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ABSTRACT

Enteric pathogens such as Salmonella,
Shigella, E.coli, Vibrio and Campylobacter
are easily transmitted when contaminated
food is consumed, ending up in outbreaks.
Campylobacter is one of the most important
pathogens as it can cause infections which
may lead to health complications that could
be fatal. Limited data exist on
Campylobacter infections from fast food
kiosks in Kenya. This study aimed at
determining  the  risk  factors  of
campylobacteriosis, microbial load in water,
milk and cooked chicken, survival rates and
identify other pathogens in the food and
water served at commercial catering points
in Nairobi’s Ngara and Burma markets. A
questionnaire was administered to food
vendors to obtain information on the risk
factors associated with Campylobacteriosis.
A total of 135 samples; chicken (45), water
(45) and milk (45) were sampled and their
microbial load determined by colony count.
Campylobacter isolation was done using
charcoal cefoperazone desoxycholate agar
and confirmed by biochemical tests, while
other enteric were isolated through standard
bacterial culture and isolation techniques.
Survival rates of these isolates in varied
temperatures were evaluated. Age, education
level, occupation, undercooking of chicken,
site of processing chicken, source of milk,
storage of milk, source of water and method
of treating drinking water were found to
influence transmission of Campylobacter,
while hand washing and serving of food by
chicken processors were not found to
influence the transmission of

Campylobacter. The microbial load in
chicken was 111.738 x 10 4 CFU/ml and
67.893 x 10 4 CFU/ml in Burma and Ngara
markets respectively, while in milk, it was
115.673 x10 4 CFU/ml and 160.354 x10 4
CFU/ml in Burma and Ngara market
respectively. Microbial load in water was
determined by the most probable number
technique, the load was 3.08333/100 ml and
3.54167/100 ml in Burma and Ngara market
respectively. There was no significant
difference in the Microbial load across the
samples;  milk  (p<0.0396), chicken
(p<0.0053) and water (p<0.3805) in both
Ngara and Burma markets. Temperatures
below the optimum growth temperature for
C. jejuni (420C) generally seemed to have
inhibitory effect on the population of the
organism. Survival of Campylobacter was
poor in water and chicken at room
temperature (250C) while in chicken and
milk stored at 40C, Campylobacter had
higher survival rates. Chicken in Burma
market, 6 (13.3%) had the highest
prevalence of the pathogens; Salmonella,
Shighella and Vibrio isolates were detected
with E coli as the most prevalent npathogen.
This research has shown that the food eaten
in most urban centres of Ngara and Burma
market pose high risk to infection hence
warranting consistent surveillance. Proper
storage of food and drinks after they have
been thoroughly boiled is recommended.
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pathogens
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INTRODUCTION

Campylobacter jejuni (C. jejuni) has been recognized as one of the most common causes of
bacterial diarrheal infections (Gillespie, 2002). Infection by C. jejuni has been shown to lead to
severe post-infectious sequelae, which could include post-infectious acute motor axonal
neuropathy (AMAN), a subtype of Guillain-Barré syndrome (GBS) (Willison, 2002). This
organism accounts for a large proportion of cases of human bacterial gastroenteritis especially in
industrialized countries (Miller, 2005). The C. jejuni bacterium can be isolated from a range of
sources, including surface and ground waters, both domestic and wild mammals, insects and wild
birds (Jones, 2001).

The most common source of this infections is through consumption of contaminated chicken
meat, cross-contaminated food amongst other food items (Newell et al., 2003). Although this
organism is a diverse multi-host pathogen, there are genotypes known to be restricted to certain
hosts, or human disease than others (Dingle et al., 2002). In the early years of bacterial
surveillance, many hospital microbiology laboratories never used to screen for this organism
when isolating enteric bacteria from stool. However studies have shown that diarrheal stool
cultures for Campylobacter is isolated more than Salmonella or Shigella (Henao et al., 2010).
The number of registered cases of human Campylobacteriosis in Finland has ranged from 3,796
cases to 4231 cases in 2011.

The reported incidence in Finland in the last ten years is higher than the European Union average
(WHO, 2011). It is conservatively estimated that Campylobacteriosis illness costs $1 billion
annually for medical care, lost wages and other productivity losses (CDC, 2009). In developing
countries, Campylobacter infection is very common in the first 5 years of life with asymptomatic
infection being more common. In Bangladesh, up to 39% of all children aged less than 2 years
have asymptomatic infection (CDC, 2011). In Kampala, Uganda, the prevalence of
Campylobacter infection was estimated to be 9.3% among 226 children with acute watery
diarrhea (Mshana et al., 2009). Another study done in Mwanza-Tanzania showed the prevalence
of 18% and even a higher prevalence among those who are aged <18months. Among
asymptomatic children aged <18months, the prevalence of 4% was reported in the same study
(Lindblom et al., 1995). In Kenya, studies done in Nyanza province showed prevalence of 17%
among children below 5 years in urban areas and 15% in the rural areas (Ochieng et al., 2009).

PROBLEM STATEMENT

Majority of Nairobi residents who work away from their residence usually take their lunch in fast
food restaurants. Majority of these residents are low income earners, who prefer taking their
meals at low cost fast food kiosks. These kiosks hardly observe proper hygiene standards,
therefore predisposing residents to the risk of contracting food borne infections. Many foods,
particularly those of animal origin, have been identified as vehicles of transmission of these
pathogens to human beings and spreading them to kitchen environment.

34| Page



International Academic Journal of Health, Medicine and Nursing | Volume 1, Issue 1, pp. 32-57

Although Campylobacter has been recognized as a major source of infection, No systematic
studies have been carried out with respect to risk factors of campylobacteriosis, microbial load in
cooked chicken, boiled milk and water, and survival rates of Campylobacter in foods and drinks
served in Nairobi county. Although efforts have been made to educate food handlers on hygiene
and standard operating procedures like Hazard analysis critical control points, the regulations are
hardly observed.

The Centre for Disease Control (CDC) receives about 10,000 cases a year but it is estimated that
between two and four million people in the world are infected annually. CDC monitoring shows
that approximately 124 people die every year from campylobacteriosis. This morbidity is of
significant economic impact. Moreover, recent studies have shown that infection by certain
bacteria including Campylobacter significantly increases a victim’s risk of developing ongoing,
or permanent gastrointestinal infections, including Post-infectious or even Irritable Bowel
Syndrome. It is conservatively estimated that campylobacteriosis illness costs the world $1
billion annually for medical care, lost wages and other productivity losses (CDC, 2009).

GENERAL OBJECTIVE

The main objective was to determine prevalence of Campylobacter jejuni and other food
pathogens in food and drinks served in fast food kiosks in Ngara and Burma markets.

SPECIFIC OBJECTIVES

1. To determine the risk factors associated with campylobacteriosis.

2. To compare the levels of microbial load in the three foodstuffs; milk, chicken and water.

3. To determine the survival rates of Campylobacter in cooked chicken, milk and water
samples.

4. To identify other pathogens found in cooked chicken, milk and water samples.

LITERATURE REVIEW

Campylobacter is a genus of bacteria that are Gram-negative, spiral and microaerophilic, motile,
with either unipolar or bipolar flagella. The organisms have a characteristic spiral or corkscrew
appearance and are oxidase-positive (Ryan et al., 2004). In regard to the epidemiology of
Campylobacter infections worldwide, several genetic typing methods have been developed in
order to differentiate between isolates below species level (Wassenaar and Newell, 2000). The
genus Campylobacter comprises of 17 species and 6 subspecies (Nachamkin 2007; Silva et al.,
2011). The two species most commonly associated with human disease are C. jejuni and C. coli.
C. jejuni accounts for more than 80% of Campylobacter-related human illness, with C. coli
accounting for up to 18.6% of human illness. C. fetus has also been associated with foodborne
disease in humans (Gurtler et al., 2005).
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Clinical Presentation and Diagnosis

Campylobacter infection frequently presents as self-limiting acute enteritis with diarrhea,
malaise, fever and abdominal pain, sometimes with vomiting and the presence of blood in faeces
(Allos, 2001). Disruption of epithelial cells and inflammation of the intestinal mucosa are
hallmark features of severe cases (Beltinger et al., 2008). Clinically, Campylobacter infection is
indistinguishable from acute gastrointestinal infections produced by other bacterial pathogens,
such as Salmonella, Shigella, and Yersinia species (ACMSF, 2005). In most patients, the
diarrhea is either loose and watery or grossly bloody; 8-10 bowel movements per day occur at
the peak of illness (Blaser et al., 2000). In some patients, the diarrhea is minimal and abdominal
cramps and pains are the predominant features; this can lead to a mistaken diagnosis of acute
abdomen and unnecessary laparotomy.

Fever is reported by more than 90% of patients and can be low-grade or less than 40°C and
persist for up to 1 week. By that time, the illness has usually resolved, even in the absence of
specific antibiotic treatment. Occasionally, however, patients can develop a longer, relapsing
diarrheal illness that lasts several weeks (Kapperud et al., 2002). Although Campylobacter is
rarely identified in the stools of healthy persons, depending upon the population studied, as many
as 50% of persons who are infected during outbreaks are usually asymptomatic (Kalva et al.,
1998). Fecal leukocytes and red blood cells are detected in the stools of 75% of infected persons
(Blaser et al., 2009).

The peripheral white blood cell count may be mildly elevated. Other laboratory studies,
including liver function, electrolytes, and hematocrit levels, are normal. Because diffuse colonic
inflammation may be seen on sigmoidoscopic examination, Campylobacter enteritis may be
confused with early inflammatory bowel disease (Blaser et al., 2009). Diagnosis of
Campylobacter enteritis is confirmed by obtaining cultures of the organism from stool samples.
Some laboratories have begun performing PCR analysis on stool samples for Campylobacter, but
this is not yet a standard practice (Parkhill et al., 2000). Species-specific assays, such as PCR-
enzyme-linked immunosorbent assays to detect Campylobacter antigens in stool samples, have
also been developed and these will be very useful in the diagnosis of Campylobacter infections
(Lawson et al., 1999; ACMSF, 2005)

Pathogenesis

Once ingested, the bacteria are able to adhere to intestinal epithelial cells or to the mucus
overlying these cells. They then replicate in the intestine. In vitro and in vivo experiments have
demonstrated that C. jejuni is capable of invading epithelial cells, although the invasive ability of
strains differs (Everest et al., 1992). The organisms are attracted to mucus and fucose in bile, and
the flagella is important in adherence to epithelial cells or mucus. Campylobacter motility is
conferred by the polar flagella, and combined with their “cork-crew' form, it allows them to
efficiently penetrate this mucus barrier (Newell et al., 1985; Lee et al.., 1986; Szymanski et al.,
1995). Adherence may also involve lipopolysaccharides or other outer membrane components
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(Bessede et al., 2011). After moving into the intestinal epithelia, chemotaxis towards L-fucose, a
component of both bile and mucin, which is important factor for affinity of Campylobacter for
gall bladder and intestinal tract follows (Jones et al., 2002).

Chemotaxis is the ability to detect and move up or down chemical gradients. Both motility and
chemotaxis are essential for C. jejuni colonization. In some experiments non-chemotactic
mutants have been shown to be unable to colonize the intestine in animal models (Takata et al.,
1992). In infected individuals, this can result either in asymptomatic colonization status, that is,
bacteria are present in the intestine but do not induce disease (Christenson et al., 1983;
Cawthraw et al., 2002), or in diarrheal illness. After colonization of the intestine, clinical disease
may occur. Based on clinical syndromes found in patients, two mechanisms by which
Campylobacter can induce disease were postulated (Jones et al., 2000). The first mechanism
involves adherence of Campylobacter to the intestine and the production of toxins (Wassennar et
al., 1997). One important mechanism by which bacterial enteropathogens induce diarrhea is
through the production of potent toxins.

C. jejuni is now known to produce at least two exotoxins: a heat-labile cytotonic or enterotoxin
(CJT) and a cytotoxin (Johnson and lior, 1984). These toxins alter the fluid resorption capacity of
the intestine, resulting in secretory diarrhea. The second mechanism involves bacterial invasion
and replication within the intestinal mucosa accompanied by an inflammatory response resulting
in blood-containing, inflammatory diarrhea.

Complications of Campylobacteriosis

One of the major complications of campylobacteriosis is the condition known as Guillain-Barré
syndrome (GBS). GBS is a disorder of peripheral nerves and is characterized by ascending
paralysis (ACSMF, 2005). Strong evidence suggests an association between preceding C. jejuni
infection and GBS (Yuki, 2007). The antigenic similarity between specific regions that is
terminal tetrasaccharide of lipopolysaccharide of C. jejuni and human gangliosides (GM1) led to
the concept of molecular mimicry (Yuki, 2007; WHO 2002). This concept implies the sharing of
homologous epitopes between the bacterial lipopolysaccharide and ganglioside surface
components of the peripheral nerve. Immune response from simple C. jejuni infection could
induce antibodies that cross-react to the gangliosides and trigger GBS (Vunic et al., 2009).

Other variants of GBS associated with C. jejuni infection include the following: Acute motor
axonal neuropathy (AMAN), or Chinese paralytic syndrome, which is characterized by a rapid
onset of paralysis. This may progress to tetraplegia and respiratory failure (Ritz et al., 2007) It
occurs in children in northern China during summer and fall (Mc Khann et al., 1993). Fisher
syndrome is characterized by ophthalmoplegia, areflexia, and cerebellar ataxia. Reactive arthritis
is another complication whose incidence and prevalence varies among different reports, ranging
from 0.6-24% (Mc Khann et al., 1993). Other infrequently reported complications are as follows:
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Reiter syndrome Erythema, nodosum Hepatitis Intestinal nephritis Hemolytic-uremic syndrome
and Immunoglobulin A (IgA) nephropathy (Bereswill & Kist, 2003).

MATERIALS AND METHODS

The study was conducted in Ngara area, and in Burma market located along Jogoo road in
Nairobi County in Kenya Located 1 ° 17' 0" South, 36° 49' 0" East. Food samples were collected
from fast food kiosks located in back streets of Nairobi in Ngara and Burma markets centers
including eating places that serve foods under temporary structures. Fast food kiosks in these
markets were targeted for this study. This was a cross sectional study design. The sampling
technique employed was stratified sampling in which the sampling zone was divided into two
locations which were approximately 8 Kilometers apart and from each location, eight kiosks
were identified. The samples were taken from every site six times. The sampling technique
mainly targeted different kiosks with different type of settings. The sites were Ngara market and
Burma market.

The number of food kiosks from which food samples were to be collected formed the sample
size for this study. This was done by random sampling design. Sample size was determined by
the Fisher formula. A sample size of 45 was therefore used for each of the collected samples;
cooked chicken, milk, and water, from each market.

Samples of chicken, water and milk were collected and placed in separate sterile bags, which
were placed in a cooler box. They were then transported to the Kenyatta University laboratory in
Nairobi, where they were analyzed within four hours. Questionnaires were administered to food
vendors and consumers to collect demographic information, and also in order to determine the
risk factors of Campylobacteriosis.

For isolation of Campylobacter, 25 g of each chicken sample from Ngara and Burma markets
was homogenized for 1 min in a stomacher (Stomacher 400 Lab Blender; Seward Medical,
London, UK). A quantity of 0.5 g of the chicken extract was emulsified in 5 ml of sterile 0.1%
peptone water to form a dilution of 1:10. This was followed by inoculation onto the selective
medium Blood Free Campylobacter Selective Agar Base (CM0739, Oxoid) supplemented with
Charcoal Cefoperazone Desoxycholate Agar Supplement (CCDA Selective Supplement), with
sterile cotton tipped swabs, so that single isolated colonies could be formed. The plates were then
incubated in an atmosphere consisting of approximately 5% Oxygen, 10% carbon dioxide and
85% Nitrogen, for 48 hrs at 42 °C (Baylis et al., 2002).

The milk samples and water samples were collected and immediately transported to the
laboratory in a cooler box with ice packs. The milk and water were processed using the aseptic
technique. To isolate Campylobacter from milk and water, 0.1 ml of each sample was suspended
in 5ml of sterile peptone water, followed by inoculation onto the selective media that is, Blood
Free Campylobacter Selective Agar Base (CMO0739, Oxoid) supplemented with Charcoal
Cefoperazone Desoxycholate Agar Supplement (CCDA Selective Supplement), with sterile
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cotton tipped swabs. The samples were incubated in plates in an atmosphere consisting of
approximately 5% Oxygen, 10% carbon dioxide and 85% Nitrogen, for 48 hrs at 42 °C (Baylis et
al., 2002).

Presumptive identification of Campylobacter colonies was based on the colonial appearance and
Gram-staining. C. jejuni grows to form grey, moist, glossy flat spreading colonies with or
without a metallic sheen, while C. coli tends to be creamy-grey in color, moist with slightly
raised shiny surface (Baylis et al., 2000). Microscopic examination for Gram-negative rods with
curved or spiral-shaped rods was done. Two presumptive Campylobacter colonies from each
selective agar plate were sub cultured and confirmed to the species level by biochemical tests,
such as motility, catalase and oxidase tests, oxidation/fermentation reactions, growth in 1%
glycine, H,S production, urease activity, and nitrate reduction (Baylis et al., 2000).

These pathogens included: Salmonella, Shigella, Vibrio and E. coli. For Salmonella and
Shigella, the samples were inoculated on Selenite F enrichment broth and incubated for 18 hours
at 37°C. Using the aseptic techniques, a loopful of inoculum from the broth was then streaked
onto plates of Salmonella-Shigella Agar and Deoxycholate Citrate agar (DCA) and incubated for
18 to 24 hrs at 37°C (Hyatt and weese, 2004). The suspected colonies, ones that formed
transparent or transluscent colonies on SS, and those that were colourless were sub-cultured. The
organisms were gram stained and confirmed by biochemical tests including: TSI, SIM, citrate,
indole, oxidase, and urease tests (David et al., 2009).

To isolate Vibrio, the samples were inoculated in alkaline peptone water enrichment. The
inoculated bottles were incubated for 18 hours at 37°C after which a loopful of inoculum from
the peptone bottles was then spread on the surface of the Thiosulfate Citrate Bile Sucrose
(TCBS) plates. The streaked plates were incubated for 18-24 hours at 37°C aerobically (Pfeffer
et al., 2003). The suspected colonies, ones that were large and yellow, or ones with blue to green
centres, were sub-cultured, then subjected to the following biochemical tests for confirmation:
TSI, oxidase test, motility, urease, MRVP, and citrate utilization test (Mariita and Okemo, 2009).

Isolation of E. coli was done by plating the samples on McConkey and on Eosin Methylene Blue
(EMB) agars and incubating overnight at 37°C. The above isolations for various organisms were
followed by purification of the cultures which was done by restreaking a single colony on
another pure agar plate and incubating at 37°C for 18-24 hours. After isolation, the suspected
colonies, ones that were dark blue-black with green metallic sheen on EMB, and those that were
pink to red on McConkey were sub- cultured then confirmed using the following biochemical
tests : TSI, gram stain, SIM, urease, citrate, indole and oxidase (Tasnim et al., 2012).

The microorganisms were enumerated by spread plate technique. The enumeration targeted the
total bacterial counts in the food samples. Nutrient agar to be used was sterilized by autoclaving
after which it was dispensed into agar plates to make a thickness of approximately 7 mm. The
plates were then left to cool. The chicken and milk samples were serially diluted from 10-1 to
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10-6 and appropriately labeled. A volume of 0.1 ml of each of the dilutions was pipetted into the
base of correctly labeled agar plates using separate sterile pipettes to avoid carryover errors.
After this step, the inocula were spread using sterile glass spreaders. The inoculated plates were
then incubated at 37°C for 24 hours (Clesceri et al., 1998).

Enumeration of pathogens in water was done by the Most Probable Number (MPN) technique
(Krewski et al., 2004). One set of double strength Lactose F broth was prepared coupled with
two sets of single strength Lactose F broth. The broth was dispensed into tubes and Durham
tubes inserted to trap any gas formed. The broth was sterilized at 121°C for 15 minutes and left
to cool. To 10ml of the double strength Lactose F broth, 10ml of the water sample was added. To
the second and third sets of 5ml single strength Lactose broth, 1ml and 0.1ml of the water sample
was added respectively. The tubes were then incubated at 35°C for 48 hours under aerobic
conditions. Upon incubation the tubes were inspected for growth (indicated by turbidity) and
presence of gas. The number of positive tubes from each set was recorded to form a three
number code that was compared to the standard table and recorded as MPN index/ 100ml of
water. This formed the presumptive test.

Sterile loop transfers were made from all tubes showing acid and gas production to tryptose bile
broth (EC Broth) and incubated at 44 °C for 24 hours. Gas production in a fermentation tube
within 24 hours or less was considered as a positive reaction. For confirmation, samples that
were considered to have a positive reaction from the tryptose broth were streaked on a plate of
Eosin Methyl Blue (EMB) agar. The plates were incubated at 44°C for 24 hours and inspected
for shiny green colonies with a metallic sheen. Gram stain and Biochemical tests, that is, urease,
oxidase, indole, citrate, TSI and SIM, were then performed. This formed the confirmed test. For
the complete test, the identified E. coli were inoculated into Lactose broth containing Durham
tubes and incubated for 48 hours at 44°C. If growth and gas production occurred the sample was
verified as positive for contamination by coliforms (Tortorello, 2004).

After incubation period of 24 hours, the plates were examined for growth and morphological
characteristics. Plates that had between 30-300 colonies were selected for counting. Using a
colony counter and a marker pen, the colonies in each of the dilutions having between 30 - 300
colonies were counted by putting a dot above each colony after it has been counted. Those with
above 300 colonies were reported as “too numerous to count’” (TNTC) while those with less
than 30 were not counted. After counting the duplicate recordings were averaged and multiplied
by the dilution factor and amount of initial inoculum to get the number of colonies per milliliter
of the sample. This was recorded as colony forming units per milliliter of the sample (CFU/ml).

RESEARCH RESULTS

The study issued 70 questionnaires randomly where 35 were from Burma market and the other
35 were from Ngara market. Age, gender, education level, occupation, undercooking of chicken,
site of processing chicken, source of milk, storage of milk, source of water and method of
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treating drinking water were found to be risk factors for transmission of Campylobacter, while
hand washing and serving of food by chicken processors were not found to be risk factors for
transmission of Campylobacter.

Risk factors of Campylobacter infections

This study sought to determine whether age, sex, level of education, hand washing,
undercooking of chicken, handling of raw chicken while cooking, place of processing and
slaughtering of chicken, source of water, method of water treatment, source of milk, and method
of storage of milk had any risk associated with Campylobacter infections. Findings from this
study indicated that age was a risk factor to transmission of Campylobacter. These findings were
similar to those obtained in Burkina Faso where young adults were at a greater risk of
contracting campylobacter (Sangare et al., 2011). This could be associated with a high number of
young adults who constitutes majority of workers who eat in the streets outside their homes
(Mukhola, 2000).

Level of education was found in this study, to influence the transmission of Campylobacter.
Those who were well educated had increased knowledge on importance of hygiene and safer
food handling practices. This was similar to findings in Jordan where schooling and the level of
education influence acquiring enteritis due to Campylobacter (Nimri and Megdam, 2004). The
education of the consumers of vector products of campylobacteriosis is important in the
implementation of national programs of surveillance and fight against Campylobacter. This
finding was contrary to findings of previous studies in Burkina Faso, where the level of
education was not found to be a risk factor for campylobacteriosis (Sangare et al., 2011).

Profession of an individual was found to be a risk factor for transmission of Campylobacter.
Majority of the individuals who were interviewed were skilled workers, those who are self
employed on small scale jobs and students who could only afford to buy food at low costs. This
finding was consistent with findings in a similar study in Kenya (Jagals and Jagals, 2004), where
profession of an individual had a high influence on infection. This relationship could be as a
result of the fact that, majority of the kiosks where food is sold at low cost, are generally located
in open environments where hygiene is poor.

Undercooking of chicken in this study was found to be a risk factor for transmission of
Campylobacter. Data on risk factors for foodborne disease in Kenya indicate that the majority of
outbreaks result from inappropriate food handling practices and methods of cooking (Jones and
Angulo, 2006).This was also consistent with findings in Tanzania (Eric et al., 2013), In UK
(Rodrigues et al., 2001) and in Ireland (Renzi et al., 2009), where food that is not properly
cooked at the right temperatures could lead to infections by Campylobacter. However,
differences between risk factors across studies may reflect either different study methodologies
or variations in the sources of infection across different countries (Carrique-Mas et al., 2005).
The place of processing and slaughtering chicken was found to be a risk factor of
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Campylobacteriosis. If processing of the chicken is done in the same environment where cooking
is done, it increases the risk of contracting Campylobacter infections. This is consistent with
previous studies in Uganda (Muyanja et al., 2011; Reij, 2004). This could be as a result of direct
contact or cross contamination, of already prepared food, from equipment, utensils, cutting
boards, knives and surfaces. This is possible when the chicken is slaughtered within the cooking
environment (WHO, 2006).

Source of water was found to be a risk factor for transmission of Campylobacter. This finding is
in agreement with those in Kenya (lijima et al., 2001) and In Zimbabwe (Maponga et al., 2013).
Research in developed and developing countries have also shown that water is risk factor for
endemic diseases and implicated in many outbreaks of human diseases (Baldursson and Karanis,
2011). This result could be due to pollution of water by garbage, which is not properly disposed.
Method of water treatment was found to be a risk factor for transmission of Campylobacter. The
results found in this study were in agreement with those obtained in South Africa (lijima et al.,
2001; Liang et al., 2008), which showed that different methods of water treatment differs in their
efficacy, with some methods being better than others. This is also similar to previous studies that
stipulates that exposure to inadequately treated water is assumed to be an important risk factor
for acquiring Campylobacter infection (Newell et al., 2003).

Source of milk was found to be a risk factor for transmission of Campylobacter. This finding
was the same to those obtained in Tanzania and Ethiopia (Swayi et al., 2000 ; Zelalem and Faye,
2006), where it was found that milk from homesteads and dairies posed a greater risk of
contracting Campylobacter. This similarity could be due to inappropriate boiling of milk to the
right temperatures. It could also be associated with numerous outlets for the purchase of milk
which operate under unhygienic conditions without adequate monitor or regulation by authority
(FAO 2003). The Findings of this study shows that method of storage of milk could predispose
one to campylobacteriosis. This is consistent with previous findings in Kenya (Muinde and
Kuria, 2005) and in Ethiopia (Mekennen et al., 2012), where poor storage methods of food were
found to be a risk factor for campylobacteriosis. This similarity could be associated with
improper food storage and prolonged time lapse between preparing and consuming food items
which could lead to cross contaminations (Linda du and Irma, 2005).

Hand washing practices was not found to be a risk factor of Campylobacteriosis. These findings
are in contrast to studies in Kenya (Muhonja and Kimathi, 2014) and in Ghana (Isaack et al.,
2014), where it was found that lack of adherence to proper handwashing practices could lead to
contracting bacterial infections. This difference could be as a result of increased knowledge on
the importance of hand washing amongst the population that was interviewed. Accumulative
evidence has shown that appropriate hand washing with soap, reduce the risks of intestinal
infections (Curtis et al., 2003). The general role of hand washing in preventing disease is well
known, especially in the catering industry, and positive attitudes to hand washing among caterers
have been reported (Clayton and Griffifth, 2004) However, observational studies suggest that
knowledge is not always put into practice as those who report the importance of hand washing
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actually don’t often wash their hands before handling food (Ombui et al., 2001). Proper hand
washing can reduce the risk of diarrheal and respiratory diseases (Luby et al., 2005).

Handling raw chicken while cooking was not found to be a risk factor in this study. This is in
contrary to previous studies where it has been demonstrated that handling raw chicken while
cooking could lead to cross contamination (Altekruse et al., 1999). Food handlers play an
important role in food safety and in the occurrence of food poisoning because they may
introduce pathogens into food during production, processing, distribution and/or preparation
(Green et al., 2005). These associations are expected. Since most data shows that most chicken
in stores is contaminated with C jejuni (Zhao et al., 2001). However, this contradiction may have
been brought about as result of difference in the sources from which the chickens are obtained.

The findings of this study showed that gender is not a risk factor for Campylobacteriosis. This is
contrary to those obtained from previous studies where it has been demonstrated that the rate of
Campylobacter enteritis was higher in males than in females (Galanis, 2007; Ruiz et al., 2007).
This difference could be explained by the fact that, the association between gender and
campylobacteriosis may vary according to geographical area and the ratio of males and females
within the population. The difference may have also been as a result of difference in the feeding
habits of males and females.

Microbial Load

Microbial load in all the samples were found to exceed the acceptable limits set by FDA.
According to WHO, water suitable for drinking should show undetectable limits of feacal
coliforms (WHO, 2008), as opposed to the finding of this study. The microbial load in milk and
chicken also exceeded the limits set by KEBS, where the acceptable limit is 10° CFU/g (KEBS
2003).

Microbial Load in Chicken

Microbial load in chicken in this finding, was found to be much higher than in a study in
Pakistan, where chicken sample had a load of 2.85x10* CFU/g (Tavakoli and Riazipour, 2008)
and in Argentina where the load was 3.63x10* CFU/g (Tessi et al., 2002). In a similar study in
Saudi Arabia, the microbial load in coocked chicken was found to be higher, that is 1.2x10°
(Eman and Sherifa, 2012). This differences could have been brought about by lengthy gaps
between preparation and consumption of foodstuffs, and lack of attention to the essential
temperature required for cooking foods, which are among the most important reasons of food
contamination (Reglier, 2005).

Microbial Load in Milk

Microbial load in milk in this study was found to be higher than findings in Tanzania which had
a total bacterial count of 3.3 x10° CFU/mI (Kivaria, 2006). In another similar study in Tanzania,
the microbial load was found to be higher, with a total bacterial count of 1.4x10°® CFU/mI (Swai
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& Schoonman, 2011). This differences could be as a result of the fact that milk passes through
increasing numbers of intermediaries thereby increasing bacterial count (Omore et al., 2005).
The organism usually gains access to foods from food handlers or other surfaces like the
processing equipment (Leenalitha and Peter, 2007). Consistent with studies in Kenya, the finding
of this study reveals higher bacterial counts as the milk moves up the market chain, suggesting
poor handling along the process (Omore et al., 2001).

Microbial load in water

Microbial load in water was found to be slightly higher than those found in treated water samples
from Dunga beach in Kenya, which was contaminated with total viable counts of 2.5 CFU/ml,
and water samples from Kisumu market with 2.45 CFU/ml and Luanda market 2.3 CFU/m,
(Onyuka et al., 2011). This difference may have resulted from methods of water treatment and
water storage facilities.

Survival rates for Campylobacter jejuni

In this study, experiments were conducted on Campylobacter jejuni to establish its response to
environmental conditions vis-a-vis temperature variation. Storage temperatures were chosen to
reflect what occurs on a daily basis at homes and commercial food service points regarding
handling and storage of raw and/or cooked chicken, before, during, or after preparation.
Generally, the population of cells decreased with time in all the three food types, that is, chicken,
milk and water. This is because ambient temperature, refrigeration, and freezing are considered
as stress factors for C. jejuni (Ala’a et al., 2006).

Survival rate in cooked chicken

In chicken stored at 25°C, all samples showed declining levels of viable cells. The decline
increased with increase in the storage time. For the 14 day period, there was a 5-log; decrease in
the numbers of Campylobacter jejuni. In a similar study investigating survival in chicken meat,
70% of the chicken meat stored at ambient temperatures of 26-28°C showed decline of 4-logyo in
the total viable cells. (Ala’a et al., 2006). This could be due to the fact that Campylobacter
appears to lack many adaptive responses that are exhibited by other bacteria (Fernandez and
Pison, 1996). At 4°C, there was only a 2-log;o decrease in population over a 14-day storage
period. Previous studies carried out in order to study the survival of C. jejuni during refrigerated
storage (4°C) on various chicken meat cuts and preparations have reported a decrease of 2.2-
logio over a period of 2weeks. (Ala’a et al., 2006).in another related study, reduction in cell
counts of 1.38 to 3.39 logip CFU/g on chicken over a 2-week period was reported (Bhaduri and
Cottrell, 2004).

These variable results could be attributed to the fact that other environmental factors such as
UVB light level, the level of oxygenation, water source and the presence of other
microorganisms may have influenced C. jejuni survival (Obiri-Danso et al.,. 2001). Chicken
meat as a highly perishable food must be stored refrigerated during processing throughout the
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food chain in order to prevent and reduce microbial contamination and growth. Survival at such
storage temperatures means the organism can still persist in foods stored at ambient temperatures
and hence caution should always be taken in food handling (Vandeplas et al., 2008).

Survival rate in Sterile Milk

In this study, Campylobacter jejuni showed a 3-log;o reduction in population in milk, over a 14-
day period at 4°C. In a related study, (Blaser et al., 2000) have reported that C. jejuni may
survive in sterile milk initially containing >107 cells per ml for up to 22 days at 4°C. Similar
observations have been reported, that is, approximately 4-logy, decrease in cells in sterile skim
milk over a period of 14 days. (Christopher et al., 2002). The ability of C. jejuni to survive at
such low temperatures is as a result of active transcriptional machinery resulting in protein
synthesis, motility and oxygen consumption, which allows the organisms to continue surviving
(Hazegeler et al., 2008)

Survival rate in sterile water

In the present finding, in water kept at 25°C, there was a 4log;o decrease in population for the 14-
day storage period. In another related study in South Africa, it was found that Campylobacter
jejuni showed a decline by 6 to 7 logso units when in water at 25°C for a similar interval (Jacob
et al., 1998). This difference may have been as a result of type of media used, which may have
determined the number of surviving organisms depending on the components of the media, and
difference in dissolved oxygen tension, which also a factor that would affect survival of the
organisms.

Detection of Other bacterial pathogens

In addition to Campylobacter, other pathogens, that is, E coli, Salmonella, Shigella and Vibrio,
were also found in the milk, water and cooked chicken samples. In the present finding,
Campylobacter was not found in the water samples collected in the two markets. This result is in
contrast with those found in Nigeria and South Africa where Campylobacter was isolated in
39(52.7%) and in 2% water samples respectively (Porgieter et al., 2005 ; Ugboma et al., 2013).
This difference could be attributed to difference in water sources.

In this study, the chicken samples were positive for Campylobacter. These results were lower
than findings obtained from previous studies in Kenya and China, where thermophilic
Campylobacter spp. have been isolated from 77 and 76% of chicken samples, respectively
(Osano and Arimi 1999; Shih 2000), while in this study, the prevalence was 8.9% and 13.3% in
Ngara and Burma market respectively. This difference may have as a result of difference in the
source from which the poultry was obtained and the cooking method used.

In these finding the prevalence of Campylobacter in milk was higher, 8.9%, than in other
previous studies in Iran where (3.0%) dairy product samples were positive for Campylobacter
(Rahimi et al., 2013). This result is also in contrast with the results reported by (Salihu et al.,
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2010) from Nigeria, (EI-Sharoud, 2009) from Egypt and (Whyte et al., 2004) from Ireland who
got lower prevalence of 4.4%, 3.7% and 6.5% respectively. Variation in the prevalence of
Campylobacter isolates from raw milk and traditional dairy product samples reported in other
studies may be a result of different sampling techniques employed, seasonal effects and/or
laboratory methodologies employed in different studies (Soapwith et al., 2003). The variation
may have also been brought about by levels of hygiene in the different places.

In the present finding, E coli was the most prevalent in the water samples, 5 (20.9%) of water
samples in Ngara and 7(29.2%) in Burma market. This is contrary to findings in Kisumu, where
Salmonella had the highest prevalence that is, 162 (49.6%), while E. coli had a prevalence of 162
(46.6%.) ( Onyuka et al., 2011). The prevalence of E. coli in studies in Kisumu was higher than
in this study. This difference may have arisen due to the difference in sample size. Miller et al.
(2003) in a bid to assess the prevalence of microorganisms in environmental waters in South
Africa reported a 20% isolation rate for E. coli. This is in agreement with the findings in this
study where the isolation rate was found to be 20.9%. This could be attributed to the similarity in
methods of water treatment and storage facilities.

In the present finding the prevalence of E. coli in chicken was found to be lower than a finding in
kenya, where E. coli was isolated in 4 (67%) of cooked chicken samples (Maina et al., 2013).
Burma market, had a prevalence of 28 (62.2%), which was consistent with a finding in Kenya, of
4 (67%). These dicrepancies may have arisen because of difference in food handling techniques.

In milk, E. coli had the highest prevalence of 9 (37.5%) in Ngara market and 8 (33.3%) in Burma
market. This finding is in contrast with finding in a similar study in Kenya (Omore et al., 2001)
who isolated E. coli in only 1% of the samples. This difference may have been due to method of
pasteurization and storage of milk. In another study in Tanga city, 100% of the milk samples had
E. coli (Swai and Schoonman, 2011). This could be due to adulteration of milk by addition of
water which may introduce chemical or microbial health hazards as well as reducing the
nutritional and processing quality, palatability and marketing value of the milk (Giangiacoma,
2001)

Salmonella and Shigella in chicken was found in this study to have a higher prevalence, 20%
and 13.3% in Ngara and Burma market respectively, than those obtained from a previous study
in Kenya, where the prevalence of Salmonella and Shigella was 5% and 8% respectively
(Kariuki et al., 2013). This could be attributed to poor waste disposal and inadequate toilet
facilities in these markets.

The frequency of contamination in pooled farm milk has been reported to be <1% to 8.9% for
Salmonella and Shigella in other studies (Oliver et al., 2005), contrary to these finding where the
isolation rate was higher.

In this study, Vibrio was isolated in the milk, chicken and water samples. The frequency of
isolation of Vibrio in water was much lower, 20% and 26.7% in Ngara and Burma market
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respectively, than that obtained in Bangladesh where 53.33% of the milk samples tested positive
(Nawas et al., 2012). This contrast could have resulted from methods of water treatment and the
source of water.

In this finding, the frequency of isolation of Vibrio in chicken, 20% and 13.3% in Ngara and
Burma market respectively, was found to be higher that found in a similar study in South Africa,
where the prevalence was found to be at 0 % (Mosupye and VVon holy 2000). The detection of
Vibrio may have been as a result of improper handling, undercooking, and washing with
unhygienic water (Sack et al., 2003).

The prevalence of Vibrio in milk from Ngara and Burma markets in this study were 9 (20%) and
6 (13.3%) respectively. The finding in Ngara market was similar to that obtained in Uganda
while that from Burma Market was found to be lower 7 (9.3%) (Grimaud et al., 2007). Poor
hygiene practices especially milking using bare hands and poor farm management practices
could have contributed to detected Vibrio in milk.

CONCLUSIONS

Age, education level, occupation, undercooking of chicken, site of processing chicken, source of
milk method of storage of milk, source of water and method of treating drinking water were
found to be associated with transmission of Campylobacter.

Microbial load in all the samples exceeded the acceptable total viable counts of 10° CFU/g in
milk, 10 CFU/g in chicken and 2.2/100ml in water as the limits set by FDA. It also exceeded
limits set by WHO and KEBS, thus rendering the foods and drinks unfit for consumption.

There was a general decrease in the number of Camplylobacter jejuni in all the samples within
the 14 days period of study, hence survival rates decreased as the days go by. Generally C jejuni
can survive and outlast the shelf life of cooked chicken, boiled milk and water. Other than
Camplyobacter, Salmonella spp, Shighella spp, Vibrio spp and E. coli were also detected in the
cooked chicken, water and milk samples, indicating poor microbial quality. The E. coli detected
were found to be pathogenic.

RECOMMENDATIONS

This study recommends the following measures in order to prevent food borne outbreaks related
to the foods investigated
e Thorough cooking of poultry and other meat products to the required temperatures to kill
Campylobacter and other harmful bacteria.
e Proper boiling of milk and treatment of water before consumption
e Regular washing of hands with soap by food handlers before preparation of food and
after handling raw chicken meat.
e Screening other food products for the same pathogens
e Molecular identifications of the pathogens
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