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ABSTRACT 

 

Escherichia coli has been known as one of the most common bacteria found in the intestinal 

tract of human and warm blooded animals. It is the major causative agent of serious 

infections and a mediator of drug resistance through the production of Extended Spectrum 

Beta-Lactamase enzymes(ESBL) that hydrolyse the beta-lactam ring on most of the beta-

lactam antibiotics including of penicillins, cephalosporins, and the monobactam aztreonam. 

These antimicrobial resistant strains have become a global public health challenge affecting 

both humans and domestic livestock. In Lusaka and worldwide Fish is considered as a 

universal protein source consumed by a larger population of people. Some people also favour 

consuming raw dry fish. The objective of this study was to determine the antibiotic 

susceptibility and presence of resistant genes of  E. coli isolated from dry fish sold in open 

markets of Lusaka district. 

 

A total of 120 fish samples were collected between July 2018 and August 2018. The fish 

samples were subjected to bacteriological analysis. Of the 120 samples of fish analysed for E. 

Coli 69 percent were positive for E. coli and 31 percent were negative. The determination of 

E. coli as an ESBL producing organism was determined by growing the bacteria on 

MacConkey agar containing 2 mg/L of cefotaxime. Following culturing of E. coli on 

MacConkey agar containing 2 mg/L of cefotaxime 46 isolates 55.4 percent were detected as 

ESBL-producing. The E. coli isolates presumably identified to be ESBL producing following 

culture on MacCkonkey agar supplemented with cefotaxime were subjected to PCR. A total 

of 35 out of 46 isolates were tested for the presence of the blaCTXM gene and out of these 21 

were positive for the blaCTXM gene. Of the samples subjected to antimicrobial sensitivity 

test suggested that ESBL producing E. coli isolates had conferred resistance to beta-lactum 

antibiotics and other common antimicrobial agents. The results obtained indicate the need for 

surveillance on the emergence of antimicrobial resistance in fish sold in open markets and 

improve the food safety and hygiene of this important source of protein. 
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CHAPTER ONE 

 

INTRODUCTION 

 

1.1. Background information 

Fish is an important food source that is consumed by the majority of the population in 

Zambia. It is rich in vitamins and minerals. Despite all the benefits, fish is easily susceptible 

to common bacterial diseases making it a major concern in public health and food safety. 

This is due to an increased incidence of gastro-intestinal disease further aggravated by the 

presence of flies that serve as vectors for a variety of pathogenic microorganisms. Flies that 

besets on fresh fish sold in Zambian markets carry genes of Extended-spectrum beta-

lactamases (ESBL) that are resistant to some commonly used antibiotics (Mwansa et al., 

2017). Particularly in urban areas near human dwellings with a high human population 

density, flies have conducive conditions to grow and reproduce year-round and can play an 

important role in cross-contamination between dirty contaminated environments and food 

sources as they fly from one place to another. Fish as a food which easily degrades is usually 

plagued by house flies, which may transfer pathogens as described above. Poor sanitary 

conditions that may prevail in food markets create a potential for higher housefly populations. 

Additionally, simple pit latrines commonly used in most of the Zambian markets may provide 

increased access to human excreta for flies, further increasing the potential for fly-borne 

transmission of disease-causing microorganisms from foods being sold in markets such as 

fish (Butaye, 2006).  

 

The contamination of food products with enteropathogenic Escherichia coli generates serious 

health and economic consequences. Escherichia coli, a commensal bacterium of humans and 

animals, is a significant cause of gastro-intestinal disease, ranging from simple diarrhea to 

dysentery-like conditions (Ryan, 2004). Escherichia coli has also been shown to carry drug 

resistant genes that may complicate management of diarrheal diseases (Nakajavani, 2013). 

Escherichia coli is sometimes used as a sentinel for monitoring antimicrobial drug resistance 

in fecal bacteria because it is found more frequently in a wide range of hosts and acquires 

resistance easily (Brenner et al., 2007). Surveillance data show that resistance in Escherichia 

coli is consistently highest for antimicrobial agents that have been in use the longest time in 

human and veterinary medicine (Holt and Moore, 2007). Researchers and policy makers in 

Africa lack up-to-date information on potential disease-causing microorganisms that carry 

resistance genes to commonly used antibiotics and their impact on human health. Therefore, 
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there is need to carry out a study that will isolate Escherichia coli from dry fish sold from 

open markets in Zambia, and subsequently determine if these bacteria carry resistance genes 

to commonly used antibiotics, which would indicate problems in eradicating these pathogens. 

 

1.2. Statement of the Problem  

Outbreaks of infections due to ESBL-producing organisms has been noted in some African 

Countries (Rupp and Fey, 2003). Prevalence of ESBLs as high as 50 percent have been 

observed among Klebsiella pneumoniae from in-patients in Zambia, Mozambique, 

Democratic Republic of Congo and Tanzania (Mshana, 2013). Furthermore, Extended-

spectrum β-lactamase-producing Enterobacteria (ESBL-E) have become one of the main 

challenges for antibiotic treatment largely because of the current cefotaxime (CTX-M) 

resistant organisms. Generally speaking, individuals with infections caused by bacteria 

carrying ESBLs have a higher mortality rate and require longer hospitalization (Kayange et 

al., 2010; Bloomberg et al., 2005). Zambia is one of the sub-Saharan African countries most 

affected by bacterial infectious diseases. These organisms are frequently resistant to many 

other antimicrobial agents usually recommended for the treatment of infections caused by E. 

coli, such as gentamicin, fluoroquinolones, and trimethoprim-sulfamethoxazole (Rodriguez, 

2008). Fish has become an increasingly important source of protein, and other elements 

necessary for the maintenance of a healthy body, and constitute an important food component 

for a large section of the world population. Consumption of fish may cause diseases due to 

infection or intoxication; some of these diseases have been specifically associated with 

pathogens, which are resistant to antibiotics such as E. coli (Adebayo-Tayo et al., 2012). 

Several studies have demonstrated a number of bacterial species encountered in different fish, 

which are potentially pathogenic under certain conditions as reported for Pseudomonas 

angulluseptica and Streptococcus spp. (Emikpe et al., 2011). In view of the above, in order to 

have safe, wholesome and acceptable fish to avoid diseases there is need to undertake a study 

to isolate E. coli from dry fish sold in open markets in Lusaka and asses its susceptibility to 

antibiotics. This provided the necessary evidence as to whether Escherichia coli isolated from 

dry fish is one of the carriers of ESBL producing organisms. 

 

1.3. Justification of Study 

The paucity of updated data on ESBLs in the communities of Zambia makes the 

understanding of the extent and complexity of the problem with regards to circumstances 

leading to bacterial infectious diseases as well as the populations at risk very challenging. 

This cripples the prospect of putting up appropriate preventive and control intervention  
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measures, which has negative consequences on the already pressured health service delivery 

system of Zambia. The study endeavored to reduce the knowledge gap about the existence of 

ESBLs producing E. coli in dry fish that carry resistance genes to commonly used antibiotics 

in Zambia. Knowledge on the ESBL producing bacteria carriage will be useful in the 

determination of appropriate antibiotic drugs for the current strains of ESBLs as one of the 

intervention directed at reducing mortality due to this scourge. This study would also be 

important in stimulating further research on this important public health problem. 

 

1.4. Research Question 

What is the antimicrobial susceptibility of E. coli isolated from dry fish sold in Local markets 

in Lusaka District, Zambia? 

 

1.5. Study Hypothesis 

E. coli isolated from dry fish sold in local markets in Lusaka District, Zambia carry genes that 

are resistant to commonly used antibiotics. 

 

1.6. Objectives 

1.6.1. General Objectives 

The objective of this study was to determine the antibiotic susceptibility and presence of 

resistant genes of  E. coli isolated from dry fish sold in open markets of Lusaka district. 

1.6.2. Specific objectives 

1. To isolate E. coli from dry fish sold in open markets in Lusaka, Zambia. 

2. To assess the antibiotic susceptibility of E. coli isolated from dry fish. 

3. To determine the presence of ESBL producing E. coli in dry fish. 
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CHAPTER TWO 

 

LITERATURE REVIEW 

 

2.1. Description of Fish in line with food safety 

Fresh fish contains up to 80 percent of water. It is highly perishable material and having a 

short storage life (Bala and Mondol, 2001). Drying of fish is mainly carried out traditionally 

under open sun. Sun drying represents a low cost processing technique to preserve fish. 

Natural sun drying has been used since time immemorial for agricultural products. Open sun 

drying has limitation to control the drying process and other for example, weather 

uncertainties, high labour costs, require large drying area, insect infestation, mixing with dust 

and other foreign materials and so on. However, open sun drying is widely practiced in 

tropical and subtropical countries to preserve agricultural products, where solar radiation is 

convenient (Szulmayer, 2001). It is abundant inexhaustible and environmental friendly 

(Basunia and Abe, 2001). 

 

2.2. Role of Fish in Food Security 

The issue of food security is a complex one in both developed and developing countries, 

where proteins source from animals such as meat and meat products, fish and fish products 

are generally regarded as high risk and unwholesome commodities with respect to pathogen 

contents, availability of natural toxins and other possible contaminants and also the use of 

adulterants (Clarence et al., 2009). Food borne infections and illnesses have become a major 

international health problem with consequent reduction in economic growth. It is also 

identified as a major cause of illness and death worldwide (Adak et al., 2005). Recognizing 

this, the World Health Organization (WHO) developed its Global Strategy for Food Safety 

(Adak et al., 2005). 

 

In the developing world, food borne infection leads to the death of many people, as well as 

resulting in diarrheal disease which can have long-term effects on children’s growth as well 

as on their physical and development a well being (Clarence et al., 2009). Food borne 

infections also heavily affects the healthcare systems (Adak et al., 2005). According to 

Clarence et al., (2009), food borne diseases are diseases resulting from ingestion of bacteria, 

toxins and cells produced by microorganisms present in food. The intensity of the signs and 

symptoms may vary with the amount of contaminated food ingested and susceptibility of the 
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individuals to the toxin (Clarence et al., 2009). Lengthy food supply procedures, mass 

catering complex associated with increased international movement, changes in eating habits 

and poor hygiene practices are major contributing factors (Hedberg et al., 1992). 

 

Contaminated raw meat and fish is one of the main sources of food-borne illness (Bhandare 

et al., 2007). It has been known that most food contaminations are caused by food-borne 

pathogens such as bacteria, fungi, mold and others. Clarence et al., (2009) reported that gram 

negative bacteria accounts for approximately 69 percent of the cases of bacterial food borne 

diseases. Bacterial gastrointestinal infections continue to cause illness and death and 

contribute to economic loss in most parts of the world, including high-income generating 

countries that have developed surveillance and control programs (Ternhag et al., 2008). The 

possible sources of these bacteria are likely to come from the skin of the animal from which 

the meat was obtained while in case of fish, the organisms may come from the water and the 

fish handlers. Other potential sources of microbial contaminations are the equipment used for 

each operation that is performed until the final product is consumed, the clothing and hands 

of personnel and the physical facilities themselves are all implicated (Rombouts and Nouts, 

1994). 

 

2.3. Strains of E coli 

The species E. coli is serologically divided in serogroups and serotypes on the basis of its 

antigenic composition (somatic or O antigens for serogroups and flagellar or H antigens for 

serotypes). Many strains express a third class of antigens (capsular or K antigens) that 

although important in pathogenesis only occasionally are used in serotyping. The species 

comprise intestinal and extra intestinal pathogens. The intestinal pathogens are also known as 

Diarrheagenic E. coli (DEC) of which six categories have been characterized: 

enteropathogenic E. coli (EPEC), shiga toxin-producing E. coli (STEC) or verocytotoxin-

producing E. coli (VTEC), enterotoxigenic E. coli (ETEC), enteroinvasive E. coli (EIEC), 

enteroaggregative E. coli (EAEC), and diffusely adhering E. coli (DAEC) (Smith et al., 2007; 

Kaper et al., 2004; Nataro and Kaper, 1998). The extraintestinal pathogens (EXPEC) are 

more prevalent strains that include those associated with urinary tract infections (UPEC), 

neonatal meningitis (MAEC), and bacteremia (Kaper, 1998). 

 

Systematic O serotyping of E. coli began in the early 1930s (Nataro and Kaper, 1998), and 

many studies showed that the O serotype of E. coli are generally associated with pathogenesis 

(Wang et al., 2011; Yayue et al., 2006). Other researchers reviewed that O serotyping 
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became important tools to classify E. coli in clinical settings. It has been shown repeatedly 

that antigenic typing of E. coli is extremely useful in epidemiological studies (Vu-Khac et al., 

2007; Orskov and Orskov, 1992). 

 

2.4. Definition of Extended Spectrum Beta – Lactamases (ESBL) 

There is no consensus regarding the precise definition of ESBLs. A commonly used working 

definition is that ESBLs are chromosomal or plasmid- mediated β-lactamases (enzymes that 

cleave the β-lactam ring) which have mutated from pre-existing broad-spectrum β- 

lactamases (TEM-1, TEM-2, and SHV-1). This results from a consequence of widespread use 

of third generation Cephalosporins as well as Aztreonam (Giriyapur et al., 2012; Shukla et 

al., 2004). The ESBL producing bacteria can cause serious infections that involve urinary 

tract, septic conditions, wound, meningitis and respiratory tract (Paterson, 2005).  

 

2.4.1. Distribution of ESBL 

Enterobacteriaceae producing β-lactamases are a worldwide problem and are now found in a 

significant percentage of Escherichia coli and Klebsiella pneumoniae strains in certain 

countries (Ben-Ami, 2006). Worldwide, about 150 million people are diagnosed with UTI 

each year, costing the global economy in excess of 6 billion US dollars (Gonzalez, 1999). 

Recently E. coli strains have emerged as a common cause of community-acquired infections. 

Community-acquired infections caused by ESBL-producing E. coli have been reported 

worldwide including the United States and continue to increase, although there are regional 

differences in rates (Rodriguez, 2008).  

 

Extended Spectrum Beta Lactamase producing Enterobacteriaceae in hospitalized patients 

and in communities varies largely between different geographic regions and countries but is 

common in Africa. The ESBL-producing Enterobacteriaceae in hospital and community 

settings in Africa is common. For example, data from a review published  showed that less 

than 10 percent of Enterobacteriaceae isolates expressed ESBLs in Australia, Sweden, Japan, 

Korea and Singapore, compared to rates higher than 30 percent in Portugal, Italy, Turkey and 

most Latin American countries (Hawser et al., 2009).  

 

In general, the spread of infections due to ESBL producers has been greater in countries with 

lower economic resources. This is very clear when comparing prevalence data from Sweden 

(3 percent) with those from Greece, Turkey, Portugal (>25 percent) (Casellas, 1999) or South 

America (>30 percent) (Sader, 2006). Several reasons have been attributed to account for this 
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disparity and these include poorer social and economic conditions, crowded hospitals 

frequently with high patient/nurse ratios, self-prescription of antibiotics that are sold over the 

counter, deficient hospital hygiene resulting in high rates of colonisation and infection with 

Klebsiella species. This last factor is very important because Klebsiella species have a 

particular ability to acquire plasmids determining ESBL production (Villegas et al., 2007).  

 

2.4.2. Classification of ESBLs. 

There are various types of ESBLs. These are classified accordingly as stated below: 

 

2.4.2.1. TEM-type 

Most TEM ESBLs are derived from TEM-1, an extremely common enzyme known since 

1965. The first plasmid-mediated beta lactamase in gram-negative bacteria was discovered in 

Greece in the 1960s. It was named TEM after the patient named Temoniera from whom the 

bacteria were isolated. Subsequently, a closely related enzyme was discovered and named 

TEM-2. It was identical in biochemical properties to the more common TEM-1 but differed 

by a single amino acid with a resulting change in the isoelectric point of the enzyme (Public 

Health England, 2013).  

 

The TEM-type enzymes are grouped according to different combinations. These 

combinations are based upon changes of TEM-type enzymes. There are 140 TEM-type 

enzymes that have been described. The TEM-10, TEM-12, and TEM-26 are among the most 

common in the United States and many European Countries (Villegas et al., 2004). TEM-1 is 

the most commonly encountered beta-lactamase in Gram-negative bacteria. Up to 90 percent 

of ampicillin resistance in E. coli is due to the production of TEM-1. This is also responsible 

for the ampicillin and penicillin resistance that is seen in H. influenza and N. gonorrhoea 

(Paterson, 2003). There have been reports of CTX -M-12 ESBL in Klebsiella pneumonia in 

Kenya, TEM-53, TEM-63, SHV-2, SHV-5, SHV-19, SHV-20, SHV-21 and SHV-22 in K. 

pneumonia in South Africa, CTX-M 15 and SHV-12 in Tanzania, SHV-12 in Salmonella 

enterica serotype and TEM-3 in S. typhimurium in Morocco (Ndugulile et al., 2005). 

Although TEM-type beta-lactamases are most often found in E. coli and K. pneumoniae, they 

are also found in other species of Gram-negative bacteria with increasing frequency. The 

amino acid substitutions responsible for the ESBL phenotype cluster around the active site of 

the enzyme and change its configuration, allowing access to oxyimino-beta-lactam substrates 

(Bradford, 2001).  

 

http://en.wikipedia.org/wiki/Gram-negative
http://en.wikipedia.org/wiki/Escherichia_coli
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2.4.2.2. SHV-type 

Sulfhydryl variable (SHV)-type ESBLs are all derived from SHV-1 by point mutations, with 

more than 90 SHV ESBL variants so far described (Paterson, 2003). This family of ESBLs 

currently predominates and today, SHV-5 and SHV-12 are among the most common 

members of this family. The SHV types of ESBLs have been detected in a wide range of 

Enterobacteriaceae and outbreaks of SHV–producing Pseudomonas species and 

Acinetobacter species have been reported (Mshana, 2011). 

 

2.4.2.3. CTX-M-type 

The CTX-M-type enzymes are a group of class A extended-spectrum beta-lactamases 

(ESBLs) that are rapidly spreading among Enterobacteriaceae worldwide. More than 50 

allotypes are known, clustered into six sub-lineages. The CTX-M-encoding genes have been 

captured from the chromosome of Kluyvera spp. on conjugative plasmids that mediate their 

dissemination among pathogenic enterobacteria. The CTX-M-type ESBLs exhibit powerful 

activity against cefotaxime and ceftriaxone but generally not against ceftazidime, which has 

important implications for laboratory detection. However, several CTX-M variants with 

enhanced ceftazidimase activity have been detected. The rapid and massive spread of CTX-

M-type ESBLs is rapidly changing the ESBL epidemiology and, in some geographical areas, 

these enzymes are now the most prevalent ESBLs in Enterobacteriaceae (Rossolini et al., 

2008). 

 

2.4.3. Reservoirs of ESBL infection 

The faecal flora of children in the community can represent a reservoir for ESBLs genes 

which are located on highly transmissible plasmids because intestinal carriage is a key factor 

in the epidemiology of ESBL-producing Enterobacteriaceae. The study on the prevalence of 

these resistant bacteria and risk factors in young children is of particular interest (Birgy et al., 

2012). The cause of this sudden upsurge in community-acquired infections with ESBL-

producing organisms is not yet clear, but associations with foodstuffs, animal consumption of 

antibiotics, and frequent patient contact with health care facilities need to be explored 

(Paterson and Bonomo, 2005). Animals may also be the reservoir of the resistant faecal flora. 

Knowledge concerning colonisation of the human gut is still incomplete but it is well-known 

that endogenous faecal flora of animal origin can spread via the food chain and transiently 

colonise the human gut. Resistant gut colonisers (principally, E. coli) may be subsequent 

agents of urinary infection in vulnerable patients. (Carattoli, 2008). The frequent 

administering of antibiotics in the treatment of poultry may contribute to emergence of 
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antimicrobial resistant strains.  The antimicrobial sensitivity test in the study which was 

conducted in Zambia revealed that 85.7 percent of ESBL producing E. coli isolates conferred 

resistance to Beta-lactam and antimicrobial agents. These results indicated that poultry is a 

potential reservoir for ESBL-producing E. coli which could spread into the food chain 

(Chishimba et al., 2016). The study conducted in Zambia on the detection of E. coli in flies 

that besets on fresh fish sold in market places in Zambia indicated that fish selling business is 

affected negatively by high fly numbers. About 56 ESBL-producing E. coli were obtained 

from flies in Lusaka out of these 42 isolates were subjected to antimicrobial susceptibility 

tests where drug resistant phenotypes were observed, this indicated that flies are reservoirs 

for ESBL producing E. coli (Mwansa et al., 2017). 

 

2.5. Antibiotic Resistance to E. coli 

Escherichia coli has been known as one of the most common bacteria found in the intestinal 

tract of human and warm blooded animals (Levine, 1987). Their ability to survive outside the 

body for longer periods of time makes them an ideal indicator organism to test food and 

environmental samples for fecal contamination (Lihan et al., 1999; Levine 1987). Though 

people generally understand E. coli as harmless intestinal flora, they are opportunistic and 

some of the strains have been identified as the serious causal agents of various illnesses 

(Levine, 1987). In our local setting, the health hazards associated with E. coli have become 

complicated by the fact that some of the causal agents have over the years, developed 

resistance against commonly used antibiotics (Wan et al., 2003; Son et al., 2001; Son et al., 

1999; Son et al., 1998; Son et al., 1997). 

 

The ESBL producing strains of Enterobacteriaceae have emerged as a major problem in 

hospitalized as well as community based patients (Rodriguez et al., 2004). Organisms 

producing ESBLs are clinically relevant and remain an important cause of failure of therapy 

with cephalosporins and these are primarily produced by the Enterobacteriaceae family, in 

particular Klebsiella pneumoniae and Escherichia coli (Bradford, 2001). Furthermore, 

bacteria harbouring ESBLs may also acquire and most often exhibit additional resistances to 

other antimicrobial classes such as the quinolones, tetracyclines, cotrimoxazole, 

trimethoprim, and aminoglycosides, which further limits therapeutic options and thus pose a 

therapeutic dilemma (Chopra et al., 2008). 

 

Emergence of ESBL-producing isolates has important clinical and therapeutic implications. 

In most bacterial isolates, resistance determinants for ESBL production are carried on 
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plasmids that can easily be spread from organism to organism and the spread of resistance 

toward extended-spectrum cephalosporins further limits the utility of the ß-lactam class and 

may lead to increased prescription of more broad-spectrum and expensive drugs such as 

imipenem. In addition, these resistant isolates may escape detection with routine 

susceptibility testing performed by a clinical microbiology laboratory, which can result in 

adverse therapeutic outcomes (Tenover, 1999) 

 

A heavy use of antibiotics has been reported to be a risk factor for acquisition of ESBL 

producing organisms (Mshana et al., 2009). Production of ESBL is the most common 

amongst the mechanisms of resistance to third generation cephalosporins like cefotaxine, 

cefdinir, and cefpodoxime in Gram-negative bacilli. Most of the ESBL- producing isolates 

are multi-drug resistant making available therapeutic choices limited (Black et al., 2005). 
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CHAPTER THREE 

 

MATERIALS AND METHODS 

 

3.1. Study Area. 

The study was conducted in Lusaka, the Capital City of Zambia. Lusaka covers an estimated 

area of 360 km
2
and is located at 15-30

o
latitude south and 28-17

o
longitude east. The city lies 

on a plateau 1280m above sea level (MFNP 2006 to 2011). 

 

3.2. Sample size estimation 

The sample size was estimated by using the following formula for sample estimation at 95 

percent level of confidence. 

 

n = z²p (1-p)/d²  

 

Where n = required sample size 

           p = estimated prevalence for fresh fish 50 percent  

           p = estimated prevalence for dry fish 50 percent 

           d = precision 5 percent 

           Z = value of the standard normal distribution corresponding to a significance level of a 

1.96 for a 2-sided test at the 0.05 level. 

 

3.3. Isolation of E. coli from Fish 

Fish samples were randomly collected from three local markets (Table 3.1) in Lusaka 

District. The fish samples were packaged in sterilised plastic bags and labeled appropriately. 

Furthemore the collection of the  dry fish was aseptically done.  

Table 3.3. Information on sample size per market of fish 

District Markets Samples No: of Samples 

LUSAKA 

 

 

Soweto Dry fish 80 

Chawama Dry fish 20 

Mutendere Dry fish 20 

                                TOTAL 120 

 

 



 

12 
 

At the laboratory, 1 gram of the fish samples was suspended into the sterilised normal saline 

and then a 100 µl was inoculated on MacConkey agar (Himedia, Mumbai, India) to isolate E. 

coli. The suspected E. coli was identified as lactose fermenters. Identification of E. coli 

lactose-fermenting positive colonies was further done using phenotypic characteristics and 

confirmed by the Triple Sugar Iron (TSI) and IMViC tests as described by other workers 

(Rayamajhi et al., 2008; Batchelor et al., 2005). 

 

3.4. Determination of Extended Spectrum Beta-Lactamase (ESBL) Producing E. coli  

The detected E. coli from the dry fish was inoculated on MacConkey agar containing 2 mg/L 

of cefotaxime for preliminary screening of ESBL-producing bacteria (Reich and Klein, 

2016). The plates were incubated at 37 
o
C for 24 hrs and the colonies that grew on 

MacConkey agar were subjected to genetic determination and confirmation as ESBL 

producing. The E. coli growing on MacConkey agar containing 2 mg/L of cefotaxime was 

cultured on brain-heart-infusion broth (Himedia, Mumbai, India) followed by DNA 

extraction using the heat treatment method. The E. coli isolates were then subjected to PCR 

for confirmation of resistance gene CTX-M (Cefotaxime–Munich) using primers previously 

used by other workers (Kuroda, 2014). The primer sequences were CTX-M-uni-F 

CGATGTGCAGTACCAGTAA and CTX-M-uni-R TAAGTGACCAGAATCAGCGG. The 

PCR (FinnzymesOy, Espoo, Finland) was performed in a total reaction volume of 10 µL 

consisting of 5µL Phusion master mix, 2µL sterile distilled water, 2µ L primers (forward and 

reverse) and 1µL bacterial DNA template. The PCR was performed using the rapid cycle 

DNA amplification method comprising of an initial denaturation step at 98
o
C for 30 s, 

followed by 35 cycles of template denaturation at 98
o
C for 1 s, primer annealing at 60

o
C for 5 

s and 72
o
C for 1 s with final extension at 72

o
C for 10 s. The PCR products was later  viewed 

with ethidium bromide after electrophoresis through 1.5 percent agarose gel. 

 

3.5. Antibiotic Susceptibility Test 

The antimicrobial susceptibility testing was done using the Kirby-Bauer disc diffusion 

method on Mueller Hinton Agar based on the Clinical Laboratory Standard Institute (CLSI) 

guidelines (Stern and Badley, 2001). The antibiotic discs which was used includes ampicillin 

(10µg), sulfamethoxazole/trimethoprim (1.25/23.75 µg), streptomycin (300 µg), 

ciprofloxacin (5µg), tetracycline (30µg), gentamicin (10µg), nalidixic acid (30 µg), 

chloramphenicol (30 µg), ceftazidime (30 µg), norfloxacin (10µg) and cefotaxime (30 µg). 

The phenotypic confirmation of ESBL isolates was done by the combination of disc 

approximation method using either ceftazidime (30µg) or cefotaxime (30 µg) alone followed 
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by over-night incubation at 37
o
C for 18 to 24 hrs. Interpretation of susceptibility patterns on 

other anti-microbial discs was done using guidelines laid down in the CLSI, which provides 

break points corresponding to zones of inhibition diameter. Quality control standard 

laboratory procedures was strictly followed to avoid contamination. Escherichia coli ATCC 

25922 was used as a quality control organism. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.1: Summary of the laboratory work conducted in this study 

 

3.6. Data Analysis 

The data collected was entered into Microsoft excel and thereafter, exported to STATA 13 

for processing and analysis using the presence of drug resistant genes and antibiotic 

sensitivity patterns. Presentation of results for the study were done in form of charts, graphs 

and tables. 

 

 

 

Dry Fish suspension in Sterilised Normal Saline 

 

Inoculation on MacConkey agar  

Identification of E. coli lactose-fermenting positive colonies 

was done using phenotypic characteristics and confirmed by the 

Triple Sugar Iron (TSI) and IMViC test 

 

 Susceptibility tests using disk approximation method on Muller 

hinton agar plate and confirmation of ESBL on MacConkey agar 

containing 2µg/ml of cefotaxime. 

 

 Molecular detection of genes for all ESBL positive isolates by PCR. 

 

Data analysis through interpretation of presence of resistant genes 

and antibiotic susceptibility patterns. 
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3.6 Ethical Considerations 

Before proceeding to collect research data from the community, permission was obtained 

from the Lusaka City Council and approval from the Excellence in Research Ethics and 

Science (ERES) institutional research board (IRB). The researcher ensured that the 

information collected were treated with the strictest confidence. 
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CHAPTER FOUR 

 

RESULTS 

 

4.1. Isolation of E. coli 

A total of 120 samples of fish were analysed for E. coli. Of which, 83 (69 percent, 83/120) 

were positive for E. coli and 37 were negative. (Figure 4.1). The breakdown of the E. coli 

isolated from the various sampled markets was 57 (69  percent) from Fish Sampled from 

Soweto market, 10 (12  percent) from Chawama market and 16 (19  percent) from Mtendere 

market (Table 4.1). 

 

 

Figure 4.1: E. coli isolation from dry fish 

 

Table 4.1. E. coli isolated from dry fish at various markets sampled  

  

SOWETO CHAWAMA MTENDERE Total 

Fish 

Sampled 

E. coli 

(+ve) 

Fish 

Sampled 

E. coli 

(+ve)  

Fish 

Sampled 

E. coli 

(+ve) 

  

NUMBER 80 57 20 10 20 16 120 83 

 PERCENT 

 

71 

 

50 

 

80  69 

 

4.2. Determination of ESBL Producing E. coli in Dry Fish 

The determination of E. coli as an ESBL producing organism was determined by growing the 

bacteria on MacConkey agar containing 2 mg/L of cefotaxime. Following culturing of E. coli 

on MacConkey agar containing 2 mg/L of cefotaxime a total of 46 (55.4  percent) were 

POSITVE NEGATIVE

NUMBER 83 37

PERCENTAGE 69 31
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suspected to be ESBL-producing E. coli isolates while 37 (44.6  percent) did not grow. 

(Figure 4.2). Furthermore it was observed that 73.9  percent of E. coli detected as ESBL 

producing was from Soweto market, 6.5  percent from Chawama market and 19.5  percent 

from Mtendere market (Figure 4.3). 

 

 

Figure 4.2: Determination of ESBL producing E. coli isolated from dry fish 

 

 

Figure 4.3: Determination of ESBL producing E. coli isolated from dry fish in various 

markets 

 

The E. coli isolated from various markets segregated as ESBL producers or non ESBL 

producers as shown in Figure 4.4. 
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Figure 4.4: E. coli isolates segregated as non ESBL producers and ESBL producers. 

 

4.3. Molecular confirmation of ESBL producers 

The E. coli isolates presumably confirmed to be ESBL producing following culture on 

MacConkey agar supplemented with cefotaxime were subjected to PCR. A total of 35 isolates 

were tested for the presence of the blaCTXM gene and out of these 21 were positive through 

the amplification of the 589bp fragment (Figure 4.5).  

 

Figure 4.5: PCR results for blaCTX-M gene. M; DNA ladder, Lane 1 to 14 are samples, 

while Lane 15 and 16 as negative and positive controls respectively. 

 

4.4. Antimicrobial susceptibility Pattern 

Of the 46 E. coli isolates that grew on MacConkey agar supplemented with cefotaxime, the 

resistant were observed in all the drugs which included, erthromycin, Chlorampenicol, 

Ampicillin, Ceftazidime, doxycycline, tetracycline, norfloxacin, naldixic, ciprofloxacin, 

gentamicin, strptomycin, neomycin and Amoxycllin. The highest intermidiate was observed 
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with Chloramphenicol and the lowest with ampicillin, ceftazidime and doxycycline. On 

susceptibility the highest was with norfloxacin (48  percent) and some were not susceptible to 

some antibiotics that included tetracycline, doxycycline and erythromycin (Figure 4.6). For 

E. coli which did not grow on cefotaxime media  showed resistance to all antibiotics (Figure 

4.7).  

 

 

Figure 4.6: Antimicrobial susceptibility pattern of E. Coli that grew on MacConkey 

agar supplemented with cefatoxime media 

 

 

Figure 4.7: Antimicrobial susceptibility pattern of E. coli that did not grow on 

MacConkey agar supplemented with cefatoxime media. Key for antibiotics: Ampicillin – 

AMP; Tetracycline – TE; Norfloxacin – NX; Streptomycin – S; Chloramphenicol – C; 

Ceftazidime – CAZ; Neomycin – N; Gentamicin – GEN; Cipofloxacin – CIP; Nalidixic acid 

– NA; Amoxycllin – AMC; Doxycline – DO; Erythromycin - E 
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The diversity of the antibiotic resistance, intermidiate and susceptible E. coli isolates that 

were found to be ESBL producing and non ESBL producing E. coli are presented in Figure 

4.7. A total of 74 isolates were subjected to antibiograms which consisted 46 ESBL producers 

and 28 non ESBL producers. 
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CHAPTER FIVE 

 

DISCUSSION 

 

Fish is an important food commodity in the international food trade but they deteriorate 

rapidily especially when storage facilities are lacking. It has also been widely accepted as a 

good source of protein and other elements necessary for the maintance of a healthy body. In 

order to preserve this prestigous protein source, drying of fish is very common. In the study, 

dry fish (tilapia) was sampled from three markets in Zambia and examined for the presence 

of E. coli. A total of 83 E. coli isolates were isolated from 120 dry fish samples. The isolation 

rate of E. coli was high (69  percent). The isolation of E. coli is of high importance because 

this bacteria plays a considerable role as potential pathogenic bacteria for human and as an 

indicator of food quality as a spoilage organism. This is in accordance with what was 

previously reported by Koutsoumaris and Nychas (2000). From the results of the study, it was 

observed that dry fish sold in open markets in Lusaka has high contamination of E. Coli.  

This may be as a result of poor hygienic practices of fish handlers. The contamination  could 

be due to water taken in by the fishes which may contain faecal matter in their ecosystem. 

This is in agreement with an earlier report by Agbu et al., (1998) in kastina found high viable 

counts of coliform density in the ecosystem.  

 

Thampuran et al., (2005) reported that the microbial quality of the tilapia indicated that all 

tissue samples were contaminated with fecal coliform and E. coli were the most common 

contaminant encountered. The presence of contamination was attributed to cross 

contamination from the environment, source of fish (water) and handling by the sellers 

(Byan, 1988; Byan et al., 1981). In  Lusaka the possible contamination routes includes poor 

supply of safe water in the markets, improper disposal of fecal matter and poor sanitation. 

This is in support with Mwansa, (2017) who reported that poor sanitary conditions and lack 

of formal refuse collection facilitates are breeding grounds for disease-causing organisms in 

the markets further stated that flies are associated with spreading of diseases because of their 

intimate relationship with decaying matter, garbage, and faeces. 

 

 

55.4% isolates were confirmed to be ESBL producing E. coli while 44.6% were found to be 

non-ESBL producing following growth on MacConkey agar containing 2 mg/L of 
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cefotaxime. Further confirmation using molecular tool indicated that other isolates had no 

amplicon of the blaCTXM gene. These findings are quite interesting as this could be as a 

result of uneven mixing of the cefotaxime in MacConkey agar. Molecular confirmation 

detected isolates to contain the blaCTXM gene. This, therefore, confirms that ESBL-

mediated plasmids are capable of carrying beta-lactamase genes and as such would result into 

high level presence of beta-lactam resistant phenotypes as described by Rottier et al., (2012). 

This also confirms the presence of ESBL producing E. coli in fish being sold for human 

consumption. This is a significant public health problem. Resistance to beta-lactam/beta-

lactamase inhibitor combinations in E. coli may be due to hyperproduction of penicillinase 

enzyme brought about by blaCTXM gene (Shaikh et al., 2014). 

 

Antimicrobial susceptibility testing revealed interesting patterns with resistance rates 

observed in the majority of the fourteen antibiotics tested. From the antimicrobial 

susceptibility results, 96 percent of the isolates were resistant to ampicillin (10 μg) and 

ceftazidime (30 μg) , 42 percent chloramphenicol (30 μg), cefotaxime (30 μg), 47 percent 

ciprofloxacin (5 μg), 55 percent gentamicin (10 μg), 73 percent nalidixic acid (30 μg), 54 

percent norfloxacin (10 μg), 51 percent streptomycin (300 μg), 88 percent tetracycline, 50 

percent Amoxycyclave (30 μg), 97 percent Doxycycline Hydrochloride (10 μg), 65 percent 

Neomycin and the highest resistance were in erythromycin. This indicated that all E. coli 

isolates were resistant to one drug or another. The findings are similar to studies conducted 

by Kuenzli et al., (2014) on food animals and water enteric bacteria where high antibiotic 

resistant profiles were established. For instance, a review of published and unpublished 

literature 44 for Democratic Republic of Congo, Mozambique, Tanzania and Zambia 

revealed an increased trend of resistance to ampicillin, co-trimoxazole, gentamicin, 

erythromycin, tetracycline and third generation cephalosporins (Mshana et al., 2013). The 

development of high antibiotic resistance status could be attributed to the presence of 

extended- spectrum β- lactamases which are either transferable through mobile genetic 

elements or could be chromosomally mediated (Lester et al., 2006). Few E. coli isolates  

were susceptible to antibiotics which included 1 percent Ampicillin (10 μg) and 2 percent 

ceftazidime (30 μg) , 27 percent chloramphenicol (30 μg), 23 percent ciprofloxacin (5 μg), 31 

percent gentamicin (10 μg), 12 percent nalidixic acid (30 μg), 36.5 percent norfloxacin (10 

μg), 26 percent streptomycin (300 μg), 28 percent amoxycillin (30 μg), 20 percent neomycin 

and there were no susceptiblity to the following antibiotics erythromycin, tetracycline and 

doxycycline. This revealed that the first line of antibiotics are less effective. Resistant 

infections lead to increased morbidity and prolonged hospital stays, as well as to prolonged 
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periods during which individuals are infectious and can spread their infections to other 

individuals (Rubin et al., 1999 and Holmberg et al., 1987). The problem is particularly severe 

in developing countries, where the burden of infectious diseases is relatively greater and 

where patients with resistant infections are less likely to have access to or be able to afford 

expensive second-line treatments, which typically have more complex regimens than first-

line drugs. In addition, these resistant isolates may escape detection with routine 

susceptibility testing performed by a clinical microbiology laboratory, which can result in 

adverse therapeutic outcomes (Tenover, 1999).  
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CHAPTER SIX 

 

CONCLUSION AND RECOMMENDATIONS 

 

6.1. Conclusion 

1. Raw dry fish sold in open markets in Lusaka District of Zambia could be a source of 

food-borne bacterial pathogens.  

 

2. There are high levels of contamination of dry fish with antimicrobial resistant 

enteropathogenic E. coli isolated in this study could be an indication of  serious threat 

to Human and public health. 

3. Dry Fish is a major and potential reservoir for the antimicrobial ESBL producing E. 

coli resistant genes which could be spread by the food chain. 

4. The study has also shown widespread occurrence of multi drug resistance E. coli 

strains. 

 

6.2. Recommendations 

1. Public health concerns and improvements in handling and processing should be 

addressed to minimize the prevalence of the pathogens through urgent introduction 

of quality control and assurance systems. 

2. Fish should be properly cooked before consumption and good quality control 

measures be adapted in harvesting and processing such as covering the fish to avoid 

flies besetting on the fish. 

3. There is need for another study to improve sanitation and hygiene in markets  in 

order to reduce E.coli from contaminating the environment 
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