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ABSTRACT 

Introduction 

Dumpsites and garbage collection areas can act as reservoirs of highly resistant bacterial strains. 

The objective of this study was to determine the potential of garbage collection areas and 

dumpsites in different parts of Nairobi as possible sources of resistant strains using E. coli and 

Klebsiella as indicator species.  

Methodology 

A total of 126 samples were collected during the sampling period. The samples were then 

transported to the laboratory in the sterile bottles that they were collected in for analysis. The 

samples were cultured on MacConkey agar. Gram staining was done on discrete isolates based 

on colony characteristics. Biochemical tests were performed on colonies from primary cultures 

for final identification of the isolates. Antimicrobial disc susceptibility tests and pathogenicity 

tests were also carried out on the indicator isolates. 

Results 

 Highest bacterial burden was recorded from Muthurwa estate dumpsite, with a mean viable 

count of 8.2 x 1010cfu/gm while the least was from Dandora dumpsite with mean count of 1.1 x 

10
11

cfu/gm. Overall, Gentamicin was the most effective agent on Klebsiella and meropenem was 

the most effective on both E.coli and Klebsiella strains. The isolates showed high resistance to 

ampicillin, streptomycin and trimethoprim-sulfamethoxazole. ESBL production had a prevalence 

rate of 16%. Presence of blaTEM, blaCTX-M, and blaSHV resistance genes was also determined 

among the indicator strains. From the ten isolates 10% was EnteroToxigenic Escherichia coli 

and 4 EnteroAggregative Escherichia coli.  

Conclusion 

It concluded that, municipal waste dumpsites and garbage collection areas bear heavy burdens of 

potentially virulent resistant E.coli and Klebsiella species which may constitute major public 

health hazards to scavengers and those living near the dumpsite. There is need therefore to 

educate people on the use of appropriate protective materials. Proper disposal and recycling of 

these wastes also ought to be mandatory. 
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CHAPTER ONE 

1.0 INTRODUCTION 

1.1 Background 

Proper structure in management and collection of solid waste materials is critical to health and 

well-being of urban dwellers (Baker, 2008). Waste generation and its control have taken an 

important role in our environment. With the doubling of population and changing lifestyle 

pattern of the inhabitants the quantity of generated municipal waste is increasing in an alarming 

rate. Most of this waste is subjected to dumping in a specified disposal yard. In Nairobi, like 

most cities in the developing world, several tons of municipal solid waste and other wastes are 

disposed incorrectly, clogged drains, creating conducive environment for pests that spread 

disease and creating a myriad of related health and infrastructural problems. A substantial part of 

the urban residents in the down-town part of Nairobi, schools and market places have little or no 

access to solid waste collection services (World Bank, 2002, 2003). This is due to poor land 

planning which resulted in the creation of informal settlements with narrow streets that are 

inaccessible that make it difficult for garbage trucks to reach many areas. The result is that a 

large portion of the population is left without access to solid waste management services making 

them particularly vulnerable to infections. The diversity of infectious bacteria in these breeding 

grounds is still not known. Escherichia coli and Klebsiella species are good indicators as they are 

widely isolated from both clinical and environmental samples and they easily undergo gene 

transfer (Nabegu, 2010). 

Antimicrobial resistance threatens the effective prevention, control and treatment of an ever-

increasing range of infections caused by various pathogens. It is an increasingly serious threat to 

global public health that requires action across all government sectors and society. New 

resistance mechanisms emerge and spread globally. In the early 1970s, physicians had to 

abandon the belief that, administration of a vast array of effective antimicrobial agents clears all 

bacterial infections. This optimism was shaken by the emergence of resistance to multiple 

antibiotics among such pathogens as E. coli, Pseudomonas aeruginosa and a host of others 

(Lowy, 2003).  



2 

 

Products such as disinfectants, sterilants, and heavy metals used in industries and in household 

products along with antibiotics, are creating selective pressure in the environment that lead to 

mutations in microorganisms (Baquero & Negri, 1998). In an environment with multiple 

presences of these products makes it favorable, in terms of survival, for a bacterium to acquire 

resistance from the stresses present. If the resistance is carried on plasmids, bacteria with clusters 

of resistance genes are likely to pass on those genes to other bacteria (Clermont et al., 2008).  

Enterobacteriaceae are one of the major causes for a significant number of infections and death 

in the world. The prevalence of antibiotic resistance in this family of bacteria e.g. Escherichia 

coli, Salmonella, Shigella has risen over the years. One reason for this increase is the 

dissemination of Klebsiella pneumonia carbapenemase (KPC), a class A serine carbapenemase 

first isolated from Klebsiella pneumoniae in 1996 (Gonzalo & Drobniewski 2013).  

Resistance in pathogenic organisms poses a distinct clinical challenge. However commensal 

bacteria may play a crucial role in the spread of antimicrobial resistance within a community by 

acting as a major reservoir for resistance genes. Exposure of commensals such as Escherichia 

coli to antimicrobials, increases the carriage levels of resistant organisms. Escherichia coli was 

used in this study as an indicator species because they are common in humans and animals, can 

cause disease, have also been used in other studies to gauge the spread of acquired resistance and 

that they may serve as markers of the transfer of resistance from animal to human intestinal 

micro flora ( Chopra & Roberts, 2001). 

Antimicrobial resistance and related genes are omnipresent, with most of the genes that encode 

resistance to human pathogens having originated in bacteria from the natural environment (e.g., 

β-lactamases and fluoroquinolones resistance genes, such as qnr). This rapid change and spread 

of antimicrobial resistance genes has been catalyzed by modern human activities and their 

influence on the environmental resistome (Rita L et al., 2013). This shows the importance of 

including the role of the environmental vectors, such as bacterial genetic diversity within soil and 

water, in resistance risk management. We need to take more initiative to decrease the spread of 

these resistance genes in environmental bacteria to human pathogens, to decrease the spread of 

resistant bacteria to people and animals through foodstuffs, water and wastes to minimize the 

levels of antibiotics and antimicrobial bacteria introduced into the environment. By reducing this, 
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improved management of waste measures must be considered containing antibiotic residues and 

antimicrobial-resistant microorganisms (Rita L et al., 2013). Extended-spectrum β-lactamases 

(ESBLs), including the AmpC type, are important mechanisms of resistance among 

Enterobacteriaeceae. CTX-M type extended-spectrum β- lactamases, of which there are now 

over 90 variants, are distributed globally yet appear to vary in regional distribution. AmpC β-

lactamases hydrolyze third generation cephalosporins, but are resistant to inhibition by 

clavulanate or other β-lactamase inhibitors in vitro. Fecal carriage and rates of colonization by 

bacteria harboring these resistance mechanisms have been reported in patients with community-

acquired infections and in healthy members of their households. Expression of these ESBLs 

compromises the efficacy of current antibacterial therapies, potentially increasing the seriousness 

of hospital- and community-acquired Escherichia coli infections (Rita L et al., 2013).  

The main aim of this study was to determine the potential of garbage collection areas and 

dumpsites in different parts of Nairobi as possible sources of resistant strains using Escherichia 

coli and Klebsiella as indicator species  

1.2 Statement of the problem 

The Dumping Sites and garbage collection areas are a problem to human populations and may 

pose a risk of contamination related illnesses. Many people’s lives are at risk, especially when a 

large population already lives in environments with large amounts of garbage. Contamination 

related illnesses are a challenge to the urban-poor population living in informal settlements and 

slums face. Recently, there has been reports of emergence and spread of Multi-Drug Resistant 

(MDR) strains that are resistant to important classes of antimicrobials such as ampicillin and 

aminoglycosides. Treatment of these diseases has been a challenged especially among indicator 

species. These antimicrobials are important “chemotherapeutic replacer agents” that are 

recommended for alternative treatment of infections caused by ESBL-producers that have now 

become widespread in patients across all ages. The differences in resistances, the prevalence of 

ESBL colonization and associated bla genes in dumpsites and garbage collection areas is still not 

known. It is not known what resistance phenotypes are observed among Escherichia coli and 

Klebsiella as indicator species. It is also not known what danger such sites pose to residents and 
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waste handlers. There is therefore a need to study the kind of bacteria recovered from such sites, 

with a view of identifying solutions that would minimize contamination related illnesses. 

1.3 Justification 

Dumpsites are largely reported as breeding grounds for most microbes associated with diseases. 

With the increasing incidences of Multi Drug Resistant Organisms (MDROs) among indicator 

strains found in the dumpsites and garbage collection areas, chances of them encroaching into 

the general population is high. The data generated in this study on resistance profiles among 

isolates recovered from dumpsites and garbage collection areas, will aid in better management of 

contamination related illnesses associated with such strains. The data will also find use among 

the county government of Nairobi seeking to make proper disposal and recycling practices. This 

data also sheds light on the contamination levels of various dump sites and garbage collection 

areas in Nairobi with Escherichia coli and Klebsiella as indicator species, the genetic basis of 

resistance among isolates obtained in these sites and the kind of Escherichia coli pathotypes 

recoverable from these sites.  Until this study, only a few related studies had reported such 

information from environmental samples.  

1.4 Research questions 

• What are the contamination levels of various dump sites and garbage collection areas in 

Nairobi using Escherichia coli and Klebsiella as indicator species? 

• To what antimicrobials are the Escherichia coli and Klebsiella species from these dump 

sites and garbage collection areas resistant to? 

• What are the antimicrobial resistant genes present among isolates obtained from these 

dump sites and garbage collection areas? 

• What kinds of Escherichia coli pathotypes are recoverable from these dump sites and 

garbage collection areas?  
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1.5 Objectives 

1.5.1 General objectives 

To determine the potential of garbage collection areas and dumpsites in different parts of Nairobi 

as possible sources of resistant strains using Escherichia coli and Klebsiella as indicator species  

1.5.2 Specific objectives 

• To determine the contamination levels of various dump sites and garbage collection areas 

in Nairobi using Escherichia coli and Klebsiella as indicator species. 

• To investigate the levels of resistance to various antimicrobials encountered in garbage 

collection areas and dumpsites using Escherichia coli and Klebsiella as indicator species. 

• To determine the presence of antimicrobial resistant genes among isolates obtained from 

these dump sites and garbage collection areas. 

• To determine diversity of Escherichia coli pathotypes recoverable from these dump sites 

and garbage collection areas. 

1.6 Significance of the study and anticipated output 

The data generated from the study was used to advise the County government on the true state of 

contamination in the dumpsites and garbage collection areas as well as alert Ministry of health 

(MoPHs). The waste disposal practices are also poor leading to the increase in the contamination 

cases and diversity of the antimicrobial resistant bacteria. Therefore the study will advise the 

county management, staff and the general public on the purpose of the study and the benefits of 

the results in order to improve dumping practices. The data from this work also provided a 

platform for assessing the level of MDR contamination in the environment and prevalence of 

Escherichia coli pathotypes.  
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CHAPTER TWO 

2.0 LITERATURE REVIEW 

Municipal solid waste (MSW) is defined as non-air and sewage emissions created within and 

disposed of by a municipality, including household garbage, commercial refuse, construction and 

demolition debris, dead animals, and abandoned vehicles (Cointreau, 1982). The majority of 

substances composing municipal solid waste include paper, vegetable matter, plastics, metals, 

textiles, rubber, and glass. Municipal solid waste disposal is an enormous concern in developing 

countries across the world, as poverty, population growth, and high urbanization rates combine 

with ineffectual and under-funded governments to prevent efficient management of wastes 

(Walling & Wilhelm, 2004). The barriers to effective MSW management are not simply lack of 

policy, but lack of infrastructure, education, social awareness of problems and solutions, and lack 

of institutions promoting sustainable actions. (Barrett, Lee, & McPeak, 2005) recommended that 

the “conservation community” needs to invest in research to work out institutional design 

questions, and in building and linking conservation institutions. 

Some investigation have been made on the operations of the state agency responsible for waste 

management in the Kano metropolis Nigeria and report showed that a significant portion of the 

population, about 80%, does not have access to waste collection services, only 20% of the waste 

generated is actually collected and vast majority of users of the service 92% consider the service 

as very poor (Nabegu, 2010). Composition of municipal solid waste provides a description of the 

constituents of the waste and it differs widely from place to place. most of the differences is due 

to organic content which is much higher in the low income areas than the high income, while the 

paper and plastic content is much higher in high income areas than low income areas (Zhang et 

al., 2012). This reflects the difference in consumption pattern, cultural and educational 

differences. In high-end estates disposable material and packaged food are commonly used in 

higher quantities; this results to having higher calorific value wastes, lower specific density and 

lower moisture content. In the case of lower income areas, the usage of fresh vegetables to 

packaged food is much higher. This results in a waste composition that has high moisture 

content, high specific weight and low calorific value (Hakami & Seif, 2015). The ‘blind 

technology transfer’ of machinery like the garbage trucks and the separate liter bins from 
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developed countries to developing countries and its subsequent failure has brought attention to 

the need for appropriate technology to suit the conditions in developing countries (Beukering & 

Sehker, 1999).  

The recovery of the usable items like clothes bags, glass bottles, and metal containers occurs at 

the household level by the itinerant collectors who generally pay a nominal amount for the 

material or provide a useful material in exchange. This is found at the middle and lower income 

levels of the populace of which there is a vast majority. This helps in reducing the quantity of 

refuse generated but prompts gross negligence on the part of the generators inducing littering and 

unmonitored disposal. At the level of the waste collection systems, the rag pickers and the 

scavengers would litter the garbage around the bins or enclosures causing nuisance which in 

most cases is neglected by the collection system for transport (Mcintyre et al., 2013). 

Climatic factors play another crucial role in the municipal solid waste management as Nairobi 

experiences long wet season, and heat and humidity causes the municipal solid waste to be of 

higher moisture content thus increasing the weight of the refuse. In addition, high humidity with 

heat causes the organic portion of the waste to decompose quickly that causes problems in 

handling and disposal, which directly affects the environmental health of the waste workers and 

the inhabitants in the surroundings (Visvanathan & Trankler, 2001) 

Identification of what waste is composed of is therefore important in identifying a way of 

treatment, taking essential health precautions and space needed for the treatment facilities. 

Despite this recognition, there has been no study on the analysis of potential microbes found in 

municipal, school and market place wastes in Nairobi. This study will therefore attempt to fill 

this gap by providing data on the microbial composition, and sources of these wastes in different 

parts of the city for the purpose of understanding the type of waste generated, the total microbial 

load and the presence of E. coli and Klebsiella species. 

2.1 Waste management in Nairobi County 

Nairobi does not have a comprehensive waste separation and disposal system and garbage and 

litter is common within neighborhoods. Such garbage poses a greater risk if near schools, market 

place and may be hospitals. A study on Dandora dumpsite showed that it is home to all kinds of 

wastes. The report further reveals that agricultural wastes such as fungicides and herbicides and 
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hospital waste including packaging materials, and containers, used syringes and other sharp, 

biological waste and pharmaceuticals are all dumped at the site. The dumpsite has a number of 

youth and women co- operatives which sort and recycle some of this waste. These cartels hire 

them to sort out and recycle wastes from industries and residential estates in Nairobi. Due to hard 

economic times which has spawned a culture of survival, these people earn between Ksh 50-150 

(USD 0.75-2.3) a day. They work under harsh conditions without any protective clothing. Their 

employers do not cover them when they get sick. Getting sick here is common and this is 

manifested in the high death rate of those working at the dumpsite (Unep, 2007). 

These sites pose a serious health hazard to those working in and around the area. Since burning is 

widely used to reduce the amount of waste, the site is a major source of dioxins, furans, lead and 

cadmium, elements which have been scientifically proved to be toxic to both humans and the 

environment. The health hazards associated with the Dandora dumpsite according to the UNEP 

report includes skin disorders, respiratory abnormalities, abdominal and intestinal problems 

central nervous system and blood disorders. Diseases such as malaria, chicken pox, lung cancer, 

septic wounds and genital abnormalities are more prevalent among the people living around the 

dumpsite. No work has been done to assess the potential of garbage in Nairobi as sources of 

pathogens and especially those that are Multi-Drug-Resistant (MDR). No one knows if such 

strains are distributed based on neighborhood from which the garbage comes from.  

 

2.2 Carriage of bacteria in dumpsites 

Dump sites and garbage collection areas carry a wide range of bacteria that have both positive 

and negative effects on the environment and the people living and working on them. Previous 

studies have shown the type of bacteria and fungi and their frequency of isolation from the waste 

dump sites in Eagle Island, Southern Nigeria. The bacteria isolated from the dump site included, 

Arthrobacter species (4.7%), Bacillus species(15.2%), E. coli (12.1%), Klebsiella species(9.6%), 

Micrococcus species (2.5%), Proteus species (10.2%), Pseudomonas species (5.4%), Serratia 

species (2.5%), Staphylococcus species (21%), Streptococcus species (16.8%). The order of their 

decreasing frequency of isolation was Staphylococcus-Streptococcus-Bacillus-Micrococcus and 

Serratia species (Okpoitari, 2013).  
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Another study on ambient microbial pollution was conducted in Mandur dumping site India. The 

mean number of staphylococcus aureus in the air near the dumping site was 3 × 10
4
 CFU/m

3
 and 

Enterococcus spp. was found to be much lower at 2.1×103 CFU/m3. The viridians group of 

Streptococci was found to be 1.1×10, while Aeromonas and Escherichia coli were 23% and 10% 

respectively (Velsivasakthivel & Nandini, 2014). These results show that contamination of a 

dump site results to contamination of the air around the dumpsite thus putting a higher number of 

people at risk of contamination related illnesses. From these studies Escherichia coli and 

Klebsiella are among the bacteria isolated with a high prevalence. 

A previous study in Benin City isolated eleven Bacteria genera from topsoil’s and leacheates (F. 

E. Oviasogie & Agbonlahor, 2013). They were in the following order of predominance: Bacillus 

spp. (18.20%) Staphylococcus spp. (13.93%), Escherichia coli (12.72%), Proteus spp. (12.12%), 

Streptococcus spp. (12.12%), Klebsiella spp. (9.70%), Pseudomonas spp. (7.90%), Citrobacter 

spp. (5.45%), Bacteroides spp. (3.03%), Clostridium spp. (2.42%), Serratia spp. (2.42%).  

 

2.3 Common bacteria isolated from dump sites 

Most dumpsites that have been studied have had some common bacteria that have been isolated 

from them. Escherichia coli and Klebsiella species have always been isolated in most if not all of 

the dumpsites and garbage collection areas studied. 

A previous study that studied the recovery of bacterial flora of different types from hospital 

waste found out that the different color-coded bags containing plastics and sharps were mostly 

sterile after hypochlorite treatment, or had no pathogenic bacteria at 0 hours of generation, 

another had Acinetobacter species isolated at 24 hours of generation and Escherichia coli and 

Acinetobacter species at 48 hours of generation. The cultures of two bags were found sterile even 

after 48 hours of generation. The samples at 0 hrs of generation for all the infectious waste bags 

were sterile. At 24 hours, E coli, Staphylococcus species and Acinetobacter species were isolated 

in some samples. All the samples had two or more types of pathogenic microorganisms at the 

end of 48 hours. The general waste contained many types of organisms, such as E. coli, 

Klebsiella species and Staphylococcus species, even in samples at 0 hours of generation. All the 

samples at the end of 24 hours and 48 hours had multiple types of organisms (Saini, Das, Kapil, 
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Nagarajan, & Sarma, 2004). This shows that Escherichia coli can be found in areas where it is 

thought to be sterile and can survive almost everywhere. 

In another study in a private university in Nigeria found out that some of the common bacteria 

found on the dump sites were: Bacillus, Klebsiella, Pseudomonas, Serratia, Staphylococcus, 

Enterobacter, Enterococcus, Aeromonas and Streptococcus, respectively (Olukanni, Akinyinka, 

Ede, Akinwumi, & Ajanaku, 2014). 

In another study on the antibiogram status of bacterial isolates from air around dumpsite of Ekiti 

state destitute centre at Ilokun, Ado-Ekiti, Nigeria found the bacterial distribution in the air to be, 

37% of Escherichia coli, 19% of Klebsiella spp. 13% of Pseudomonas spp, 15% of Serratia spp. 

8% of Staphylococcus spp. 7% of Enterococcus spp. and only 1% of Salmonella spp. (A. 

Odeyemi, 2012). 

E. coli and Klebsiella among other bacteria have therefore shown their ability to grow even in 

areas thought to be sterile and therefore there was need to carry out our study since there was 

evidence of hospital wastes in the dumpsites. 

2.4 E. coli pathogenicity 

Gut of warm-blooded animals including human are normal inhabitants of E. coli and most 

Escherichia coli species in the gut are non-pathogenic commensals (Zorcolo & Casula, 2006). 

Certain strains may carry a combination of virulence genes which enable them to cause intestinal 

infections such as diarrhea or haemolytic colitis, or to cause extra-intestinal infections such as 

neonatal meningitis, nosocomial septicaemia, haemolytic uremic syndrome, urinary tract and 

surgical site infections (Zorcolo & Casula, 2006). Pathogenic Escherichia coli species can be 

classified into intestinal (IPEC) and extra intestinal (ExPEC) on the basis of their virulence 

factors and clinical symptoms. IPEC can be further classified into enterotoxigenic (ETEC), 

enteropathogenic (EPEC), enterohemorrhagic (EHEC), enteroinvasive (EIEC), and 

enteroaggregative (EaggEC) E. coli and diffusely adherent E. coli (DAEC) (Weintraub, 2007).  

It has to be noted that the possession of a single or multiple virulence genes does not necessarily 

indicate that a strain is pathogenic unless that strain has the appropriate combination of virulence 

genes to cause disease in a specific host. Fecal matters from domestic, wild animals and humans 

may contain high numbers of Escherichia coli species harboring one or more virulence genes 
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(Odagiri et al., 2016). This may result in the antimicrobial resistance in dump sites since most of 

the garbage have fecal contamination. 

2.5 Antimicrobial resistant profiles 

Antimicrobial resistance is a growing problem that threatens modern healthcare globally. 

Resistance has traditionally been viewed as a clinical problem, but recently non-clinical 

environments have been highlighted as an important factor in the dissemination of antimicrobial 

resistance genes. Horizontal gene transfer events are likely to be common in aquatic 

environments; integrons in particular are well suited for mediating environmental dissemination 

of antimicrobial resistant genes. A growing body of evidence suggests that antimicrobial 

resistant genes are ubiquitous in natural environments. Particularly, elevated levels of 

antimicrobial resistant genes and integrons in aquatic environments are correlated to proximity to 

anthropogenic activities. Bacteria have been sowing resistance against various commonly used 

antibiotics. This is as a result of various reasons that have been studied to show how various 

bacteria that did not have resistance acquire their resistance. Molecular resistance mechanisms 

between clinical pathogens and the common soil bacterium Streptomyces were first shown to be 

similar in 1973. Since then, numerous parallels have been identified between soil 

microorganisms and clinically important strains, and the abundance of pathogens that can 

survive in soil results in a potent mixture that can give rise to the emergence of antibiotic 

resistance in the clinical setting. In recent years, metagenomic approaches have been 

implemented to characterize the diversity and prevalence of resistance in soil bacteria 

(Velsivasakthivel & Nandini, 2014). 

Airborne MDR bacteria were isolated from municipal solid waste dumping site of Bangalore 

Karnataka, India using Anderson single stage air sampler. The staphylococcus aureus and 

Streptococcus species, developed resistant towards antibiotics like (Amoxicillin, Ampicillin, 

Ciproflaxin, Rifampin). Similarly, Amoxicillin and Ampicillin resistant Enterococcus species 

and Streptococcus species, were isolated inside dumping site which was found to be 24 and 10 

isolates (Velsivasakthivel & Nandini, 2014). 

Antibiotic resistant developing agents like alcohol, alkene, and steroid based material present in 

the garbage may induce the drug resistant capacity in gram negative bacteria. In other hand, 



12 

 

organic and inorganic toxic substance in waste materials, are consumed by the bacteria used as 

nutrients and developed the resistant character. Similar findings found out that percentage of 

antibiotic resistant bacteria number is more near dumping sites and decreased tendency to 

distance (Gibbs et al., 2006). 

Ineffectiveness of antibiotics is as a result of selective pressure brought about by increased use 

and misuse of antibiotics (Frost, 2010). β-lactams, fluoroquinolones and aminoglycosides remain 

active against a significant proportion of E. coli strains causing nosocomial infections in Kenya 

(Brooks et al., 2006; Talbert, Mwaniki, Mwarumba, Newton, & Berkley, 2010). However, 

reports of multidrug resistant Escherichia coli clone ST131 are changing the existing strategies 

for chemotherapy. Some of the strains belonging to ST131 clone carry plasmid-borne aac(6')-lb-

cr, and blaCTX-M-15 (Clermont et al., 2008). The blaCTX-M-15 genes confer resistance to third 

generation cephalosporins, while aa(6')-lb-cr confer low-level ciprofloxacin resistance and 

aminoglycosides resistance. For such strains, carbapenems remain the only plausible alternative 

against strains, antimicrobials that are more expensive and toxic (Rawat and Nair, 2010). It is 

therefore important to determine the diversity of genes carried by bacteria form the garbage areas 

and dump sites so as to control the rapid spread of antimicrobial resistance from the environment 

to human. 

A previous study that determined the prevalence and antibiotic resistance phenotype of enteric 

bacteria from Arusha municipal dumpsite, found a total of 219 enteric bacteria from 75 genera. 

Escherichia spp. and Shigella spp. (12%), Bacillus spp. (11%) and Proteiniclasticum (4%) were 

the predominant genera. Most of the Escherichia spp., Shigella spp. and Bacillus were from fresh 

droppings of pigs continuously scavenging on the dumpsite, while Proteiniclasticum spp. was 

from biomedical waste. Some isolates from fresh droppings of pigs continuously scavenging on 

the dumpsite had 99% sequence similarity to pathogenic Escherichia furgosonii, Shigellasonnei, 

Enterococcus faecium and Escherichia coli O154:H4. Over 50% of the isolates were resistant to 

Penicillin G, Ceftazidime and Nalidixic Acid. Ciprofloxacin and Gentamicin were the most 

effective antibiotics with 81% and 79% susceptible isolates, respectively. Of all the isolates, 56% 

(45/80) were multidrug resistant. Escherichia spp. and Bacillus spp. (12 isolates each) 

constituted a large group of multidrug resistant bacteria (Samson Mwaikono, Maina, & Gwakisa, 

2015). 
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2.6 Acquisition of antibiotic resistance by plasmids 

Bacteria can acquire resistance to antibiotics by mutating existing genes (vertical evolution), or 

by acquiring new genes from other strains or species (horizontal gene transfer). A plasmid is a 

small, circular, double-stranded DNA molecule that is distinct from a cell's chromosomal DNA. 

Plasmids naturally exist in bacterial cells, and they also occur in some eukaryotes. Often, the 

genes carried in plasmids provide bacteria with genetic advantages, such as antibiotic resistance. 

Resistance genes encoded on plasmids are often located within genetic elements transposons. 

These elements include the transposase function that enables the transposon to recombine into 

bacterial plasmids (Cointreau, 1982). A resistant gene that is present in a bacteria can be 

transferred to another non resistant bacteria through the plasmids located in a transposon or 

integron (O’Brien, 2002) 

Plasmids encode for genes that augment the fitness of their hosts, e.g. genes for antibiotic 

resistance, heavy metal resistance, virulence, fermentation of unusual carbon source, or UV light 

resistance. They can also block the entry of bacterial phage. Plasmids produce allelopathic 

substances such as bacteriocins- secreted toxins that can kill other strains of bacteria. 

Conjugative plasmids can use their capacity for infectious transfer to infect higher fitness 

bacterial variants. Therefore plasmid can be maintained by selective sweeps that have to occur 

frequently enough so that the acquisition of the bacterial genes by the chromosome does not 

occur before the next selective sweep (Samson Mwaikono et al., 2015). 

This sharing of genes between bacteria by horizontal gene transfer, occurs by many different 

mechanisms namely; conjugation transduction, transformation. In bacterial conjugation the 

prototypical conjugative plasmid is the F-plasmid, or F-factor. The F-plasmid is an episome (a 

plasmid that can integrate itself into the bacterial chromosome by homologous recombination). 

The plasmid carries its own origin of replication, the oriV, and an origin of transfer, or oriT. In a 

bacterium there can only be one copy of the F-plasmid, which it is either free or integrated, and 

bacteria that possess a copy are called F-positive or F-plus (denoted F
+
). The cells that lack F 

plasmids are called F-negative or F-minus (F−) whose function as recipient cells. F-plasmid 

carries a tra and trb locus, which together are about 33 kb long and consist of about 40 genes. 

The tra locus includes the pilin gene and regulatory genes, which together form pili on the cell 
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surface. The locus also includes the genes for the proteins that attach themselves to the surface of 

F
−
 bacteria and initiate conjugation. Though there is some debate on the exact mechanism of 

conjugation it seems that the pili are not the structures through which DNA exchange occurs. 

Several proteins coded for in the tra or trb locus seem to open a channel between the bacteria 

and it is thought that the traD enzyme, located at the base of the pilus, initiates membrane fusion. 

When conjugation is initiated by a signal the relaxase enzyme creates a nick in one of the strands 

of the conjugative plasmid at the ori T. The enzymes may work alone or in a complex of over a 

dozen proteins known collectively as a relaxosome. In the F-plasmid system the relaxase enzyme 

is called TraI and the relaxosome consists of TraI, TraY, TraM and the integrated host factor 

IHF. The nicked strand, or T-strand, is then unwound from the unbroken strand and transferred 

to the recipient cell in a 5'-terminus to 3'-terminus direction. The remaining strand is replicated 

either independent of conjugative action (vegetative replication beginning at the oriV) or in 

concert with conjugation (conjugative replication similar to the rolling circle replication of 

lambda phage). Conjugative replication may require a second nick before successful transfer can 

occur (Lujan, Guogas, Ragonese, Matson, & Redinbo, 2007) 

Since integration of the F-plasmid into the Escherichia coli chromosome is a rare spontaneous 

occurrence, and since the numerous genes promoting DNA transfer are in the plasmid genome 

rather than in the bacterial genome, it has been argued that conjugative bacterial gene transfer, as 

it occurs in the E. coli Hfr system, is not an evolutionary adaptation of the bacterial host, nor is it 

likely ancestral to eukaryotic sex (Lin & Scott, 2012). 

Mobile genetic elements, including phages, plasmids and transposons mediate this transfer, and 

in some circumstances the presence of low levels of the antibiotic in the environment is the key 

signal that promotes gene transfer, perhaps ensuring that the whole microbial community is 

protected from the antibiotic (Nicolaudius, Elements, & Genet, 2012). A high proportion of drug 

resistance in bacteria is known to be associated with the acquisition of plasmid DNA, but the 

selective pressures that favor the maintenance of resistance are not fully defined (Gillespie, 

2001). 

Escherichia coli is naturally sensitive to ampicillin and amoxicillin. Acquired resistance 

conferred by a plasmid-encoded TEM-1 ß-lactamase was first described in 1965, and this has 

spread so extensively throughout the world that 40-60% of both hospital and community strains 
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are now resistant. Other plasmid-mediated ß-lactamases are sometimes seen in Escherichia coli 

(Acar & Goldstein, 1997). The plasmid, IncP (ß) which confers gentamicin resistance was 

identified in enterobacteria isolated from sewage. Bacteria become resistant to antimicrobials 

with ease and this has been of concern to clinicians, public health officials, and researchers. The 

use of antimicrobial agents in both human and veterinary medicine exerts a strong selective 

pressure inducing resistance to antimicrobial agents among bacteria (Moro, Beran, Griffith, & 

Hoffman, 2000). In generally, high-resistance bacteria are isolated from environments 

contaminated with antimicrobial agents, e.g., hospitals, farms,   fish, sewage effluents, and waste 

water (Leistevuo et al., 1996). However, resistant bacteria have also been isolated from 

apparently non-selective environments. Many attempts have been made to show that plasmid 

transfer between bacteria occurs in a variety of natural habitats, e.g., waste water, sewage, sea 

water, river water, lake water, river epilithon, sediments, soil, gastrointestinal tracts, and grow in 

gradish plants and aqueous saw dust suspensions. However, most of these studies focused on 

disease causing microorganism and environmental bacteria belonging to the same bacterial 

family or group and derived from the same ecological niche. Conjugation and transfer of 

resistance plasmids (R plasmids) between distantly related bacteria have been described, but 

most of these experiments have been performed in laboratories under standardized conditions 

(Frost, 2010)  

2.7 Extended Spectrum Beta Lactamases (ESBLs) 

β-lactamases are enzymes that are produced by some bacteria and contribute to their resistance to 

beta-lactam antibiotics. The lactamase enzyme breaks the β-lactam ring open, deactivating the 

molecule's antibacterial properties (Philippon, Labia, & Jacoby, 1989). 

Enterobacteriacae with extended-spectrum β-lactamase (ESBL) have increased in frequency in 

both clinical and environmental samples during the last decades, and are now considered as an 

escalating challenge for global health care. This increase is not due to clonal expansion of single 

genotypes, as there is considerable variation in ESBL genotype distribution between different 

geographical regions. The rapid spread of ESBLs has largely consisted of different CTX-M 

types, but the mechanisms behind its greater penetration into Escherichia coli populations 

compared to other ESBL classes is largely unknown (Liu et al., 2015). 
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ESBLs are often plasmid mediated and most of the enzymes are members of TEM and SHV 

families that have been described in many countries. The TEM was first reported in E. coli 

isolated from a patient named Temoniera. The name of the other beta-lactamase, SHV, is due to 

sulf-hydryl variable active site. Detection of TEM and SHV genes by molecular methods in 

ESBL producing bacteria and their pattern of antimicrobial resistance can provide useful 

information about the epidemiology and risk factors associated with certain infections 

(Ghafourian et al., 2011). 

OXA beta-lactamases were long recognized as a less common but also plasmid-mediated beta-

lactamase variety that could hydrolyze oxacillin and related anti-staphylococcal penicillins. 

These beta-lactamases differ from the TEM and SHV enzymes in that they belong to molecular 

class D and functional group 2d. The OXA-type beta-lactamases confer resistance to ampicillin 

and cephalothin and are characterized by their high hydrolytic activity against oxacillin and 

cloxacillin and the fact that they are poorly inhibited by clavulanic acid. Amino acid 

substitutions in OXA enzymes can also give the ESBL phenotype. While most ESBLs have been 

found in Escherichia coli, K. pneumoniae, and other Enterobacteriaceae, the OXA-type ESBLs 

have been found mainly in P. aeruginosa (Liu et al., 2015). 

A previous study conducted in 2009 covering 8 of the 10 Canadian provinces found an average 

ESBL prevalence of 4.3% in E. coli isolated from patients attending hospitals (clinics, 

emergency rooms, medical and surgical wards, and intensive care units). In this Canadian 

material the blaCTX-M-15 genotype is most common, and ESBLs was predominantly detected in at 

least 7 wide-spread Escherichia coli sequence types, including ST131 and members of the ST10 

clonal complex (Zhanel et al., 2010).  
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CHAPTER THREE 

3.0 MATERIALS AND METHODS 

3.1 Study site 

Dumpsites near schools, residential areas and the municipal general waste dumping sites in 

Nairobi area were selected for the study and sampled.  

3.2 Qualitative survey of the dumpsites and garbage collection areas 

In order to verify the most accessed area of these dump sites and garbage collection areas by the 

street families and other people relying on dumpsites for a living, a qualitative survey of the 

dump site and garbage areas was conducted. The purpose of the survey was to determine the 

most appropriate area to sample for the main study. This was done by visiting of the dumpsites 

and garbage areas before the start of the study and surveying the areas and identifying potential 

barriers and sample collection areas to our study (Appendix 8). 

 

3.3 Sample collection and sample size 

Sample collection was randomly carried out in different days in seventeen different points. A 

total of 126 samples were collected during the sampling period. At each sampling station, the 

sub-surface soil, mixed solids, leaking water, stagnant water, swabs and food samples were 

collected from one squire foot area into sterile sampling bottles and appropriately labeled. Six 

samples were collected from each site. The samples were then transported to the laboratory for 

analysis. 

3.4 Microbiological analysis 

3.4.1 Determination of CFU 

One gram (1g) of each solid samples and 1mL of the liquid samples and swabs were suspended 

in 10mL normal saline. Serial dilutions of 10 fold, 5 fold and 1 fold dilutions were prepared from 

the 10mL suspension and transferred onto duplicate molten Plate Count Agar (PCA) mixed and 

allowed to cool at room temperature. This was then incubated at 37
0
C for 24 hours. Colonies 

were determined from duplicate plates and the average counts recorded as mean viable bacteria 

(colony forming units [CFUs]) of the sample. The low and high CFU’s were reached by dividing 
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the dumpsites and garbage collection areas into two, those that had CFU’S above 5.0 were 

considered to be high and those below 5.0 considered to be low. 

3.4.2 Isolation and identification of E. coli and Klebsiella for analysis 

A loop full (1µl) of the mixture incubated in buffered peptone water was then transferred onto 

MacConkey agar plates and incubated at 37
0
c for 24 hours for isolation of E. coli and Klebsiella 

species. The plates were then examined for growth and presumptive identification of E. coli and 

Klebsiella species (pink non-mucoid for E. coli and pink mucoid for Klebsiella). 

3.4.3 Biochemical identification of suspect isolates 

Biochemical and Gram stain tests were performed on colonies from primary cultures for final 

identification of the isolates. The Biochemical tests done included, IMVIC (Cheesebrough, 

2006). Results obtained from cultural and biochemical reactions were used for phenotypic 

characterization of the bacterial isolates. 

3.5 Antimicrobial susceptibility testing 

The antimicrobial susceptibility testing was done on 286 isolates on Mueller-Hinton agar plates 

(Oxoid). In the first plate the following antibiotics were placed: Ampicillin (AMP, 10μg), 

Cefpodoxime (CPD, 10μg), Ceftazidime (CAZ, 30μg), Cefoxitin (FOX, 30ug) Cefepime (FEP, 

30μg). Then Amoxicillin-Clavulanic acid (AMC, 10/100μg ratio) disk was placed at the centre of 

the plate. In the second plate the following antibiotics were used; Ciprofloxacin (CIP, 10μg), 

Tetracycline (TE, 30ug), Trimethoprim Sulfamethoxazole (SXT, 30μg), Gentamicin (GEN, 

10μg), Chloramphenicol (C, 30μg), Streptomycin (S, 25μg), Nalidixic acid (NA, 10ug), and 

meropenem (MRP, 10ug). The plates were then incubated at 37°C for 18–24 hours. These 

antibiotics were chosen on the basis of their use in the management of enteric bacterial infections 

and their suitability for presumptive identification of ESBL producers. The inoculums for 

susceptibility testing were compared against the McFarland 0.5 turbidity standards with E.coli 

ATCC 25922 strain being used as the control standard for quality assurance of media and the 

antimicrobial discs. The interpretation of results was according to Clinical and Laboratory 

Standards Institute guidelines (CLSI, 2013). 
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3.6 Confirmation of ESBLs using disc diffusion test 

Phenotypic Extended Spectrum β-Lactamases (ESBL) detection was performed on the 286 

isolates using disc synergy test following the CLSI 2013 guidelines. Discs containing 

cephalosporin (ceftazidime, cefepime) were applied next to a disc with amoxicillin + clavulanic 

acid and incubated over night at 37
o
C. Positive results were indicated when the inhibition zones 

around any of the cephalosporin discs were augmented in the direction of the disc containing 

amoxicillin + clavulanic acid. Isolates that showed exhibiting resistance to at least one or more-

third generation cephalosporins with or without concomitant susceptibility to 

amoxicillin/clavulanic were picked as potential ESBL producers.  

3.7 DNA Extraction from Bacteria 

In the extraction of DNA, the ten randomly selected isolates were purified on nutrient agar plates 

(Oxoid, U.K) and pellets were harvested aseptically. DNA extraction was done using the boiling 

method in sterile distilled water. A pea-sized inoculum of pure colonies of the isolates was added 

to a tube containing 1ml of sterile distilled water and lysis done by incubation at 95
O
C for 10 

min. The lysates were centrifuged on a table-top centrifuge for 10 min at 14000 rpm. The 

supernatant was used as the template in PCR analysis.  

3.8 Detection of blaTEM, blaSHV, blaCTX-M, genes by PCR 

Twenty randomly selected isolates that demonstrated the ESBL-phenotypes (exhibiting 

resistance to at least one or more-third generation cephalosporins with or without concomitant 

susceptibility to amoxicillin/ clavulanic) were screened for blaTEM, blaSHV, and blaCTX-M genes. 

These genes are frequently implicated in the ESBL phenotype among Enterobacteriaceae. The 

presence of the β-lactamase genes was screened via PCR using primers listed in the table below 

(Table 3.2). The PCR procedure used for the detection of these genes was the one previously 

described by Kiiru et al. (2012). Briefly, the gene of interest was amplified in a total reaction 

volume of 25μl containing 10pmol each of primer, 20mM of each dNTPs, 10mM Tris-HCl (pH 

8.8), 25mM MgCl2, and 1.25U Taq DNA Polymerase (ThermoFischer Scientific, Rockford, IL, 

USA). At least 2-5μL of template DNA was added to 23 μL of master mixture. The reaction 

mixture was placed in MJ-mini Bio-Rad thermal cycler (Bio-Rad, USA). The PCR amplification 

cycle was performed with cycling conditions consisting of an initial denaturation step at 95
O
C 



20 

 

for 5 min, followed by 35 cycles of 94
O
C for 30 seconds, annealing temperatures were selected 

based on the gene of interest for 1 min (55
O
C for blaTEM or 50

O
C for blaSHV and 60

O
C for blaCTX-

M and an extension temperature of 72OC for 1min 30 sec. The final extension step was set at 

72
O
C for 10min. The presence and sizes of amplicons were determined on 1.2 % agarose gels 

(Invitrogen Life Technologies, Paisley, UK), using Gene Ruler 100 bp DNA Ladder Plus 

(Fermentas Sweden, Helsingborg, Sweden) as a size marker ( Hansen et al., 2012). After 

electrophoresis DNA fragments was visualized by Bio-Rad Gel documentation system (Bio-Rad, 

USA). 

 

Table 3. 1  Consensus primer table 

Target 
Gene 

Primer 
name 

5'-3'sequence Size 

(bp) 

Accession 
no. 

References 

blaTEM  TEM F-ATGAGTATTCAACAT TTCCG  

R- CCAATGCTTAATCAGTGAGG 

 

717 EF125012

-related 

Oviasigie,2010 

blaSHV  SHV 

 

 

F- TTCGCCTGTGTATTATCTCCCTG 

R- TTAGCGTTGCCAGTGTCG 

471 AF148850

-related 

Oviasigie,2010 

blaCTX-M  MA1 

MA2 

ATGTGCAGACCAGTAAGTATGGC 

TGGGTAARTAGTACCAGAACAGCGG 

593 Y10278-

related 

Oviasigie,2010 

 

 

3.9 Screening for E.coli pathogenic strains 

In order to determine the pathotypes of our E. coli isolates on ten selected isolates, Screening of 

five categories of diarrheagenic E. coli including; enterotoxigenic E. coli (ETEC), 

enteropathogenic E. coli (EPEC), enteroinvasive E. coli (EIEC), enterohemorrhagic E. coli 

(EHEC), and enteroaggregative E. coli (EAggEC) was done from the E. coli strains isolated. 
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Screening for these isolates was done using the multiplex PCR primers listed in Table 3.3.  

Briefly, each multiplex PCR assay was performed in 50 µl of reaction mixture containing 1 mm 

deoxynucleoside triphosphate mix, 10 pmol of each primer, 1.5 mm MgCl2, 1x reaction buffer 

(10 mm Tris-HCl, 50 mm KCl), 0.25U of Taq DNA polymerase, and 3 µl of DNA as the 

template. In order to prevent non-specific amplification a hot-start technique (where the reaction 

mix is heated for 94°C for 5 min before Taq polymerase is added) was applied. The samples 

were then subjected to 35 cycles of amplification each consisting of 1.5 min at 94°C, 1.5 min at 

55oC, 1.5 min at 64°C, and 1.5 min at 72°C. A final extension step was carried out for 5min at 

72°C before the PCR products were separated by electrophoresis in 1.5% agarose gels and 

stained with ethidium bromide visualized through UV transmission, and photographed. 

Table 3. 2 PCR Primers used in this study 

Target gene Description Sequence (5’ to 3’) Amplicon size 
(bp) 

References 

AggR EAEC,  

 EAggEC 

GTATACACAAAAGAAGGAAGC 

ACAGAATCGTCAGCATCAGC 
 

254 Adekanle, 

2014 

eaeA STEC, EPEC AAACAGGTGAAACTGTTGCC 

CTCTGCAGATTAACCTCTGC 
 

917 Adekanle, 

2014 

STp ETEC TCTGTATTATCTTTCCCCTC 

ATAACATCCAGCACAGGC 
 

186 Adekanle,  

2014 
 

STh 

ETEC CCCTCAGGATGCTAAACCAG 

TTAATAGCACCCGGTACAAGC 
 

186 Adekanle, 

2014 

LT 

ETEC AGCAGGTTTCCCACCGGATCAC

CA 

GTGCTCAGATTCTGGGTCTC 
 

218 Adekanle, 

2014 

Stx2 

STEC, EHEC TTCGGTATCCTATTCCCG 

TCTCTGGTCATTGTATTA 
 

474 Adekanle, 

2014 
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3.10 Ethical Considerations 

No ethical consideration was required in this study since there were no human samples involved. 

However permission was sort from the waste workers, those living on or adjacent to the dump 

site or garbage collection area and the municipal council of Nairobi. They all gave their 

agreement before commencement of the project. 
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CHAPTER FOUR 

4. 0 RESULTS 

4.1 Qualitative Survey of the Dumpsites and garbage collection areas. 

A total of 17 dump sites (permanent dumping area) and garbage collection areas (temporary 

dumping area where garbage is dumped awaiting collection) were sampled in different parts of 

Nairobi area. 30 samples were from Dandora dumpsite since the dumpsite is very large. In the 17 

dumpsites and garbage collection areas, 12 had evidence of fecal contamination (human and 

animal feces). There was evidence of recycling of vegetables and reselling at a cheaper price in 

all major dumpsites near market. In all the dumpsites and garbage collection sites, there was 

stagnant water regardless the season. Most of this water was seepage from these sites. In most of 

the dumpsites there was evidence of ongoing human activities such as people working as 

dumpsite attendants, recycling waste foods and other recyclable items such as bottles and metals. 

It was not unusual to find children playing near or in these garbage collection sites and dump 

sites. 
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KEY            -Dumpsites and garbage Collection areas near residential places 

                     -Dumpsites and garbage Collection areas in Market areas  

 -Dumpsites and garbage Collection areas near Schools 

  

  

  

  

    

  

  

  

SITE 4 
     

Site 5  

SITE 3 
   

  

SITE 2 
   

  

SITE 1   

FIGURE 4. 1 Aerial view of the areas sampled in different parts of Nairobi County 
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The different dump sites and garbage collection areas sampled were in market places (D) near 

residential places (A and C) and schools (B), Plate 4.1. The presence of garbage trucks coming 

in and out of the dumpsites was observed in most of the dumpsites. 

 

 

 

 

 

 

 

 

 

 

 

 

PLATE 4. 1 Qualitative survey of the dumpsites and garbage collection areas 

Key: A- A garbage truck ferrying garbage into the dumpsite that is adjacent to residential houses. 

B- An uncollected garbage collection area adjacent to a school C- Children playing adjacent to a 

dump site. D- A dump site inside a market in Nairobi area. 

A B 

C D 
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4.2 Contamination levels of the dumpsites and garbage collection areas 

High Enterobacteriaceae CFUs is an indicator of possible fecal contamination. The lowest CFU 

from any given sampling point was 1.1 x 10
11 

that was recorded in Dandora dumpsite. The site 

with the highest CFU/unit volume value was Muthurwa Estate Dumpsite that recorded 8.2 x 

10
10

.  Other sites with high CFU counts were Umama garbage collection area (Komarock), 

Kawangware Market Dumpsite, Kenyatta staff quarter garbage collection area, Kweria garbage 

collection area, City market garbage collection area, Central police garbage collection  area, 

Kibera Dumpsite, and Kenyatta Market Dumpsite while Seven of the dumpsites and garbage 

collection areas (Ayany Dumpsite, Dandora Dumpsite, Ngara market garbage collection area, 

Muthurwa Market garbage collection area, Masai Market dumpsite, Mareba garbage collection 

area (Kibera), District Commissioner garbage collection area (Kibera) recorded CFUs below 

2.0x10
10

. With most of the dumpsites and garbage collection areas having human activity, this 

poses great danger to contamination and infection also increases the possibility of spread these 

bacteria from the environment to people and animals, Table 4.1. 
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Table 4. 1 Average microbial load of the samples from dumpsite and garbage collection 
areas and their characteristics 

Dumpsite/garbage collection 
area 

Area in 
Nairobi 

Location Average 
CFUs 

Category 
of CFU 

Dumpsite/garbage 
collection area 
characteristics 

Muthurwa Estate Dumpsite 

East Residential 8.2 x 10
10

 High Fecal contamination, 

Domestic/Rodents 

Umama garbage collection area 

(Komarock) 

North 

Western 

Residential 7.9 x 10
10

 High Seepage, Fecal 

contamination, 

Kawangware Market Dumpsite 

East Market 7.7 x 1010 High Fecal contamination, 

Domestic/Rodents 

Kenyatta staff quarter garbage 

collection area 

South Market 7.3 x 10
10

 High Seepage, Fecal 

contamination, 

Domestic/Rodents, 

Human activity 

Kweria garbage collection area 

Central  Residential 7.2 x 10
10

 High Fecal contamination, 

Domestic/Rodents, 

Human activity 

City market garbage collection 

area 

Central Market 6.7 x 10
10

 High seepage, Human 

activity 

Central police garbage 

collection  area 

West Residetial 6.1 x 1010 High Seepage 

Kibera Dumpsite 

South Residential 5.0 x 10
10

 High Seepage, Fecal 

contamination, 

Domestic/Rodents, 

Human activity 

Kenyatta Market Dumpsite 

South Residential 5.0 x 10
10

 High Seepage, Fecal 

contamination, 

Domestic/Rodents, 

Human activity 

City park Market Dumpsite 

South 

Western 

Market 2.0 x 10
10

 High Seepage,  

Domestic/Rodents, 

Human activity 

Muthurwa Market garbage 

collection area 

East Residential 1.8 x 10
11

 Low Fecal contamination, 

Human activity 

Mareba garbage collection area 

(Kibera) 

South 

Eastern 

School 1.5 x 1011 Low Fecal contamination, 

Domestic/Rodents, 

Human activity 

Ayany Dumpsite 

South 

Eastern 

Residential 1.5 x 10
11 

Low Seepage, Human 

activity 

Ngara market garbage 

collection area 

West Residential 1.4 x 10
11

 Low Fecal contamination, 

Domestic/Rodents 
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Masai Market dumpsite 
West Market 1.2 x 10

11
 Low Human activity 

District Commissioner garbage 

collection area (Kibera) 

South Residential 1.2 x 10
11

 Low Seepage, Fecal 

contamination, 

Human activity 

Dandora  Dumpsite 

North 

Western 

Residential 1.1 x 10
11

 Low Seepage, Fecal 

contamination, 

Domestic/Rodents, 

Human activity 

Key: Seepage- leakage of water into the ground in and around the dumpsite or garbage collection 

area, Fecal contamination- presences of feces on the dumpsite or garbage collection area, 

Domestic/Rodents- Presence of livestock (e.g. goats) or rodents (e.g. rats) on the dumpsite and 

garbage collection area, Human activity- presence of humans on or adjacent to the dumpsite and 

garbage collection area. 
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4.3 Antimicrobial susceptibility profile of E. coli and Klebsiella species 

Resistance to all antimicrobials for E. coli and Klebsiella was above 5% except for ciprofloxacin 

(3.3% E.coli, and 2.4% Klebsiella), meropenem (1.7% E.coli and 1.8% Klebsiella) and 

gentamicin (3.3% E.coli and 0% Klebsiella). In general, there was no difference in resistance to 

most antimicrobials between E. coli and Klebsiella since the Chi- square P values were above 

0.05 (Table 4.2). 

Table 4. 2 Distribution of antibiotic resistance of E. coli and Klebsiella among the 
antibiotics used. 

Antimicrobial  E. coli (%) Klebsiella (%) P value 

Ceftazidime (CAZ)  

Resistance  

Intermediate  

Susceptible  

 

6 (5.0) 

0 

115 (95.0) 

 

14 (8.5) 

3 (1.8) 

148 (89.7) 

 

0.237 

0.999 

Cefpodoxime (CPD) 

Resistance  

Intermediate  

Susceptible 

 

24 (19.8) 

23 (19.0) 

74 (61.2) 

 

44 (26.7) 

15 (9.1) 

106 (64.2) 

 

0.404 

0.031 

Cefoxitin (FOX) 

Resistance  

Intermediate  

Susceptible 

 

15 (12.4) 

2 (1.7) 

104 (86.0) 

 

20 (12.1) 

1 (0.6) 

144 (87.3) 

 

0.918 

0.408 
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Cefepime (FEP) 

Resistance  

Intermediate  

Susceptible 

 

16 (13.2) 

39 (32.2) 

66 (54.5) 

 

30 (18.2) 

61 (37.0) 

74 (44.8) 

 

0.145 

0.211 

Ciprofloxacin (CIP) 

Resistance  

Intermediate  

Susceptible 

 

4 (3.3) 

2 (1.7) 

115 (95.0) 

 

4 (2.4) 

4 (2.4) 

157 (95.2) 

 

0.664 

0.662 

Amoxicilin clavulanic acid (AMC) 

Resistance  

Intermediate  

Susceptible 

 

15 (12.4) 

18 (14.9) 

88 (72.7) 

 

19 (11.5) 

18 (10.9) 

128 (77.6) 

 

0.710 

0.299 

Tetracyclin (T) 

Resistance  

Intermediate  

Susceptible 

 

33 (27.3) 

6 (5.0) 

82 (67.8) 

 

41 (24.8) 

13 (7.9) 

111 (67.3) 

 

0.756 

0.361 

Meropenem (MRP) 

Resistance  

Intermediate  

Susceptible 

 

2 (1.7) 

19 (15.7) 

100 (82.6) 

 

3 (1.8) 

51 (30.9) 

111 (67.3) 

 

0.744 

0.003 
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Streptomycin (S) 

Resistance  

Intermediate  

Susceptible 

 

55 (45.5) 

59 (48.8) 

7 (5.8) 

 

75 (45.5) 

80 (48.5) 

10 (6.1) 

 

0.929 

0.920 

Nalidixic acid (NA) 

Resistance  

Intermediate  

Susceptible 

 

11 (9.1) 

0 

110 (90.9) 

 

14 (8.5) 

2 (1.2) 

149 (90.3) 

 

0.883 

0.999 

Cloramphenical (C) 

Resistance  

Intermediate  

Susceptible 

 

7 (5.8) 

2 (1.7) 

112 (92.6) 

 

13 (7.9) 

4 (2.4) 

148 (89.7) 

 

0.483 

0.636 

Gentamicin (GEN) 

Resistance  

Intermediate  

Susceptible 

 

4 (3.3) 

3 (2.5) 

114 (94.2) 

 

0 

8 (4.8) 

157 (95.2) 

 

0.999 

0.337 

 

Trimethoprim sulfamethoxazole 

(SXT) 

Resistance  

Intermediate  

Susceptible 

 

35 (28.9) 

6 (5.0) 

80 (66.1) 

 

48 (29.1) 

0 

117 (70.9) 

 

0.809 

0.999 
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Ampicilin (AMP) 

Resistance  

Intermediate  

Susceptible 

 

51 (42.1) 

16 (13.2) 

54 (44.6) 

 

97 (58.8) 

16 (9.7) 

52 (31.5) 

 

0.009 

0.925 

 

 

Key: AMP-ampicillin (10μg), CPD-cefpodoxime (10μg), CAZ-ceftazidime (30μg), FOX-

cefoxitin (30μg), FEP-cefepime (30μg), CIP-ciprofloxacin (10μg), AMC-amoxicillin clavulanic 

acid (10μg), TE-tetracycline (30μg), MRP-meropenem (10μg), S-streptomycin (10μg), NA-

nalidixic acid (10μg), C-cloramphenical (10μg), GEN-gentamicin (10μg), SXT-trimethoprim 

sulfamethoxazole (30μg)  
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4.4 Antimicrobial resistance in dumpsites and garbage collection areas with high 

and low Colony Forming Units  

In general, resistances prevalence was similar for E. coli and Klebsiella obtained from samples 

with high CFUs to those obtained from samples with low CFUs. In the dumpsites and garbage 

collection areas that had high CFUs, such as Muthurwa estate dumpsite, Central police garbage 

collection area, City market garbage collection area, City park market dumpsite Figure 4.2A, 

there were high resistance prevalence’s of above 25% to streptomycin, ampicillin, tetracycline 

and trimethoprim sulfamethoxazole for isolates belonging to both species. In contrast there was 

low resistance to meropenem, gentamicin, and ciprofloxacin (≤5%) in both species. The study 

also found that 42% of E. coli were resistant to ampicillin compared to 59% of Klebsiella 

isolates found in this study. Resistance to gentamicin among isolates from sites recording high 

CFUs was only observed for E. coli (6%) while resistance to meropenem from the same 

population of isolates, was observed in Klebsiella (2.8%). 

There was high resistance (> 20%) to streptomycin, ampicillin, tetracycline, trimethoprim 

sulfamethoxazole and cefpodoxime for both species in the dumpsites and garbage collection 

areas that had low CFUs such as the Ngara market garbage collection area, Ayany dumpsite, 

Dandora dumpsite, Muthurwa market garbage collection area Figure 4.2B. In such sites, there 

was low resistance of E. coli and Klebsiella to meropenem, gentamicin, and ciprofloxacin (< 

5%). The only E. coli strains found to be resistant to gentamicin were from the sites with low 

CFUs.  
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Figure 4. 2 A-antimicrobial resistance in dumpsites and garbage collection areas with high Colony Forming 
Units, B,-antimicrobial resistance in dumpsites and garbage collection areas with low Colony Forming Units 

Key: AMP-ampicillin (10μg), CPD-cefpodoxime (10μg), CAZ-ceftazidime (30μg), FOX-cefoxitin 

(30μg), FEP-cefepime (30μg), CIP-ciprofloxacin (10μg), AMC-amoxicillin clavulanic acid (10μg), TE-

tetracycline (30μg), MRP-meropenem (10μg), S-streptomycin (10μg), NA-nalidixic acid (10μg), C-

cloramphenical (10μg), GEN-gentamicin (10μg), SXT-trimethoprim sulfamethoxazole (30μg)  
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4.5 Antimicrobial resistance profiles 

There were no isolates that were fully susceptible in 7(41%) of the seventeen dumpsites and 

garbage collection areas sampled. Most (61%) of the isolates were resistant to 1-3 antimicrobials. 

Another 23% of isolates were resistant to more than 3 antimicrobials and were thus multidrug 

resistant (MDROs) Table 4.3. In the Umama garbage collection area (Komarock) 5(71%) out of 

the 7 isolates recovered, were MDROs but no MDROs strain was recovered from the 

Kawangware Market Dumpsite. The sites with the highest prevalence of MDROs strains 

included Muthurwa Estate Dumpsite (66%) and Umama garbage collection area (Komarock) 

(71%) that both had high CFUs Table 4.1.  

Table 4. 3 Distribution of isolates with different resistance profiles across dump sites 

  Number of antimicrobials to which E. coli and 
Klebsiella are resistant (%) 

  Dumpsites/garbage areas 

No. of 
isolates 

Fully 
susceptible 

1-3 
antimicrobials 

> 3 
antimicrobials 

(MDROs) 

Ayany Dumpsite 19 2 (10.5) 10 (52.6) 7 (36.8) 

Central police garbage collection area 18 1 (5.6) 12 (66.7) 5 (27.8) 

City market garbage collection area 22 3 (13.6) 12 (54.5) 7 (31.8) 

City park Market Dumpsite 29 5 (17.2) 20 (69.0) 4 (13.8) 

Dandora  Dumpsite 33 1 (3.0) 27 (81.8) 5 (15.2) 

District Commissioner’s garbage 

collection area (Kibera) 

9 0 7 (77.8) 2 (22.2) 

Kenyatta Market Dumpsite 15 3 (20.0) 10 (66.7) 2 (13.3) 

Kenyatta staff quarter garbage collection 

area 

24 10 (41.7) 13 (54.2) 1 (4.2) 
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Kibera Dumpsite 15 0 12 (80.0) 3 (20.0) 

Kweria garbage collection area 24 3 (12.5) 17 (70.8) 4 (16.7) 

Mareba garbage collection area (Kibera) 7 0 4 (57.1) 3 (42.9) 

Masai Market dumpsite 14 0 11 (78.6) 3 (21.4) 

Muthurwa Estate Dumpsite 12 0 4 (33.3) 8 (66.7) 

Muthurwa Market garbage collection area 17 1 (5.9) 10 (58.8) 6 (35.3) 

Ngara market garbage collection area 17 3 (17.6) 12 (70.6) 2 (11.8) 

Kawangware Market Dumpsite 4 0 4 (100.0) 0 

Umama garbage collection area 

(Komarock) 

7 0 2 (28.6) 5 (71.4) 

 

Key: The fully susceptible are those that did not show any resistance while resistance is showing 

resistance to 1-3 antimicrobials and MDROs are those that show resistance of more than 3 

antimicrobials. 
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4.6 Frequency distribution of the zones sizes for the antimicrobials tested 

The study also tested the resistant, intermediate and susceptible ranges of some of the 

antimicrobials used in this study. This was so as to understand how resistant, intermediate or 

susceptible an organism was by looking at where the frequencies clustered. 

4.6.1 Distribution of inhibition zone sizes for cephalosporins 
In this study, susceptibility profiles for ceftazidime, cefpodoxime, cefoxitin and cefepime 

Cephalosporins were determined. They are used in the treatment of a wide range of bacterial 

infections such as ear infections, pneumonia and meningitis. As indicated in Table 4.2, only a 

small proportion of E. coli (5%) and an equally small proportion of Klebsiella (9%) were 

resistant to ceftazidime. Majority of isolates belonging to the two species clustered within the 

susceptible range of 24mm and 30mm of ceftazidime Figure 4.4A thus implies that the 

proportion of resistant strains to this antimicrobial is likely to increase.  

The resistance to cefpodoxime for E. coli was 20% and that of Klebsiella was 27% Table 4.2. 

Majority of E. coli (60%) and 51% of Klebsiella clustered between 22mm and 30mm and while 

(12%) of Klebsiella and (8%) of E.coli clustered at the extreme resistant range of 6mm for 

cefpodoxime Figure 4.4B. Resistance to this antimicrobial was low for both species with only E. 

coli 12.4%, and Klebsiella 12.1% exhibiting resistance to this agent Table 4.2 and the zones of 

inhibition on the susceptible range clustered between 22mm and 28mm Figure 4.4C. It is 

possible that a higher proportion of strains belonging to this species may become resistant 

considering that 75% E. coli, and 79% Klebsiella clustered within the mid susceptible range  of 

between 22mm-28mm. 

Only a small proportion of E. coli (3%) and Klebsiella (9%) were resistant to the fourth 

generation cephalosporin, cefepime Table 4.2. Majority of the isolates exhibited susceptibility 

zones between greater than 26mm, Figure 4.4D indicating that this antimicrobial would be a 

good choice for treatment of infections caused by similar strains. 
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Figure 4. 3 Zones of inhibition for cephalosporins 

Key: R – Resistance, I – Intermediate & S – Susceptible, A- zones of inhibition for cefpodoxime, B- 

zones of inhibition for cefoxitin, C- zones of inhibition for ceftazidime, D- zones of inhibition for 

cefepime 
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4.6.2 Distribution of inhibition zone sizes for Meropenem 

Meropenem would be a good drug for the treatment of the isolates recovered from our study 

since it recorded a low resistance of 2% to both E. coli and Klebsiella Table 4.2. From the figure 

below it is evident that most of the isolates recovered clustered between the zone sizes of 22mm-

>32mm Figure 4.4. However some of the isolates in the susceptible range could become 

resistant since they were weak in their susceptibility.  

 

Figure 4. 4  Zones of inhibition for meropenem 

Key: R – Resistance, I – Intermediate &S – Susceptible Expand this Legend.   
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4.7 ESBL producing strains 

Out of the 286 samples tested, there was low prevalence’s of ESBL producers (16%) across the 

dumpsites and garbage collection areas (Table 4.4). There was no presence of ESBL producers 

in Kawangware market dumpsite and the Umama garbage collection areas. Both sites had a high 

CFU of 7.7 x 10
10

 and 7.9 x 10
10

 respectively. Kibera dumpsite that had CFU of 5.0 x 10
10

 had 

the highest percentage (33%) of ESBL producers. 

Table 4. 4  Occurrence of ESBLs and Non- ESBLs producers 

Dumpsite/Garbage collection area n ESBL 
Producers 

(%) 

Non ESBL 
producers (%) 

Ayany Dumpsite 19 3(16%) 16(84%) 

Central police garbage collection area 18 3(17%) 15(83%) 

City market garbage collection area 22 4(18%) 18(82%) 

City park Market Dumpsite 29 5(17%) 24(83%) 

Dandora  Dumpsite 33 6(18%) 27(82%) 

District Commissioner’s garbage collection area 

(Kibera) 

9 2(22%) 7(78%) 

Kenyatta Market Dumpsite 15 3(20%) 12(80%) 

Kenyatta staff quarter garbage collection area 24 5(21%) 19(79%) 

Kibera Dumpsite 15 5(33%) 10(67%) 

Kweria garbage collection area 24 4(17%) 20(83%) 

Mareba garbage collection area (Kibera) 7 1(14%) 6(86%) 

Masai Market dumpsite 14 1(7%) 13(93%) 

Muthurwa Estate Dumpsite 12 2(17%) 10(83%) 

Muthurwa Market garbage collection area 17 2(12%) 15(88%) 

Ngara market garbage collection area 17 2(12%) 15(88%) 

Kawangware Market Dumpsite 4 0 4(100%) 

Umama garbage collection area (Komarock) 7 0 7(100%) 
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4.8 Detection of blaTEM, blaSHV, blaCTX-M, genes, across the dumpsites and 

garbage collection areas 

In comparisons of the different genes tested, three genes were identified. blaTEM had the highest 

occurrence with three being found among E.coli and two among Klebsiella. blaSHV, was only 

found among Klebsiella, among the isolates tested and blaCTX-M in E.coli.  

Table 4. 5 Distribution of blaTEM, blaSHV, blaCTX-M, genes, across the dumpsites and 
garbage collection areas 

Gene  E.coli 

(n=10) 

Klebsiella 

(n=10)  

blaTEM,  3 2 

blaSHV,  0 1 

blaCTX-M  1 0 

 

 

Figure 4. 5. PCR amplified fragments blaTEM (on left of the ladder); Positive control in-
house control (E. coli; Resistant to Aztreonam, Cefoxitin, ampicillin, Cefotaxime, 

Ceftazidime, Phenotype confirmed), Negative control - E. coli ATCC 25922, and blaSHV 
(on right of the ladder); Positive control - K. pneumonia ATCC 700603, Negative control - 

E. coli ATCC 2592. 
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4.9 Resistant phenotypes and associated genes 

In this study the most antimicrobial profile associated antibiotic resistance gene was blaTEM  

which was isolated in three of the antimicrobial profiles and the least was blaSHV and blaCTX-M.  

Table 4. 6  Presence of different phenotypes and the genes they carried. 

Profiles  Number 
tested (n) 

blaTEM blaSHV blaCTX-M 

Amp, Cip, TE, C, NA,SXT, 

Cpd, Fox, Caz 

10 0 0 1(10) 

S, Na, Te, Amp, Amc, Caz, 

Cpd 

10 2(10) 0 0 

Cip, S, Na, Te, Amc, Amp 10 0 1(10) 0 

S, Na, Fep, Caz 10 1(10) 0 0 

Cip, Na, Caz, SXT, Amc, 

Cpd, Fep, S, Te, Amp 

10 2(10) 0 0 

CIP, Te, NA, S, SXT, Amp, 

Fep, Caz, Cpd 

10 0 0 0 

 

Key: AMP-ampicillin (10μg), CPD-cefpodoxime (10μg), CAZ-ceftazidime (30μg), FOX-cefoxitin 
(30μg), FEP-cefepime (30μg), CIP-ciprofloxacin (10μg), AMC-amoxicillin clavulanic acid (10μg), TE-
tetracycline (30μg), S-streptomycin (10μg), NA-nalidixic acid (10μg), C-chloramphenical (10μg), 
SXT-trimethoprim sulfamethoxazole (30μg) 
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4.10 E. coli Pathotypes 

A total of ten samples from each dumpsite randomly selected were tested for the E. coli 

pathotypes. In the samples selected from the dumpsites and garbage areas, EAEC pathotype 

revealed a predominance rate of 20% in Masaai market dumpsite and Kweria garbage collection 

area Table 4.7 and both had presence of human activity. Most of the pathotypes were not present 

in the samples tested in our study. However the most common gene was AggR associated with 

EAEC pathotype and the least common was Stx2 associated with EHEC pathotype. Most of the 

dumpsites and garbage collection areas that had no pathotype were found in market areas and 

one from residential area. 

Table 4. 7 Details of E.coli pathotypes recovered from dumpsites and garbage collection 
areas with their target gene amplification. 

Dumpsites Site CFU 
value 

(n) ETEC 
(LT) 

EHEC 
(Stx2) 

EAEC 
(AggR) 

Central police garbage collection area 

 

6.1 x 1010 10 0 0 0 

Umama garbage collection area 

 

7.9 x 10
10

 10 1(10%) 0 0 

Masai market dumpsite 

 

1.2 x 10
11

 10 0 0 2(20) 

Kweria garbage collection area 

 

7.2 x 10
10

 10 0 0 2(20) 

City market garbage collection area 

 

6.7 x 1010 10 0 0 0 

Kenyatta market dumpsite 

 

5.0 x 10
10

 10 0 0 0 

 

Key: ETEC- enterotoxigenic E. coli (producing heat-labile enterotoxin (LT), EHEC- 
enterohemorragic E. coli (producing a shiga-like toxin Stx2), EAEC-enteroaggregative E. coli 

(with a transcriptional regulator AggR) 
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CHAPTER FIVE 

5.0 DISCUSSION 

Based on the qualitative survey this study showed that there was evidence of human contact with 

garbage and dumpsites surveyed. Some of these sites had high CFUs indicating a high possibility 

of contamination with fecal material. It is therefore possible that these interactions pose a serious 

danger to the public who work and sell their salvaged merchandise from such sites. Such 

merchandise may include fruits and vegetables. This may result in the spread of pathogens to the 

unsuspecting public. These results are in agreement with a study done in Nigeria that found that 

waste scavenging poses a great threat to the public. In addition, such dumpsites allow the growth 

of many pathogenic bacteria including those that may be MDR (Wachukwu, Mbata, & Nyenke, 

2010). Human and animal scavengers were invariably at the site at all times. 

This study’s results show that the mean colony counts obtained from the dumpsite and garbage 

collection areas in residential areas and market places close to the dumpsite were relatively high. 

Among the dumpsites and garbage collection areas that had high CFUs, 70% were found in 

residential areas and 20% in market areas. In the dumpsites and garbage collection areas that had 

low CFUs, 57% were in residential areas and 14% in market areas. These high CFUs were 

probably as a result of presence of fecal contamination and human activity in the dumpsites and 

garbage collection areas. The results obtained in this study correlates with that of Odeyemi, 2012 

that showed that the mean total bacterial counts obtained from the dumpsite and in residential 

area are relatively higher than those obtained at neighboring streams or samples collected at least 

50m away from dumpsites. This shows how fast resistant bacteria from the environment can gain 

entry into the human body through contamination from these dumpsites and garbage collection 

areas, thus creating high health concerns in the public health sector. It is also worthy of note that 

the heaviest bacteria burden in this study was found at Muthurwa estate dumpsite and that the 

least was at Dandora dumpsite. This may not be too surprising since Muthurwa estate dumpsite 

had fecal contamination and a high number of trespassers thus bringing and taking a high 

number of the bacteria with them. Dandora dumpsite was the only dumpsite with a structured 

management system. This is the largest dumpsite in East and Central Africa, where 

rubbish/garbage from different parts of the city is dumped. This potentially offers a chance of 
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transfer of pathogens from such sites to human residential sites since Dandora dumpsite is 

closely located to an ever busy residential area. 

This present study also determined antibiotic resistance profile of E. coli and Klebsiella from the 

sampled sites. A high proportion of E. coli and Klebsiella strains were resistant to ampicillin 

(42%, 59%), streptomycin (46%, 46%) and trimethoprim/sulfamethoxazole (29%, 29%) 

respectively. While these values may be lower than those reported from clinical studies, these 

results suggest that resistance to antimicrobials is rising and this may be due to either the 

intrinsic resistance of many microorganisms to antibiotics or acquired resistance of the 

organisms enabled by the transfer of resistance of drug resistance plasmids (Njoroge 2015). A 

high level of resistance has been found with members of the family Enterobacteriaceae which 

are increasingly becoming MDR. The origin of this resistance can probably be traced to the fecal 

constituent of the wastes or dump produced by people or animals that have been treated 

indiscriminately with various antibiotics and also to antibiotics production naturally by soil 

microorganisms (Njoroge 2015). The resistance prevalence of the two species was almost similar 

in all the antimicrobials used in this study (P: >0.05). This indicates that the action of the 

antimicrobial to the two species works in an almost similar way thus the close resistance 

prevalence’s. 

There was low resistance to cephalosporins, ceftazidime (E. coli 5%, Klebsiella 9%), cefoxitin 

(12%), cefepime (E. coli 13%, Klebsiella 19%) and cefpodoxime (E. coli 20%, Klebsiella 27%) 

in this study. Cephalosporins are of great importance in the public health sector and as first line 

therapy for a wide variety of infections, hence its continuous relevance and usage (Tenover, 

2006). Most bacteria of clinical importance have become resistant to the antimicrobials found in 

this group, thus posing great danger to the sector. A high proportion of the cephalosporins used 

in our study clustered at the mid susceptible ranges of their zone distributions and decreased 

towards the extreme susceptible ranges with the exception of cefepime that increased towards the 

extreme susceptible range (26mm- >32mm). Based on the susceptibility patterns observed 

among our isolates towards cephalosporins, these antimicrobials are likely to remain potent for a 

long time against bacteria of environmental origin. These observations are in constract to those 

made on isolates from clinical backgrounds (Kiiru, Kariuki, Goddeeris, & Butaye, 2012) that 

suggest the apparent rise of ESBLs. A study in Daegu, Korea reported that the rate of third 

generation cephalosporin resistance among E. coli and K. pneumoniae causing community-onset 
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bacteremia over a 7-year period from 2003 to 2009 is on the rise. They concluded this rise in 

resistance is largely attributable to the spread of CTX-M-type ESBLs in the community 

especially among Escherichia coli (Tamang et al., 2014). 

Meropenem would be a good antimicrobial for the treatment of the infections that may arise 

from strains recovered from this study sites. Only 2% to both E. coli and Klebsiella exhibited 

resistance to this antimicrobial. From the measurement of the zones of inhibition, it is evident 

that most of the isolates recovered from this study were found on the zone ranges of 26mm and 

>32mm with a small proportion on the resistant range. This however is not promising enough 

since a significant proportion (52%) of the isolates found on the intermediate and lower 

susceptible range (20mm to 28mm) has a potential to become fully resistant hence increasing the 

prevalence of strains no longer susceptible to this antimicrobial. Carbapenemase producing 

strains, which are primarily found in the medical field, have increasingly been found in the 

environment, thus posing potential risks to public health (Yinka et al., 2014). Related studies 

have also recorded low resistances of 5% to meropenem, among isolates obtained from water 

samples collected from ten rivers in Osun State, South-western Nigeria, (Yinka et al., 2014). 

This indicates that meropenem is effective to E. coli and Klebsiella strains found in the 

environment. 

Multi Drug Resistance is the resistance of three or more antimicrobials belonging to different 

classes of antimicrobial compounds (Njoroge 2015). The highest multi drug resistance was found 

in Umama garbage collection area (71%), Muthurwa estate dumpsite (67%) and Mareba garbage 

collection area (43%). The lowest multidrug resistance was found in Kenyatta staff quarter 

garbage collection area (4%) and Ngara market garbage collection area (12%). This difference 

may be due to the difference in diversity of dumpsites and garbage content and possible 

difference in the amount of human and animal fecal contaminants in different sites. In this study, 

we repeat environmental isolates exhibiting combined resistance of cephalosporins and other 

useful classes of antimicrobials such as fluoroquinolones and aminoglycosides. Such resistances 

were more common in both dumpsites and garbage collection areas that were in market and 

residential areas. Some sites recorded an MDR prevalence of more than 50% indicating that 

resistance to antimicrobials is on the rise and thus may lead to an increase in resistance related 

complications. Presence of high MDR phenotypes among environmental samples is an indication 
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that resistant clinical samples are gaining entry into these sites. The possible factors driving the 

emergence of MDR phenotype could be poor use of combined therapy.  

In this study, the prevalence of ESBLs was 16 % among both E. coli and Klebsiella strains. The 

ESBL phenotype is largely attributed to resistance to third generation cephalosporins mediated 

by extended-spectrum β -lactamases belonging to blaTEM, blaSHV and blaCTX-M. The current study 

revealed that blaCTX-M was the most common ß-lactamase among ESBL-producers and the 

second most common ESBL gene was blashv. The prevalence of β-lactamases was 8% for blaTEM, 

2% for blaCTX-M and 2% for blashv. The dumpsites and garbage collection areas that had the 

highest ESBL counts were City market garbage collection area, Kweria garbage collection area, 

Masai market dumpsite, and Central police garbage collection area, that were found in market 

and residential areas. The closeness of these dumpsites and garbage collection areas to areas with 

high human activity could be responsible for these high resistances. A previous study in Benin 

reported the prevalence of these genes from samples collect from Market Garden Products and 

Irrigation Water at 67.50% for blaTEM, 10% for blaSHV and 22.5% for blaCTX-M (Wassiyath et 

al., 2015). These results are higher than those reported in this current study but indicate that the 

presence of ESBL producers is on the rise in the environment and leading to greater use of 

carbapenems and thus may result to possible rise in the resistance. Any emergence of 

carbapenem resistance is therefore a serious concern and, with evidence of its scatter in the 

dumpsites and garbage collection areas, there is a clear need for a nationwide survey to 

determine the prevalence’s of these bacteria. The presence of clinical bacterial strains in the 

dumpsites and garbage collection areas could also be a possible cause of the increase of the 

isolates in the environment. The co-production of ESBLs with inhibitor-resistant β-lactamases 

such as OXA-1 renders these strains resistant to commonly used β-lactamase inhibitors like 

clavulanic acid.  

In this study, E. coli belonging to ETEC and EAEC pathotypes were recovered. The most 

prevalent pathotype was EAEC and this was recovered from Kweria garbage collection area and 

Masai market dumpsite sites and both had presence of human activity. Some of these strains, 

especially those belong to EAEC pathotype were also MDR. Taken together these results suggest 

that there is possibility of proliferation of clinical strains in the environments which could in turn 

bring rise to the pathotypes and increased deaths. Previous studies have also isolated similar 

pathotypes from the environment (Wassiyath et al., 2015, Miyuki et al., 2009). From the results 
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in this study, resistance was only recorded in ETEC pathotype with a resistance rate of 100%. 

The sample was collected from Dandora dumpsite which poses a serious risk since there were 

men, women and children working on the site. The presence of resistance of these pathotype 

indicated the possibility of having patients with severe diarrhea problems and the increase of 

death cases in those that come into contact with the dumpsite and garbage collection areas or 

recycled products from them. This study showed that E. coli and Klebsiella are good indicators 

of antimicrobial resistance as they were isolated in all the sampled areas. Some of our isolates 

are potential pathogens that have been incriminated with various human diseases. The presence 

of some of these organisms on the dumpsite and garbage areas is alarming as those working and 

living on the dumpsites could serve as reservoirs for potential contamination of other close 

contacts. The presence of these isolates in leacheates at the dumpsites is also a major public 

health threat as leacheates may seep into nearby surface or underground potable waters. Besides 

health care settings, the environment is likely to have a role in the dissemination of ESBL-

producing bacteria and may serve as an exposure route to humans. Previously recreational waters 

were identified as a potential exposure source of ESBL-producing E. coli. Even though (outside 

the clinical setting) E. coli is generally considered a relatively harmless inhabitant of the human 

(and animal) gut, major public health risks may be associated with the spread of ESBL-

producing commensal bacteria (Liu et al., 2015). Firstly, upon colonization ESBL-producing 

commensal bacteria may disseminate and transfer ESBL-encoding genes to intestinal pathogens 

through horizontal gene transfer. Secondly, while relatively harmless for healthy individuals, 

these opportunistic bacteria may cause disease in more vulnerable individuals, such as 

hospitalized individuals, the elderly or newborns. Thirdly, exposure to ESBL-producing 

pathogenic E. coli variants may directly result in hard-to-treat infection, also in healthy 

individuals. The public health impact of exposure to ESBL-producing E. coli (and other AMR 

commensal bacteria) is determined by the sum of these individual risks (Liu et al., 2015). The 

results from this current study are in line with those of a study in South Korea that found 

presence of ESBLs in the environment but the prevalence was however higher than those 

recorded in the current study. The study from South Korea reported 60% of ESBL-producing E. 

coli isolated from a river to be potentially pathogenic, which was markedly higher than the 

current findings (Jang J et al., 2013). 
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CHAPTER SIX 

6.0 CONCLUSION AND RECOMMENDATIONS 

6.1 Conclusion 

1. Poor waste disposal and recycling practices are still rampant across the dumpsites and 

garbage collection areas. 

2. Isolates from dumpsites and garbage collection areas were resistant to a high proportion 

of the antimicrobials. Klebsiella species were more resistant to the antimicrobials than E. 

coli species. This shows that clinical bacterial strains are gaining access into the 

environment thus the high resistance prevalence. 

3. From the study, there was high occurrence of Klebsiella and E. coli across the dumpsites 

and garbage collection areas indicating environmental contamination. Most of the 

dumpsites and garbage collection areas with high CFUs were found in residential areas 

indicating that contamination of the dumpsites and garbage collection areas maybe on the 

rise due to human interference. 

4. The prevalence of MDR isolates was higher in the garbage collection areas than in 

dumpsites. These findings concluded that human activities during collection of the 

garbage can play a role in the contamination of the dumpsites with potential clinical 

isolates which can help spread antimicrobial resistance to the environmental strains. 

5. The most effective antimicrobial was gentamicin to E. coli and meropenem to both 

strains. The most non- effective antimicrobial was ampicillin and streptomycin indicating 

that the future of the antimicrobials is at risk with the changing bacterial pressure. 

6. Proportion of ESBL producing E. coli was low indicating that isolates from the dumpsites 

and garbage collection areas do not produce as much extended spectrum β lactamases as 

reported by other studies.  

7. The growing resistance of E. coli and Klebsiella species may be highly due to improper 

use of the antimicrobials and resistant gene acquisition. 

 

6.2 Recommendations 

• Regular treatment of the dumpsites should be carried out in order to reduce the 

growth of potentially pathogenic organisms especially our indicator species. 
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• Hazardous wastes from garbage collection areas should be sorted and 

decontaminated before being disposed in the designated disposal yard. 

• Proper use of the antimicrobials should be encouraged and emphasized to reduce 

the increase of antimicrobial resistance. 

• Proper training of safe practices when handling garbage to those collecting the 

garbage should be carried out in order to reduce the spread of MDROs. 

• Encouragement of waste management practices of waste reduction, waste re-use 

and recycling. 

• The County government should come up with ways to relocate the dumpsites and 

garbage collection areas to areas where there is no human activity. 

• Further studies on the effectiveness of the antimicrobials should be done to 

determine their future of the antimicrobials with the changing bacterial pressures. 

• Government should control the settlement patterns of individuals and 

communities and ensure that residential are far removed from dumpsites. 

• Public health organizations and other relevant bodies should embark on public 

awareness and enlightenment campaigns to enlighten individuals on the hazards 

of indiscriminate waste disposal.  

6.3 Study limitations 

1. All potential sites were not sampled since some of the dumpsites had scavangers that 

controlled the areas where you could collect samples. 

2. This current study was not able to cover some gaps e.g. sequencing and populations 

structures of these strains and therefore would  recommend further studies to build on our 

data  

3. Some of the tests run in this study did not have controls due to unavoidable 

circumstances’. 
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8.0 APPENDICES 

Appendix 1: Potassium hydroxide test 

• Place 2-3 drops of KOH on a slide.  

• Stain the Inoculum of the test organism with KOH.  

• Use a wire loop to touch the mixture and lift to observe for the presence or absence of 

mucus.  

• Presence of mucus means the test organism is Gram negative and absence of mucus 

means the organism is Gram positive (20). 

• Palmer KL, Kos VN, Gilmore MS. Horizontal gene transfer and the genomics of 

enterococcal antibiotic resistance. Curr. Opin. Microbiol. 13, 632–639 (2010). 
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Appendix 2: Catalase test 

• Take 2-3 ml of hydrogen peroxide in a test tube 

• Take a colony of test organism with sterile wooden or glass rod and immerse it into 

hydrogen peroxide solution. 

• Observe for generation of bubbles. This indicates oxygen production. 
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Appendix 3: Indole test 

• Inoculate the tryptophan broth with broth culture or emulsify isolated colony of the test 

organism in tryptophan broth. 

•  Incubate at 37°C for 24-28 hours in ambient air. 

• Add 0.5 ml of Kovac’s reagent to the broth culture. 

• Positive: Pink colored rink after addition of reagent 

• Negative: No color change even after the addition of reagent.  
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Appendix 4: Triple sugar iron agar test 

• With a sterilized straight inoculation needle touch the top of a well-isolated colony 

• Inoculate TSI Agar by first stabbing through the center of the medium to the bottom of 

the tube and then streaking the surface of the agar slant.  

• Leave the cap on loosely and incubate the tube at 35 in ambient air for 18 to 24 hours. 
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Appendix 5: Kirbybauer susceptibility testing 

• Prepare the inoculum from the primary culture plate by touching with a loop the tops of 

each of 3 – 5 colonies, of similar appearance, of the organism to be tested and transfer 

this growth to a tube of saline. 

•  If the inoculum has to be made from a pure culture, suspend a loopful of the confluent 

growth similarly. 

• Compare the tube with the 0.5 McFarland turbidity standard and adjust the density of the 

test suspension to that of the standard by adding more bacteria or more sterile saline. 

• Inoculate the plates by dipping a sterile swab into the inoculum.  

• Remove excess inoculum by pressing and rotating the swab firmly against the side of the 

tube above the level of the liquid. 

• Streak the swab all over the surface of the medium three times, rotating the plate through 

an angle of 60 ° after each application.  

• Pass the swab round the edge of the agar surface.  

• Leave the inoculum to dry for a few minutes at room temperature with the lid closed. 

•  Place the antibiotic discs on the inoculated plates using a pair of sterile forceps.  

• A maximum of seven discs are placed on a 9-10 cm plate.  

• Each disc is gently pressed down to ensure even contact with the medium. 

• Incubate at 35 °C within 30 minutes of preparation.  

• After overnight incubation, the diameter of each zone (including the diameter of the disc) 

is measured and recorded in mm.  
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Appendix 6: DNA extraction 

• Set a heating block to a temperature of 95oC 

• Identify pure colonies for DNA isolation. Label each culture in series…1, 2, 3, 4, etc and 

record in the laboratory book the identity of each isolates (e.g. 1=E. coli 1235, 2=Shigella 

2345, etc.). 

• Add at least 1ml of molecular grade water to 2 ml appendorf tubes  

• Mark each tube with a number corresponding to the isolate to be analyzed 

• Using a sterile swab, scrap a pea-sized amount of inoculum from a culture and transfer 

the inoculum to the corresponding tube 

• Place the tubes in the heating block and leave to heat for a maximum of 12min 

• Switch the heat block off 

• Wait for 3 minutes before removing the tubes. This is important!!  High pressure may 

develop in the hot tubes and the lids may pop-open when the tubes are shaken. The hot 

liquid can seriously burn your hands and face. 
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Appendix 7: Total colony forming units per sample 

There was bacterial growth in all the samples collected. This plate shows the colony count of 

stagnant water sample collected in one of the dump sites in Nairobi area. 
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Appendix 8  Dump site details form 

DATE…………………………………… 

NAME……………………………………… 

GPS………………..                                         

GEOGRAPHICALLOCATION………………………… 

• URBAN…….. 

• RESIDENTIAL… 

• SCHOOL……. 

• MARKET……. 

• INSTITUTION… 

 

SEASON: RAINY …….. DRY………. 

TYPE OF GARBAGE/DUMP SITE: PERMANENT………TEMPORARY…….. 

Is there seepage in the soil in the dumpsite/ garbage area? YES……. NO……. 

Is there leakage from the dumpsite/garbage area? YES…….. NO…….. 

Is there human activity on the dump site/ garbage area? YES……… NO……… 

What kind of human activity takes place on the dump site/ garbage area? .............................. 

Are there domestic animals/ rodents in the dumpsite/ garbage area? YES…….. NO……… 

Is there evidence of human defecation on the dumpsite/ garbage area? YES……... NO………. 

Is there proper maintenance of the dumpsite/ garbage area? YES……. NO……. 

 

RESIDENTIAL COPLAINTS 

1. …………………………………………………… 

2. …………………………………………………… 

3. …………………………………………………… 

 


