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ABSTRACT

Salmonellaare Gram-negative facultative intracellular anberdacteria that cause a
wide range of diseases in diverse hosts ranging fyastroenteritis, enteric fever and
bacteraemia. These infections can lead to a cossehe lifetime carrier
status/asymptomatic carriers. The antimicrobiads #ne currently widely regarded as
most favourable for the managementSafimonellainfections by the World Health
Organisation (WHO) in adults is the fluoroquinatogroup of antibiotics while in
young children the third generation cephalosposinused for serious infections.
However, the occurrence of emerging resistantrsrés evident. The aim of this
study was to isolate, characterize and determieeatitibiotic susceptibility of the
Salmonellaisolates. Being an epidemiological study, a cresstional laboratory
based design was employed, involving stratifieddoan sampling. This study was
based at the Kenya Medical Research Institute iiglagy centre for microbiology
research (CMR) laboratories in Nairobi Kenya. Aatadf 400 stool samples were
used and the study was run for a period of fourtimrrhe samples were cultured in
Xylose Lysine Deoxycholate agar (XLD) and Mac Conkegar both are selective and
differential media for isolation dbalmonella spserotyping and biochemical test was
conducted for the confirmation of the isolated baet strains. The Kirby-Bauer disc
diffusion method was used to test susceptibility tbé isolatedSalmonellato
antibiotics commonly used in animal and human hedltata was analyzed using
analysis of variance (ANOVA) and descriptive stated methods were used for
statistical analysis. A total of 6 serotypes wadted with a total prevalence of 2%,
namely; Salmonellaparayphi A, S. parayphi B, S. enteritidiswith a percentage of
0.5%, S. typhimuriumS. typhisuisboth with a percentage of 0.25%. Among the
isolates, a significant variation in inhibition zrsizes ofsalmonellaunder the
commonly used drugs was observed F=19.48 wkile(b, thus significant difference
in their effectiveness. A drug susceptibility of . 8% was observed. Multi-drug
resistance of 37.5% was observed with 4 antimialaieisistance profiles. Ampicillin
and Amox-clav showed more resistance amongSélenonellaisolates. Although a
prevalence of 2% can be considered an insignififigate, it indicates a probability
of Salmonellainfection being passed to the food consumers leyaymptomatic
handlers. Furthermore, should there be a casefeftion by asymptomatic food
handler to consumer, and the chances of the comsheieg infected by the drug
resistantSalmonellaserotypes will be high. Therefore, the ministrypoiblic health
should make it mandatory for hotel owners to emlentified food handlers to break
this cycle of infections.
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CHAPTER ONE

1.0INTRODUCTION

1.1 Background information

Salmonellaare Gram-negative, facultative, intracellular, eno@ic bacteria that cause
a wide range of diseases in human beings, rangimg §astroenteritis to enteric fever
caused by paratyphoid and typhoid serotypes, réspBc These infections mostly
lead to a convalescent lifetime carrier statusedalisymptomatic carrier state. There
are two types oSalmonellaassociated with the human host, non-typtedinonella

and typhoidSalmonella.

Non-typhoid Salmonellais more frequently experienced in developing coestas

compared to the developed countries and can afeahany as 21.5 million (WHO,
2003) individuals each year especially where undmigi conditions are likely to
occur. Salmonellosis caused by non-typhSalmonellais considered as one of the
most widespread and common food borne diseasesheAtmoment, and in most
countries chiefly in the sub Saharan regions, [frasents a major public health
burden. Although salmonellosis is a self-limitingection, antibiotics may cut short
the length of illness (Washingtoet al., 2006). Millions of human incidents are
reported worldwide to cause thousands of deathis gaar (WHO, 2003) especially
among the young, immuno-compromised persons ancelderly whose immune

systems are weak.

Salmonellosis infections in humans are habituatiytacted through the consumption
of contaminated food of animal origin such as nmaducts, poultry products and
milk. In addition a variety of other foods such gieen vegetables planted using

untreated organic manure or food handled impropérigugh infected persons have



been indicated in the spread &almonellainfection (Washingtoret al., 2006).The
causal organisms go through food stages to hoild® or food-service
establishments and institutions. Human incidentse H@een observed to occur where
persons have had contact with infected animals$ydntg domesticated animals such
as cats and dogs which most likely acquired thectidn in similar ways as humans

(WHO, 2005).

Typhoid fever is known to be spread via faecal ovake through the contamination
of water sources or food by faecal material of @fiedted person (Madigaet al.,

2009). Therefore, asymptomatic food handlers anpl@yees in catering departments
of institutions can pose great danger of infectihgir clientele if they are already
harbouring the bacteria and also if good producpimotedures during food handling

and preparation are not followed.

There is broad scientific consensus that the usatibiotics in food animals on some
occasions has detrimental effects on human heBWNMAP, 2000). Food animals
exposed to additives such as the antibiotics usedrbwth promotion may serve as a
reservoir of resistant bacteria and resistance gyéim& may spread to the human
population, thereby limiting the medical value aftimicrobial drugs (Aarestrupt

al., 2001).

The antimicrobials currently widely regarded as nfagourable for the management
of Salmonellainfections in adults is the group of fluoroquinaéo In young children
the third generation cephalosporin which are gigrnjection are widely used for
severe infections. Chloramphenicol, Ampicillin aAdoxicillin and Trimethoprim-
Sulfamethoxazole is occasionally used as altereatrugs (WHO, 2005). Resistance

by Salmonellato fluoroquinolones has emerged in several coemtas a result of



using antibiotics for human treatment in the tresitrof animals which are later used
as a food source (Kariulgt al., 2004). In addition, under dosage and misuse of
antibiotics in the treatment of human infections led to mutations in the bacterial
genome, enabling th&almonellato gain resistance to antibiotics that were once
effective, posing a public health concern. In sorases, multi-drug resistance by
bacteria is transferred through one coherent pe¢d@NA, referred to as a plasmid

(WHO, 2005).

Multi-drug resistant (MDR) strains &almonellaare now encountered frequently and
the rates of multi-drug resistance have increasediderably in recent years (WHO,
2005). Even worse, some variants $délmonellahave been observed to develop
multi-drug resistance as an integral part of thlggnetic material (Kariuket al.,
2000). These are likely to retain their drug resistgenes even when antimicrobial
drugs are no longer used, a situation where o#sstant strains would typically lose
their resistance (WHO, 2005). Selective pressuwm fthe use of antimicrobials is a
major driving force behind the emergence of ressabut other factors also need to
be taken into consideration. For example, sddamonellaserotypes have been
shown to be prone to resistance. A recent exarspleei global spread of a multi-drug
resistantS. typhimuriumphage type DT104 in animals and humans (Jateal.,
2007). While the spread of DT104 may have beenlit@eid by the use of
antimicrobials, international and national tradendécted animals is thought to play a

major role in international spread (Heletsal, 2005, WHO, 2005, Chiet al, 2006).

The emergence of MDFRSalmonellastrains with resistance to fluoroquinolone and
third-generation cephalosporin’s is a serious dgwvakent, which results in severe
limitation of the possibilities for effective tremént of human infections, hence a

human health scare. A public health concern isciresequence of emergence of



drug-resistanSalmonellafollowing the non-human use of antimicrobial ageand
the possible spread of these agents by the infestgahptomatic food handlers to the
public through contamination of food by impropenting. This study is therefore
important as it will analyze, assess, the probgbitf exposure or transfer of
Salmonella sppand their antimicrobial resistance profiles frosyrmptomatic food
handlers to unsuspecting population. The resultyy roanstitute a source of
information on the efficiency of hazard assessnaeming application of food safety
management systems in food outlets, as well asctesa the possible risk of
transmission of antimicrobial resistaalmonella sppfrom asymptomatic food

handlers to consumers.

1.2 Statement of the problem

Salmonellawhen consumed constitute a major source of foadéallnesses in
humans such as salmonellosis, bacteremia and eréser which can be fatal. In
recent times, the incidence of infections $glmonellaamong food handlers and
consumers has been on the rise both in terms oin@we and severity of the cases.
Most of these infections have been indicated tcahbesult of food contamination
during preparation. Compounded with the emergericgrug resistance due to the
misuse of antibiotics by man. This is indicatedtiyy WHO fact sheet o8almonella
infections and drug resistance (WHO, 2005). Thebantic resistance tendency of
Salmonellais of global concern, because of the possibilily fransfer of these
resistant pathogens to the other consumers by deymagic food handlers, and
because of their resistance to common antibiofitals, these bacteria may cause
infections with limited therapeutic options. Thisaynlead to treatment failure and
may have serious consequences for the patientefidner it is of utmost importance

to assess the risk to consumers that may arise &symptomatic food handlers



working in food kiosks, hotels, cafeterias amonigeotfood outlets, and access the
antibiotic resistant probability of th®almonellaisolates from faeces of these food

handlers.

1.3 Justification of the study

Food handlers are an important group in the foamtgssing chain. They are also
important in the progression of foodborne illnessdsis can be a consequence of
contamination by an asymptomatic food handler dufood processing, hence posing
risk to consumers. Food safety is of utmost impaato consumers, regulatory

agencies and governments.

In cities around the world, food outlets are an am@nt part of the society and the
readymade food from food establishments, manufiagfuand processing industries
are fast rising to be popular to consumers in agrel countries such as Kenya.
Therefore, the chances of infection of consumerasymptomatic food handlers are
also on the increase. From the early 1990s, stedit®almonellawhich are gaining

resistance to a range of antimicrobials have besadnto be emerging in Kenya
(Kariuki et al, 2004). This also includes first-choice remedyHfomans and these are
aggressively threatening to become a serious ptubkdth crisis, thus the importance
of this research in ascertaining the prevalencth®fasymptomatic infections among
the food handlers constantly posing risk of infegtiheir food consumers. In addition
to this, Kenya has limited prevalence and resigaswrveillance studies that have
been published. Therefore, there is no adequate tdatomparatively analyze and
assess the probability of exposure or transfeBalfnonellacontaminants, and their
antimicrobial resistance profiles from food handledasymptomatic food handlers.

This study will be essential for performing risksassment and management and



determining the currenSalmonella prevalence and antibiotic efficiency of the

available drugs.

1.4 General Objective

To determine the prevalence and antibiotic sudo#ipti of Salmonellaserotypes

isolated from the asymptomatic food handlers in Waads division, Nairobi.

1.4.1 Specific Objectives

I.  To determine the antibiotic susceptibility of treolatedSalmonella

serotypes.

ii. To determine the prevalencd &almonellaserotypes among the

asymptomatic food handlers.

1.5 Hypothesis

I.  There is no antibiotic susceptibility observed amaome isolatedSalmonella

serotypes.

ii.  There is no prevalence 8almonellaserotypes among the asymptomatic food

handlers.



CHAPTER TWO

2.0LITERATURE REVIEW

2.1 The organism

Salmonellabelongs to the family enterobacteriaceae. Membgtkis genus are rod-
shaped Gram negative and cause typhoid fever, ypow@t fever and food borne
illness (Ryan and Ray, 2004). Members of this gemage also been reported to
produce hydrogen sulphide on Triple Sugar Iron AGg&l) except foiS. Parayphi A

(Cheesbrough, 2000).

2.2 History

Salmonellabacteria were named after Daniel Elmer Salmorimmerican veterinary
pathologist, who together with Theobald Smith fisgilated the bacterium from pigs
in 1885 (Ryan and Smith, 2004). Most cases Saimonellainfection involve
consumption of undercooked meat, chiefly poultryatm@tlas, 1995). Other sources

other than meat have been implicated in infectmnS. enterica

2.3 Microbiology

In a clinical laboratorySalmonellaare usually isolated on selective and differential
media such as Mac Conkey agar, Xylose Lysine Ddwmigte (XLD) agar or
Deoxycholate-citrate agar (DCA) agar; this is faleml by serotyping and biochemical
culture to ascertain the identity of the isolattb€€sbrough, 2000). The populations of
Salmonellain a stool sample may be too low for the sampieset routinely cultured,
necessitating subjection to enrichment culture Iving a small sample (pea size) of
the stool specimen being incubated in a selectigthbmedia such as selenite F broth

(Madigan et al., 2009). These inhibit the growthnofmal flora found in a healthy



human bowel, while allowing increase in numbersSafmonellaprior to primary

culture of the sample.

Mac Conkey agar is used when isolating enteriddni it contains bile salts and
crystal violet that inhibits Gram positive bacteaiad certain Gram negative bacteria
respectively (Madigamt al, 2009). This media selects and differentiatesldbtose
fermenters from non-lactose fermenters in a sanhbbe. lactose fermenters on Mac
Conkey appear colourless and are pathogenic orgarssich aSalmonella(Tortora

et al., 2001, Ryan and Smith, 2004).

Xylose lysine Deoxycholate (XLD) media containslo§e and lysine. It is used in
the isolation of bacteria that do not ferment laetdut ferment Xylose sugar to
produce an acid, such &higellaand Salmonella This media is both selective and
differential for bacterial identification. In XLD&§higella(is a non-Xylose fermenter)
appears as small, rounded and colourless colon@gorms appear as yellow to
orange colonies anfBalmonellais a Xylose fermenter) appear as small pink dekon
with or without black centres formed as a resultpobduction of HS from the

metabolism of thiosulphate present in the mediartffa et al., 2001, Ryan and

Smith, 2004).

Serotyping is based on the immunologic reactivity two surface structures
polysaccharide O antigen; flageline protein and\thantigen which are specific to
Salmonella.This separates the unconfirmed cases of salmofrella other enteric
bacteria before the biochemical tests are carrigd Biochemical tests comprise the
Triple sugar test (TSI) and Indole, Methyl Red, ¥sdProskauer and citrate tests

(IMViC) (Cheesbrough, 2000).



TSI is an important test in isolation and idenation of Salmonella It is composed
of three different sugar types, glucose 0.1%, et and sucrose 1% and is used to
detect carbohydrate fermentation at different leu®} an isolate both aerobic and
anaerobic, gas production and hydrogen sulphide pgaduction (Cheesbrough,
2000). Carbohydrate fermentation is indicated k& pnesence of gas and a visible
colour change (from red to yellow) of the pH indaraphenol red. Most bacteria that
ferment sugar in the anaerobic butt are enteritebiac The production of hydrogen
sulphide is indicated by the presence of a preipithat blackens the medium at
different levels (Cheesbrough, 2000p%almonella is unable to ferment all
carbohydrates at both phases of the media, poStmonellaresult show a visible
colour change producing a yellow butt and a redtsladicating that glucose

fermented with gas and hydrogen sulphide beingured.

IMVIC test, IMVIC reactions are a set of four udefeactions that are commonly
employed in the identification of members of familgnterobacteriaceae
(Cheesbrough, 2000). The four reactions are: Inddst, MR test, lysine

decarboxylase, Voges Proskauer test and Citrdieatiton test (Cheesbrough, 2000).

2.4 Nomenclature

The taxonomy ofSalmonellais considered complicated (Tindad#tt al, 2005).
Traditionally Salmonellawas considered to have many serotypes that wérallyn
said to be members of a single spe@abnonella entericadowever, currently there
are three recognized speci8s.enterica, the species, S. bongandS. subterranean
with six main subspecies B. entericd WHO, 2007).S. entericasubsp.enterica(l),
S. entericasubsp salamadll), S. entericasubsp arizonag(llla), S. entericasubsp

diarizonae(lllb), S. entericasubsp houtenadlV), S. entericasubsp indica(VI).
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Named according to where they were first isolatethe disease they are known to

cause

Based on the immuno-reactivity of O-lipopolysactie (LPS) and H-flagella
protein antigens (Kauffman-White scheme), which #re most commonly used
methods ofSalmonellaclassification, as of 2007, 2,557 serovarSoéntericaand 22
serovars of. bongorihave been recognized. All found in disparate emvirents and
are associated with many different diseases (WHO7R Majority of human clinical

isolates, includ&almonellaserovariant’s Enteritidis, Typhimurium, and Typhi

2.5 Incidence ofSalmonella infection among food workers

Foodborne illnesses are widespread and an everirgggwblic health crisis in both
developed and developing countries. World healgawisation (WHO) indicates that
the global incidence of foodborne illness is difficto estimate. According to WHO
report in 2005, 1.8 million people died from diavelal foodborne infections. A great
proportion of these cases could be attributed tdacnination of food and drinking
water. In industrialized countries, the percentafj¢hose suffering from foodborne
infections yearly was reported to be up to 30% (WHXD05). The numbers in
developing countries have not been establishedy &hethe majority who suffer the

brunt of foodborne infections including those calibg parasites (WHO, 2007).

Salmonellosis is the major foodborne illness in toasintries (WHO, 2007). Studies
by Meduset al., (2006) evaluated the impact of surveillance on degection of
outbreaks in restaurants from the year 1997 to 2804 found that 110 out of 4,976
(2.2%) confirmedSalmonellacases reported were identified as food workerghén
United States, approximately 40,000 cases of saditamis are reported every year,

though the actual number of infections may be yhit more times greater if the



11

milder cases were diagnosed and reported (CDC, )2005a separate study
(Murakami and Horikawa, 2007) isolat&almonellafrom 106 of 331,644 (0.032%)
faecal samples from food handlers, wigh Serovar enteritidis being the most
common. A different study by Yanpireg al, (2009), found that 29 of the 305 (9.5%)
asymptomatic food handlers sampled from a hosmédéteria wereSalmonella
carriers. The twenty nine isolates were grouped fite serotypes; Agona, Derby,
Enteritidis, Infantis and Senftenberg. Through éhetudiesS. enteritidishas been
indicated as the major cause of foodborne illnesBes serotype is associated with
significant morbidity and mortality worldwide and reported to be responsible for
approximately 17% of all humaBalmonellainfections in the USA (Younust al,

2006).

These results indicate that food workers shoulddresidered an important source of
Salmonellatransmission. Those identified through surveil@arshiould raise a high

index of suspicion of a possible outbreak at tipdace of work. Hence food service
managers need to be alert 8lmonellaike illnesses among food workers to

facilitate prevention and control efforts.

2.5 Drug resistance infSalmonella species

Recently, there has been continuous emergence d¢i-arnug resistant (MDR)
Salmonellastrains globally with resistance to Fluoroquin@oand third-generation
cephalosporin (WHO, 2005). Multi-drug resistantasts of S. entericaserovar
Typhimurium was first reported in the mid-1980s r@lfall et al, 1994, Ribott al,

2002), and was typically identified by penta-drugsistance to Ampicillin,
Chloramphenicol, Streptomycin, Sulfonamides, anttabgcline (ACSSuT type of

resistance). Yanpingt al, (2009) observed that all the isolates grouped five



12

groups Agona, Derby, Enteritidis, Infantis and $emberg were resistant to
Chloramphenicol, Nalidixic acid and Tetracyclinearkuki et al, (1996) noted that, of
the Salmonellaisolated from cattle and food handlers, only 168mon typhoidal
Salmonella(NTS) were sensitive to all ten antibiotics test2d% were resistant to
one agent mostly Streptomycin or Tetracycline an% Ivere resistant to two agents
usually Streptomycin and Tetracycline or Tetracyeland Ampicillin. In general,
47% of the isolates in the study were resistatiitee or more antimicrobials and the
most frequent resistance pattern was to Ampicil@efuroxime, Chloramphenicol,
Co-trimoxazole, Streptomycin and Tetracycline whiahe the current readily
available therapeutics in developing countries.almifferent study done after an
outbreak of typhoid fever infectiol. Entericaserovar Typhi isolated from samples
in three different parts of Kenya, establish thalydl3.7% were fully susceptible to
drugs, whereas another 82.4% were resistant to @aitte five commonly available
drugs: Ampicillin, Chloramphenicol, Tetracycliney&tomycin, and Co-trimoxazole
(Kariuki et al., 2004). Guerreet al, (2000) analysed the resistance profile for 15
antimicrobial agents of 333almonellastrains and reported that though all the strains
were susceptible to Amikacin, Ceftazidime and dips@cin, resistance to
Ampicillin and Chloramphenicol ranged between 2288&dof the isolates. Dobardzic
(1996) found the resistance of Chloramphenicol, &ifim and Co-trimoxazole vary
between 18% and 50%. Sporadic cases of Ciproflox@eatment failure in typhoid
fever have been reported in Europe and more rggantlAsia (Parryet al, 2003,
Butt et al, 2003). Another study found that antimicrobiadisgance irSalmonellato

Chloramphenicol, Ampicillin and Co-trimoxazole isnamon in Africa (Parry, 2003).

Njinkeng et al., (2005) noted that MDFS. typhiand Nalidixic acid resistar® typhi

(NARST) strains were found in Cameroon, Centraligsfr NARST have also been
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reported in East Africa (Kariuket al., 2004). These conclude that the resistance of
Salmonellaspecies to drugs is a present concern which isiageeasing to several
critical antimicrobials used to tre&almonellainfections in resource poor countries.

Such drug resistai@almonellanfections could become progressively untreatable.

2.6 Pathogenesis

Salmonellaserotypes are associated with three distinct hudisg@ase syndromes,
bacteremia, typhoid fever, and enterocolitis (Fargl Fierer, 1991) which can
manifest itself as gastroenteritis, enteric feveepticaemia, focal infections and an
asymptomatic state. Virulence 8almonellarequires the harmonized expression of
intricate array of virulence factors (V-factorsjoaling the bacterium to escape the
immune system of the host (Ohl and Miller, 2003&aImonellaattack the host by
inducing their uptake by the host intestinal epitime cells. Serotypes linked to
causing gastroenteritis initiate an intestinal anfmatory and secretory reaction,
whereas those that causes enteric fever causersgstdection through their capacity

to exist and reproduce in mononuclear phagocyteés4ad Miller, 2001).

2.7 Clinical manifestation ofSalmonella

Salmonella symptoms in humans vary with the serovar causimg infection,
infectious dose, the nature of the contaminatedl f@md the host immune status.
Certain serovars are highly pathogenic to humat, Srains of the same serovar
are known to differ in their pathogenicity. Infanisimuno-suppressed patients, and
those affected with blood disease are more sustepdd Salmonellainfection than

the healthy adults (CDC, 2005).
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2.8 Typhoid fever

Typhoid is strictly a human disease. The bacteriter the human digestive tract
penetrate the intestinal mucosa to the mesentgrph nodes where bacterial
multiplication and dispersion occurs. Lipopolysaaitie (LPS) endotoxin is released
into the bloodstream resulting in septicemia (Madigtal, 2009). The secondary
illness after bacterial dispersion is responsilole dausing fever and clinical illness
manifested by persistent headache, fever and chitisroductive cough, rose-spots
on the trunk, abdominal tenderness, malaise, épitard unpredictable mood
(Gianellaet al, 1979; Nesteet al, 2001). Complications correlated with enteric feve
include copious haemorrhage in the intestines anfbation of the intestines (Finlay

et al.,1989) and this infection is fatal if not treated.

2.9 Salmonella enteritidis Infection (salmonellos)s

Salmonellosis ranges clinically from the commd@almonella gastroenteritis
infections; it manifests itself as diarrhoea, abdwahcramps, and fever to enteric
fevers including typhoid fever which are life-thteaing febrile systemic illnesses
requiring prompt antibiotic therapy (CDC, 2005). ckb infections and an
asymptomatic carrier state occur as a result ofigagllosis. The most common form
of salmonellosis is a self-limited, uncomplicatedsijoenteritis (Madigaret al.,

2009).

2.10 FoodborneSalmonella toxic infections

These infections are caused by ingestion of pmeddr Salmonella toxin by
omnipresenSalmonellaserovars such agyphimurium Symptoms appear about 12-
24 hours following ingestion of contaminated foamht@ining a sufficient amount of

Salmonellaand they include diarrhoea, vomiting and fever dast 2-5 days,
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spontaneous cure usually occurs hence no need dfcaheintervention among

patients with non-compromised immune system (Medwa, 2010).

2.11 Asymptomatic carriers

An asymptomatic carrier is an individual who serasshost for an infectious agent
but who does not show any apparent signs of thes#i and may serve as a source of
infection for others (Atlas, 1995). Asymptomatiarears are potentially dangerous
when they go unnoticed, because they do not display disease symptoms.
Salmonellaexcretion by patients may continue long aftericihcure. About 5% of
patients clinically cured from typhoid remain card for months or even years
(Madiganet al, 2009). Antibiotics are usually ineffective 8almonellacarriers even

if Salmonellaare susceptible to them because the site of garnmay not allow
penetration by the antibiotic. A classic case & ttangers of asymptomatic food
handlers is “Typhoid Mary” who caused uproar in thated States between the years
1900-1915. “Typhoid Mary” is known to have infectad estimated fifty-four people
while she worked as a cook out of whom three cordd individuals died (Shanson,

1989; Atlas, 1995).

2.12 Treatment ofSalmonella infections

The antibiotics that form the mainstay of therdmytyphoid patients in developing
countries are Ampicillin, Co-trimoxazole and Chloyahenicol (WHO, 2005). Due to
the increasing resistance to traditionally usedbanterials used for therapy, the use
of Fluoroquinolone, such as Ciprofloxacin and O#oix, for the treatment of typhoid
has become more common in the Asian countries abseguently in the developing

countries (Parry, 2004).
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2.13 Control of Salmonella infection

Salmonellais linked to all kinds of foods, such as the cariteation of meat from
cattle, pigs, goats, chicken among others may he tea originate from animal
salmonellosis. Most often, this results from thentamination of muscles with
intestinal contents of the animal during slauglsted hauling of carcasses. Also the
handling of contaminated meat may result in comtatmn of hands, tables,
kitchenware, towels and other foods during prepamathence in this case the
cleaning of hands before and during the handlingoofl is necessary. However,
when contaminated meat is ground, multiplicatiorSafmonellais facilitated and if

cooking is superficial theBalmonellas spread.

Prevention ofSalmonellainfection relies mainly on the avoidance of contaation
by the improvement of hygiene. Preventing multgicn of Salmonellain food by
the practice of constant storage of food at 4°@, afspasteurized and sterilized egg,
milk and milk products and all types of foods shibudle prepared in a clean
environment. Cooking should be thorough, vegetakdesl fruits may carry
Salmonellawhen contaminated with fertilizers of faecal anigor when washed with

polluted water.

Also segregation from work and social activitiesowld be considered for
symptomatic and asymptomatic persons. To avoidpinead of the disease, and as it
is said, prevention is better than cure. All measwghould be taken to ensure that the
healthy population does not contract the diseasmugfin education, vaccination and

maintenance of a clean working and living environt®/HO, 2005).
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CHAPTER THREE

3.0 MATERIALS AND METHODS

3.1 Study Site

The study samples were obtained from asymptomatid handlers within Westland
division. Westlands is located 3.1 kilometers byad0 northwest of the central
business district (CBD) of Nairobi. With latitud&:2700; Longitude: 36.8100. Other
than being a commercial centre, it is among théateagiministrative divisions of
Nairobi that consists of six subdivisions/locationamely; Parklands, Kitisuru,
Highridge, Kangemi, Kilimani and Lavington. Westthimitially in the colonial era
was a residential neighbourhood of Nairobi. Inldte 1990’s and early 2000’s, more
businesses relocated to Westland where land andeo$pace was more readily
available and less expensive compared to the CBDory these are star rated and
normal hotels, cafes, restaurant, bistros, fasigand food kiosks. Most of the food
workers for these food establishments live in anshtown known as the Deep Sea
Settlement. This has a shanty settlement of rou@l0@0 inhabitants found within

Westland division.

3.2 Study Design

The sampling design used was multi-stage samgplintiiis case a four stage random
sampling was employed. The study area was Wed&tlahdision as this is where
most of the food outlets taking part in the studgreviocated (first stage). This was
divided according to the sub-divisions availableVifestland’s (second stage). The
hotels taking part in the surveillance study by KEMCMR, within the divisions in
Westland’s, were then identified and numbered. Til@ 20 food outlets were

selected randomly using the table of random sam{@8sstage). Counting started
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with the first food handler interviewed, every®%ood handler interviewed was
chosen for the study (4stage). The number of food handlers in each hote

determined and ratios made by comparing the numbdood handlers in each
institution, this enabled the research to deterntin@enumber of food handlers to be

picked in each institution.

3.3 Inclusion criteria

I.  Only stool samples of food handlers that were asgmptic and who worked

in food preparation.
ii.  Were above 18 years (Adult).
iii.  Willingly consented to taking part in the research.

iv.  Participants working in food establishments withiestlands division,

Nairobi.

v. Participants who had not been on any form of aotids for at least one

month before sample collection.

vi.  Samples that arrived in the laboratory while sti#ll labelled and properly

capped with no spilling.

3.4 Sample Size Estimation

The minimum sample size was determined using thewimg formula (Fishert al.,

1998).
N =Z*P (1-P)

62
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Where;

N is the sample size.

P is the estimated value of prevalence

d is the level of significance (5 %)

Z- Standard normal deviate that corresponds to @@#8tidence interval (1.96)

According to a study by Senthilkumar and Prabakaf2005) the prevalence of
Salmonellaamong healthy food handlers was 17.4 %. Assumipge@alence rate of
17.4 % at 95 % confidence level the minimum estadatample size was given as

221 using the formula given below.

Therefore; n= (1.96% 0.174 (1-0.174)
(0.05%

Minimum sample size = 221.

17.4 % =221

If 100 % = Maximum sample size

To get the maximum sample size;

(221X100) = 1270

17.4

Maximum sample size=1270
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In this study the sample size used was 400 ashpeavailability of resources. Which
is between the minimum and the maximum sampleasizethe study took a period of

four months.

3.5 Preliminary experimental design

3.5.1 Laboratory experimental design for bioassays

Test groups included selected organisms (Amerigge Tulture Collection (ATCC)
strains and clinical isolates from a previous sjudgd the antibiotic disks at the
recommended concentrations. This test was to pexrdae whether the antibiotic

disks and medium being used were active.

Controls: This constituted botBalmonellaATCC 25822 ancE. coli ATCC 25922.
This was to establish if the test organisms beswgduvere susceptible to the common
drugs of choice or resistanklebsiella pneumoniaand Proteus mirabilisATCC
12453 were tested to determine viability and tceeam if the media of choice was

viable for the test.

All experiments were carried out in triplicates f@plication purposes in order to

minimize experimental error.

3.5.2 Sampling Procedures

Salmonellabacteria are usually transmitted via the faecal mute, for these reason
faecal samples were considered for this study ahgrother samples. Asymptomatic
food handlers from the various hotels and insbgi some of whom were at the time
participating in a surveillance study by KEMRI. Faecal ova and cyst count for the
determination of parasitic infections among foochdlars, these were identified

sampled and educated on the importance of the .stdyinclusion criterion was
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issued with the consent papers to read and sigoselwho consented to the study
were issued with clean and labelled poly pots imctvito collect their stool samples.
The poly pots were then transported to the laboyato a clean cool box at 4C
within the first 8 hours of sample collection faadterial isolation. Samples that were
not cultured within the first 24 hours of samplellection were refrigerated at

temperatures below 2C.
3.6 Laboratory Procedures

3.6.1 Good laboratory practice (GLP)

Good laboratory practice was observed during tlelysto ensure the study was
planned, performed, monitored, recorded and regoaied achieved accordingly.

Appropriate storage and disposal of used matenatsobserved.

3.7 Preparation of control test organisms

Stocked bacterial control strains were sub-cultwadMuller Hinton agar prepared
according to the manufacturer’s instructions aralration of the freshly inoculated
plates was done at 2€ for 12 — 18 hours to obtain young freshly growingture

which was used as the control microorganisms.

3.7.1 Isolation ofSalmonella

The stool samples were first inoculated in seleRimrichment media for the first 24
hours. Isolation oSalmonellastrains from the stool samples was done by culguri
the enriched samples in selective and differemtiedlia and incubated for 24 hours at
37°C. The media of choice in this case was Xylosengdeoxycholate agar (XLD)
and Mac Conkey agar for confirmatory cases whemesalt from the XLD was

unsatisfactory. The plates were then visually exawohito presumptively identify
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Salmonellacolonies after 24 hours. Pure cultures were obthiny sub-cultivating a
single Salmonellacolony on Muller Hinton agar plate after a Gramirstaad been
done. The needle end of a sterile loop was toucbea well isolatedSalmonella
colony and streaked across a third of the Mullertéh plate while being flamed after
each subsequent streak. The plates were then iecliba 37C for 24 hours from
which a single colony was selected for confirmatidentification of Salmonella

through serotyping.

3.7.2 ldentification of Sailmonella

Isolates for serotyping were selected from thefiertintial and selective medias used
in this study. These were the Xylose Lysine Deoxyate agar and Mac Conkey agar
(small colonies with dark centres and pink coloniedicating lactose fermenters
respectively) were picked. These were then suhsadtin nutrient agar for 18-24
hours. Conventional serotyping 8almonellaspecies was done using Kauffman and
le minor method (Kauffman and le minor, 1929). Aré¢ loop was used to remove
the upper portion of growth from a nutrient agardme The growth was then
emulsified in three drops of physiological salinedanixed well with an applicator
stick. A small drop of antiserum O group D was abttethe suspension and a drop of
VI antiserum to the second suspension. The thispesusion was used as a control for
auto agglutination. The suspensions were mixed wdtitiserum then mixed
thoroughly for 30 seconds and observed. A posiiselt was indicated by clumping
or agglutination after 30 seconds to one minute thedpositive samples were set

aside for confirmative identification.

Selected positive isolates after serotyping werdigoed through the recommended

biochemical tests. The selected isolate was piclsiolg a sterile loop and carefully



23

stabbed into the centre of the Triple Sugar Ir@amts(TSI) agar down to the butt and
streaked on the slant. The tube was then inculzt8@C for 24 hours. TSI Agar was
used for the determination of carbohydrate (sufgEmentation. Hydrogen sulphide
and gas production was detected by the presengasoénd a visible colour change
(from red to yellow) of the pH indicator phenol rethe production of hydrogen
sulphide was indicated by the presence of a ptetgpthat blackened the medium at
different levels (Cheesbrough, 2008almonelldATCC 25822 was used as a positive

control.

Indole, Methyl-red, Voges-Proskauer and citratet tdMViC) was performed
alongside TSI. The isolate were tested for Indglenlbculating in peptone water and
incubating overnight at 8. Following incubation, a few drops of Kovac’s geat
was added. Formation of a pink to red coloured &anthe top was taken as a positive
result.Escherichia colIATCC 25922 were used as a positive control wKikebsiella

pneumoniavas used as a negative control.

In the Methyl Red test, the isolates were inoculdatdo glucose phosphate broth,
which contained glucose and a phosphate bufferirmubated at 37C for 48 hours.
The pH of the medium was tested by the additiord @frops of methyl red (MR)
reagent. Development of a red colour was taken @ssdive resultEscherichia coli
ATCC 25922 were used as a negative control wKi&bsiella pneumoniavas used

as a positive control.

Simmon citrate test samples were inoculated on @unecontaining sodium citrate
and a pH indicator bromothymol blue. Utilization atrate resulted in change of
medium’s colour from green to blue. Selected c@snwvere picked with a straight

wire and inoculated into the butt and slope of Soniw citrate agar and incubated
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overnight at 37 C. The organisms with the ability to utilize cigathanged the
medium’s colour from green to bluBalmonellaATCC 25822 was used as a positive

control whileKlebsiella pneumoniavas used as a negative control.

Urea Agar was used to separ&aimonellafrom other enterobacteridhe selected
isolate were picked using a sterile loop and plhiieto urea media. The tubes were
then incubated at 8T for 24 hoursP. mirabilisATCC 12453 was used as a positive

control for the test whil&. coliATCC 25922 was used as the negative control.

3.7.3 Antimicrobial Susceptibility testing

The Kirby-Bauer disc diffusion method (Bauet al, 1966) was used to test
susceptibility of the isolate@almonellato antibiotics under test. The antimicrobial
sensitivity was done on Mueller-Hinton (MH) agar x@) according to the
recommendations reported by the Clinical Laboratandards Institute (CLSI). The
organisms were tested for their susceptibility tammmonly used antimicrobials on
disks containing; Amox-Clav (10 mg), Oflofloxax{@0mg), Ceftriaxone (30mg),
Doxycycline (30 mg), Chloramphenicol (30 mg), Suptethoxazole/Trimethoprin
SXT (30:2 mg), Gentamicin (10 mg), Streptomycin (1g), Nalidixic acid (30 mg)
Ciprofloxacin (5 mg) and Ampicillin. The inoculunod eachSalmonellasolate were
adjusted to a concentration of aboufcfd/ml by comparing its turbidity to that of
Barium chloride 0.5 McFarland standard. Adjustediéaal inoculate were delivered
onto the plates with a micropipette inoculator apdeading done by the use of a
flamed and cooled glass rod in a safety hood. llabed agar plates were incubated at

37°C for 18 hours.
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3.8 Ethical consideration

The study was reviewed and approved by the Ingtitat Research Ethics
Committee, Moi University (IREC) and Moi Teachinghda referral hospital.
Consenting participants were given consent formnsgno after being explained to the
purpose of the study and its benefits. Laboratamnimers were used to conceal the

identity of the participant and to maintain confitiality of the results.

3.9 Data Management

The collected data was entered in excel spreadsshdwre data could be retrieved
easily and reliably and the data’s safety, accuean/integrity was ensured. Data was
backed up in CD-ROMSs, flash disks, computer’s hangde as well as in another

computer to ensure its safety in case of the systbreakdown of the main computer.

3.10 Statistical Analysis

The number of samples witBalmonellaisolates was estimated as a percentage
proportion of the sampled asymptomatic food hasdi€he mean and standard error
for all the replicates for the zones of inhibitimere calculated and presented in tables

and graphs.

The threshold for statistical significance was<P®.05 at 95% confidence interval.
Data was analysed using Statistical Analysis Sys{&AS), SAS was used to
calculate the means and Least Significant DiffeeeficSD) which were used to
compare the means in relation to the variation athdvith the zones of inhibition
measurement of antibiotics response by the isolagisg the main factor and the
isolate type being the interaction. Analysis ofiaace (ANOVA) (SAS) was used to

analyse the result, using the inhibition zones mnesgs in mini meters (mm) and
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serotype isolated as the main factors. The lagergthe dependent variable and the

serotype as the independent variable.
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CHAPTER FOUR

4.0 RESULTS

4.1 Salmonella species isolated from the asymptomatic food handake

Among the 400 samples collected, 8 (2%) turnedtouie positive forSalmonella
while 392 (98%) turned out to be negative &&imonellalnitially, after the primary
isolation 14 samples were picked indicating positBalmonellasamples but after
serotyping, 8 samples reacted positive 8almonella There were five different
serotype isolates in the asymptomatic food handRiate 4.1). Plates with positive
results are shown in (Plate 4.1 — 4.4); XLD and Mankey were used in this study.
Though they produce almost similar results, Mac Kegrwas used for confirmation
of positive XLD plates. Biochemical test reactidhat were observed f@almonella

positive samples are indicated in (Figures 4.14a4

Table 4.1:Salmonella serotypes isolated from asymptomatic food handlers

O . Isolate serotype

antigen

group Number of isolates
A Salmonellaser. Parayphi A 2

B Salmonellaser Typhimurium 1

B Salmonellaser ParayphiB 2

C Salmonellaser Typhisuis 1

D Salmonellaser Enteritidis 2

Total 8

From a sample of 400 samples, 8 isolates wgambmonella S. Parayphi A, S.
Parayphi B andS. Enteritidis had the highest rates of isolation aazh while the

remainingS. Typhimuriumand S Enteritidis had one isolate each. Serotyping of the
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O antigen was used in the identificationSzfimonellain this study. The isolates were
grouped into four O (somatic) antigen groupingstaswn in the first column of Table

4.1.

Positive colonies

(Source: Author, 2013)

Plate: 4.1:S. Enteritidis culture on XLD

Observation of small, pink colonies with or withdalack centres on XLD media plate

as those above, indicated presenc8aimonelleon the plated sample.
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Positive colonies

(Source: Author, 2013)

Plate 4.2:S. Typhimurium isolate on XLD

Observation of small, pink colonies with or withdalack centres on XLD media plate

as those above, indicated presenc8aimonelleon the plated sample.
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Positive

(Source: Author, 2013)

Plate 4.3:S. Paratyphi B culture on XLD

Observation of small, pink colonies with or withdalack centres on XLD media plate

as those above, indicated presenc8alimonelleon the plated sample.
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Positive colonies

(Source: Author, 2013)

Plate 4.4:S. Enteritidis on Mac Conkey agar

Media colour change from red to yellow is also madiigation of an enteric bacterium

as above.
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E. coliATCC 25922

S Parayphi

S typhi

S.Entiritidis

Salmonellacontrol

(Source: Author, 2013)

Figure 4.1. Triple Sugar Iron ag4ar slants used forthe identification of
Salmonella indicating the reaction of the different Salmonella isolates from

samples.

The different types of colour changes in the stard butt of a TSI agar slant indicates
different results on presence and absencesSaimonellaspecies. Black colour

indicates presence of,H producingSalmonellaspecies.
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E. coli ATCC 25922 control

S Parayphi

S Entiritidis

S.typhi

SalmonellaATCC 25822

(Source: Author, 2013)

Figure 4.2: Citrate utilization test reaction resuts of the isolates from the

asymptomatic food handlers.

Utilization of citrate as an alternative sugar seuby isolate is indicated by the
change of media colour from green to blue. Différgpecies of enterobacteria give a
varied outcomeSalmonellabacteria are citrate positive hence this testre¢ps and

identifies them from the enterobacteriace.

4.2 Antibiotic sensitivity reactions by the isolate

4.2.1 Susceptibility of the isolates to the test dgs

The antibiotics used in this research are considéne most common or readily
available for the population in the Kenyan marKéte Disk susceptibility data were
interpreted according to criteria set by the Chhiand Laboratory Standards Institute
(CLSI, 2010). Classified as either sensitive (B8)limediate (1) or resistant (R) (Table

2). The inhibition zones results from the differeanttibiotics and isolates were
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compared (Table 2) and analyzed to determine thaegfcy of the drug against the
isolated Salmonellaspecies. The number of occurrence of the S, R laindthe
isolatedSalmonellawere counted, and their percentage (%) occurrecaleslated to
determine the overall reaction of the isolates e trugs under test. This is
demonstrated in (Table 4.3) where 73.0% isolatasti@ns were sensitive, 1.6% was
intermediate, and 25.4% were resistant to the drbgsg tested. Multi-drug
resistance (MDR) was defined as resistance taaat tevo of the antimicrobials tested
(Table 4.5 and Table 4.6). Each MDR profile had5%2.prevalence, and in total
isolates had a MDR of 37.5% (Table 4.5). The result (Figure 4.4) were
demonstrated by plotting the estimated marginal neeaf minimum inhibitory
concentrations of the serotypes. The largest zaaee voted irS. Typhimuriumand
the least irS.Parayphi A, meaningS. Typhimuriumdemonstrated sensitivity to most

of the antibiotics being tested, unli8eParayphi A.
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Table 4.2: Antimicrobial susceptibility pattern of Salmonella isolates from food

handlers
Antibiotic Sensitive Intermediate| Resistant | Total
Amox-Clav 3(37.5%) | 1(12.5%) 4 (50%) 8
Oflofloxacin 8 (100%) 0 0 8
Ceftriaxone 6 (75%) 0 2 (25%) 8
Nalidixic acid 7 (87.5%) | 1(12.5%) 0 8
Doxycycline 6 (75%) 1 (12.5%) 1(12.5% 8
Ciproflaxin 8 (100%) 0 0 8
Gentamicin 8 (100%) 0 0 8
Streptomycin 6 (75%) 0 2 (25%) 8
Chloramphenical 6 (75%) 0 2 (25%) 8
Sulphamethoxazolg-
Trimethoprin 6 (75%) 0 2 (25%) 8
Ampicillin 5(62.5%) | 0 3 (37.5% 8
Total 69 (78.4%) 16(18.2%]) 88

Table (Table 4.2) indicates the number of isolateésug was observed to be sensitive,
intermediate and resistant to. Example; ofSallmonellaisolates, 4 were sensitive, 1
was intermediate and 3 were resistant to Amox-Clavtotal 69 S, 3 | and 16 R

results were observed. Measurement was taken inmeiters (mm).



Table 4.3: Replication of the S, | and R observeahithe Salmonella isolates

Count? Percenf
Sensitivity Intermediate 3 3.4
Sensitive 69 78.4
Resistance 16 18.2
Overall 88 100.0

a. Count: number of times of occurrence of a specdaction

b. Percentage: % occurrence of a specific reactioal@tion to total outcome

36
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4.3 Variations in inhibition zones of the differentserotypes to test antibiotics

50 +
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Figure 4.3: Average inhibition zone sizes of diffeant antibiotics to isolated

Salmonella

A significant variation in inhibition zone sizes s&lmonellaunder the commonly
used drugs was observed F=19.48 whit®.p5, thus significant difference in their
effectiveness. Ciproflaxacin (31.375) had the latgmean inhibition zones while
Amox-Clav (16.00) and Ampicillin (15.375) had thenallest recorded mean

inhibition zones.
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200 Microorganism

W5 enteritidis
[Bs. paratyphia
[J5. paratyphiB
W s. typhimirium
5. typhisuis

1501

sl

Antibiotic (Drug)

Mean Minimum inhibitory
concentration

AV 2-KOWY-
NIZYX 01407404
NOHYIHLA30

QIZY 211N
INNDLDA X0
NIZY Y1 400 D=
12 WY LMAD
HIZAWOLdT L5~
TOIINIHAWYHOTHIA
NITTI21HdWY-

WIHdOHLIWIHL-F10T X ¥HLIWY N5

Cases weighted by Sensitivity

Figure 4.4: Reactions ofSalmonella isolates against the selected antibiotic drugs

under test.

Figure 4.4 shows comparison of the average zoneshddition to different drugs by
the isolatesS. Typhimurium had the largest average zone of inloibisize under all

the used



4.4 Observed variation in sizes of inhibition zonesnder different drugs

Table 4.4: Comparison of antibiotic efficacy throudn their means

Antibiotic n Mean*

Ciprofloxacin 8 31.375
Gentamicin 8 27.250
Ceftriaxone 8 26.875
Ofloflaxin 8 26.006"
Nalidixic acid 8 21.62%
Sulfamethoxazole-

Trimethoprim 8 21.500
Chloramphenical 8 19.560
Doxycycline 8 18.25%
Streptomycin 8 17.375
Amox-Clav 8 16.000

Ampicillin 8 15.375

*Means with the same letter are not sigaifity different
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4.5 Multi-drug resistant profiles in the isolates

Table 4.5: Multi-drug resistance (MDR) profiles identified among isolated

Salmonella
Profile Isolate Percentage
AMC, AMP S.Typhimurium 12.5
AMC, AMP, SXT, CTR, S, C S.Parayphi A 12.5
AMC, AMP, SXT, CTR, S,C, D S.ParayphiB 12.5
Key

AMP Amox-Clav
AMC Ampicillin
CTR Ceftriaxone

D Doxycycline
S Streptomycin
C Chloramphenical

Sulphamethoxazole
SXT Trimethoprin

Table 4.5 above indicates the frequency and peagestto which different isolated
strains reacted to several groups of antibioticsleantest suggesting multidrug

resistance (resistance in more than one antikigti&n isolate).
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Table 4.6: Antimicrobial resistance profiles of istated Salmonella

Profile Isolate

AMC S.Enteritidis
AMC, AMP S.Typhimurium
AMC, AMP, SXT, CTR, S, C S.Parayphi A
AMC, AMP, SXT, CTR, S,C, D S.ParayphiB

Key

AMP  Amox-Clav

AMC Ampicillin

CTR Ceftriaxone

D Doxycycline

S Streptomycin

C Chloramphenical
Sulphamethoxazole

SXT  Trimethoprin

Table 4.6 indicates the antimicrobials groupingg tksistance by several isolates was

observed, their frequencies of occurrences anceptages

Multi-drug resistance (MDR) was observed in 3 of 8iSalmonellaisolates which

represented 37.5 % of all isolates tested. A witd antimicrobial resistance profiles
were observed in this test based on the types tibiaincs and isolate. The most
frequent antibiotic that the isolate demonstratesistance to was Ampicillin and
Amoxicillin-Clavulanic acid with 3 isolates showirthis type of resistance. Among
the Salmonellasolated, only three of the isolates were seresitivall the drugs tested
representing 37.5% of the total isolates, whicslightly higher compared to a similar
research by Kariuki, Revathi, Mwituria, Muyodi & Ha(2006), with 23.4% isolates
from asymptomatic food handlers sensitive to adl thsted antibiotics this could be
due to the geographical difference and types abiatics that were used in these two

research.
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4.6 Prevalence oBalmonella spp. among the asymptomatic food handlers

Table 4.7: Prevalence offalmonedlla isolates

Serotypes Frequency Percentage
SalmonellaParayphi A 2 0.5
SalmonellaParayphiB 2 0.5
Salmonellaryphisuis 1 0.25
Salmonellalyphimurium 1 0.25
SalmonelleéEnteritidis 2 0.5

According to the Table 4.7 above, among the asymatic food handlers tested, a

prevalence of 2% was observed.
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CHAPTER FIVE

5.0 DISCUSSION

5.1 Salmonella species isolated from the asymptomatic food handake

Most of the human pathogen&almonellabelong to theS. entericaser. Enterica
subspecies such & Typhi, S Enteritidis, S Parayphi, S Typhimurium andS
CholeraesusSalmonellaserotype Typhi is the etiological agent for tyghtaver. It is
estimated to cause millions of infections and tlamwals of deaths worldwide each year
(WHO, 200). A similar syndrome to typhoid feverusually caused by paratyphoid
serotypes such &. Pardyphi A, S.Pardyphi B andS. Parayphi C, though they are
known to be isolated less frequently compare& tdyphi, among those expressing

the symptoms oBalmonellanfection.

In the present study, feacal samples were takem frersons who were presumed
healthy and working in the food industry handlirgpd for consumption by their
customers. From the 400 samples taken, 8(2%) tumédto be positive for
Salmonella(NTS) of the total results from asymptomatic pascAn asymptomatic
carrier is an individual who has recovered from fymptoms of the disease but
continues to carry the bacteria and may serveamise of infection for others, such
as the case of “typhoid Mary” (Shanson, 1989; AtlE#95). This carrier state occurs
in about 3% of all individuals treated and recodefem typhoid and paratyphoid

fever (Asperilla, Smego & Scott 1990).

Salmonellaserotypes Typhimurium and Enteritidis are most mamm causes of
disease in both human and swine. OtBaimonellaserotypes are human host specific
such asS. Typhi. Though in the above study, species that are kniowre isolated

from other animals such aS. Typhisuis was among the isolatesSalmonella



a4

Typhisuis is normally isolated from pigs thus tleeme suis, and this can be linked to

human infection from handling infected pork or acamgtion of contaminated pork.

Some of the serotypes isolated in this study amevknto cause serious infections in
man. Isolates such aS. Parayphi A and S. Typhimurium cause severe gastro
intestinal infections. Infections such as, paratyghenteric fever/salmonellosis and
paratyphoid feve8almonellatoxic food borne infection respectively (WHO, 2005
Serovar Patgphi A is reported as the second most prevalent causgpbioid,
responsible for one third of cases or more in Saatland Eastern Asia (McClelland
et al, 2004). SalmonellaParayphi A and S. Typhi cause similar illness, with
relapsing feverSalmonellaPardyphi A generally causes a milder disease but has
been reported to be particularly virulent in a nembf outbreaks (McClellanet al.,
2004). Despite the fact th&. Typhisuis andS. Enteritidis do not cause severe
infections as the ones mentioned above, they csiioseach flu leaving one feeling
sickly and unable to perform daily chores as losighe sickness lasts. Such infections
among the young children and the older persons wéak immune systems can be

fatal (Gomez and Cleary, 1998).

5.2 Antibiotic sensitivity reactions by the isolate

5.2.1 Susceptibility of the isolates to the test dgs

Most isolates were observed to be sensitive talthgs under test, with 69 sensitive
reactions observed. The most efficient drugs ofesktwere Oflofloxacin, Ciproflaxin
and Gentamicin. These were sensitive in all $amonellaserotype isolates. This
agrees with the finding by Kariulet al, (2004) that all the NTS isolates were found
to be susceptible to Ciproflaxin and Ceftriaxone. this study, resistance was

observed in Ceftriaxon&s. Parayphi A (IF 207) andS Paratyphi B (UF 03) were



45

observed to be resistant to Ceftriaxone, this egreement with (Kariuket al, 2004,
Vermaet al, 2010). This indicates that Ciproflaxin has maiméd its efficacy to NTS

and is an effective choice of remedy unlike Cefiize.

5.2.2 Variations in inhibition zones of the differat serotypes to test antibiotics

Intermediate resistance of 3.4% was observed in xn@tav by S. Enteritidis,
Doxycycline and Nalidixic acid byS. Parayphi A, indicating the presence of
antibiotic resistance amor®plmonellaisolates from the asymptomatic food workers.

This was observed to indicate reduced potencyeoattiibiotic drugs to the isolates.

Among the Salmonella isolates, 4 showed resistatacAsnox-Clav, 3 to Ampicillin,

2 to Sulfamethaxazole-Trimethoprim, Chloramphenictreptomycin, Ceftriaxone
each and for Doxycycline one isolate was observHus resistance pattern is
identical to the Ampicillin, Chloramphenical, Sttemycin, Sulfonamide and
Tetracycline (ACSSuT) and AmpC (resistant to asteempicillin, Chloramphenicol,
Streptomycin, Sulfonamides, Tetracycline, AmoxicilClavulanic acid, and
Ceftiofur, and with decreased susceptibility to tGakone) (Kariukiet al, 2004,

Greeneet al, 2008) resistance type, except that in this rebedetracycline and

Ceftiofur were not among the antibiotics tested.

5.2.3 Observed variation in sizes of inhibition zoss under different drugs

Elevated levels of antibiotic resistance by Bemonellaisolates were observed in
Ampicillin and Amoxicillin-Clavulanic acid; and tke are among the readily
available still in use antibiotics in a majority thfe developing countries (Kariukt
al., 2004) including Kenya. This corresponds to att@me in a study by Kariulet
al., (2004) and Vermat al, (2010) who noted increased resistanceShymonella

isolates to Ampicillin. There was observed variatia the response to the different
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antibiotics used in the research by the isolé&e$yphimuriumisolate had the highest
average zones of inhibition whil® Parayphi A had the lowest. These indicated
possible reduction in sensitivity to the drugs untist byS Parayphi A isolates.
Isolates ofS. Typhimurium were sensitive to most antibiotics usedhis study. A
significant variation in inhibition zone sizes $&lmonellaunder the commonly used
drugs was observed F=19.48,<0R05, thus significant difference in their
effectiveness. Ciproflaxacin (31.375) had the latgmean inhibition zones while
Amox-Clav (16.00) and Ampicillin (15.375) had thenallest recorded mean
inhibition zones. Significant differences were ated in the efficiency of the
antibiotics to theSalmonellaisolates. These variations were grouped into five
categories of similar significance in efficiencydbgh comparison of the antibiotic
average means of inhibition zones. Ciproflacin, @emncin and Ceftriaxone were
observed to be more susceptible among the isoletesaverage means of 26.875-
31.375 compared to the rest of antibiotics testédenAmox-Clav and Ampicillin

with average means of 15.375 and 16.00 respectivelg the least susceptible.

5.2.5 Prevalence oSalmonella spp. among the asymptomatic food handlers

Of the 400 samples obtained in the above studyar@ptes were found to be
Salmonellapositive. This represents 2% of the stool samplewined from the
asymptomatic food handlers, with a distributiorSoParayphi A (0.5%),S.Parayphi

B (0.5%), S. Typhimurium (0.25%),S. Typhisuis (0.25%) ané. Enteritidis(0.5%),
these results contrast with a research by Muralaral, (2007), who found that of
the 331,644 faecal samples from asymptomatic feamtlers, a prevalence of 106
(0.032%), withS. serovar Infantis being the dominant serovar acdogrfor 48.1%
of total isolates, followed b serovar Corvallis an®. serovar Enteritidisin that

study, S. serovar Infantisand S serovar Corvallis were observed as not being
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dominant among symptomatic patients. Though thieegwith a study by Meduet
al., (2006) that showed a similar prevalenceésatmonellaamong the food handlers,
110 out of 4,976 which represent (2.2%) confirngadmonellacases reported were

identified as food workers.

The occurrence o8. Enteritidis in this study was observed to be higherong the
asymptomatic food handlers. This concurs with otfesearch on food handlers
(Suhaneet al., 2010, Murakamet al, 2007). Similar results were also observed by
Kariuki et al, (2005) who noted that prior to 1993, Typhimurium predominated
(prevalence of 75%) among cases of NTS bacteraen&nya, whileS. Enteritidis
made up only 4.8% of the cases. However, the studigated that more recently,
isolations ofS. Enteritidis cultures have progressively increasedn occurrence of
40%. This may be attributed to changing lifestyleth more people rearing chickens

for eggs as a supply of protein.

In the current study, tot&8almonellaprevalence was relatively low among the food
handlers at 2%, indicating relatively low frequeitigyasymptomatic food handlers, to
possibly passing the infection to their custom@isough this does not rule out the
possibility of infection of consumers by asymptoimdbod handlers, Smitkt al,

(2010), found that more than half (62.2%) of theddiandlers washed their hands
with water alone prior to eating as 27.7% did nasktheir hands at all times prior to
food preparation. This possibility can predisposastimers of food prepared by
asymptomatic food handlers &almonellajf food being prepared is contaminated by

faecal material from the unwashed hands of the pgymatic food handler.

All the serotypes had a prevalence of less than Afbasymptomatic food handler

found co-infected with more than osalmonellaserotype was not observed in this



48

study. The most prevalent O antigen group in thusyswas B §.Parayphi B andS.
Typhimurium), accounting for 37.5% of the to&élmonellaisolates isolated in this
study. A total of 4 different groups were isolatedhe study $. Parayphi A in group

A, S.Typhisuis in group €andS.Enteritidis in group D).
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CHAPTER SIX

6.0 CONCLUSION AND RECOMMENDATION

6.1 Conclusion

1. Drug and MDR serotype are present among the isoldtem the
asymptomatic food workers. This indicates the preseof risk in the spread
of Salmonella,especially MDRSalmonellain most urban populations who
consume food prepared by the asymptomatic food leendrom the food

outlets.

2. There is presence &almonellaserotypesamong the collected samples of the
asymptomatic food handlers in Westland’s Nairolliede have the potential
to be passed to consumers. They inclu8ddarayphi A and B,S Enteritidis,

S Typhimurium.

6.2 Recommendation

1. Screening of food handlers is made mandatory byptli#ic health officials
and appropriate advice and treatment be given ¢o cdrriers and those
diagnosed as carriers be given paid sick off tooerage openness in the
approach of the treatment of the disease by theutiens in which they work
for until they are proven safe by the public healtficials to handle food for

consumer consumption.

2. Education of the food handlers on proper work stlhg the public works

ministry.
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APPENDICES

Appendix 1: Informed consent form

Analysis of Salmonellaspp isolated from faecal samples of asymptomatic food
handlers for prevalence and antibiotic resistaratgems in Westland Nairobi, Kenya

Study no:
Description

| am carrying a study on the carriageSalmonellaamong the food handlers who do
not show any sign oSalmonellainfection. Salmonellais a bacterium that causes
intestinal infection where some people can be gagrthe bacteria without showing
any signs; such individual can spread the bacter@hers through handling of food.
| would like to ask for your help in my researchdnyswering to a few questions and
allow me use your stool and blood samples colledtedroutine food handler’s
examination as required by ministry of public heahd sanitation.

Procedure

If you agree to participate in this study | willkagou a few questions relating to
yourself and to use your stool samples collectechfyou for the purposes of your
food handler’s routine examination.

Risks and Benefits

There is no known effect of collecting stool anddad samples. And all your
information will be kept in confidence. Individualsund infected withSalmonella

will get result for their diagnosis which drugs tse prescribed by a qualified
clinician.

Subject’s rights: If you have read this form and have decided toi@péte in this
study, please understand your participation is malty and you have the right to
withdraw your consent or discontinue participatadrany time without penalty. You
have the right to refuse to answer particular qoest Your individual privacy will
be maintained in all published and written dataltexy from the study.

If you have questions about your rights as a spatticipant, or are dissatisfied at any
time with any aspect of this study, you may contaatonymously, if you wish MU —
IREC (institutional research and ethics committ€e Box 4606 Eldoret or Tel no.
33471/2/3 For emergency contact ZeddyYegon on QFPE21

| have read and understood clearly what the resealcentails and | voluntary
give consent to participate.

Name of
=TT 0 > 0



Appendix 2: Sample collection sites

Code Sample size| Type Number of
positive samples

1 6 Restaurant 0
2 61 Restaurant 0
3 20 Restaurant 3
4 11 Restaurant 0
5 5 Restaurant 0
6 27 Restaurant 0
7 13 Restaurant 1
8 28 Restaurant 0
9 9 Restaurant 0
10 15 Restaurant 1
11 13 Restaurant 0
12 33 Restaurant 0
13 11 Restaurant 0
14 6 Restaurant 0
15 7 Restaurant 0
16 11 Restaurant 0
17 2 Restaurant 1
18 43 Restaurant 2
19 13 Restaurant 0
20 42 Restaurant 0
Total 400 8
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Appendix 3: Antibiotics used in the study and theirpotency

Antibiotic Symbol | Potency
Ampicillin AMP 10 pL
Amoxicillinclavulanic acid AMC 20:10 pL
Ciprofloxacin CIP 30 pL
Sulfamethaxazole-Trimethoprim SXT 25 uL
Nalidixic acid NA 30 pL
Doxycycline D 30 pL
Ceftriaxone CTR 30 pL
Oflofloxacin OFX 5uL
Streptomycin S 10 uL
Chloramphenicol C 30 pL
Gentamicin GM 10 pL
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