotype with inv gene were most in virgin land 

and not present in industrial zone. This is shown in Figure 4.18 below 
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Figure 4-18: Distribution of virulence genes across sites 

 Distribution of inv, ipaH, lt,st,aggr,bfp and eae genes across sites sampled in the study. Aggr gene for 

EAEC pathotype has highest in site near road and farming 

 

4.8.4 Distribution of virulence genes during dry and wet period 

Virulence genes were recovered more during the rainy season than dry (P <0.001) 

with an exception of aggregative gene which were more during dry period (P≤0.005) 

Figure 4.19 and Table 4.15 summarize these differences. 
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Figure 4-19: Distribution of virulence genes across sites 

Virulence genes inv, ipaH, lt,st,aggr,bfp and eae were isolated more during the rainy season than dry 

with inv gene for AIEC  highest during rainy season  

 

Table 4-15: Distribution of virulence genes across sites during wet and dry 

period 

 

Tabulated results of the distribution of the virulence genes across each of the sampled sites in the 

study 

4.8.5 Resistance phenotypes of virulence genes detected in E. coli  

4.8.5.1 EAEC pathotype: Aggregative gene (aggR) 

Isolates that were positive for aggR were assessed for their resistance phenotype and 

is summarized in Table 4.16. 

dry wet dry wet dry wet dry wet dry wet dry wet

atypical EPEC eae+bfp- 0 0 0 0 0 0 0 3(2) 0 0 0 3(2)

typical EPEC 0 0 0 0 6(4) 0 0 0 6(4) 0 0

eae+bfp+

EAEC 0 6(4) 0 3(2) 0 3(2) 0 0 14(10) 10(7) 0

(aggr)

ETEC 0 0 0 3(2) 0 0 3(2) 0 6(4) 0 3(2)

( st)

ETEC 0 6(4) 0 0 3(2) 0 3(2) 0 0 0 3(2)

(lt)

EIEC 6(4) 0 0 0 0 0 3(2) 0 3(2) 3(2) 0

(IpaH)

AIEC 0 0 3(2) 0 10(7) 6(4) 0 0 3(2) 0 0

( inv)

3(2)

0

0

7(5)

Near road 
and farming 

Industrial 
zone n(%)n(%)

3(2)

0

Virulence
Domestic use Settlements 

n(%)
Virgin land 

n(%)
Sewerage 

effluent n(%)
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Table 4-16: Resistance phenotype of aggR positive isolates 

 

N.B: Amp: Ampicillin, Fox: Cefoxitin, Ctx: Cefotaxime, Caz: Ceftazidime, Cpd: Cefpodoxim, Fep: 

Cefepime, Atm: Aztreonam, Amc: Amoxicillin/clavulanic acid, Cip: Ciprofloxacin, S: Streptomycin, 

Na: Nalidixic, Cn: Gentamicin, C: Chloramphenicol, Te: Tetracycline, Smx: Sulfamethoxazole, 

W:Trimethoprim 

4.8.5.2 Typical EPEC pathotype : eae+ and bfp+ genes 

Those isolates positive for eae+ and bfp+ had the following resistance phenotype 

shown by Table 4.17. 

Table 4-17: Resistance phenotypes of eae+ and bfp+ positive isolates 

 

N.B: Amp: Ampicillin, Fox: Cefoxitin, Ctx: Cefotaxime, Caz: Ceftazidime, Cpd: Cefpodoxim, Fep: 

Cefepime, Atm: Aztreonam, Amc: Amoxicillin/clavulanic acid, Cip: Ciprofloxacin, S: Streptomycin, 

Na: Nalidixic, Cn: Gentamicin, C: Chloramphenicol, Te: Tetracycline, Smx: Sulfamethoxazole, W: 

Trimethoprim 

4.8.5.3 ETEC pathotype:st and lt genes 

Isolates that were st and lt positive had resistance phenotype as shown in Table 4.18. 

Resistance profile
Total 

number 
Domestic 

use
Settlements

Virgin 
land

Sewage 
effluent

Near road 
and farming

Industrial 
zone

C, Cip,  Na, Atm, S, Cpd, Te, W, 
Smx, Amc, Amp

1 0 0 1 0 0 0

 Cip, Ctx,  Na, Atm, S, Cpd, Te,  W, 
Smx, Amc,  Fox, Amp

0 0 0 0 0 0 0

Na, Atm, Cpd, Te, W, Smx, Amc,  
Fox, Amp

2 0 1 0 0 0 0

S, Cpd, Te, W, Smx, Amc, Fox, Amp 1 0 0 0 0 1 0

Smx, Amc, Fox, Amp 6 0 1 1 1 2 1

Amc, Fox, Amp 4 0 0 1 0 1 2

C, Cip, Na, Atm, S, Cpd, Te, W,
Smx, Amc,   Amp

0 0 0 0 0 0 0

Cip, Ctx, Na, Atm, S, Cpd, Te, W,
Smx, Amc,  Fox, Amp

2 0 0 1 0 1 0

Na, Atm, Cpd, Te, W, Smx, Amc,
Fox, Amp

1 1 0 0 0 0 0

S, Cpd, Te, W, Smx, Amc, Fox,
Amp

3 0 0 2 0 1 0

Smx, Amc,  Fox, Amp
1 0 0 0 0 1 0

Amc,  Fox, Amp
4 0 0 0 4 0 0

Near road
and 
farming

Industrial 
zone

Resistance profile

Total 
number 

Domestic 
use

settlements Virgin 
land

Sewage 
effluent
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Table 4-18: Resistance phenotype for st and lt positive isolates 

 

N.B: Amp: Ampicillin, Fox: Cefoxitin, Ctx: Cefotaxime, Caz: Ceftazidime, Cpd: Cefpodoxim, Fep: 

Cefepime, Atm: Aztreonam, Amc: Amoxicillin/clavulanic acid, Cip: Ciprofloxacin, S: Streptomycin, 

Na: Nalidixic, Cn: Gentamicin, C: Chloramphenicol, Te: Tetracycline, Smx: Sulfamethoxazole, W: 

Trimethoprim 

4.8.5.4 EIEC pathotype; IpaH gene 

Table 4.19 shows the resistance phenotypes for ipaH positive isolates. 

Table 4-19: Resistance phenotypes for isolates positive for IpaH gene 

 

N.B: Amp: Ampicillin, Fox: Cefoxitin, Ctx: Cefotaxime, Caz: Ceftazidime, Cpd: Cefpodoxim, Fep: 

Cefepime, Atm: Aztreonam, Amc: Amoxicillin/clavulanic acid, Cip: Ciprofloxacin, S: Streptomycin, 

Na: Nalidixic, Cn: Gentamicin, C: Chloramphenicol, Te: Tetracycline, Smx: Sulfamethoxazole, W: 

Trimethoprim 

4.8.5.5 AIEC pathotype: inv gene 

Isolates that were positive for inv gene had resistance phenotypes shown in Table 

4.20 below. 

Resistance profile

Total 
number 

Domestic 
use

Human 
settlement

Virgin 
land

Sewage 
effluent

Near road
and farming

Industrial 
zone

C, Cip, Na, Atm, S, Cpd, Te, W,
Smx, Amc,   Amp 2 0 0 0 1 0 1

Cip, Ctx, Na, Atm, S, Cpd, Te,
W, Smx, Amc,  Fox, Amp 2 0 0 0 1 1 0

Na, Atm, Cpd, Te, W, Smx,
Amc,  Fox, Amp 5 0 0 0 3 2 0

S, Cpd, Te, W, Smx, Amc, Fox,
Amp 1 0 0 0 1 0 0

Smx, Amc,  Fox, Amp 2 0 0 0 2 0 0

Amc,  Fox, Amp 8 0 0 0 1 7 0

Resistance profile
Total 

number
Domestic 

use settlements
Virgin 
land

Sewage 
effluent

Near road and 
farming

Industrial 
zone

C, Cip,  Na, Atm, S, Cpd, Te,  W, 
Smx, Amc,   Amp 2 1 0 0 1 0 0

 Cip, Ctx,  Na, Atm, S, Cpd, Te,  
W, Smx, Amc,  Fox, Amp 4 2 0 0 2 0 0

  Na, Atm,  Cpd, Te,  W, Smx, 
Amc,  Fox, Amp 0 0 0 0 0 0 0
S, Cpd, Te,  W, Smx, Amc,  Fox, 
Amp 0 0 0 0 0 0 0

Smx, Amc,  Fox, Amp 2 1 0 0 1 0 0

Amc,  Fox, Amp 5 3 0 0 1 1 1
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Table 4-20: Resistance phenotypes for inv positive isolates 

 

N.B: Amp: Ampicillin, Fox: Cefoxitin, Ctx: Cefotaxime, Caz:Ceftazidime, Cpd: Cefpodoxim, Fep: 

Cefepime, Atm:Aztreonam, Amc: Amoxicillin/clavulanic acid, Cip: Ciprofloxacin, S: Streptomycin, 

Na: Nalidixic, Cn: Gentamicin, C: Chloramphenicol, Te: Tetracycline, Smx: Sulfamethoxazole, W: 

Trimethoprim 

4.9 Gel images of virulence genes 

4.9.1Aggregative gene (aggR) 

From gel electrophoresis, isolates positive for aggR gene were depicted as Figure 

4.20 below. 

 

Figure 4-20: Gel image showing aggregative gene (aggR)  E. coli isolates 

 EAEC pathotype carrying Aggregrative gene (aggr) bp 254 from E. coli isolated from close 

proximity to sewage treatment plant (L) ladder (P) positive control (N) negative control (1-10) E. 

coli isolates 

 

Resistance profile

Total 
number 

Domestic 
use

settlements Virgin 
land

Sewage 
effluent

Near road and
farming

Industrial 
zone

C, Cip, Na, Atm, S, Cpd, Te,
W, Smx, Amc,   Amp 2 0 0 0 2 0 0

Cip, Ctx, Na, Atm, S, Cpd,
Te,  W, Smx, Amc,  Fox, Amp 1 0 0 1 0 0 0

Na, Atm, Cpd, Te, W, Smx,
Amc,  Fox, Amp 1 0 0 0 1 0 0

S, Cpd, Te, W, Smx, Amc,
Fox, Amp 1 0 1 0 0 0 0

Smx, Amc,  Fox, Amp 1 0 0 0 0 1 0

Amc,  Fox, Amp 3 0 1 1 0 1 0
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4.9.2 Inv,lt,bfp and st genes 

Image of inv, bfp, lt and st genes is represented in Figure 4.21. 

 

Figure 4-21: Gel image representing inv, lt, st and bfp virulence genes 

Summary gel showing multiplex PCR for various pathotypes: AIEC pathotype inv positive at bp 382 

(isolate 2, 3 and 6; 8-positive control,9-negative control) and ETEC pathotype with lt  gene at 218 bp 

(positive control isolate 3, negative control 4; isolates 5 and 6 from human settlements and ST gene at 

147 bp, typical EPEC that had bfp gene at 326 bp ( 1-5) positive isolates from sewage effluent 6-

positive control, 7-negative control (L) ladder 

4.9.2 Eae and ipaH genes 

Isolates that were positive for eae and ipaH genes were captured on gel image and 

shown in Figure 4.22. 
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Figure 4-22: Gel image showing eae and Ipa H genes 

E. coli isolates isolated from site near sewage treatment plant  (N) Negative control (L) ladder, From 

the right, 1-4 isolates positive For ipaH  gene(EIEC) 5- positive control; 1-4 isolates positive for eae 

gene (EPEC) 5- positive control. 

4.10 Carriage of Integron 1 

4.10.1 Prevalence of integron I gene 

From 318 isolates analyzed, 114 (36%) had integron 1 while the rest did not have 

integron 1. The distribution of integron 1 gene across sites is as shown in Figure 4.23 

below. 

 

Figure 4-23: Prevalence of integron 1 
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4.10.2 Distribution of integron 1 across sites 

Integron 1 gene was highest in near sewage effluent 11(30.6%) (CI=15.5-45.6%) and 

lowest in site where water is used for domestic purposes 3(8.3%) (CI= -0.7-17.3) as 

shown in Figure 4.24. 

 

 

Figure 4-24: Distribution of integron 1 across sites 

PCR analysis using primers for int1 gene. A total of 318 isolates were analyzed. The bar graph shows 

error bars from percentage using 95% CI. 

4.10.3 Distribution of integron 1 during wet and dry season 

Integron 1 was isolated more during the rainy season than dry season (P<0.001). 

During rainy period, integron 1 was highest in sewage effluent 19.4%. During the 

dry period, integron 1 was highest in industrial zone (13.9%) and lowest in water 

used for domestic purposes and human settlement at 2.8% as shown in Figure 4.25. 



 

Figure 4-25: Distribution of integron 1 during wet and dry season

PCR analysis using primers for int1 

distribution of int1 gene during wet and dry period

 4.10.4 Prevalence of isolates with both 

The number of isolates which had both a 

E. coli isolates analyzed were 

and blaCMY and int 1 45 (22%)

Figure 4-26: E. coli isolates having both integron 1 gene and 

The figure shows isolates that had both resistance genes and integron 1 gene. Those isolates having 

bla CTX-M gene and integron 1 were more than those isolates with integron 1 and 
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Distribution of integron 1 during wet and dry season 

 gene. A total of 318 samples were analyzed. The bar graph shows

distribution of int1 gene during wet and dry period 

isolates with both integron 1 gene and bla genes 

The number of isolates which had both a bla gene and integrase 1 gene from the

 blaTEM and int 1 32 (17%), blaCTX-M and int1

45 (22%) as shown in Figure 4.26 

isolates having both integron 1 gene and bla genes 

The figure shows isolates that had both resistance genes and integron 1 gene. Those isolates having 

gene and integron 1 were more than those isolates with integron 1 and bla TEM and 

 

gene. A total of 318 samples were analyzed. The bar graph shows 

rom the 318 

int1 72 (32%) 

 

 

The figure shows isolates that had both resistance genes and integron 1 gene. Those isolates having 

and bla CMY 
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4.10.5 Resistance profiles of integron 1 positive isolates 

From the 318 isolates that were tested, 114 isolates were positive for int1 gene which presents 

36% of the isolates positive with integron class 1.  Table 4.21 summarizes the resistance profiles 

of the positive isolates. 

Table 4-21: Resistance profiles for int 1 positive isolates 

 

N:B Amp: Ampicillin, Fox: Cefoxitin, Ctx: Cefotaxime, Caz: Ceftazidime, Cpd: Cefpodoxim, Fep: 

Cefepime, Atm: Aztreonam, Amc: Amoxicillin/clavulanic acid, Cip:Ciprofloxacin, S: Streptomycin, 

Na: Nalidixic, Cn: Gentamicin, C: Chloramphenicol, Te: Tetracycline, Smx: Sulfamethoxazole, W: 

Trimethoprim 

4.10.6 Gel images of integron 1 

From gel electrophoresis, Figure 4.27 below shows positive PCR products of int1 

gene amplification. 

 

Figure 4-27: Positive PCR products of int1 gene amplification 

E. coli isolates positive for int 1 from near settlements and industrial zone sampled. (-) Negative 

control, (+) positive control, (L) ladder (1-9) isolates positive for int 1 at 923 bp 

  

Resistance profile Total number Domestic use settlements Virgin land
Sewage 
effluent

Near road and 
farming

Industrial 
zone

C, Cip,  Na, Atm, S, Cpd, Te,  W, 
Smx, Amc,   Amp 7 1 1 2 2 1 0

 Cip, Ctx,  Na, Atm, S, Cpd, Te,  W, 
Smx, Amc,  Fox, Amp 10 7 0 0 1 0 2

  Na, Atm,  Cpd, Te,  W, Smx, Amc,  
Fox, Amp 11 0 1 0 2 4 4

S, Cpd, Te,  W, Smx, Amc,  Fox, 
Amp 20 0 0 1 2 5 12

Smx, Amc,  Fox, Amp 27 0 0 1 6 3 7

Amc,  Fox, Amp 21 0 1 0 0 13 7
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CHAPTER FIVE  

                                                 DISCUSSION 

This study showed higher total number of CFUs in areas with sewage effluent 

(5.0x105) industrial (4.0x105) and agricultural (1.0x105) activities, than those near 

virgin land (5.0x104) during wet season than dry (P≤0.01). These observations are 

similar to those obtained in previous studies and suggest a possible increase in the 

amount of contaminated surface run offs into the river system during the rainy period 

(Musyoki et al., 2013; Varghese & Roymon 2013).   

Interestingly, the area near human settlements had lower number of CFUs as shown 

in Figure 4.2. This phenomenon cannot be explained. More so, areas located near a 

sewerage treatment plant recorded significantly high CFUs compared to other sites 

(P≤0.01). Better management of the sewage treatment should be encouraged because 

the study indicates its failure. Similar results have been obtained in a study 

conducted in Germany where microbial contamination of water passing through 

megacities was assessed (Abraham, 2011). Upstream from this area, the colony 

counts declined with those of human settlement showing least contamination. As 

expected, these results showed that water near the sewerage plant was more polluted. 

This observation indicates possible inefficiencies of sewage treatment plant and its 

management.  

The current study also reported a high number of resistant bacteria especially to 

ampicillin, cefoxitin, amoxicillin/clavulanic acid and sulfamethazole. These results 

are close to those published in related studies conducted in Mexico, India, Kenya and 

Nigeria (Castillo et al., 2013; Kariuki et al., 2005; Varghese & Roymon 2013; 

Felicitas et al., 2010). This is a public health concern because increase in resistant 

bacteria may complicate treatment of infections arising from such strains. From the 

study,  resistance to cefoxitin was 46.9% as shown in Figure 4.8 which was lower 

when compared to a study carried out in Philippines that sampled water hand pumps 

and reported  resistance to cefoxitin of  59% (Fanuncio & Nuñeza, 2014).  

High resistance to cefoxitin with concomitant low resistance to cephalosporins may 

indicate that majority of these isolates carry inducible chromosomal encoded AmpCs 

genes as suggested in other studies carried out in India (Mohamudha et al., 2010; 

Sreeshma et al.,2015). AmpC β-lactamases can confer resistance to aminopenicillins, 
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cephalosporins, oxyimino-cephalosporins (e.g. ceftriaxone, cefotaxime, and 

ceftazidime), cephamycins (e.g cefoxitin and cefotetan), and monobactams. 

Cloxacillin and 3-aminophenylboronic acid inhibit AmpC β-lactamases, while AmpC 

β-lactamase activity is not affected by the ESBL inhibitor clavulanic acid (Peter-

Getzlaff et al., 2011). However, this study did not investigate whether the high 

resistance to cefoxitin was due to Amp C β-lactamases. 

Generally, ciprofloxacin resistance was 6.9% as shown in Figure 4.8. When sites 

were compared to the virgin land, Ciprofloxacin resistance was highest in section of 

river used for domestic purposes.  Resistance to third generation cephalosporins was 

observed such as cefotaxime (8.2%), ceftazidime (2.5%,) and to cefepime (1.9%). 

These antibiotics are used  in treating complicated systemic bacterial infections and 

therefore, their  potency is of immense clinical value (Sekowska et al., 2010). Similar 

results have been reported in related studies in Turkey, United Kingdom and in 

China (Arikan & Aygan 2009; Leonard et al., 2015; Zhang & Chang 2015).  More 

so, β-lactams make up to 40% of the prescribed antimicrobials in an outpatient 

setting with cephalosporins making up 14% of prescriptions in same setting; 

therefore if  resistant β-lactam strains are found in aquatic environment, they present 

a health risk to the public using the water (Jacobson et al., 1995). 

Resistance to sulfamethazole was high (44%) in Figure 4.8 and when compared to 

virgin land, it was (52.8%) in virgin land from Table 4.1 which indicates that the 

virgin land with no apparent human or industrial activities also harbored highly 

resistant strains. This is similar to results from a related study in Poland that reported  

resistance of 94.4% among integron-harbouring  E. coli from upstream water 

(Koczura et al., 2012). Amoxillin/clavulanic acid resistance was 46.2% in general 

and when compared to virgin land was a high of 81.1% in industrial area which was 

significantly high while compared with other sites with (P<0.001). Reports on 

bacteria resistant to amoxicillin/clavulanic acid in clinical settings emerged as early 

as 1987 and majority of these were isolated from patients who were receiving this 

antibiotic combination as a first line treatment for respiratory infections (Lefton-

Guibout & Heym 2000). Resistance to this antimicrobial is worrying because 

amoxicillin/clavulanic is in the World Health Organization list of agents that are 

frequently used for empiric treatment of many infections. It is therefore possible that 



70 

 

isolates showing resistance to this antibiotic combination have a clinical background 

(Castillo et al., 2013; Hawkey et al., 2009; Khan et al., 2016).  

In this study, 65.4% of E. coli isolates showed resistance to three or more groups of 

antimicrobials screened as shown in Table 4.2and 4.8. Majority of the isolates were 

resistant to four to five groups of antimicrobials (54.7%) from Table 4.2, which were 

found more in industrial zone and significantly different from other sites (P ≤ 0.001). 

Presence of highly MDR strains in the water system could be interpreted to mean 

that Athi River is a significant reservoir for MDR strains. Related studies conducted 

in China and Oregon identified similar river systems as a significant risk factors for 

highly MDR strains (Ali et al., 2012; Hamelin et al., 2007; Tao et al., 2010). Other 

studies have similarly identified highly resistant strains from river sections polluted 

with industrial effluent (Lupo et al., 2012;  Kummerer 2004; Suzuki et al., 2012). 

Similar to these findings, a related study showed that high MDR strains are more 

common from water ways contaminated with runoffs from land occupied by animal 

and human, and those with urban and industrial sewerage (Khan et al., 2016). More 

so, the study showed that sections of river that showed no apparent human and 

agricultural activities had no E. coli isolates which were fully susceptible to 

antimicrobials.  

Although no experiments were done in this study to link the MDR isolates to 

infections, the high antimicrobial resistance pattern observed highly suggest that 

some of these strains may have a clinical background where they are subjected to 

strong selection pressure due to heavy use of antimicrobials and eventually find their 

way to the environment through human activities. 

The proportion of ESBL producing E. coli in the study was 2.2% (7 out of 318 

isolates) from Figure 4.9. A study done in Switzerland has linked presence of ESBL 

strains in water to anthropogenic activities and intensive agriculture where they 

reported prevalence of 36.2% ESBL producers from De Boeck and Rivers (Zurfluh 

et al., 2013). There are other similar studies that have reported ESBLs in aquatic 

environment and found that their distribution across the sampling points were almost 

uniform with very little difference between sites (Tissera & Lee 2013). This was 

similar to this study as the 7 isolates out of 318 were distributed across sites.  
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The resistance genes that were isolated from this study were blaTEM (22%), blaCTX-M 

(33%) and blaCMY (28%) as shown in Figure 4.10. Evidence has shown that 

antibiotic resistant bacteria and antibiotic resistance genes (ARGs) are ubiquitous in 

natural environments, including sites considered pristine. This finding is similar to 

this study because AGR genes were found in virgin land. The distribution of genes 

were more during wet season (P<0.004) and near the sewage treatment plant with the 

proximity of the plant strongly influencing the local antimicrobial resistance genes 

and this was similar to a study done in Havana, Cuba on almendares River (Knapp et 

al., 2012). The study argued that ARG (antimicrobial resistance genes) conditions 

differed dramatically between the dry and wet season in a tropical river like the 

Almendares River. In the dry season, significant spatial localization in ARG 

developed due to lower flow rates, increased local influence of outfalls, and reduced 

sediment transport. However, dry reason sampling allowed one to identify major 

inputs that influence stream ARG. In contrast, ARG transport rate downstream was 

much greater in the wet-season. Further, water column ARG were more equally 

distributed along the river during the wet-season. This implied the potential for 

increased human exposure occurred almost everywhere on the river during the wet 

season. Furthermore, a study done in China supported the theory of bacterial 

resistance being strongly influenced by discharge of waste water (Su et al., 2012).  

However another study done in Denmark found that there was no difference in 

distribution of antimicrobial resistance genes across effluents of waste water 

treatment plants (WWTP), waste water and surface water and concluded that many 

unknown factors may influence the biological purification processes in conventional 

WWTPs and the evaluation of their relationship to ARG removal or selection which 

required more complex case studies (Laht et al., 2014). Both blaTEM and blaSHV genes 

have been reported mostly from clinical samples and from environmental samples 

like farm animals and estuarine waters. Interestingly, majority of the isolates in this 

study were positive for blaCTX-M while none were positive for blaSHV. The abundance 

of blaCTX-M in aquatic environments has been reported in other studies done in 

Switzerland and Malaysia (Zurfluh et al., 2013; Tissera & Lee 2013). 

Enteroaggregative E. coli (EAEC) had the highest prevalence (11%) in this study as 

shown in Figure 4.17. Although no study in Kenya has analyzed prevalence of 
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diarrheagenic E. coli in river water, our findings concur with others done in Kenya 

using clinical isolates. A recent study in Kenya demonstrated EAEC (8.9%), as the 

most frequent followed by ETEC (1.2%) and EIEC (0.6%) (Sang et al., 2012). A 

similar study on shigatoxigenic E. coli from in Maasailand, Kenya, revealed a 

different scenario with ETEC (29.8%), EHEC (24% , EAEC (14.2%) and EPEC 

(3.5%) being identified (Sang et al., 2012).  

Pathogenic E. coli has also been  isolated  in other studies from  river water (Ndlovu 

et al., 2015). Presence of pathogenic E. coli in water creates a potential risk for 

infections in humans and animals especially if the water is used for irrigation, 

drinking and for recreational purposes (Hamelin et al., 2007; Koczura et al., 2012; 

Kummerer 2009). Increase  in presence of multi-drug resistant pathogenic E. coli  in 

water that was seen in San Pedro River in Mexico  (Castillo et al., 2013) as well as in 

India where surface, municipal and ground water were collected (Varghese & 

Roymon 2013). 

It is likely that multiple exposure pathways are involved in transmitting the MDR 

pathogenic E. coli to humans and river water play a significant role as it is highly 

contaminated. While the presence of virulence genes (VGs) in E. coli isolates alone 

is insufficient to determine pathogenicity, the presence of diarrheagenic E. coli 

pathotypes in high frequency after the rain period (P<0.001) could lead to increased 

health risks if untreated rain water were to be used for nonpotable purposes and 

recreational activities.  

The prevalence of integron 1 was 36% in this study as shown in Figure 4.23. The int 

1 gene was found mostly near sewage treatment plant as well as after the treatment 

plant. This could be attributed by the effluent of the treatment plant becoming a 

reservoir of intI gene. This phenomenon was described by a previous study done in 

Poland (Koczura et al., 2012) where the number of integron I genes were higher 

downstream the discharge of WWTPS effluent. The wet season reported more int1 

genes than dry season (P<0.001) which could be explained by increased 

sedimentation as the water volume increased and moved more vigorously along the 

river bed that led to more genes from the sediments. 

Analysis of antibiotic resistance profiles of int1 positive E. coli showed that majority 

of them was multi resistant which is typical of bacteria harbouring integrons. These 
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isolates expressed a broader antimicrobial resistance ranges which was explained by 

greater diversity of the gene cassette content of class 1 integrons that was also 

observed in previous study (Koczura et al., 2012). Integron 1 in E. coli from aquatic 

environment has also been reported  in previous study done in Kenya using water 

from different sources (47.4%, 18/38) (Njugu, 2011) which was higher compared to 

this study. In China, 41% of E. coli from Minjiang River harboured int 1(Chen et al., 

2011). The study also confirmed that isolates that carried integron 1 were more likely 

to be resistant to ampicillin and cephalosporins than those who didn’t carry the 

integron. 
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CHAPTER SIX  

                    CONCLUSIONS AND RECOMMEDATIONS 

6.1 Conclusions 

From the study, Athi River had a high occurence of E. coli isolates that is an 

indication of water pollution. The total number of CFUs was higher near the sewage 

effluent site (5.0x105, mean 9.5x103) than human settlements (8.8x 104, mean 

1.6x103). This is likely due to high volume of sewage flow at this area compared to 

near the human settlements sampled .The standard guidelines from WHO stipulates 

that coliforms in water should not exceed 103 per 100 ml of water that is used for 

irrigation of crops eaten raw, sports fields and public parks. This guideline helped to 

conclude that Athi River is highly a polluted water system (WHO, 2006). 

E. coli isolated from most sections were also highly resistant. The prevalence of 

MDR isolates in Athi River was also high especially in industrial zone. These 

findings are similar to those reported in clinical settings and therefore it can be 

concluded that anthropogenic activities along water bodies can play a role in the 

contamination of water with potential clinical isolates which can help spread 

antimicrobial resistance to the environmental strains. 

Proportion of ESBL producing E. coli was low (2.2%) indicating that isolates from 

this River do not produce as much extended spectrum β lactamases as reported by 

other studies done in Africa. 

Furthermore, the isolates from this study harbored resistance genes, virulence genes 

and integron class 1 genes. Resistance genes, virulence genes and integron class 1 

were more near the sewage effluent during rainy than dry season. Isolates positive 

for integron 1 gene had broader resistance to multiple classes of antimicrobials which 

indicated that this River was a potential reservoir of resistance genes, virulence genes 

and integron 1. 

The sewage treatment plant played a key role in contamination of the river and 

isolation of resistance and virulence genes. 

6.2 Recommendations 

Based on the findings of this study, the following recommendations are made 
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 Athi River should be decontaminated especially near the sewage treatment 

plant to reduce water pollution as well as proper waste handling along the 

river body. 

 A prospective study to investigate the direct link of river isolates and 

infections in Machakos County should be carried out. 

 Better treatment and quality control of the sewage treatment plant should be 

implemented. 

 A surveillance system should be placed to monitor antimicrobial resistance in 

environment. 

 There should be awareness carried out to inform general public on increasing 

antimicrobial resistance in the environment and this surveillance data on 

resistance should be availed to policy makers such as ministry of health who 

can use the information to advice on treatment options on patients coming 

from this region.  
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APPEDICES 

Appendix 1: Antibiotics used 

 

Beta lactams Amoxicillin/clavulanic acid (AMC 20/10ug)  

Ampicillin (AMP 10ug) (moderate-spectrum), 

aztreonam(ATM,30ug)(monobactam) 

cefoxitin(FOX,30ug)(2nd generation cephem) 

cefotaxime (CTX,30ug)(broad spectrum 3rd generation),  

 ceftazidime(CAZ, 30ug)(3rd generation cephem)  

cefpodoxime (CPD, 10ug)( 3rd generation cepham) 

 cefepime ( FEP, 30 ug)(4th generation cepham) 

Aminoglycosides: gentamicin(Cn,10ug), streptomycin(S,10ug) 

Tetracycline (Te,30ug),  

Chloramphenicol (C, 30ug)  

Nucleic acid inhibitors: Sulfamethoxazole (SMX, 50 ug), Trimethoprim (W ,5ug) 

Fluoroquinolones: Ciprofloxacin (Cip, 5 ug) and Nalidixic acid (NA,30ug). 

  



87 

 

Appendix 2: Bacteria media preparation 

 

MACCONKEY AGAR 

 

Formula 

Gelatin peptone 17.0 

Bile salts No: 3 1.5g 

Lactose 10.0g 

Neutral red 0.03g 

Sodium chloride 5.0g 

Peptone mixture 3.0g 

Bacteriological agar 13.5g 

Preparation 

Suspend 50 g in 1 litre of distilled water. Boil to dissolve the medium completely. 

Sterilize by autoclaving at 121°C for 15 minutes. Cool to 45-50 °C and pour in 15 – 

20 ml amounts into Petri dishes. 

Use: For selection of enteric bacteria. 

MUELLER HINTON AGAR. 

Formula 

Beef infusion 300.0g 

Acid hydrolysate of casein 17.5g 

Starch 1.5g 

Agar 17.0g 
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Preparation 

 

Dissolve 42 g in 1 litre of distilled water. Boil to dissolve the medium completely. 

Sterilize by autoclaving at 121°C for 15 minutes 

 

Use: For sensitivity testing. 

 

TRYPTIC SOY BROTH 

 

Formula 

 

Pancreatic digest of casein 17.0g Papaic digest of soy meal 3.0g Sodium chloride 

5.0g Dipotassium phosphate 2.5g Dextrose 2.5g 

 

Preparation 

Dissolve 30g in 1 litre of distilled water. Mix and distribute into final containers. 

Autoclave at 121°C for 15 minutes. 

 

Use: General purpose broth media. 
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Appendix 3: Biochemical tests 

 

1. Urease Test. 

The urease test helps in the identification of certain species of Enterobacteraceae. 

Urease enzyme hydrolyses substrate urea into ammonia, water, and carbon dioxide. 

The presence of the enzyme is determined by inoculating an organism to broth or 

agar that contains urea as the primary carbon source and detecting the production of 

ammonia. Ammonia increases the pH of the medium so its presence is readily 

detected using a common indicator of metabolic process and, because pH indicators 

change color which increases (alkalinity) or decrease (acidity) in the medium’s Ph, 

they are commonly used in many identification tests schemes. to pink red. The test is 

used to determine the ability of an organism to produce the enzyme urease, which 

hydrolyses urea. Hydrolysis of urea produces ammonia and carbon dioxide. The 

formation of ammonia alkalinizes the medium, and the Ph shift is detected by the 

color change of phenol red indicator from light orange at pH 6.8 to magenta pH 8.1. 

Procedure 

Streak the surface of a urea agar slant with a portion of a well isolated colony or 

inoculate slant with 1 to 2 drops from an overnight brain heart infusion broth culture.  

Leave the cap on loosely and incubate tube at 35-37ºC in ambient air for 48 hours to 

7 days.  

Expected results 

Positive:  Change in color of slant from light orange o magenta 

Negative:  No color change in media. 

Quality control 

Known urea positive, Proteus vulgaris and urea negative Escherichia coli should 

always be included when doing the test. 

Both Salmonella typhimurium and Salmonella enteritidis are urease negative. 
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2. Citrate utilization test 

This test is used o determine the ability of an organism to utilize sodium citrate as its 

only carbon source and inorganic ammonium salts as its nitrogen source. Bacteria 

that can grow on this medium turn bromothymol blue indicator from green to blue. 

Method 

Inoculate Simmons citrate agar lightly on the slant by touching the tip of a needle to 

a colon that is 18-24 hours old. Broth culture is not recommended as the inoculum 

will be too heavy. 

Incubate at 35-37ºC for upto 7 days. 

Observe for development of blue color, denoting alkalinization. 

Expected Results 

Positive: Growth on the medium, with or without change in color of the indicator.  

The color change of the indicator is due to acid or alkali production by the test   

organism as it grows on the medium. Growth usually results in the bromothymol  

blue indicator, turning from green to blue. 

Quality control 

Known citrate positive; Klebsiella pneumonia and citrate negative; Escherichia coli. 

Both Salmonella enteritidis and Salmonella typhimurium do not utilize citrate as their 

source of carbon hence they do not grow in this medium. 

3. Indole test 

Bacteria that produce the enzyme tryptophanase are able to degrade the amino acid 

tryptophan into pyruvic,ammonia and indole . Indole is detected by combining with 

an indicator, aldehyde (1 % paradimethylaminoaldehyde), that results in a blue color 

formation. This test is used in many identification schemes, especially to 

presumptively Escherichia coli, the many gram negative bacilli most commonly 

encountered in diagnostic bacteriology. 



91 

 

This test is used to determine the ability of an organism to split tryptophan to form 

the compound indole. 

Method 

Inoculate tryptophane broth with a drop from a 24 hour brain heart infusion broth 

culture. 

Incubate at 35ºC in ambient air for 24- 48 hours 

Add 0.5 ml.of Kovacs reagent 

Expected results 

Positive: Pink to wine colored red ring after addition of appropriate reagent 

Negative: No color change after addition of the appropriate reagent. 

Salmonella Tphimurium and Salmonella enteritidis are indole negative 

4. Triple Sugar Iron (TSI) 

Principle 

TSI is used to determine whether a gram negative bacilli utilizes glucose and lactose 

or sucrose fermentatively and forms hydrogen sulfide (H2S).TSI contains 10 parts 

lactose: 10 parts sucrose: 1 part glucose and peptone. Phenol red and ferrous sulfate 

serve as indicators of acidification and (H2S) formation respectively. When glucose 

is utilized by a fermentative organism, the entire media becomes acidic (yellow) in 

18 to 12 hours. The butt remains acidic after the recommended 18 to 24 hours 

incubation period because of the presence of organic acids resulting from the 

fermentation of glucose under anaerobic conditions in the butt of the tube. The slant 

however reverts to the alkaline (red) state because of oxidation of the fermentation 

products under aerobic conditions in the slant. This change is a result of the 

formation of carbon dioxide and water and the oxidation of peptones in the medium 

to alkaline amines. When in addition to glucose, lactose and/or sucrose are 

fermented, the large amount of fermentation products formed on the slant will more 

than neutralize the alkaline amines and render the slant acidic(yellow), provided the  
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reaction is read in 18 to 24 hours. Reactions in TSI should not be read beyond 24 

hours of incubation, because aerobic oxidation of the fermentation products from 

lactose and/or sucrose does not proceed and the slant will eventually revert to the 

alkaline state. The formation of carbon dioxide and water (hydrogen gas) is indicated 

by the presence of bubbles or cracks in the agar or by separation in the tube. The 

production of H2S requires an acidic environment and is manifested by blackening of 

the butt of the medium. 

Method 

With a straight inoculation needle, touch the top of a well isolated colony.  

Inoculate TSI by first stabbing through the center of the medium the bottom of the 

tube and then streaking the surface of the agar slant.  

Leave the cap on loosely and incubate the tube at 35º - 37ºC in ambient air for 18 -24 

hours.  

Expected Results 

Alkaline slant/no change in the butt (K/NC = glucose, lactose, and sucrose non 

utilizer: this may also be recorded as K/K (alkaline slant /alkaline butt). 

Alkaline slant/acid butt (K/A) = glucose fermentation only. 

Acid slant/acid butt (A/A) = glucose, sucrose, and /or lactose fermenter. 

Note: A black precipitate in the butt indicates production of ferrous sulfide and H2S 

gas (H2S +). 

Bubbles or cracks in the tube indicate the production of carbon dioxide or hydrogen. 

Drawing the circle around the A for acid butt, this is A/A; usually this means the 

organism ferments glucose and sucrose, glucose and lactose, or sucrose and lactose, 

with the production of gas. 

Quality control 

 Escherichia coli 

K/A H2S+: Salmonella typhi, Salmonella typhimurium 
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K/NC: Pseudomonas aeruginosa 

S.typhimurium produces H2S while Salmonella enteritidis does not 

5. TE (Tris hydromethyl amino methane EDTA (ethylene diamine tetraacetic acid) 

For 100 ml TE 

10 mM Tris-HCI pH 8.0 1 mL 1 M Tris-HCI, pH 8.0 

1 mM EDTA pH 8.0 0.2 ml 0.5M EDTA pH 8.0 

Q.S to 100 ml with H2O 

Filter sterilize, store at RT 
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Appendix 4: Clinical and laboratory standards institute (CLSI) 
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Appendix 5: Tris-borate Electrophoresis buffer (TBE) 

 

 

 

Buffer Working Concentrated stock 

 Solution solution (per litre). 

Tris-borate 0.5 X: 0.045 M Tris-borate 5 X: 54g Tris base 

(TBE) 0.001 M EDTA 27.5g boric acid 

  20ml 0.5 M EDTA (pH 8.0) 

   

  Filter sterilize, store at RT 
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Appendix 6: Approval Letter by Scientific Steering Committee –KEMRI 
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Appendix 7: Approval Letter by Ethical Review Committee – KEMRI 
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