PHENOTYPIC AND GENOTYPIC CHARACTERIZATION OF SALMONELLA
ISOLATED FROM NILE TILAPIA (Oreochromis nilotics, L.) ALONG LAKE
VICTORIA BEACHES IN WESTERN KENYA

BY:
SARAH AWUOR WANDILI

A thesis submitted in partial fulfillment of the requirements for the Degree of

Master of Science in Cell and Molecular Biology

DEPARTMENT OF ZOOLOGY

MASENO UNIVERSITY

© 2009




-

ABSTRACT

Enteritis induced by nontyphoidal Salmonella represents major economic and social
problems. Chemotherapeutic selection may have additional consequences for
virulence evolution through acquisition of linked virulence genes. (Yarious foods have
been implicated as sources of Salmonellosis to humans. These include poultry, eggs,
pork, and fish. Although prevalence of Salmonellosis is high in Western Kenya
around Lake Victoria region, no particular food source has been identified to be
associated with its transmission. Fish is the main source of protein for people living
around the lake. Poor sanitary facilities at fishing beaches are likely to contaminate
the lake waters. In Kenya, established quality control measures exist for export
oriented but not locally consumed fish. The main objective of this study was to
identify Samonella species and to perform their phenotypic and genotypic
characterization in Winam gulf of L. Victoria. - A total of 120 fish specimens were
collected of which 63 were positive for various bacteria isolates as determined by
standard culture techniques and serotyping. Twenty five (39.7%) were Shigella sp.,
9 (14.3%) Salmonella enterica serotype typhimurium, 4 (6.3%) S. enterica serotype
enteritidis, 7 (11.1%) S. typhi, 16 (25.4%) Escherichia coli, 1 (1.6%) Proteus sp., and
E. aerogenes respectively. Molecular typing of Salmonella involved the amplification
of the house keeping gene for malic acid dehydogenase (mdh) with specific primers.
Twenty Salmonella isolates had a gel ladder head resolved at 261 bp, which
confirmed presence of malic acid dehydrogenase gene. Bands of 429 bp amplified
regions using random sequence primers ST11 — ST15 further confirmed presence of
Salmonella species in the isolates. Presence of Salmonella in Oreochromis niloticus
was as a result of contamination of the fish during offloading but not during loading
offshore.This study has provided vital data that is critical in assessing and controlling
the risk associated with the presence of Salmonella in O. niloticus in the study area.
For absolute safety, elimination of initial contamination of fish by enteric pathogens
from the source should be ensured. Hence landing and marketing of fish from beaches
with essential sanitary facilities can reduce the risk of cross contamination. Additional
safety measures should include training in personal hygiene, sanitation and ensuring

water quality.
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CHAPTER ONE

10 INTRODUCTION

Salmonella are microorganisms that belong to the family En(erobacter{c_zceae

~ (Collier, 1998), and consist of Gram negative, non-spore forming bacilli. Most strains are
motile. They produce acid and gas from glucose, mannitol and sorbitol except for a few
that form acid only. They rarely ferment sucrose, adonitol or indole. They form Hydrogen
Sulphide (H,S) gas on triple sugar iron agar and use citrate as sole carbon source. They
~ form lysine and ornithine decarboxylates (Collier, 1998). Salmonella causes a wide range
of human diseases such as enteric fever, gastroenteritis and bacteremia. Gastroenteritis
associated with food borne outbreak is the most coﬁmon clinical manifestation of the
infection (Rodrigue ét al., 1990). Following oral ingestion, Salmonella colonizes the
intestines and invades the intestinal mucosa. Invasion of enterocytes and mast cells
résults in the extrusion of infected epithelial cells into intestinal lumen followed by villus
blunting and loss of absorptive surfaces (Wallis and Edward ,2000). Salmonella also

elicits a polymorphonuclear leukocyte (PMN) influx into infected mucosa and induce

watery diarrhoea, which may contain blood (Wallis and Edward ,2000).

Gastroenteritis being an important problem in developing countries, is normally related to
‘ unhealthy sanitary conditions. The development of antibiotic resistance in
enteropathogens including Salmonella species has increased the problem (Ruiz et al.,
1999). Approximately 13 million cases of Salmonellosis occur worldwide annually with
70% of the reported cases occurring in developing countries (Murugkar et al., 2005).
According to World Health Organization (WHO) web based surveillance and global

Salmonella distribution from 2000 to 2002, Salmonella enterica serotype typhimurium
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was the most commonly reported serotype in all the three years (2000 to 2002),
accounting for 17% of non human isolates in 2000 globally (Galanis ef al., 2006 ). About
600 deaths occur in Kenya annually from Salmonella infections, thfe most susceptible
groups being the elderly, infants and Acquired Immune Deficiency gyndrome (AIDS)
patients (Cathrine, 2004). Contamination of food; poultry, pork, beef, eggs, milk.cheese,
shell fish, and fish can occur at multiple steps along food chain (Gomez et al., 1997;
Esaki et al., 2004). Earlier studies on contamination of fish and fisheries products with
Salmonella have indicated that unless fish is in polluted waters, they would not be
infected or they do not ordinarily harbour enteropathogenic bacteria (Janssen ef al.,
1968). There is possibility that fish exposed to Salmoﬁella through contaminated water or
feed may become infected with pathogenic bacteria and may finally shed the organisms
posing serious health hazard to fish farmers, workers, consumers, and hobbyists (Janssen
et al., 1968). Human infections caused by pathogens transmitted from fish or the aquatic
environment are quite common depending on the season, patients’ contact with fish and
related environment, dietary habits and the immune system status of the exposed
individual. There are often bacterial species that are facultative pathogenic for both fish
and man and may be isolated from fish without apparent symptoms of disease. The
infection source may be fish kept either for food or as a hobby (Acha ef al., 2003).
However, quantification of the occurrence of these diseases is difficult because of many
causeé, hence many of such illnesses go unreported. The symptoms usually do not last
lqng and are self-limiting in healthy people. Fish pathogen transmissions have been
recorded following injury by cleaning aquarium with bare hands, after exposure to fish

tank water, by handling tropical fish ponds, by contact with rare tropical fish (Kern ef

al., 1989; Guarda et al., 1992; Alinovi et al., 1993 ; Bhahy et al., 2000). Transmissions




have also been found to‘occur after injuries from fish thorns, after fish bite, through
contact with fish living in the wild, by contact with fresh or salt water environment,
through processing fish in the food industry and preparation of dishes, or oral
consumption of infected fish or related products ( Hayman., 1991; O?Shea et al., 1991;
Darie et al., 1993 ; Bleiker et al., 1996; Said et al., 1998 Notermans et al., 2000 ;
Seiberras et al., 2000). Poor sanitary facilities at the fishing beaches in which feaces and

untreated water are discharged into the lake are likely to contaminate lake waters and its

resources leading to contamination of Nile tilapia fish.

The use of antibiotics in livestock, fish and poultry'has accelerated the development of
antibiotic resistant ‘bacteria complicating treatment for both animals and humans.
Chemotherapeutic selection may have additional consequences for virulence evolution
through the acquisition of linked virulence genes. These routine practices aré important
factors in the emergence of antibiotic resistant bacteria that are subsequently transferred
from animals to humans through food chain (Kariuki er al., 2004). Extensive use of
antimicrobial chemotherapeutic agents to common bacterial pathogens cannot be over
emphasized (Kakai and Wamola, 2002). Serological methods play important role in
identification and characterization of many bacteria species including those of
Salmonella serotypes necessary for epidemiological evaluation. However, alternative
techniques have been developed which allow more rapid and simple identification of

.isolates ( Baudart e z al., 2000)

Multidrug resistant strains of Salmonella enterica serotype typhimurium phage type

(DT) 104 implicated in epidemics in Europe, the United States. and Canada has
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reservoirs in cattle and is transmitted mainly through consumption of contaminated meat,
milk and milk products (Threfall, 2000). However, there are no data from developing .
countries including Kenya on the likely sources of non-typhoidal Salmonella that causes

<

human infections (Kariuki et al., 2002).

Prevalence of Salmonella enterica serotype typhimurium was found to be 23.3% and 60%
among immunocompromised and immunocompetent children in Western Kenya
(Onyango et al., 2005). A clinic based surveillance for diarrhoeal diseases conducted
between May 1997 and April 1998 in Asembo, a rural area along Winam gulf indicated
that out of 729 specimens collected, 33 (14%) weré Salmonella isolates (Roger et al.,
2001). In a five mohth study of Salmonella septicemia in Kenyan children in malaria
endemic areas carried out during the annual peak infection period (January to March,
May, September to October 1989) indicated that Salmonella enterica serotype
typhimurium septicemia occurred seven times more frequently than typhoid or other non
typhoid infections (Nesbitt et al., 1989). Typical clinical features of fever, diarrhoea, and
severe anaemia resembled Plasmodium falciparum malaria which they often co-exist
with (Nesbitt ef al., 1989). Mortality was found to be 18% and isolates exhibited a wide
range of multidrug resistance (Nesbitt e al., 1989). However no particular food source
has been linked to the above mentioned cases. The aforementioned data, Nesbitt ef al.,
(1989), Rogers et al., (2001) and Onyango et al., (2005 and 2008) indicated that
Salmonellosis is prevalent within Winam /gulf of Western Kenya, therefore the main
objective of this study was to perform phenotypic and genotypic characterization of

Salmonella in randomly selected O. niloticus (Nile tilapia) fish in Lake Victoria beaches

in Western Kenya.



1.1  Statement of the problem

Sépticemic Salmonellosis due to Salmonella enterica serotype typhimurium is
documented to occur seven times more frequently than typhoid infecti?)ns, with mortality
rate of 18% in malaria endemic areas (Nesbitt ez al., 1989). Isolates exhibited a wide
range of multidrug resistance. Clinic.based surveillance by CDC/KEMRI for diarrhoeal
diseases (May 1997 — April 1998) in Asembo along Winam gulf found 14% of total
isolates to be Salmonella (Rodger et al., 2001). Brooks et al., (2003 ;2006) also found

12% of nontyphoidal diarrhoea in Asembo .

Fish is the main soufcer of protein for the people living around L.Victoria, and given the
prevalence of water and foodborne disease; Salmonellosis, it was important that all
possible infection routes of the pathogens be investigated and possible prevention

measures recommended. It was with these in mind that the research study was developed.

1.2 Justification and Significance of the study

Fish industry plays an important role in East African economies. It supports 3-4 million
people. It contributes about 3% of Uganda’s and Tanzania’s Gross Domestic product
(G.D.P) and 0.4% of Kenya’s G.D.P. It earns Kenya US$ 50 million, Uganda US$ 80

million and Tanzania US$ 100 million as foreign exchange (Gitonga , 2006).

L. Victoria is a source of most fresh water fish both for local and export markets in
Kenya. Fish from Lake Victoria represents 85% of Kenya’s fish supply and constitutes

25% of total catch from Africa’s inland fisheries (Gitonga, 2006).
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:vFish has been found to bé é source of Salmonella infection (Massete, 1999 ). Fish landing
environment has been identified as a major source of fish quality problems in Kenya
.:'(Nényaro and Makene ,1998). While estéblished quality control measures exist for
~ export oriented fish, none exist for fish consumed locally, posing healt;l hazards to local
- consumers (Ogwang et al., 2005). Isolation of Salmonella species from fish samples will
; provide information on the possible rQIe of tilapia as a source of infection in the study
} areas. This would sensitize department of fisheries on the need to inspect and improve
~ fish handling before it reaches local consumers. Information gathered from this study will
enable LVEMP, VICRES, fisheries department and fisheries management to evaluate the
success of the experiment on multi- hauling practicés and procedures introduced after
- European Union ban on fish from Kenya in 1997 (Makene, 2005), that were meant to
eliminate contamination of fish. The results from'this study could provide valuable

information to agencies and legislators, (FAO, WHO, and Ministry of health) involved in

making policy decisions on food safety in Kenya.



Main objective:

To perform phenotypic and genotypic characterization of Salmonella species in

randomly selected Nile tilapia (Oreochromis niloticus) in Winam gulf of Lake

<

Victoria Western Kenya.

Specific objectives
To identify Salmonella species in O. niloticus collected from the fishing sites
within Winam Gulf; Luanda Kotieno, Uhanya, Dunga and Homa Bay along the

shores of L. Victoria in Western Kenya.

To perform phenotypic characterization of bacteria isolated from O. niloticus

within the study areas mentioned in ( 1) above.

To perform genotypic characterization of the isolated Salmonella species

identified in (1) above.



CHAPTER TWO
LITERATURE REVIEW

Gastroenteritis

troenteritis is a major cause of morbidity in the developing world (E’ern et al., 1992),
and is normally related to unhealthy sanitary conditions. Gastroenteritis has the greatest
‘ dverse effect on children’s growth and development (Black ef al., 1984). Approximately
5 episodes of diarrhoea per child per year occur among children below 5 years old and
“approximately 0.2% of the cases are fatal (Roger ef al., 2001). Sub-Saharan Africa is
; among the regions with the highest morbidity and mortality from diafrhoeal diseases
(Bern et al., 1992). Mortality is attributed to diarrhoea that leads to loss of electrolytes
~ and fluids in the body, making the body weak. In normal host, bacteremia accompanies
| gastroenteritis about 5% of the time, whereas in Aqquired Immune Deficiency Syndrome
(AIDS), the incidence of bacteremia is much higher (Gooze, 1998). Gastroenteritis
- associated with foodborne outbreaks is probably the most common clinical manifestation

- of the infection (Rodrigue et al., 1990).

Salmonella is a genus of Gram negative rod shaped bacteria in the family
Enterobacteriaceae, that causes a wide range of human diseases such as enteric fever,
"' gastroenteritis and bacteremia. Salmonella is mainly an intestinal parasite of vertebrates
and are pathogenic for many species of animals. Following oral ingestion, Salmonella
colonizes the intestines and invades the intestinal mucosa. Invasion of enterocytes and
mést.cells result in the extrusion of infected epithelial cells into intestinal lumen with
consequent villus blunting and loss of absorptive surfaces (Wallis and Edward. 2000).

Salmonella also elicit a polymorphonuclear leukocyte (PMN) influx into infected mucosa




and induce watery diarrhoea which may contain blood (Wallis and Edward ,2000).
Salmonellosis in humans caused by non typhoidal Salmonella strains usually results in -
- lf limiting diarrhoea that does not warrant antimicrobial therapy. However, there are
‘occasions when infections can lead to life threatening systemic infections that require
effective chemotherapy (Helms, 2002). In many developing countries, bacteremia due to
“invasive non typhoidal Salmonella has been associated with an increased risk of death,
‘ji)articularly in children with severe malaria (Oundo et al., 2002; Walsh, 2002) and among
‘immunocompromised adults, particularly with HIV and AIDS (Arthur, 2001). Non-
i‘ typhoidal Salmomnella bacteremia has also been reported as a complication of the
- management of severe malarial anaemia causing -clinical deterioration after blood
 transfusion. It is estimated that approximately 13 million cases of Salmonellosis occur
worldwide annually, out of which about 70% of the reported cases come from China,
India, and Pakistan (Murugkar ef al., 2005). The development of antibiotic resistance in
- enteropathogens including Salmonella species has increased the problem. Resistance to
- some  — lactam antibiotics, tetracycline, chloromphenicol or trimethoprim is reported
with increasing frequency (Ruiz et al., 1999). Among the resistant Salmonella sérotypes
- is Salmonella enterica serotype typhimurium (White et al., 2003). The resistant strains
have caused severe infections and death in animals and humans worldwide (White et al.,

2003; Kariuki, 2004).

Bacteria constituting the genus Salmonella posses 3 different types of antigens. The
agglutinating properties of the somatic ‘O’, flagella ‘H” and capsular Vi’ antigens are
used to differentiate among more than 2,500 serologically distinct types of Salmonella

(Popoff er al., 2003). Following the scheme of Le Minor (Le Minor, 1984),



seven subspecies have been identified by applying biochemical tests. Within S. enterica
subspecies S. entericae, the most common ‘O’-antigen serogroups are A, B, C;, C;, D

and E. Group D, Salmonella enterica serotype typhimurium is more virulent than group

B, Salmonella (Fierer, 2001).

.iIt is estimated that 2 to 4 million cases of Salmonellosis and more than 500 deaths occur
in United States annually (FDA, 2006). In 1985, 16,000 confirmed cases of Salmonellosis
in Chicago dairy farm in United States were reported . Approximately 95% of the human
-,,Salmonella infections are foodborne corresponding to approximately 30% of the deaths
| caused by food borne infections in United States. In most developed countries, outbreaks
- of non-typhoidal Salmonella infection have been caused mainly by Salmonella enterica
serotype typhimurium and S. enterica serotype enteritidis (Ridley et al., 1998; Threfall et

- al.,2003).

Salmonella infection is even more detrimental in the developing world. In de\}eloping
countries, non typhoidal Salmonella (NTS) accounts for an increasing proportion of
human infections and represent about 20 to 30% of Salmonella serotypes, in particular
.mﬁlti drug resistant Salmonella enterica serotype typhimurium which causes serious
outbreaks (Kariuki e al., 2004). In Africa alone, in the year 2002, nine hundred and six
five Salmonella species were isolated (Cameroon, 247; Mali, 334; Morocco, 76; Senegal,
220; Tunisia, 388) Galanis et al,, (2006). In Zair¢ and Rwanda, multidrug resistant S.
enterica serotype typhimurium was the main causé of bacteremic illness in children

(Lepage ef al., 1990; Green et al., 1993).

10



.jm Kenya S. enterica serbtype typhimurium was the main isolate in adults with
Salmonella bacteremia (Kariuki et al., 2000; Arthur, 2001). A previous study by
.y;lngo et al., (2005) in Western Kenya also indicated that prevalence of S. enterica
serotype typhimurium was 23.3% and 60% among immunocor;promised and

immunocompetent children respectively. Approximately 95% of these cases were

foodborne and of animal origin.

22 Aectiology and sources of infection

Outbreaks of gastroenteritis infections are often a result of exposure to a common source
of etiological agent (Michael and Bean ,1999). Infecﬁon is usually through direct or
‘indirect contact with animal and human faeces or in the environment or contact with
- contaminated food, water or objects such as feeding bowls (Daniel et al., 2003). The
majority of the 1.3 billion annual cases of Salmonella — caused human gastroenteritis
 result from ingestion of contaminated food products, such as undercooked beef, pork,
eggs, milk, Cheese, Shellfish and fish (Pang, ef al., 1995; Gomez et al., 1997; Esaki et
~al, 2004). Salmonella infections are also contracted following consumption of fresh
- fruits or vegetables contaminated by infected fertilizer (Tauxe, 1997). Reptilian pets have
.: also served as reservoirs and hence sources of Salmonella for infected owners (Kourany
o al., 1970; Sanyal et al., 1997). This indicates that Salmonella species lack special host
adaptaﬁons and are capable of colonizing a wide variety of macro - organisms (Foltz,
1969). Their ubiquitous nature facilitates a cyclic lifestyle consisting of passage through a
host into the environment and back into a new host (Thomason et al., 1977). Birds and
flies are important vectors for rapid widespread dissemination of Salmonella in the

environment (Davies and Wray, 1996). Flies that come in contact with contaminated

11




materials (manure, food, Water) are capable of transmitting Salmonella (Mian et al.,
,.()()2)'. Rapid dissemination of Salmonella between hosts also occurs by passage of
bacteria from infected farm animals to vegetables as a result of field fertilization with raw
}contaminated manure. Compared to E. coli, Salmonella withstands a wider variety of
stresses associated with environmental fluctuations and may persist in water environment
- for sometime. Salmonella can be disseminated in soil and sediment even in the absence
- of active fertilization, as a result of water currents, underground springs, and rain run off
carrying contaminated material (Chao er al, 1987; Abdel-Monem et al, 1990).
‘ Percolation of waste water through soil filters out bacteria that become trapped in this
- environment (Chao et al, 1987). Animals are important sources of Salmonella for food
borne human disease. Animals consume Salmonella from soil or contaminated processed
| feed. The bacteria are then shed alive in the infected animals’ feaces. During slaughtering
- and processing, Salmonella may contaminate animal carcasses. Contact of Salmonella
- with flowers, stems or fruits of tomato plants leads to infiltration and colonization of
( plant tissues (Guo et al., 2001; 2002). Presence of bacteria on household surfaces has
‘ important health consequences. Survival of Salmonellé in bathrooms and. toilets
following bacterium — induced illness is known to demonstrate high contamination levels

for up to several weeks (Barker ez al., 2000).

Salmonella is frequently isolated from water sources (Cherry et al., 1972) which serve as
bacteria reservoirs and may aid transmission between hosts (Foltz, 1969). Like E. coli,

Salmonella is constantly released into the environment from infected humans, farm

animals, pets and wildlife ( Baudart ez al, 2000). Despite efforts to contain and sanitize

human waste, Salmcnella can survive for 10 to 15 days in a septic system
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(Parker er al., 1982). Seepage from septic tanks and sewage injection well fields as well
- as seWage and storm runoff facilitate bacterial passage into surface waters (Paul er al.,

" 1995; Baudart ez al., 2000).

~ Detection of Salmonella correlates with proximity to sewage discharge area (Alonso et
'. al, 1992, Baudart et al., 2000). For example Salmonella was isolated from 65% of the
water samples collected along Peavine Creek in Decatur Ga, which flows through urban
A industrial and residential areas (Cherry er al, 1972). In addition , Salmonella. was
- detected within 350 feet of the subsurface origin of a small stream in the same area
suggesting that contamination occurs rapidly once water emerges from the earth (Cherry
Eal, 1972). Comparéd to other bacteria, Salmonella has high survival rates in aquatic
environments  (Chao et al., 1987) .It outlives ‘both Staphylococcus aureus and the
waterborne Vibrio cholerae in ground water and in heavily eutrophied river water

(DiRita, 2001).

Industrialization, mass food production, decreasing trade barriers and human migration
have disseminated and increased the incidence and severity of food borne diseases world
Wide (Gomez et al., 1997; Todd, 1997). The most common causes of illness is eating
- improperly prepared or stored foods. When food is improperly handled, Salﬁonella
bacteria are able to proliferate and produce toxins that cause illness. Anything
contaminated with Salmonella that is not heated to destroy the bacteria before being eaten
may cause illness. After ingestion, symptoms begin within 1 to 3 days and may include
abdominal pain, diarrhoea, fever, and sometimes vbmiting. The illness usually lasts for 4

to 7 days and most persons recover without treatment. However in some persons, the }
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iarrhoea may be severe. In these patients, the Sa/monella infection may spread from the
intestines to the blood stream and other body parts. At this point it can cause death unless

the patient is treated with antibiotics ( Velge ez al., 2004)

In recent years, concerns have been raised about particular strains of bacteria that have
-~ become resistant to traditional antibiotics in both animals and humans (Velge ef al,

2004). The use of antibiotics in livestock, fish and poultry has accelerated the
development of antibiotic resistant bacteria, complicating treatment for both animals and
- humans. Chemotherapeutic selection may have additional consequences for virulence
evolution through the acquisition of the linked Virulént genes (Velge et al., 2004). A
number of studies havé indicated the development of resistance strains from the use of
antimicrobials in human medicine, veterinary medicine, animal husbandry as well as
agriculture practices (Velge ef al., 2004). In many developed countries, most
antimicrobial resistant Salmonella infections are acquired from eating contaminated
foods of animal origin (Angulo er al., 2000; Gorman, 2004). Resistance to combinations
of several classes of antimicrobials has led to the emergence of multidrug resistant
(MDR) strains that may be transmitted through food to humans (Threfall ez al., 1997).
Qne notable MDR strain is Salmonella enterica subspecies enterica serovar typhimurium
definitive type 104 (DT 104). It was first recognized in the United Kingdom (Threfall et
al., 1994) and since then has been reported in many parts of the world (Kariuki et al.,
1992) and from various host species including pets (Threfall er al., 2002). Another
important phage type of serovar typhimurium often exhibiting MDR is DT 193, a MDR
strain responsible for outbreaks in humans in the iate 1980s and early 1990s, mainly in

Europe (Threfall, 2000). Two of the major outbreaks due to DT 193 in Italy and United
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Kingdom were traced to cdntarninated pork products. Multidrug resistant strain of S.
f; terica serotype typhimurium phage type (DT) 104 implicated in epidemics in Europe,
‘e United States and Canada has reservoirs in cattle and is transmitted mainly through
;nsumption of contaminated meat, milk and milk products (Threfall, 5000). However,

“there is no data from developing countries including Kenya on the likely sources of

- nontyphoidal Sa/monella that cause human infections (Kariuki er al., 2002).

_' Prévious study by Kariuki ef al., (2000) working on cases in Kenyatta National Hospital
Nairobi Kenya isolated 52.3% of S. enterica serotype typhimurium and 38.4% of S.
enterica serotype enteritidis of total Salmonella sero'vars. It was however difficult to
 incriminate any particﬁlar common food source. Clinic based surveillance for diarrhoeal
- diseases conducted in Asembo, a rural area within Winam gulf in Western Kenya,
between May 1997 — April, 1998, showed that 33 (14%) out of 729 diarrhoeal specimens
collected had Salmonella isolates, but the main source of infection was unknown. In
relation to that, studies by Onyango et al., (2005) in Western Kenya found prevalence of
S. enterica serotype typhimurium to be 23.3% and 60% among immunocompromised and
immunocompetent children respectively without knowledge of the main source of
infection. Thus there was need to discern the source of infection within the selected

~ beaches.

2.3 Role of fish in transmission of enteric pathogens
‘\ Human infections caused by pathogens transmitted from fish or the aquatic environment
are quite common depending on the season, patients’ contact with fish and related

environment, dietary habits and the immune system status of the exposed individual.
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There are often bacterial species that are facultatively pathogenic for both fish and man

d.may‘be isolated from fish without apparent symptoms of disease. The infections
f.source could be fish kept either for food or as a hobby (Acha et al., ‘2003). However,
quantification of the occurrence of these diseases is difficult because T)f many causes,
_. typically gastrointestinal illness go unreported. The symptoms usually do not last long
and are self-limiting in healthy individuals. Pathogenic and potentially pathogenic
 bacteria associated with fish and shellfish include Mycobacteria, Streptococcus iniae,
Vibrio vulnificus, Vibrio spp., Aeromonads, Salmonella spp. and others (Lipp et al., 1997,
~ Zlotkin er al., 1998; Bhaftopadhyay, 2000). Human infections by this fish pathogen are

- usually through contact with infected fish while handling them, water or other

- constituents of fish life’ environment (Acha ef al., 2003).

Fish pathogen transmissions have been recorded following injury by cleaning aquarium
with bare hands, after exposure to fish tank water, by handling tropical fish ponds, and by
contact with rare tropical fish (Alinovi ef al., 1993; Kern et al., 1989; Guarda et al., 1992;
Bhahy et al., 2000). Transmissions have also been found to occur after injuries from fish
thorns, after fish bite, through contact with fish living in the wild, by contact with fresh or
salt water environment, through processing fish in the food industry and preparation of
~ dishes, or oral consumption of infected fish or related products (Hayman., 1991; O’Shea
et al., 1991; Darie et al., 1993 ;Bleiker et al., 1996; Said et al., 1998; Notermans ef al.,

2900; Seiberras et al., 2000).

Apart from factors relating to the living environment (exposure), the development of an

infectious disease is markedly affected by internal factors such as the physiological status
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b: consumer, particularly by. immunosuppression and stress as in the case of HIV/AIDS
on-Reyn ef al., 1996). Fish and shellfish appear to be passive carriers of Salmonella,
'ey demonstrate no clinical disease and can excrete Salmonella spp. without apparent
trouble. i

,The contamination of this organism is derived from terrestrial sources and fish may serve
- as a source for Salmonella spp. infection (Metz, 1980; Minete, 1986; Fell ez al., 2000).
An outbreak of S. blockley infections following smoked eel consumption occurred in
| Germany (Fell et al., 2000). The consumed eel came from four different ‘local
smokehouses, but could be traced back to fish farms in Italy .

- This outbreak indicated that eel may be a source of Salﬁonella spp. infection and that the
smoking process may ‘not eliminate bacterial contamination from raw fish. S. enterica
serotype Paratyphi B var. Java phage type Dundee was isolated from the stool of a 14-
month old boy who suffered from diarrhoea, vomiting, and fever for two days. The same
isolate was identified from the water of home fish tank (Senanayake et al., 2004). Fish
was the source of Salmomella spp. in this case. Most outbreaks of food poisoning
associated with fish is derived from the consumption of raw or insufficiently heat treated
fish, which may be contaminated with bacteria from water environment (Vibrio spp., C.
botulinum) or terrestrial sources (C. perfringens, Salmonella spp., Shigella spp.,

- Staphylococcus spp., V. cholerae), or fish products recontaminated after heat processing

(Senanayake et al., 2004).

The spread of drug resistance among bacteria species that have emerged as human
pathogens causing diarrhoea diseases has raised concern (Singh and Sanyal, 1997). This

is an indication of prevalence of contamination of fish by bacteria leading to constant use
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cterial infection leading to continuous use of antimicrobials in the production of
?mamental fish (Del Rio-Rodriguez et al., 2002).
” any farmers use antibiotics either to treat fish or and as growth promoters. A survey of
‘ sh farms in TrinidAd indicated that 67% of the farmers use antimicrobial agents in one
way or the other (Newaj-Fyzul ef al., 2005). Ornamental fish are extensively produced in
fish farms or large aquaria systems where diseases are common and antimicrobials are
routinely used for prophylaxis and treatment including in the shipment water (Meier and
_v Schmitt, 1992). A study carried out to investigate prevalence of Salmonella in ornamental
fish in Trinidad indicated that 2.3% of fish slurry was contaminated with Sa/monella and
7.1% shipment water was also contaminated with Sa/monella. This indicates that fish
‘ slurry and pond water infested by Salmonella could transmit Salmonella to their owners
and other handlers. The high resistance to commorﬂy used antibiotics may have

therapeutic problems in management of fish in the country (Newaj - Fyzul et al., 2005).

In Singapore, a large number of antibiotics commonfy employed in humans and
veterinary medicine have been used for the treatment of diseases in the ornamental fish
industry. Singapore and South America are the two main shippers of ornamental tropical
| fish to the United Kingdom (Cheong, 1996; Davenport, 1996). Despite the risks that
ornamental fish represent as a source of potentially harmful bacteria for fish and man
(Del Rio-Rodriguez et al., 2002), but fesearch on this risk is poor. One of the
consequences of the increased use of antimicrobials in fish therapy has been emergence
of resistant bacterial fish pathogens, which in turn have limited options of antimicrobial

treatment available (Lewih, 1992). Shotts er al., (1997) found antibiotic multidrug
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resistant isolates of motile bacteria in water and ornamental tropical fish imported from

outh East Asia. Isolation of antibiotic multidrug resistant bacteria species and its
Alasmids isolated from food fish production site in South East Asia represented a major
‘economic problem for the fish producers (Saitanu e al., 1994). 'Ansa\;y et al., (1992)
defined the antibiotic resistance profile and frequency of plasmids carriage of 34 strains
:‘»,of bacteria isolated from several species of cultured food fish in Malaysia, an indication

- of infestation of food fish with bacteria.

~ Antibiotic resistant strains of bacteria have also been isolated in cultured food fish in
- Thailand (Saitanu ez al., 1994) and in Asia ( Inglis e? dl., 1997). These multidrug resistant
capabilities and homogeneity may in turn account for their survival and prevalence in fish
systems where antibiotics are applied (Sugita ez al., 1989). Researchers have raised
concern regarding the possibility of transfer of multidrug resistant bacteria from tropical
aquarium fish to cold water species or transfer of plasmids conferring antibiotic
resistance from tropical aquarium fish bacteria to bacteria that cause disease in cold water
species. Hence the multidrug resistant strain of bacteria harboured in ornamental tropical
fish poses a threat to native fauna, aquaculture and humans. Experimental evidence
indicate that when fish is infected with Salmonella it can maintain the infection for 39
~ weeks (Brunners, 1974) during which it transmits the pathogen to the other animals in

contact.

The biochemical composition of fish or intrinsic factors and their interrelationships with
post-mortem extrinsic factors contribute substantially to the perishability of fish as a food

commodity because they determine the initial contamination (Huss et al., 1997). The
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‘{physical, chemical and bactériological characteristics of fish tend to vary with species,
,‘ feeding habits, seasonality, spawning cycles, methods of catching, fishing ground,
r,‘environment, initial microbiological load, and possibly geographical location.
- Microbiological form of spoilage is more prevalent than either enzymavtic/or oxidative
| rancidity (Liston, 1980) accounting for a higher percentage of spoilage in the fish
industry (Shewan, 1961). This prevalence has been attributed to a number of interactive

- spoilage both intrinsic and extrinsic factors and the wide range of growth tolerance limits

of spoilage bacteria (Huss ef al., 1997).

Bacteria are characterized according to their optimal glrowth requirements which include
among others water, oxygen, pH, temperature and redox potential (Eh). Bacteria living on
the surface of marine animals are phenotypically capable of utilizing amino acids,
peptides and other non-carbohydrate sources (Liston, 1980 ). Utilization of these
substrates leads to production of slightly alkaline conditions especially in the stored fish
products . Enterobacteriaceae including coliforms are not isolated from fish captured
away from the coastline. Its presence on fish implies that the catch was mishandled at
landing beaches (FOSRI, 1997). Bacteria from skin and gills are predominantly aerobic
although facultative bacteria particularly Vibrio may occur in high numbers on pelagic
fish. leigatory anaerobic bacteria are common on the surface of fish but occur in
significant numbers in the intestines (Bramsnaes, 1965). Bacteria on fish from temperate
waters are mostly Gram negative, while those on fish from tropical warm waters are
Gram positive (Liston, 1980; Huss, 1994). Common bacteria found on living fish in
warm waters include Bacillus, Micrococcus and Corynebacterium which constitute 50-

60% of total microflora. Microflora found on fish from cold waters are Psychrobacter
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(Moraxella), Pseudomonas, .Actinobacter, Shewanella, Flavobacterium, Cytophaga and
14 brio; Microflora on fresh water fish exhibit similar pattern of preference except that
Aeromonas replaces Vibrio. The pathogenic bacteria namely: Camp?/lobacter jejuni,
Yersinia entercolitica, E. coli, Shigella spp, and Salmonella spp, have ;11 been isolated
from fish taken from waters subjected to human sewage pollution or terrestrial run-off
jiru, 2005). Shigella species is specific and adapted to humans and primates, and its
_1’presence in environment is associated with feacal contamination (Rodger ef al., 2001).
.' :Shigella strains are the cause of shigellosis (bacillary dysentery), an infection of the gut.

~ Food borne outbreaks have been linked to contaminated water. Seafood, including shrimp

- cocktail and tuna salads has been implicated in a number of outbreaks of shigellosis.

E. coli resides in the lower intestines of warm blood animals and man, an environment
- that provides a lot of nutrients for bacterial growth. Strains that colonize intestinal tract
are non pathogenic and maintain intestinal physiology (Huss, 1994). Four pathogenic
strains have been isolated in environments polluted with feacal material or sewage
namely; Enteropathogenic FE. coli (EPEC), Enterotoxigenic E. coli (ETEC),
Enterohaemorrhagic E. coli (EHEC) (Verocytoxin producing E. coli (VETC) or E. coli
015: 47, Enteroinvasive E. coli (EIEC). Most infections with E. coli are related to
contamination of water with faecal materials or sewage or handling of food under
unhygienic conditions ( Huss, 1994). Spoilage bacteria are characterized both by their
dominance in the microflora of spoiling fish and their ability to produce spoilage
compounds. Accumulated metabolic products of bacteria are the primary causes of

organoleptic spoilage of raw fish. The microbial activity on reduced compounds produce
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: characteristic fishy, amrﬁonia and sulphide odours and change the texture to slimy
d "_pﬁlpy constitution associated with spoiled fish (Howgate, 1982).
he method of capture has profound effect on keeping quality of fish. Fish caught by
and line die or are killed faster when brought into air and the mgthod minimizes
tress and its associated deterioration attribute. Fish caught by seine net has a better
quality index than fish caught in a trawl net, which tends to compact fish and in so doing
presses out guts with their high bacterial contents. The spilled bacteria utilize the
available substrate and their metabolic products constitute deterioration. Gill netting
entails fish struggling, which in turn quickens the onset of rigor and subsequent
‘deterioration (Mayer and Ward, 1991; Sorensen and 'Mjelde, 1992). The bacteria may
gain access through puhcture wounds and bruises during death struggle and may multiply
rapidly in these localized areas. The degree of struggling before death reduces the levels
of glycogen in the fish muscles, which has a negative impact on quality as far as texture
| is concerned. A method that inflicts stress or struggle hastens the onset of spoilage. The
- population of microbes associated with live fish reflects microflora of the environment or
fishing ground at the time of capture and this constitutes to initial microbial load. The
initial microflora on the surface of fish is directly related to the water environment while

the flora in the gastrointestinal tract corresponds to the type of food and condition of the

~ fish (Liston, 1980).

According to Huss ef al., (1997), intrinsic and extrinsic factors determine the initial
bacterial contamination. This is further enhanced by the poikilothermic nature of fish, the
presence of trimethylamine oxide (TMAO) which increases the redox potential, the

presence of large amounts of non protein nitrogen (NPN) and low carbohydrate content
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vhich increases the pH in.fhe flesh post-mortem. Bacterial numbers range from 10% to
'6 CFU/cm? on the skin, 10? to 10° on the gills and in the intestines, from very few in
'n-feeding fish to 107 or greater in feeding fish (Liston, 1980; Mayer and Ward, 1991).
{? uring storage, the counts on a given morphological entity may increasie by a minimum

f one logarithm (Liston, 1980).

The intrinsic and extrinsic factors are interrelated during post mortem fish spoilage and
their effects are only enhanced by inappropriate handling practices and facilities along the
handling chain. Thrower (1987), Ward and Baj (1998) documented various post-harvest
- practices and storage procedures which enhance m'icrobiological contamination and
- subsequently influence spoilage. During capture operations, fish come in contact with
nets, ropes, deck boards, human hands and clothing. This contact continues during
packing and storage operations below deck. Extensively handled fish may carry
: significant numbers of gram-positive bacteria, some of which may be spoilage or
- pathogenic bacteria. Gutting of ﬁsh is one of the practices where fish is exposed to agents
of spoilage (Huis In’t Veld, 1996). Offloading operations provide opportunities for
bacterial contamination through offloading equipments, pumps, conveyers, baskets and
boxes that redistribute surface contamination (Huis In’t Veld, 1996). Insufficient cleaning
- may lead to bacterial build up which in turn will act as a source of subsequent
contafnination. Public auction markets where fish may be displayed on or in wooden,
rr}etal or plastic containers in the open are potential bacteriological sources. Delays in
chilling when ambient temperatures are high can shorten shelf life during subsequent
storage (Liston, 1992). The type of production matérial and design of the containers may

not allow them to be cleaned and disinfected effectively. The presence of Vermin e.g.
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'dents, birds, domestic animals and people (handlers and auctioneers) are additional
sources of contamination (Thrower, 1987). At the fish processing plant, further handling
occurs during wet processing operations like sorting, filleting and ‘trimming. These
Joperations transfer Gram-positive bacteria usually associated with huma:ls directly from
i‘fﬁsh and gut to filleted flesh surfaces. It has been estimated that fillets and other products
». from fresh fish processors usually carry counts of 10° to 10°/g or more (Liston, 1980). If
 the product is refrigerated later on, the dominant bacteria on the product after a day or
two of storage will be Gram negative due to inability of Gram positive bacteria to-grow

- competitively under refrigeration. The bacteria may also be transferred from the

processing environment such as contaminated surfaces, knives, and machines.

Most of the animal protein consumed by the local population in Western Kenya comes
from Lake Victoria (Abila et al., 1997). However preliminary observations on landing
beaches indicates that a much lower quantity of fish, composed mainly of immature fish
and fish rejected by factory agents for being of poor quality remain behind for local
consumption (Abila et al.,1997). Mitigation of environmental problems in Lake Victoria
indicates four immediate microbiological pollution sources, namely municipal untreated
sewage, runoff, and storm water and animal waste , maritime transport wastes ,of which
municipal untreated sewage, runoff, and storm water are the most important immediate
microbiological pollutants (Kayambo and Sven, 2006). Direct discharge of municipal
untreated effluent into rivers and the lake directly contribute to degradation of rivers and
lake-water quality for habitats and domestic use. The low standard of health in the
Winam Gulf region are caused by a general lack éf awareness of good hygiene practices,

direct contamination of beach waters through bathing and washing and uncontrolled
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waste disposal around the éhore line (Kayambo and Sven, 2006). The effluents have
significantly increased biological oxygen demand (BOD) load thus significantly
creasing the occurrence of water borne diseases such as typhoid and cholera which are
common in the region (Kayambo and Sven, 2006). The effect of runoff :md storm water
that collect a lot of animal, plant and human wastes from point and nonpoint sources and
‘:‘ehannel these to the rivers and th¢ lake, create an environment that supports
‘microbiological pathogens. The number of people without sewers in urban populations is
-hig‘h, and with 10% per year in most of the larger towns (against 2-4% in most parts of
{ the lake basin), the situation is likely to get worse. In rural areas there are no sewers at
all. Other sectors like wildlife, agriculture, urban, foreétry and rural settlement have been
implicated to contribute to microbiological pollution of the lakes (Kayambo and Sven,
- 2006). These activities increase eutrophication process thus creating a vast conducive
environment for the survival of microbes which eventually infect the fish. Salmonella
~ spp. have in recent years been isolated from various fresh and marine waters
contaminated by urban sewage (Ogindo, 2005). Veterinary authorities from Spain and
Italy detected an unacceptable level of bacteriological contamination in fish from all the
three East African countries (Abila et al, 1997). As a result, in March 1997, the
European commission directed that all fish imports from the region be subjected to
bacteriological examination for Salmonella and other pathogens on entry to the European
Union (Abila et al., 1997). An inspection mission was therefore sent to the three
countries in May 1997 to assess the situation in detail. In 1998, European Union (EU)
banned fish exports from East Africa as a result of cholera outbreak in E. Africa and

Mozambique, while in 1999 the ban was due to suspicion of presence of pesticides in

Lake Victoria.
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The last ban which was due -to claims of bacteriological contamination was lifted in April
‘OOQ for Tanzania, August 2000 for Uganda and November 2000 for Kenya (Gitonga,
,06). While established quality control méasures exist for the export oriented fish
cording to the European Union Directive on Hygiene (91/493/EEC),‘v that deals with
handling and processing of fish from the point of capture to its eventual arrival on the

‘market, none exists for the fish consumed locally and this poses a great danger to the

health of local consumers (Ogwang et al., 2005).

» Regardless of earlier ban of fish imports from Kenya in 1996 by European Union citing
- poor sanitary conditions at landing beaches and lackt of refrigeration facilities, studies
 carried out along L.Victoria indicated poor sanitation conditions with 83% of the
- population using pit latrines and 14% not using toilets at all (Rwabigene, 2005). During
heavy rains, the pit latrines overflow flushing the faecal waste directly into the lake. The
condition has been worsened by discharge of untreated effluents directly into the lake.
The impact of run off waters has been high pollution rates in the L. Victoria and its
resources with pathogens from faecal waste and untreated effluents contaminating the
water and infecting tilapia fish. Constant discharge of untreated effluents erode rocky
shores which are breeding sites for fish causing disturbances of breeding ecosystem,
E leading to reduction of fish population and diversity. (Njiru, 2005). Degradation of
wetlands which are potential filters trapping sediments, nutrients and pathogenic bacteria
has exposed fish to contamination. Over enrichment of the lake have resulted in
eutrophication creating high biological oxygen demand at lake shores where waste water
is being discharged, leading to water borne diseases and loss of fish species (Okungu et

al., 2005). Recommendations by Lake Victoria Environmental Management Project
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(LVEMP) to introduce muitihauling practices and procedures to improve fish quality
“during landing and to eliminate fish contamination by inshore waters has not been
adhered to due to lack of follow up, hence fish within these beaches are likely to be

<

- contaminated (Ogwang ef al., 2005).

- 24 Phenotypic Characterization of Salmonella species

- Pathogenic bacteria posses a variety of virulence associated surface structures. These are:
lipopolysaccharide, capsules, surface layers , flagella and fimbriae that are used for
phenotypic identification. These structures react variedly to different test chemicals both

on suspension and on solid media plates.

Phenotypic identification of Salmonella involveé culturing the specimen in various
differential and selective media. Prior incubation of thé specimen on Selenite F broth
(enrichment medium) is done for maximum recovery of the microorganisms. The isolates
are then subcultured on differential (MacConkey) and selective (DCA, KIA, SIM, TSI,)
media. The Kauffmann —White Scheme is a serological method used for phénotypic
classification of Enterobacteriaceae that test for cell wall lipopolysaccharide protein ‘O’

antigen and ‘H’ flagella protein agglutination. This method has been used widely by

microbiologists in identification of unknown bacteria isolates. The method was
developed by WHO testable antigens and is used to associate the serovar to a particular
identification group (A,B,C. or D). According to Kauffmann —White Scheme method of
classification, Salmonella were classified broadly into four subgenera based on

biochemical reactions (Brenner, 1998).
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Serological classification of vSalmonella is by Kauffmann White Scheme which forms the
basis of serotyping of Salmonella and depends on the identification by agglutination of
the structural formula of ‘O’ and ‘H’ antigens of the strains (Brenner, 1998). Most strains
of Salmonella closely resemble each other biochemically, although-ther;are a number of
exceptions. No organism should be excluded on the basis of a single test. The usual
reactions include (1) fermentation of glucose, maltose, mannitol and sorbital with
production of acid and gas; 2) absence of fermentation of salicin, sucrose and adonitol;

(3) failure to produce indole, to hydrolyse urea, or to deaminate phenylalamine and.(4) a

positive methyl red reaction and a negative Voges -proskauer reaction (Brenner, 1998).

Antimicrobial resistant bacterial diarrhea is a significant public health problem
throughout the developing world. Laboratory services are an essential component of
curative and preventive health care activities worldwide. Laboratory investigations are a
vital part of the clinical assessment and the results determine selection of drugs for
patient management. In addition to confirmatory diagnosis, laboratory records can be
used for disease and drug surveillance. The importance of surveillance of the
antimicrobial susceptibility pattern cannot be over emphasized as a guide to the use of

antimicrobial agents.

Unfortunately, these laboratories are far from offering antibiotic sensitivity testing
services. Frequently, antibiotics are prescribed and administered to patients without
laboratory diagnosis and determination of antibiotic sensitivity patterns. Worse still, the
administration of antibiotic is often given to patients with viral or fungal infection. Broad

spectrum antibiotics are frequently given in place of specific ones to substitute for
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bacterial identification and sensitivity testing. Intensive use of antimicrobial agents for
prophylaxis and treatment of patients in hospitals make them a prime site for emergence,
maintenance and spread of resistant pathogens. This may lead to drug wastage and

<

- emergence of more resistant bacterial strains (Kakai and Wamola, 2002).

Established conventional methods to detect and identify Salmonella require selective
enrichment and plating followed by biochemical tests. The diagnostic value of
biochemical traits is generally combined with serological characterization, resistance to
antibiotics, plasmid profiling, and phage- typing assays. ( Bennasar et al, 2000). The
whole process requires several days. It also require‘s more than 150 specific serum
(Klinger, 1998). Some Strains cannot be identified due to the untypeability of isolates.

The shortcomings of phenotypically based typing methods have led to the development
of typing methods based on the, microbial genotype which minimize problems with
typeability and reproductibility and in some cases enable the establishment of large
databases of characterized organisms (Michael and Bean, 1999). Genotypic methods also
provide a higher power of discrimination and allow a more rapid identification attainable

by non specialized laboratories (Bennasar et al 2000).
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25  Genetic characterization of Salmonella

All strains of Salmonella appear to be at least 70% related toreaclibother by DNA
hybridization (Crosa, 1973) and are considered members of a single genospecies
(Lindberg, 1984). A part from the use of intergenic spacer regions that show extensive
sequence and length variations which can be used to characterize bacteria at genus and
species level (Jensen, 1993; Dolzani., 1995) and subspecies (Dolzani, 1995; Beltran,
1998), it is also documented that the house keeping genes e.g. malic acid dehydrogenase
(mdh) can be used for Salmonella species identification (Dolzani, 1995). Random
sequence primers ST11-ST15 are also used for Salmonella species identification. ST11-
ST15 are DNA fragments corresponding to regions of the genome which are highly
conserved in Salmonella species. They enable target nucleic acid sequence from
Salmonella to be selectively amplified and detected. Two structural genes (f7iC and fliB)
coding for flagellins are used for phenotypic identification in most Sal/monella strains.
fliC alleles have conserved sequence on the distal parts of the gene, therefore making the
gene of any serotype easy to amplify and hence for species identification (Macnah,
1987). During long standing association with its host, Salmonella has evolved a
sophisticated mechanism to modulate host cell functions. Many virulence associated
genes are acquired during evolution of pathogenic bacteria via horizontal gene transfer.
These genes are often clustered on the plasmids or on chromosomal ‘Pathogenicity
Island” and ‘Pathogenicity Islets’. There are various bacterial host cell attachment
mechanisms, one such strategy found within certéin bacteria that infect epithelial cell

surfaces is mediated by fimbriae (Korhomen, 1990).
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Each Salmonella genome has approximately 12 fimbrial operons, many of which play a
‘ role in virulence (Townsend et al., 2001). Most of these fimbrial operons share
| fundamental similarities in genetic organization (Hultgren ef al., 1992). I; addition to the
fimbriae that are shared between serovars, Salmonella enterica serotype enteritidis
contains SEF14 fimbriae that are missing in S. enterica serotype typhimurium. SEF14
- fimbriae require 4 proteins for biosynthesis. The major subunit (sef 4), Chaperon (sef B)
- and Usher (sef C) have previously been characterized (Thorns et al., 1990; Clouthier er
al., 1993; Turcotte and Woodward, 1993). The minor subunits (sef D) was previously
identified but not thought to be part of SEF14 ﬁmbriée (Clouthier ef al., 1994). SEF14
fimbriae have a role ih virulence in that they are essential for binding to microphages

(Edwards et al., 2000). DNA sequence from SEF14 operon of S. enteritidis have shown

that sef 4 encodes the most abundant subunit of the fimbrial shaft. It is also documented

that sef ABC genes are transcribed as part of a single mRNA transcript and that sef B and
sef C are not expressed in the absence of sef 4 and no transcription start site or promoters

are found immediately upstream of sef B or C, hence the transcription of sef B and sef C

is initiated from sef4 promoter region.
sef ABCD

Operon of structural gene

3 > %_——_
___] sef4 sef B sef C , sef D L ____| sef R
Promoter Chaperone  Usher Adhesin Regulator

(major subunit)

Fig. 1 sef pathogenicity island: Organization of the genes, direction of transcription (arrows), and
predicted functions of the ORFs. (Adapted from Robert ef al., 2000).
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Due to the importance of Salmonella in food borne diseases, many typing methods have

been used to trace the outbreaks to the contaminated source and elucidate the
.epidemiology of its infections. The most comfnonly employed molecular typing methods
based on characterization of plasmid DNA includes; plasmid profile btyping, plasmid
fingerprinting and identification of plasmid mediated virulence genes (Collier, 1998).
Chromosomally based methods employed are ribotyping, random cloned chromosomal
sequence (RCCS) typing, Insertion sequence (IS) 200 typing, pulse field gel
electrophoresis (PFGE) and polymerase chain reaction (PCR). Some of the random
| amplified polymorphic DNA typing (RAPD) methods used include enterobacterial

repetitive extragenic consensus typing (ERIC-PCR) and repetitive extragenic palindromic

element typing (RER-PCR).
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CHAPTER THREE

30 MATERIALS AND METHODS

3.1  Study sites

"fample collection was done in four fishing beaches: Uhanya in </Bo,ndo District
! epresenting the northern end of the lake, Luanda Kotieno also in Bondo District
representing an open inshore beach, Homa Bay beach in Homa bay District representing
Southern end of the lake, and Dunga beach in Kisumu city representing a closed
Ashoreline in an industrialized area. These are the main sources of fish consumed in
Western Kenya. The area along Winam gulf is highly populated. Fishing is the main

- occupation along the fishing beaches alongside subsistence farming.

( Appendix I).
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32  Sample size determination

The sample size was determined according to formula n = Z°pg
3

Fischer et al., 1998 in which:

n= the desired sample size if the target population is infinite

7= the standard normal deviate at the required confidence level

- P= the proportion in the target population estimated to have characteristics being
measured

q=1-p

d= the level of statistical significance set

According to Fischer et al., (1998) if there is no estimate available of the proportion in

- the target population assumed to have characteristics of interest, 50% should be used.

Therefore, if the proportion of target population is 0.5 or 50%, the Z — statistics was

1.095, at the level of significance, 0.05

Substituted for the above formulae as:

n=(1.095)* x (0.5) x (0.5)

(0.05)*

n=(1.095)%x (0.25) =1.1990 x 0.25

(0.05)2 0.05 x 0.05

n=119.9
Y 120

Hence the total fish sample from the four beaches was 120
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3.3 Study sample and tfansportation

[he fish species used in this study was Oreochromis niloticus (Nile tilapia). Choice of
sh species was based on the fact that it is the most sought after fish spgcies locally, and
it is the third commercially important fish in L. Victoria.

Sampling was done within a period of three months (February — April 2007). Ten (10)
Nile tilapia were randomly sampled from each fishing beach at every sampling time.
'Three samples of fish were collected. Fishing was done by gill netting, beach seine, and
trawling. The sampled fish were then placed in sterile plastic bags and transported in

iced cool box at 8°C to Department of Zoology laboratory, Maseno University within 12

~ hours from collection time and subjected to conventional microbiological tests.

34  Phenotypic identification of Salmonella

Phenotypic identification was done according to Newaj Fyazul er al., 2005, protocol with
minor modifications. Working surface was cleaned using 10% Jik solution and 70% ethyl
alcohol before and after inoculation work. Fish samples were externally disinfected by
dipping them in 70% ethyl alcohol for 2 minutes, followed .by three washings with sterile
distilled water.

Whole fish excluding bones was macerated using a sterile mortar and pestle, immersed in
phosphate buffered saline (PBS) of pH 7.5 to achieve 10% w/v suspension of fish. Five
milliliters of each fish tissue slurry was used to inoculate selenite F broth medium
(Himedia laboratory pvt. Ltd Mumbai India)l, incubated at 37°C overnight (18-24h ) for
maximum recovery of the organisms. Isolates in selenite } medium were subcultured

onto both MacConkey agar (Oxoid No. 3 CM 115 Basingstoke, England) and
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Deoxycholate Citrate Agaf (DCA) (Himedia Laboratories pvt Mumbai India) by
streaking technique and incubated at 37°C for 18-24h .

Colonies from DCA were transferred to Nutrient broth (CDH JO 0003) and preserved at
4’Cina refrigerator for later use in genetic analysis. i

Biochemical tests (IMViC — Indole, Methyl red, Voges proskaurs, Citrate), were
performed on non lactose fermenting colonies to identify bacteria genus based on their
biochemical activities in different culture media. Isolates from Triple Sugar Iron (TSI)
which showed indication to be Salmonella were subcultured in Methyl red medium and
: incubated at 35°C for 48 + 2h . Five to six drops of Methyl red indicator was then added
to Sml of 48 h glucose phosphate broth culture. -Voges Proskauer (VP) test was
performed by transferring 1ml of 48 hr culture isolate to a culture test tube and broth
incubated for additional 48 h at 35°C. 0.6 ml a - naphthol was added to mixture and

vortexed. 0.2 ml of 40% KOH solution was later added to the mixture and then vortexed.

The results were read after 4 h.

Sefotyping of Salmonella strains was done according to Kauffman -White scheme using
somatic ‘O’ and flagella ‘“H’ antigens, (sifin, Germany) for confirmation of serovar status.
To obtain agglutination test for ‘O’ antigens of Salmonella, circular areas were marked
off on the surface of a glass slide using a crayon pencil fnarker. Heavily marked circular
areas containing cell suspension to inhibit running onto each other or off the slide. A drop
of cells suspended in normal physiological saline (0.9% NaCl) was placed in each circle
and a drop of antiserum added to each. Agglutination occurred when there was a reaction
between antibodies in the serum and their homologous antigens on cell wall of bacteria.

The ‘H’ antigen test was done in a test tube following the same procedure as in
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‘O’antigen. The serovars were grouped according to their ‘O’ antigen reaction,
(Kauffman et al, 1966). Those Salmonella isolates which share ‘O’ antigen 2 were
grouped as group A, those which share ‘O’ antigen 4 were grouped in B, those which

<

share ‘O’ antigen 6 and 7 were grouped in C; and D, respectively according to Brenner er

al., (1998).

3.5  Genetic characterization of Salmonella species

| 3.5.1 Salmonella DNA extraction for Polymerase Chain Reaction (PCR)

Pure isolates obtained from a series of subcultures in selective medium DCA, and stored
in nutrient broth (CDH JO 0003) were picked from éolid agar plates using heat sterile
chromium inoculation Wire loop and reconstituted in 200ul of 0.9% NaCl solution ready
for DNA extraction.

Pure isolates of 1.5ml were spinned at 15,000 x g for 2 minutes in microcentrifuge, and
supernatant removed. The pellet was re-suspended in 56ul TE buffer, 30ul of 20mg/ul
proteinase K, vortexed and incubated for 1h at 37°C. 100ul of SM NaCl was added and
vortexed. 80pl of cetyltrimethylammonium bromide (CTAB/NaCl) was then added to the
mixture, vortexed and then incubated at 65°C for 10 min . An equal volume of
chloroform/isoamyl alcohol was added to the mixture and spinned at 15,000 x g for 5 min
. The aqueous phase was transferred to a fresh tube and DNA extracted by adding
phenol/chloroform/isoamyl alcohol and spinned at 15,000 x g for 5 min . 0.6 volume
isopropanol was used to precipitate DNA and DNA precipitate washed with 70% ethanol,
centrifuged and supernatant removed. The pellet was dried for 24h and re-suspended in

100u! TE buffer ready for PCR.
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3.6 Typing Salmonella.species by use of Malic acid dehydrogenase (mdh) gene
}sequence ‘according to Jensen and Strauss (1993) protocol.

. PCR amplification was carried out in a final volume of 50ul. The following primer
- sequence was used. :

Primer Oligonucleotide sequence (New England Biolabs)

mdh FS' - TGCCAACGGAAGTTGAAGTG -3’

- mdhRS' - CGCATTCCACCACGCCCTTC -3’

- In 1.5ml microcentrifuge tubes the following PCR master mix according to Jensen and
Strauss, (1993) with minor modification during optimization was prepared and aliquoted
~ into respective reaction tubes.

Table 1: mdh PCR amplification master mix

x1 A %20

pmponent Volume for 1

reaction

stilled H>0 23.8ul 476 ul
PCR buffer I 5.0ul , 100 pl
3.0ul 60 pl
8.0ul 160 ul
ndh F pfimer 2.5ul | 50 pl
dh R primer 2.5pl 50 pl
%aq pol | 0.2ul 4 ulr
| 45.0nl 900 pl
NA template 5.0nl 100 pl
otal/Final Volume 50.0pl 1000 pl
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~ Forty five microlitres of PCR master mix and 5ul of DNA sample were aliquoted into
1.5ul eppendof tube. Vortexed slightly and placed into MJ Gradient thermocycler
- (Gene amp. PCR system 9700, Applied Biosystems U.S.A.). The prepa?éd mixture were
- amplified according to the following conditions: Denaturation temperature Was 94°C for
5 mins, 94°C for 25 sec, annealing at 54°C for 45 sec, and extension 72°C for 1 min for

30 cycles. Post elongation 72°C for 7 mine then 4°C to infinity.

3.6.1 Agarose gel Electrophoresis for mdh gene sequence
Amplicons were loaded onto casted 2% agarose gel alongside a 50 bp DNA
marker,negative control and resolved at a constant voltage of 100 for 25min prior to UV

visualization.

3.7  Typing Salmonella species by use of ST11 — ST1S random sequence

primers according to Jensen and Strauss (1993) protocol.

Primer pair Oligonucleotide sequence (New England Biolabs)
ST11-5'F - GCCAACCATTGCTAAATTGGCGCA -3’
ST15-5'R - GGTAGAAATTCCCAGCGGGTACTGG - 3’

In 1.5ul microcentrifuge tubes the following PCR master mix according to Jansen
Strauss., (1993) with minor modification during optimization was prepared and aliquoted

into respective reaction tubes.



Table 2: ST11 - ST15 PCR amplification master mix

x1 x20
Component Volume for 1 reaction o

Distilled H,0 _ 23.8ul | 476 ul

10 x PCR buffer II 5.0ul 100 ul

- MgCl, 3.0ul 60 ul

- dNTPS 8.0ul 160 pl

ST 11 F primer 2.5ul 50 @1

- ST 15 R primer 2.5ul 50 ul

Taq pol . 0.2ul 4 pul

45.0pl 900 pl

DNA template 5.0unl 100 pl

Total/Final Volume 50.0pu1 1000 pl

Fény five microlitres of PCR master mix and Sul of DNA sample were aliquqted into
1.5ul eppendof tube. Vortexed slightly and placed into MJ Gradient thermocycler
(Gene amp. PCR system 9700, Applied Biosystems U.S.A.). The prepared mixture were
amplified according to the following conditions:Denatufation temperature was 94°C for 5
min, 94°C for 25 sec, annealing at 54°C for 45 secs, and extension 72°C for 1 min for 30

cycles. Post elongation 72°C for 7 minute then 4°C to infinity.
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- 3.7.1 Agarose gel Electrbphoresis for ST 11-ST 1S primer sequence.

Amplicons were loaded onto casted 2% agarose gel alongside a 50 bp DNA marker,
: negative control and resolved at a constant voltage of 100 for 25min prior to UV
visualization. )

- 38 Typing of Salmonella species by use of sef A gene, according to Jensen and

Strauss (1993) protocol.

Primers Oligonucleotides sequence (New England Biolabs)
Sef 167 5'F - AGGTTCAGGCAGCGGTTACT - 3’

Sef 478 5'R - GGGACATTTAGCGTTTCTTG - 3

Table 3: Sef 167 - Sef 478 PCR amplification master mix

X1 %20

- Component Volume for 1 reaction
- Distilled H,0 23.8ul 476 pl
| 10 x PCR buffer II 5.0ul 100 pl
MgCl, 3.0ul 60 ul
| dNTPS 8.0ul 160 pl
- Sef 167 5'F 2.5ul 50 pl
Sef 478 5" R 2.5ul 50 pl
Taq pol 0.2ul 4 ul
45.0pul 900 pl
DNA template 5.0ul 100 pl
Total/Final Volume 50.0;111 1000 pl
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Forty five microlitres of PCR master mix and Sul of DNA sample were aliquoted into
1.5p.1 eppendof tube. Vortex slightly and place into MJ Gradient thermocycler (Gene
amp. PCR system 9700, Applied Biosystems U.S.A.). The prepared mixture were
amplified according to the following conditions:Denaturation temperatur? was 94°C for

- 5 mins, 94°C for 25 secs, annealing at 54°C for 45 se, and extension 72°C for 1 min for

- 30 cycles. Post elongation 72°C for 7 min then 4°C to infinity

3.8.1 Agarose gel Electrophoresis for sef A gene sequence

Amplicons were loaded onto casted 2% agarose gel alongside a 50 bp DNA
marker,negative control and resolved at a constant Volfage of 100 for 25min prior to UV
visualization.

3.9 Typing of Salmonella species by use of fliC gene , according to Jensen and

Strauss (1993) protocol.

Primers Oligonucleotides sequence (New England Biolabs)
Fli15 5'F - CGGTGTTGCCAGGTTGGTAAT - 3'

Iym 5'R - ACTCTTGCTGGCGGTGCGACTT- 3’
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Table 4: Fli 15 - Tym PCR amplification master mix

x1

Component Volume for 1 reaction

stilled H,0 23.8ul
[0 x PCR buffer I » 5.0ul
MgCl, 3.0ul
dNTPS 8.0ul
,li 15 5F 2.5ul
ym 5'R | 2.5ul
Tagq pol | 0.2ul
45.0pnl
DNA template - 5.0ul
Total/Final Volume 50.0pl

x20

476 ul
100 pl
60 ul
160 ul
50 ul

50 ul

900 pl
100 pl

1000 pl

Forty five microlitres of PCR master mix and Sul of DNA sample was aliquoted into
1.5ul eppendof tube. Vortexed slightly and placed into MJ Gradient thermocycler

(Gene amp. PCR system 9700, Applied Biosystems U.S.A.). The prepared mixture were

amplified according to the following conditions:Denaturation temperaturewas 94°C for 5

min , 94°C for 25 sec, annealing at 54°C for 45 sec, and extension 72°C for 1 min for 30

cycles. Post elongation 72°C for 7 min then 4°C to infinity.
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3.9.1 Agarose gel Electrophoresis for fliC gene sequence
Amplicons were loaded onto casted 2% agarose gel alongside a 50 bp DNA
; marker,negative control and resolved at a constant voltage of 100 for 25min prior to UV

<

visualization.

- 3.9.2 Data management

(1) Fish samples were recorded at collection site (field) as D2, UHI1, H, and L2
(for Dunga, Uhanya, Homa bay and Luanda Kotieno, respectively). and
similarly after processing in the laboratory. The data was entered in the data
sheet.

(i)  The size of each amplified DNA fragment was determined using molecular

weight DNA marker extrapolation.
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CHAPTER F OUR
40 RESULTS
4.1 Phenotypic characterization of Salmonella isolated from Oreochromis niloticus
Analysis of the fish tissue slurry indicated that the harvested fish were‘bmajorly infested
with members of family Enterobacteriacea namely: Salmonella, Shigella and E. coli.
Results obtained (section 3.4) indicated that twenty (20) bacteria isolates were
phenotypically identified as Salmonella based on their morphological appearance and
biochemical reaction on various bacteriological (differential and selective) culture media
(NCCLS, 2001). Sterile selenite F broth enrichment is colourles before innoculation (fig.
2). Change of colour from colourless to orange (fig. 3‘) after innoculation with fish tissue

slurry was due to recovery of Salmonella.

Phenotypic characteristic formation of creamy colonies in MacConkey Agar No. 3 (fig.
4), dome shaped colonies with a central black dot in Deoxycholate Citrate Agar (DCA)
(fig. 5) and creamy colonies witthydrogen Sulphide (H,S) gas production in modified
Salmonella - Shigella Agar in test tube (slant/butt) acted as indicator of the presence of
Salmonella spp., (S. enterica serotype enteritidis, S. enterica serotype typhimurium, and
ofther Salmonella species). These isolates were also screened on triple sugar iron (TSI).
Production of acid resulting in a yellow butt with or without production of Hydrogen
Sulphide (H,S) (blackening of agar) in test tube (slant/butt) (fig. 6) indicated presence of

Salmonella spp. , (NCCLS, 2001)
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Fig. 2: Sterile Selenite F broth
Colourless sterile selenite F broth before inoculation with fish tissue slurry as in section

3.4.

Fig. 3: Salmonella cultures in selenite F broth

Selenite F broth after inoculation with fish slurry‘( section 3.4). Change of colour from

colourless to orange, due to recovery of Salmonella from enrichment broth.

46



Fig. 4: Salmonella colonies in MacConkey Agar
Formation of 1-3 mm diameter creamy colonies (€yon MacConkey Agar No.3 which is a

differential medium was indicative of presence Salmonella isolates.

'Fig. 5: Salmonella colonies in DCA
2-4mm diameter dome shaped colonies with a central black dot («)on Deoxycholate
Citrate Agar (Hynes), selective medium for Salmonella indicated presence of Salmonella

and not Shigella which do not form central black dot

‘
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Fig. 6: Salmonella colonies in TSI (Slant/butt)

The isolates were also screned on Triple sugar iron for hydrogen sulphide gas ( H,S)
production and production of acid resulting into yellow butt, with or without production
of H,S ( blackening of agar) in TSI. Production of acid resulting in a yellow butt (tubes 1
,3 ,4, and 5) with production of hydrogen sulphide (H,S) (blackening of agar) in TSI
iﬁdicated presence of Salmonella Species. This inference is based on the fact that Shigella
does not form acid from lactose and sucrose to produce H,S gas in the medium within

24h.

Gram stain results indicated that 20 bacteria isolates were Gram negative, pink rods with
smooth edges.

Morphological identification was followeci by performing biochemical tests (IMViC) on
the isolates (section 3.4). This involved, indole production test on tryptophan broth

culture (Fig.7).
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Fig. 7 : Indole production fest on tryptophan broth culture
The basis of indole production test is that certain ‘bacteria decompose tryptophan (a
constituent of peptoné) to indole, which reacts with p-dimethylaminobenzaldehyde to
form a red coloured compound (tube 3, fig. 8), a positive test. Indole was not produced
when 0.2ml-0.3ml kovac’s reagent was added to 5ml of 24h tryptophan broth culture, é
negative test result which indicated presence of Salmonella strains. Golden yellow colour
observed at interface (tube 1 and 2) was a typical reaction of Salmonella strains and not

E. coli which otherwise give indole positive results.

1 2 3

Fig. 8: Methyl red test
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Methyl red test was positiVe.-It was used to detect ;[he maintenance of a low pH (acid
production) brought about by fermentation of glucose at pH of 4.5 or less, indicated by a
bright red colour throughout the medium. Bright red colour throughout medium (tube 1,
2, 3) confirmed presence of Salmonella strains which produces aé?d from glucose,

mannitol and sorbitol.

Fig. 9: Voges proskauer test

A negative VP test (test tube 1, 2, 3) indicated presence of Salmonella.

VP fest depends on the production of acetylmethylcarbinol or butylenes glycol from
dextrose in the medium. This is oxidized to diacetyl by adding alkali ( KOH), which
shows pink colour for positive results. Voges proskauer (VP) test was negative (tube 1 ,2
3,) when 0.6ml o - naphthol and 0.2ml of 40% KOH solutions was added respectively to

Iml of 48h VP culture and vortexed. A typical reaction of Salmonella species.
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Fig. 10: Citrate utilization test
Colour change of indicator from light green (tube 2,) to blue (test tube 1, 3 &4), indicated

presence of Salmonella strains.

Citrate utilization test was done to determine the ability of the organism to utilize citrate
as a sole carbon source and an ammonium salt as the source of nitrogen. Inoculation of
Koser’s citrate medium was done and growth in the medium was indicated by turbidity
and colour change of the indicator from light green to blue (tube 1, 3 and 4). This was
due to alkaline reaction following citrate utilization, a typical reaction of Salmonella

strains.

To verify aforementioned species identification based on morphological and biochemical
tests; the isolated bacteria were subjected to Kauffmann — White scheme serological test.

Serotyping was performed by seroagglutination using antisera to determine the antigenic
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formula. Polyvalent Salmonella ‘O’ and ‘H’ antisera were used to obtain a presumptive
diagnosis. The presence of polyvalent somatic ‘O’ antigens that detects sets of cell wall
antigens type 1,4,5 and 12 were observed in form of agglutination in glass slide and ‘H’

antigens that detects phase 1:I and phase 2:1 and 2 were also observed indicating

presence of Salmonella serovars.

4.2 Data Analysis of Phenotypic results
The highest Enterobacteriaceae population isolated from the Nile tilapia was in Dunga
19 (30%) and Uhanya 18 (29%). This was followed by Homa Bay 17 (27%) and Luanda

Kotieno 9 (14.2%) respectively. (Table5).
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Table 5. Frequency distribution of Enterobacteriaceae isolated from selected beaches within Winam Gulf

% Enterobacterobacteriaceae isolated
Beaches E. coli spp Salmonella Spp. Shigella Spp. Proteus E. aerogenes Fish infested No. of fish not infested
N=20 n=25§ Spp. n=57

N=16 n=1 n=1 n=63
Dunga 4 (25%) 8 (40%) 6 (24%) 1 (100%) 1(0%) 19 (30%) 11 (19.2%)
Homa Bay 6 (37.5%) 4 (20%) 6 (24%) 0(0%) 1 (100%) 17 (27) 13 (22.8%)
Uhanya

4 (25%) 6 (30%) 8 (32%) 0 (0%) 0 (0%) 18 (29%) 12 (21%)
Luanda
Kotieno 2 (12.5%) 2 (10%) 5(20%) 0 (0%) 0 (0%) 9 (14%) 21 (36.8%)
Total 16 (100%) 20 (100%) 25 (100%) 1(100%) 1 (100%) 63 (100%) 57 (100%)
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Shigella spp. (39.6%) was the most isolated Enterobac:teriaceae followed by Salmonella
spp. (31.7%), E. coli (25.3%), Proteus spp.(1.58%) and E. aerogenes (1.58%)
respectively. Dunga beach had the highest Salmonella spp. 8 (40%) isolated as compared
to Uhanya 6 (30%), Homa Bay 4 (20%), and Luanda Kotieno 2 ‘(-VIO%) (Table5).
Comparatively, Uhanya had the highest Shigella spp. 8 (32%) isolated followed by,
Dunga and Homa Bay 6 (24%), then. Luanda Kotieno 5 (20%). E. coli was mostly
isolated along Homa Bay beach 6 (37.5%), 4 (25%) in Dunga and Uhanya beach, 2

(12.5%) in Luanda Kotieno.

9
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g & E. coli
St
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\ O Shigella
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' [JProteus .
2 i §
1 ' | |HE.aerogenes
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Dunga HomaBay Luanda | Uhanya
Kotieno

BEACHES

Fig. 11: Bar graph showing distribution of Salmonella, Shigella, E. coli, E. aerogenes,
Proteus within Dunga, Homa Bay, Uhanya, and Luanda Kotieno Beaches along
Winam gulf
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4.3 Genotypic characterization of Salmonella from O. niloticus

Analysis of isolated Salmonella species revealed that, 4 (20%) were S. enteritidis,9 (45%)
S. enterica serotype typhimurium. This phenotypic identification wa; Zonﬁmed by
amplification of Salmonella house keeping gene malic dehydrogenase (mdh) that gave a
band of 261 bp (fig.12). For identiﬁcaﬁon of S. enterica serotype typhimurium within
isolated Salmonella species, primer combination of F/il5 and 7ym and ST11 —ST15 were
used to amplify the specific genes in the Salmonella isolates and a band of 559 bp and
429 bp were obtained respectively for the 9 specific samples that were phenotypically
positive for Salmonella (fig. 13 and 14). This was a confirmation of the isolates as S.
enterica serotype typhz’hzurium. S. enteritidis identification was genotypically confirmed
by 312 bp gene amplification of sef A

(fig. 15)
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4.4 Genotypic presentaﬁon of Salmonella by use of Malic dehydrogenase (mdh)

gene sequence according to Jensen and Strauss (1993) protocol.

Primer pair: o
mdh—F, 5~ TGCCAACGGAAGTTGAAGTG -3

mdh—R, 5 — CGCATTCCACCACGCCCTTC - 37

M 0 3 4 S5 6 7 8 9 10 11 12 13

mdh 261bp

Fig. 12 : PCR gel showing Malic cid dehydrogenase gene products for

Salmonella. Isolates from Dunga (Lane 3 4 ,5 & 6), U'hanya (Lane 7 & 8), Luanda
Kotieno (Lane 10) and Homa Bay (Lanes 11 ,12 & 13). Molecular DNA maker 50bp
(lane 1), ©; negative control (lane 2).

Amplification of the housekeeping gene for malic acid dehydrogenase (mdh) gene with
specific primers gave a band of 261 bp on 2% gel agarose gel. The isolates harboured
the housekeeping gene specific for Salmoﬁella and hence confirmed the isolates are

Salmonella strains.
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4.5 Genotypic presentation of Salmonella species by use of fliC gene according
to Jensen and Strauss ( 1993) protocol .

Primers Oligonucleotide sequence
Fli15-5'F - CGGTGTTGCCAGGTTGGTAAT - 3’

Tym -5'R - ACTCTTGCTGGCGGTGCGACTT- 3’

M ©345 6 7 8 9 10 11 12 13 14

Fig. 13 : PCR gel showing fliC gene products for Salmonella. 1solates from Dunga
(Lane 4 ,5 ,6 & 7), Uhanya (Lane 8 & 9), Luanda Kotieno (Lane 12) and Homa Bay
(Lane 13 & 14). Molecular DNA maker 50bp (lane 1), @; negative control (lane 2).
Amplification of fIi C gene specific for S. enterica serotype typhimurium.

with primer pair Fli 15 -Tym, gave a band of 559 bp observed on 2% agarose gel ,

confirming isolates as S. enterica serotype typhimurium.
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4.6 Genotypic presentation of Salmonella strains by use of ST11 and STI1S5

random sequence primers according to Jensen and Strauss (1993) protocol

<
L

Primer Pair: .
ST11-5'F - GCCAACCATTGCTAAATTGGCGCA-3

ST15 - 5'R - GGTAGAAATTCCCAGCGGGTACTGG - 3”7

M@&G 3 4 5 6 7 8 9 10 11-12 13 14

429bp

Fig. 14: PCR gel showing presence of ST11-ST15 gene pair. Isolates from Dunga
(Lane 4, 5, 6 & 7), Uhanya (Lane 9 & 10), Luanda Kotieno (Lane 11) and Homa Bay

(Lane 12 & 14). Molecular DNA maker 50bp (lane 1), @; negative control (lane 2).

Bands of 429 base pair amplified regions were observed on the gel for random sequence

primers. The results indicated presence of Salmonella species
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4.7 Genotypic presentation of Salmonella species by use of sef A gene according
to Jensen and Strauss (1993) protocol

Primers Oligonucleotides sequence

¢

Sef 167 5'F - AGGTTCAGGCAGCGGTTACT - 3

Sef 478 5'R - GGGACATTTAGCGTTTCTTG - 3’

M © 3 4 56 7 8 910 111213

Fig. 15: PCR gel showing sefA gene products for Salmonella. Isolates from Homa Bay
(Lane 3) Dunga (Lane 11 & 12), Uhanya (Lane 13), and. Molecular DNA maker 50bp

(lane 1), O; negative control (lane 2).
Sef A gene is specific for S. enterica serotype enteritidis .Amplification of Sef 4 gene in 4

isolates in 2% agarose gel, gave a band of 312 bp which confirmed the isolates are S.

enterica serotype enteritidis.
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CHAPTER FIVE

5.0 DISCUSSION

Lake Victoria is an important source of livel‘ihobd for people living along Winam gulf. It
contributes over 90% of the total annual fish production valued at 6.5 biTlion in Kenya
(Gitonga, 2006). However, L. Victoria basin is one of the areas where environment has
continued to deteriorate (Rwabinge, 2005). Microbiological pollution through wildlife,
agricultural activities, forestry, agrobased industries, rural and urban settlements as
surface runoff and storm water in the Kenyan catchment side of lake, have negative

effects on water quality of rivers draining into lake Victoria (Crul,1995). These activities

have contributed to the rising population of fish microbes within Winam gulf.

Phenotypic identification of Salmonella strains from fish tissue slurry obtained from fish
collected from selected beaches along Winam gulf was done. Result obtained (section
3.4) indicated that twenty (20) bacteria isolates were phenotypically identified as
Salmonella species based on their morphological appearance and biochemical reactions
on various bacteriological (differential and selective) culture media. A number of plating
media have been devised for the isolation of Salmomnella. MacConkey agar is a
differential and slightly selective media in that in addition to lactose and pH indicator, it
contains an inhibitor for non enterics. Most commonly used selective media for
Salmonella and Shigella are Deoxycholate Citrate Agar (DCA) ,Salmonella —Shigella
Agar ,which favour growth of Salmonella and Shigella and is inhibitory to coliforms and
Proteus .Salmonella do not ferment lactose, most Salmonella strains produce Hydrogen
Sulphide (H,S) gas ,which in the media containing ferric ammonium citrate ,forms a

black spot in the centre of the creamy colonies. Primary isolation requires the use of
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enrichment medium. In the present study fish tissue slurry was subjected to ‘enrichment
culture’ , where 5ml of fish slurry was incubated in Selenite F broth for maximum

recovery of Salmonella.

Phenotypic characteristic formation of 1-3 mm diameter creamy colonies on MacConkey
Agar No. 3, 2-4mm diameter dome-shaped colonies with a central black dot on DCA
(Hynes), and creamy colonies with Hydrogen Sulphide (H,S) gas production in modified
Salmonella, Shigella Agar in test tube (slant/butt) acted as indicator for the prescence of
Salmonella spp. These colonies were also screened on Triple Sugar Iron (TSI) for
Hydrogen Sulphide gas production and for their typicai production of acid resulting to a
yellow butt, with or without production of H,S (blackening of agar) in TSI, acted as
indicator for prescence of Salmonella spp. , (S. enterica Serotype enteritidis, S. enterica
Serotype typhimurium, and other Salmonella spp) in test tube (slant/butt) or culture
medium and not Shigella.

Morphological identification was followed by performing biochemical tests (IMViC) on
isolates (section 3.4). This involved; fermentation of glucose with production of acid and
gas, failure to produce indole, a positive methyl red reaction, a negative voges proskauer
reaction and citrate utilization reaction for phenotypic. characterization. Indole was not
produced when 0.2-0.3ml of Kovac’s reagent was added to Sml of 24h tryptophan broth
culture. Golden yellow colour observed at the interface was a typical reaction of
Salmonella strains and not E.coli which otherwise give indole positive results. A positive
methyl red (MR) test indicated by bright red colour throughout medium confirmed the

prescence of Salmonella strains which produces acid from glucose. Voges Proskauer

(VP) was negative when 0.6ml oc - naphthol and 0.2ml of 40% KOH solutions was added
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respectively to 1ml of 48h VP culture and Vonexed: This was a typical reaction of
Salmonella spp. Inoculation of the isolates in Koser’s citrate Agar was done and a
positive result of growth accompanied by colour change from green to blue was
indicative of the presence of Salmonella spp. The test is used to determi‘nbe the ability of
an organism to utilize citrate as the sole carbon source and an ammonium salt as the
source of nitrogen. The bacteria isolates were then subjected to Kauffmann-White
Scheme serological test that was used for cell wall lipopolysacharide protein ‘O’ antigen

and ‘H’ flagella protein agglutination test

Although serotyping has been a reliable method for di‘fferentiating isolated strains, it is
time consuming and requires more than 150 specific serum samples (Kilger et al.,1993).
In addition, some strains cannot be identified through serotyping due to untypeability of
the isolate (rough strains) (Kilger ef al.,1993). Phenotypic analysis is therefore used as a
frontline measure supported by genotyping. Molecular methods are now used as an
alternative since they provide higher power of discrimination and allow rapid
identification. Molecular methods are used in differentiation of bacteria species,

serotypes and strains (Jensen ef al.,1993).

Serotyping of isolated Salmonella strains from this study was done up to group level.
This was preceded by genotypic characterization. Genotypic characterization of
Salmonella by use of malic acid dehydrogenase (mdh), a house keeping gene gave a band
of 261bp for Salmonella isolates. ST11-ST15 primers were used to amplify highly
conserved genes in Salmonella genome, a band éf 429 bp confirmed that isolates were

Salmonella. sef4 and fliC genes were also amplified for serotype identification.
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Structural gene, f1iC codes for flagellins. fliC alleles have conserved sequence on distal
parts of the gene, making the gene of any serotype easy to amplify for species
identification. Amplification of fliC gene gave a band of 559 bp for nine (5) isolates. This
confirmed the isolates as S.enterica serotype typhimurium. Bacterial host cell attachment
mechanisms is mediated by fimbriae. S. enterica serotype enteritidis, in addition to
fimbriae shared between serovars, has SEF'14 fimbriae. SEF14 fimbriae have a role in
virulence, it is essential for binding in macrophages (Edwards er al.,2000). sef4 gene
encodes the most abundant subunit of SEF14 fimbrial shaft; of S. enterica serotype
enteritidis. Amplification of sef4 gene gave a band of 312 bp for four (4) isolates; this

confirmed the isolates as S.enterica serotype enteritidis.

In the present study, analysis of the fish tissue slurry indicated that the harvested fish
were majorly infested with Enterobacteriaceae namely: Salmonella, Shigella and E.coli.
Results obtained ( section 3.4). indicated that twenty (20) bacteria isolates were
phenotypically identified as Salmomnella based on their morphological appearance and
biochemical reaction on various bacteriological (differential and selective) culture media
(NCCLS, 2001). Dunga beach had the highest Salmonella distribution; 40% of the total
Salmonella isolates, this was followed by E. coli 25% and Shigella 24%. The beach area
is densely populated with a closed shoreline, this have led to poor water circulation in the
shoreline. The effects of urbanization have serious implications on L. Victoria along
Dunga beach in Kisumu city. Kisumu city is littered with pools of sewage spills from
broken sewage pipes and tanks which forms paﬁ of surface runoff after heavy rainfall

that ends up into the lake (Ogindo, 2005). This accounted for the high
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Enterobacteriaceae distribution in Dunga. These results concur with findings of Werimo
and Ouko (1999) who found Salmonella, E. coli and Vibrio cholerae as some of the
serious pathogens associated with fish from Dunga fish landing beach. Nanyaro and

Makene (1998) also identified fish landing environment to be a major source of fish

quality problems in L. Victoria.

In Homa Bay beach, the highest Enterobacteriaceae isolate was E. coli (37.5%) of total
E. coli isolates, followed by Shigella (24%) and Salmonella (20%). E. coli is a faecal
coliform that is specific to faecal material from humans and other warm blooded animals.
High E. coli distribution in Homa Bay provides deﬁrﬁte evidence of faecal pollution
(Ogindo, 2005). Pollution at Homa Bay is due to untreated sewage effluents disposed
directly into the lake due to dilapidated sewage treatment system. These results are
typical of what was found in previous studies by Shewan, 1961; Banwart, 1981; Huis in’t
Veld; 1996; Huss, 1994, who isolated Salmonella, Shigella, and E. coli from fish

harvested from waters subjected to human sewage pollution or terrestrial runoff.

Uhanya beach had the highest distribution of Shigella spp. (32%), followed by
Salmonella (30%) and E. coli (25%). Conditions at this beach are poor, lacking portable
water supply in addition to high latrine density in overcrowded nuclear settlements. The
beach area has a closed shoreline, thus water circulation in the shoreline is poor leading

to high levels of Enterobacteriaceae counts.

However, in Luanda Kotieno distribution of members of Enterobaacteriaceae was low in

fish collected. This was attributed to the lake area being an open inshore where there is
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adequate water circulation. Dilution effect on Enterobacteriaceae counts at the shoreline
led to low levels. The area lacked papyrus reeds and other vegetation like water Ayacinth
that could lead to eutrophication and hence thriving of coliforms as experienced in other
study areas.

Salmonella enterica has been considered the causal agent of a large number of enteric

infections in the world (Bell ez al., 2002). Raw foods and cross-contamination of ready-

to-eat products are the main routes of Salmonella transmission (Bell et al., 2002).

The results of this study indicated presence of Salmonella in fish harvested from lake
Victoria, an indication of contamination of the lake waters by the pathogen. These results
were consistent with the National Agricultural‘ Research Organization of Uganda
(NARO) (1997) report which indicated the presence  of certain species of
Enterobacteriaceae like E. coli, Salmonella species at some fish landing sites along the
shores of L. Victoria (Atyang, 1999). Previous studies by NARO (1997) established that
feacal or thermo tolerant coliforms and therefore prevalence of Salmonella species were
higher at the inshore waters where beaches are located than offshore water, especially
those beaches which are densely populated with inadequate sanitary facilities.
Cbnsequenﬂy there was risk of contamination of fish ciuring off loading with strains of

bacteria than during loading offshore.

There being probability that the main source of Salmonella contamination in the marine
environment is of human or animal origin, the different population structures of S.
enterica serotype typhimurium, S. enterica serotype enteritidis may be attributed to the

different rates of growth and survival of these serovars in the aquatic environment.
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Salmonella serovar typhimurium was the clinically important serovar mostly identified in
this study which attests to its capacity of adaptation and survival in this environment, as

has been suggested by other authors (Dupray et al ., 1995; Baudart et al., 2000).

<
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51 CONCLUSION

Nile tilapia within Winam gulf are infested with pathogenic Enterobacteriaceae.
Salmonella, Shigella spp and E.coli were the highest isolates. This may result from
contamination of fish during offloading with these strains of bacteria tharrlbduring loading
offshore. S. enterica serotype typhimurium was the highest isolate among the
nontyphoidal Salmonella. Salmonella was isolated in all the four beaches. The highest
isolates were from Dunga beach followed by Uhanya, the least isolates were recorded in
Luanda Kotieno beach. Therefore Nile tilapia may have a role in transmission of
Salmonellosis in the study area Poor sanitation was a major cause of pollution at the
beach inshore waters. Hence landing and marketing of fish from beaches with essential
sanitary facilities can reduce the risk of cross contamination and the hazard from these
pathogens. The sources of Salmonella are poorly understood and this study provided vital
data that is critical in assessing and controlling the risk associated with the presence of

Salmonella in Oreochromis niloticus in the study area.

52 RECOMMENDATIONS

Prevention and Control Strategies

Dunga and Uhanya beaches had the highest Enterobacteriaceae loads.Sanitary conditions
in the adjacent areas needs serious improvement. The sewage system in Homa bay and
the geﬁeral sanitation at Homa bay beach needs to be improved, this would ensure
elimination of initial contamination of fish by enteric pathogens from the source and also
improve water quality. Luanda Kotieno had low Enterobacteriaceae counts .and hence

fish from Luanda Kotieno are relatively safe for human consumption.
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Effective prevention and confrol programmes must involve coordinated and simultaneous
actions on the problem from several directions. Hazards from Salmonella can be
prevented by heating food enough to kill the bacteria, preventing post cooking cross
contamination and prohibiting people who are ill or are carriers -of Stc;lm/onella from
working in food operations is also believed to be another control strategy. Consumers
should wash hands with soap before preparing or eating food and after using bathroom.
All food preparation areas should be cleaned with diluted solution of bleach and water
and rinsed before and after food preparation.

Continuous development of existing surveillance measures, (control programmes,
traceability of food chains) and epidemiological stud}; is required both for foodborne
pathogens, and also for sentinel organisms present in the normal flora and which may
represent a reservoir of resistant strains. It is important that epidemiology of this
organism be fully elucidated by use of phenotypic aﬁalysis as a ‘front line’ measure
supported by genotyping in order to facilitate the direct implementation of an effective
surveillance and control strategy. Subtyping is important epidemiologically for

recognizing outbreaks of infection, detecting the cross transmission of nosocomial

pathogens, determining source of infection, recognizing virulent strains of the bacteria .
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