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ABSTRACT

The clonality of 840 invasive hum&almonella enterica serotypel yphimurium
isolates isolated in Gauteng Province during JgnR@06 to May 2008 was
investigated. PFGE analysis revealed 38 clusterset(clusters 3, 5 and 11) were
primary clusters. Most isolates originated from pited 2 and were isolated from
patients in the age-range of 15-64 years. Ninetyfiercent (256/277) of patients
with known HIV status were HIV-positive. Antibiotgusceptibility testing showed
the most commonly expressed antibiotic resistancflgs were ACSSuNa (13%;
90/671) and ACSSuTNa (12%; 82/671). Thirty-five mo@mial isolates were
identified in 12 clusters, of which most isolatesne from two of our three major
clusters: cluster 3 (31%; 11/35) and cluster 5 (28f5). In South Africa,
Salmonella Typhimurium remains an important opportunistic atfen of HIV-
positive patients and may circulate as a nosocopaidogen over prolonged periods

within the hospital environment.

The study included characterization of @&monella isolates recovered from a 150
chicken specimens purchased in Gauteng Provinéegd8eptember 2007 to April
2008.Salmonella Heidelberg (34%; 16/47) arighlmonella Infantis (34%; 16/47)
were the most common serotypes isolated from chekKeFGE analysis showed
Salmonella Heidelberg an@almonella Hadar isolates were similar in PFGE profile
to equivalent human serotypes, indicating thattiese two serotypes some chicken

and human isolates may be related. PFGE analydidMavA showed that some



chicken and humagalmonella Typhimurium isolates were similar in molecular
profile, indicating a relationship between thesdates. An epidemiological
relationship between chicken and human isolateklamat be confirmed; however
results suggest th&ilmonella strains with similar molecular profiles circulatethe
animal and human communities, supporting the suggesf animal-to-human
transmission or possibly human-to-animal transrarsgrurther work is required to

confirm this theory.
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CHAPTER 1

Salmonellosis

1.1 I nfectious Diseases

Intestinal infections cause a great deal of motpiaind mortality in the world and

rank as the third most common infectious diseasd@/MVorld Health Report,
2004),particularly amongst human patients belonging toeexe age-ranges
(Brenneret al., 2000; Ikumapayet al., 2007) and immunocompromised patients such
as HIV-infected patients (Bick, 2004). Salmonekae a common cause of foodborne
illnesses (Farmer and Kelly, 1991). These organmmdgrequently transmitted
through the food chain and may even be transmiitted person-to-person via the

faecal-oral route (Hanes, 2003).

1.2 Characteristics of Salmonellae

In 1880, salmonellagere described for the first time by Eberth (Daraird Miller,
1999). Salmonellaare gram-negative bacteria which are usually muetde
peritrichous flagella. They are aerobic but carfidoeiltatively anaerobic and do not
form spores (Bopgt al., 1999). Characteristics shared by most ofShienonella
species are that they ferment glucose, maltoseremhitol and forms gas and acid;
cannot ferment lactose, salicin and sucrose; carctitisite as the sole carbon source
and furthermore, thegroduce HS but cannot produce indole (Farmer and Kelly,
1991; Hanes, 2003). Salmonellzn survive for a long time in soil and water ad we

as other environments with the pH ranging from fimunine and the temperatures
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ranging from 8°C to 45°C (Hanes, 2003). Salmonetkae be killed through the
process of milk pasteurization and adequate coakdrigod at temperatures of 70°C

and above (Hanes, 2003).

The bacterial genuSalmonella belongs to the family Enterobacteriaceae (Bef.,
1999). The genuSalmonella is divided into two specie&almonella enterica and
Salmonella bongori (Figure 1.1)Salmonella enterica can be further subdivided into
six subspecies (See figure 1.1) (Brenstaa., 2000). The usual habitat 8&lmonella
enterica subspeciesnterica is warm-blooded animals and the common habitathfer
remainingSalmonella enterica subspecies (11, llla, 1lib, 1V, VI) as well &almonella
bongori (V) are cold-blooded animals and the natural emvirent (Brenneet al.,
2000). These species are further classified abespacies level into serovars or
serotypes based on their cell surface antigen(B4d1996). O and H surface
antigens are bacterial surface structures thaised to differentiate between
different serotypes of salmonellae, according eoKhuffmann-White scheme
(Popoffet al., 1998; Popoff, 2001; and Kededyal., 2005). The O antigen defines the
serogroup and the H antigen defines the serovarofif001).Salmonella enterica
subspeciesnterica is further clinically subdivided intdsalmonella Typhi and non-
typhoidalSalmonella (NTS). S enterica serotype EnteritidisSalmonella Enteritidis)
andS enterica serotype TyphimuriumSalmonella Typhimurium) are the most
dominant among the NTS serotypes affecting humadsaimals on a global scale
(Lim et al., 2003, Palmgrest al., 2006, Sheehan and van Oort, 2006). To date, there

are approximately 1454 serotypes within $eenterica subspeciesnterica and in
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total there are over 2400 serotypes of salmonéliaare capable of causing disease
in humans and animals (Brenretial., 2000). Salmonellae can be further subtyped
into different strains. “A strain is a descriptisebdivision of a species” and is
defined as “an isolate or group of isolates”. Thetsains can be distinguished from
other isolates of the same genus and species Imppipéc or genotypic methods

(Tenoveret al., 1995).

1.3 Salmonella disease

Salmonella infections are a major cause of gastroenteritii@sa2003).

Susceptibility taSalmonella infection, onset of infection and severity of
salmonellosis depends on several of the host’siplogscal factors such as the host’s
age, fitness level and nutritional state etc. Ottegermining factors are the
Salmonella serotype and the number of organisms consumedebdyast (Darwin and
Miller, 1999). The average incubation time of gashteritis is about six to 72 hours
after the consumption of food or water which aretaminated with salmonellae.
Generally an infectious dose of 100-1000 salmoaedl® required to initiate an
infection, however for certaialmonella serotypes only as little as 15 to 20 cells are
required (Clark, 2008). These pathogens residedarhbst’s gastrointestinal tract
where they cause gastrointestinal complications@da2003). Some studies show
that the distal part of the small intestine is phenary site of infection in humans
(Hughes and Galan, 2002). Gastroenteritis usually lasts for about a week and the
clinical symptoms of salmonellosis include diarrapabdominal cramps and a fever

of 38°C to 39°C (Bopgt al., 1999).
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In immunocompromised patients, salmonellosis magrbenged and symptoms
may be more severe (Weinstein, 1998; Wenzel andoBdn2001; Hanes, 2003). As
a result of a compromised immune system, salmael&y proliferate at a high rate
and become invasive by breaking through the mucbtge small bowel and entering
the blood stream causing bacteraemia. Prolongeekslis often accompanied by
low-grade fever, bloody diarrhoea and loss of we{gtanes, 2003). Previous studies
showed that children in the age-range of five yaad younger living in tropical
Africa are more susceptible to bacteraemia caugedis (Vaaglandt al., 2004).
HIV-positive patients are more predisposed to néegracteraemia caused by

salmonellasompared to immunocompetent patients (Bick, 2004).

Salmonellae can progress to any anatomical siteeimnuman body via the circulating
blood (Spraycar, 1995) and may cause local infastand produce abscesses
(Govindenet al., 2008). The most common sites are the lungs, ctivedtssue,

joints, long bones and meninges (Kuppermann, 1Re@mer and Shapiro, 1997).
Meningitis caused by salmonellaee a common local infection seen in infants
(Vaaglandet al., 2004). In addition, immunosuppressed patients, edhoot receive
treatment (Kuppermann, 1999; Kramer and Shapir®7),have a 5% to 10% chance

of bacteraemia progressing into local and systeémféctions (Pequea al., 2005).
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1.4 Diagnosis

Diagnosis of foodborne diseases is made by thatisal of the infecting organism
from suspected food and patient stool samples gdini@ acute phase of
salmonellosis (Hanes, 2003). The detection of saétaein stool cultures is time
consuming and often medical practitioners havedat patients based on their
symptoms (Owen and Warren, 2008). Little orSatmonellae can be isolated from
stool cultures after about a week of salmonellasis antibiotic treatment, however
laboratory findings have shown that salmonetiagiers test positive for these
causative organisms in stool cultures months aftérg infected (Hanes, 2003;
Chamberst al., 2008). Most commonly patients in the age-rangévefyears and
younger are reported to be asymptomatic carriesslofionellador longer periods
than older patients (Buchwald and Blaser, 1984fjeRis become chronic carriers of
salmonellaef the infecting organism colonizes the gall blad(téanes, 2003).
Chronic carriers of salmonellae however do notesuffith the symptoms of

salmonellosis (Owen and Warren, 2008).

In addition to the culture sensitivity tests, PGRlaation can also be performed to
detectSalmonella species (Owen and Warren, 2008). Primer sets warielspecific
for Salmonella species are selected (Maloretyal., 2003). PCR is performed on
sample DNA using these primer sets (Maloehgl., 2003). Amplified DNA is
electrophoresed in an agarose gel containing etmidiromide, after which DNA

fragments in the gel are visualized under UV lighahnet al., 1992; Malornyet al .,

26



2003; Malornyet al., 2004). The sensitivity of PCR tests on bloodheiand faeces

are 85%, 69% and 47%, respectively (Hatta and $S2067).

1.5 | solation and identification

1.5.1 Preenrichment

The test sample is put into a preenrichment brdtichvallows almost all of the
microorganisms present in the test sample to gReptone water, mannitol purple
sugar broth as well as lactose and brilliant grenexamples of preenrichment

broths (Hanes, 2003).

1.5.2 Enrichment

This step is performed to provide a favourable emrnent for the infective organism
of interest to grow while suppressing the growtlotbier microorganisms present in
the test sample. Examples of selective enrichmexth® which are specific for
enhancing the growth of salmonell@a® selenite cystine (SC) broth and Rappaport
Vassiliadis (RV) broth (Hanes, 2003). This stefollowed by plating out some of
the test sample from the selective broth onto kigifferential media. For

Salmonella speciesMacConkey (MAC) agar, Deoxycholate (DCAgar and Xylose-
lysine-deoxycholate (XLD) agar are commonly us&tiereafter a series of

biochemical tests are performed on all suspeSabuonella colonies (Hanes, 2003).
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1.5.3 Biochemical identification
Biochemical tests include fermentation of glucdggine decarboxylation, ornithine
decarboxylation, dulcite fermentation,$production, motility, indole, mannitol and

inability for the organism to ferment sucrose atdse (Table 1.1).

1.6 Serotyping

O and H surface antigens are bacterial surfacetates that are used to differentiate
between different serotypes of salmonellae, acogrth the Kauffmann-White
scheme (Popoff, 2001). The O antigen defines thegseup and the H antigen
defines the serotype (Tenowtral., 1995).Salmonella Typhi also has a virulence

(Vi) or capsular antigen (Popoff, 2001; Konemar&0 Salmonella®, H and Vi
antibodies are commercially available & monella serotyping (Hanes, 2003).
Salmonella serotyping is performed by first determining thel@ase (Popoff, 2001;
Hanes, 2003; Koneman, 2006) which is then follolwgdietermining the H phase.
Many Salmonella species contain more than one H phase and sometiagesnly
express one of the H phases. This is overcomedxkinlg the recognised H phase
for that O phase with the H monovalent antibodyicwhhen allows the organism to
express the other H phase or H phases (Popoff, Xafifeman 2006).Salmonella
serotypes irs. enterica subspeciesnterica (1) are identified and named according to
the O and H antigens expressed on their bactenitdces, whereas unnamed
Salmonella serotypes irS enterica subspeciesalamae (Il) throughS. enterica

subspeciesdica (VI) are identified by their antigenic formula (Breeret al., 2000).
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1.7 Molecular epidemiology

Pulsed-field gel electrophoresis (PFGE) (Baggesah, 2000), multiple-locus
variable-number tandem-repeats analysis (MLVA) distedtet al., 2003), multiple-
locus sequence typing (MLST) (Fakdtral., 2005) and DNA miccroarrays (Bowtl
al., 2001) are a few common techniques used to chaisetalmonellaat a

molecular level (Pelludat al., 2005).

PFGE is a molecular technique which is used toatdtarize and determine strain
relatedness among bacterial isolates. In conwastiventional gel electrophoresis,
PFGE is able to separate large DNA fragments grédze 50000 base pairs (bp) as a
result of periodic changes in the direction of éhectric field during electrophoresis.
To execute this method, bacterial cells are firshobilized in agarose plugs for
protection against any accidental breakage of genBMNA during this procedure.
This is followed by the lysis step. Agarose pludscal contain bacterial genomic
DNA are incubated in lysis buffer containing progse-K, N-lauroylsarcosine
sodium salt and ethylenediaminetetra-acetic adRiT{&) to release and protect
genomic DNA. A slice of the agarose plug is thehipto a solution containing
restriction enzyme which digests genomic DNA indgeyal large fragments. The
number of fragments produced depends on the réstrienzyme chosen for
digestion. Following the digestion step, agarosmslare placed on a comb and set in
an agarose of 0.8% gel. The agarose gel is thgacat to PFGE which allows for
the separation of large DNA fragments. Periodinges in the direction of the

electric field during electrophoresis allows DNA lexules to enter and move
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through the pores of the agarose matrix in a shi&dashion to produce fingerprint
patterns. Fingerprint patterns generated by PFGEysis is visualized using UV
light after staining the agarose gel with ethidioromide (Tenoveet al., 1995;
Gautom, 1997). PFGE analysis is the “gold standémdthe subtyping of
salmonellaeFakhr and colleagues (Faldiral., 2005) revealed that compared to
MLST, PFGE analysis has a high discriminatory pofeethe subtyping of
Salmonella Typhimurium (Fakheet al., 2005). Another study done by Weill and co-
workers on approximately 40@® enterica serotype Typhimurium phage type DT104
(Salmonella Typhimurium DT104) isolates showed a high incideotBEFGE

profiles X1. However, another method is requireddiscriminatory subtyping of
such isolates (Weikt al., 2006). Research done by Torpdahl and co-workensestho
that even though PFGE analysis is the standardadédtin the subtyping of
salmonellae, it sometimes fails to differentiateAm®en certain related and unrelated
strains and within definite phage types due tddbk of discriminatory abilities

(Torpdahlet al., 2006).

Variable number tandem repeats (VNTR’s) are DNAifwepeats found in the
genome sequence. These DNA motif repeats falldiiferent classes. The ‘direct
class repeats’ are called minisatellites, which@amtain genetic polymorphisms.
Minisatellites are found in pathogenic bacteria hothans. Minisatellites are
‘hypermutable’. Hypermutations occur during DNA liegtion as a result of slipped
strand mispairing. Since VNTR'’s play a role in thgression of genes and often the

coding of surface exposed proteins, mutationsemXNA sequence result in changes
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in the mechanism of function and proteins made. iDubese changes, the host’s
immune system finds it difficult to recognize ba@eThis enables bacteria to
multiply rapidly and have a high survival rate lre thost (Lindsteddt al., 2005).
VNTR analysis also known as MLVA is used to scrgenomic DNA for repeat
motifs. MLVA is applied by screening approximatétyee to eight VNTR loci.
Specific PCR primer pairs are used to amplify dachs and usually, all primer pairs
are multiplexed into a single PCR. PCR productdfaa subjected to electrophoresis
which separates these PCR products by size to @eneNA fingerprint patterns.
Unique DNA fingerprint patterns are produced byheiaclividual strain of bacteria.
MLVA is traditionally performed manually, howeveue to technological
advancements over recent years, MLVA has progrelysbecome automated. The
traditional method of MLVA is carried out by usiognventional gel electrophoresis,
after which DNA fingerprint patterns can be visyakamined using UV light.
Automated MLVA is performed using capillary eleghmresis. This method is
executed by using primer pairs which are labell@t distinctive fluorescent dyes
(fluorophores). Each VNTR locus can be labellechwitunique fluorophore; this
subsequently allows the combination of all primairpinto a single multiplex-PCR.
Capillary electrophoresis is performed using a geramalyzer. PCR products are
moved past a laser beam which excites fluorophmaasing it to emit light of
distinctive colours. The light is detected and stated into detection of PCR
products. An internal size standard is used toB@R products. These sized PCR
products are reported as a MLVA allele profile @dsitedtet al., 2004; Torpdahét

al., 2007). For example, if five loci were analyzed\dyVA, the MLVA allele
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profile representing the size of PCR products selyaairs could be reported as ‘160-
248-314-385-525'. MLVA is useful in discriminatinvgthin common phage types
(Torpdahlet al., 2007). Torpdahét al., (2007) demonstrated in their study that
MLVA is superior to PFGE analysis for surveillarargd outbreak investigations
(Torpdahlet al., 2007). An earlier study showed that MLVA is a dyiappropriate
method particularly for outbreak situations anantanitor different phage types
(Torpdahlet al., 2006). Lindstedt and co-workers used MLVA to shokigh level

of discrimination among 78 strains &l monella Typhimurium (Lindstedet al .,

2003; Lindstedt, 2005).

1.8 Treatment and prevention

Fluid and electrolyte replacement is necessarth@icorrection of dehydration
caused by diarrhoea (Hanes, 2003). Antibioticshatesuggested for uncomplicated
diarrhoea and chronic carriers. Studies show thi@biatics given to chronic carriers
prolong the duration of salmonellae excreted instoel (Sirinavin and Garner,
2000). Antibiotic therapy is however necessaryifimmunocompromised patients.
Different countries address health issues difféyetite choice of antibiotic
treatment, antibiotic usage, dosage and durati@mtibiotics recommended to
patients depend on local antibiotic resistanceilpoéxpressed by salmonellae
(Yates and Amyes, 2005purveillance of salmonellaae routinely conducted in
several countries worldwide; to detect emergingtimiulg-resistant salmonellae that

may pose a risk to future antibiotic treatment asd result allows scientists to use
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this information to make educated decisions akweichoice of treatment that can be

given to patients (Yates and Amyes, 2005).

Nonfoodborne transmission 8almonella is particularly common among
slaughterhouse workers, farmers, chefs and vetamsif exposed t&lmonella
infected animals. The spreadSfimonella in the above mentioned fields of work can
be prevented by proper hygienic practice such eguate hand washing, avoiding
contact with animal faeces, removal of all soileatkvclothes before going indoors as
well as reducing exposure of soiled work clotheBdasehold members (Hendriksen

et al., 2004).

Pasteurization of milk and thorough cooking of fa@demperatures of 70°C and
above will greatly reduce foodborne transmissioBabfnonella (Hanes, 2003). Post-
contamination of food can be prevented by covecimgked food, thorough hand
washing, washing of utensils and decontaminatioglforeparation areas such as

table tops with disinfectants (Mosupye and von H&B99).

Typhoid vaccines are available for the preventibtyphoid fever; however there are

no vaccines available for the prevention of hunmamenellosis caused by NTS

(Mastroeni and Ménager, 2003).
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1.9 Epidemiology

Salmonella can be isolated from the intestinal tract of a wialege of hosts which
include humans, domestic and non-domestic anirhtads, 2003). Statistical
studies show that asymptomatic carrierSafnonella canspread these causative
organisms to 0.2% of the common population (Ha2@63).Salmonella may be
transmitted via several routes which include foadeaoutes ofalmonella such as
consumption of food contaminated 8glmonella infected animals or people (Hanes,
2003); nonfoodborne routes &ilmonella such as direct contact with humans or
animals infected witlsalmonella (Hendrikseret al., 2004); as well as human-to-

human transmission via the faecal-oral route (Ha2@83).

Salmonella is most commonly transmitted via foodborne rouiastgyeet al., 2006).

In the USA, approximately one million people gdented withSalmonella each

year, of which 95% or more of all the cases arettwdhe ingestion of contaminated
food and water (Butayet al., 2006; Linam and Gerber, 2007). Water, milk, dairy
products, beef, poultry, eggs, vegetables and dreitall common reservoirs for
Salmonella (Braden, 2006; Linam and Gerber, 2007). Food cactobéaminated
during different stages of preparation. Studiesstiat about 1% to 50% of the meat
that is sold at commercial markets is contaminatitd Salmonella during the
slaughtering and processing of food animals (Ha2@33). Post-cooking

contamination is often attributed to poor hygienacticed by people handling food,
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the use of contaminated cooking utensils and expasiuicooked food to
contaminated surface areas and dust contakahmgonella (Mosupye and von Holy,

1999; Hanes, 2003).

Salmonellaecan be carried by various domestic and non-domastinals and
exposure to these animals is thus a potentiafaigior for human salmonellosis. The
infection rate of salmonellae animals fluctuates from less than 1% to gretian
20% (Hanes, 2003ralmonella serotypes can be isolated from the gastrointestinal
tract of approximately 90% of reptiles and ampmbié_inam and Gerber, 2007).
There is a 6% chance of acquiring an infectiondiact contact with reptiles and
amphibians (Linam and Gerber, 2007). Children apeenat risk of getting infected
with salmonelladrom playing with their pet animals such as doggs cturtles and
snakes etc. (Hanes, 2003). In addition to animddetman transmission of
salmonellagsalmonellae can also be carried by humans anditied through
direct or indirect contact with animals such aslpets (Anonymous, 2008), zoo

animals (Jangt al., 2008) and bovine animals (CDC, 2000).

Animal feed produced for domestic and food aninskso frequently contaminated
with salmonellae at food packing industries (Har2€§3). Handling of contaminated

animal feed or contact with animals who have coresithese contaminated animal
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feeds, pose a potential risk &dlmonella infection to humans (Hanes, 2003; Wrate

al., 2003; Hendriksest al., 2004).

Person-to-person contact is another route througbhasalmonellae can be
transmitted. An example of this is nosocomiallyuced infections. Nosocomial
infections are infections acquired at long-term ro&dcare facilities such as hospitals
(Edelsteiret al., 2004) and nursing homes etc. (Olseal., 2001). Hospital acquired
infections are common in developing countries atless common in first world
countries such as in the USA (Olsstral., 2001). Nosocomial infections are more
severe in very young patients, immunosuppresseemaiand patients receiving a

cocktail of antibiotics (Olsest al., 2001).

Reporting inaccuracies are due to underreportimguauderdiagnosing of
salmonellosis and as a result, only a certainivacif the true number @almonella
cases are reported (Hanes, 2003; Thoehak, 2006). Large outbreaks of
salmonellosis tend to draw the attention of heedtte professionals and the general
public and thus are further investigated and regvthereas random cases of
salmonellosisre often underreported for various reasons (H&ZGE:3).
Underreporting and underdiagnosingSafmonella cases is a potential limitation to
surveillance studies (Thomatsal., 2006). Underreporting makes it difficiitt

evaluate the true trend patternsSafmonella infections in humansrhe following are
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a few possible reasons as to why a large numb8al ofonella cases go
underreported (Hanes, 2003; Thoregal., 2006):

» Outbreaks may be represented by a small numbezagfie with little or no
severity of illness. This may not alarm health-gqarafessionals or other
individuals in the community as a public healthdrazand as a result may go
unreported (Hanes, 2003).

» Health care professionals may not be aware of tittereak or they may lack
the motivation to report an outbreak (D’Ortengi@l., 2008).

» There may be few or no resources available for gotily active surveillance
studies due to numerous circumstances (Klovning720

» Foodborne outbreaks in cafés and restaurants agcalso be underreported
by owners or workers of these eating places, abense to protect the
reputation of their businesses or jobs, respegtifidovning, 2007).

» Unavailability of medical services &almonella infected people, such as

people living in rural areas (Klovning, 2007).

1.10 Pathogenicity

Salmonellae are transmitted to the host via seveutts but most commonly through
the consumption of contaminated food and watergfegt al., 2006; Linam and
Gerber, 2007). The initiation of infection depermstheSalmonella serotypethe
number of infecting organisms in the food, the tgp&od consumed by the host, as

well as the host’s physiological factors (Owen &vdrren, 2008). Some studies show
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that there should be a large number of infectirggnisms to survive the host’s
gastrointestinal tract’s first line of defence (lvar and Miller, 1999), which is the
gastric acid in the stomach and the normal badtioia in the small intestine
(Hanes, 2003; Bick, 2004). The pH of the food comed also influences
susceptibility of an individual to infection (Damvand Miller, 1999; Owen and
Warren, 2008). For example, if the food consumesdahhigh pH, it will neutralize
the gastric acid once it reaches the stomach alhdnake the individual more
susceptible to infection (Darwin and Miller, 199Reduced peristalsis allows
salmonellae to flourish in the small intestine &edce prolongs infection (Bick,
2004). Individuals who have a low immunity, gastai@d with a high pH, decreased
number of normal bacterial flora in the small bowetl decreased peristalsis (bowel
movement) are more susceptibleéSabmonella infection (Bick, 2004; Owen and
Warren, 2008). The following are a few examplesdividuals who are more
predisposed t&lmonella infection:
* Young patients who have immature immune systemsaaterial flora in
their gastrointestinal tract (Hanes, 2003; Owen\Afadren, 2008).
* Older patients who have declining immune systenasgastric acid with a
high pH (Hanes, 2003; Owen and Warren, 2008).
» Patients taking antacids and acid suppression dranggs decreased levels of
gastric acid in their stomach (Bick, 2004; Owen &varen, 2008).
» Patients receiving a cocktail of different typesafibiotic treatment or

purgatives as well as patients who have undergonelssurgery have
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decreased levels of normal bacterial flora in theistinal tract (Olse#t al.,
2001; Bick, 2004; Owen and Warren, 2008).
» Patients taking opiate drugs have decreased i stiovement (Bick, 2004;

Owen and Warren, 2008).

Once salmonellae have overcome the host’s protentechanisms such as the
gastric acid in the stomach and the normal bad¢téoia, it then attaches itself to
intestinal cells via fimbriae or pili (Darwin andilr, 1999; Hanes, 2003; Owen and
Warren, 2008). The interaction of salmonelidth the mucosa of the host’s intestinal
tract has being previously described by using war@animal models such as the
rhesus monkey (Darwin and Miller, 1999), the guip&p(Takeuchi and Sprinz,
1967) and mice (Darwin and Miller, 1999; Hanes, 20®lice are currently the
primary choice of animal model for molecular resbao enhance our understanding
on the subject of the interaction of salmonellaghwhe human intestinal mucosa
(Darwin and Miller, 1999). Despite various studileat have been carried out using
different animal models (Franagsal., 1993; Darwin and Miller, 1999; Wallis and
Galyov, 2000; Mishrat al., 2000; Hanes, 2003; Owen and Warren, 2008), these
studies are common in their findings that salmaeefirst attach to and then invade
the host’s intestinal mucosa. Invasion of the iti@$ mucosa triggers off the host’s
proinflammatory response to salmonellae and heagses inflammation of the
lymph nodes and lamina propria of the intestinattt{Owen and Warren, 2008).
Owing to these studies, it is hypothesized thatrélar host-pathogen interaction

occurs when humans get infected with salmonellaawih and Miller, 1999).
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Salmonella Typhimuriumhas four different types of fimbriae called typéribriae,
long polar fimbriae, plasmid-encoded fimbriae amd tggregative fimbriae.
Fimbriae are associated with adhesion, virulencknaay also be associated with
direct or indirect recruitment of neutrophils (imneucells) (Darwin and Miller, 1999;
Owen and Warren, 2008). Despite various studigshidnze been performed on type |
fimbriae, their function with regards to adhesiow @irulence is still poorly
understood (Darwin and Miller, 1999). Studies perfed on a mouse model have
shown that long polar fimbriae are responsiblettierattachment of salmonellee

the Peyer’s patches of the small intestine whickegdt easier for salmonellée
break through the host tissue. Another study whiah performed using the small
intestinal tissue of a mouse model under tissuei@itonditions showed that
plasmid-encoded fimbriae have a high affinity te Host’s villous intestines. Thin
aggregative fimbriae may be involved in adhesiosadmonella¢o the host’s cell
epithelium however, attachment to specific cellety|is not yet known. Thin
aggregative fimbriae have a propensity to aggredetece the name. Scientists
proposed that this aggregative behaviour incretigeshance of salmonellae
surviving the host’s protective mechanisms suctihagastric acid in the stomach
(Darwin and Miller, 1999; Owen and Warren, 2008udes using mice as animal
models show that about 25% of salmonellae colathied®eyer’s patches in the small
intestine (Darwin and Miller, 1999; Hanes, 2003)Insonellae initially and most
exclusively invade mice mucosal M cells and attarlatage invade mice eukaryotic
cells such as the intestinal absorptive cells (Daamd Miller, 1999; Hanes, 2003;

Owen and Warren, 2008). M cells are present inigfieed epithelium which covers
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the Peyer’s patches in the small intestine (Oweh\&arren, 2008). M cells play a
role in gastrointestinal immunity by sampling aetig from the lumen and
transporting them to antigen presenting cells (kéighal., 2000). Once salmonellae
are attached to the host’s M cells, they send battgnals which cause
cytoskeleton rearrangements in the host’s intdstelés and hence initiate membrane
ruffling (Darwin and Miller, 1999; Hanes, 2003). Mérane ruffling of M cells
causes subsequent pinocytosis of salmonellae (Bretrad., 1993; Hanes, 2003).
Pinocytosis is the internalization of bacteria bjumns of polymerized actin which
encircle and engulf bacteria (Franeisl., 1993; Wallis and Galyov, 2000; Hanes,
2003). M cells containing salmonellae then bredKrom the host’s intestinal
mucosa, leaving damaged mucosal tissue exposad satmonellae in the lumen.
This allows salmonellae to enter underlying muctisalie and the lymphatic system

(Hanes, 2003).

A number of plasmids are common in the majoritysamonella serotypes (Hanes,
2003). Pathogenicity islands can be localize8dononella chromosomes or to
plasmids (Hanes, 2003) and are shown to be redgerisi mucosal invasion and
virulence (Hanes, 2003previous studies have identified three systemsatteat
localized to theésalmonella Typhimurium chromosome&almonella pathogenicity
island 1 (SPI-1), a system for invasion and viraksalmonella pathogenicity island
2 (SPI-2), a type lll secretion system for the stalvin macrophages; and a flagellar
assembly system for motility (Darwin and Miller,9%9. SPI-1 has numerous

characteristics that are suggestive of horizorgakgransfer from another bacterial
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species during its evolution (Wallis and GalyovQ@QHanes, 2003). SPI-1, a 40kb
region, contains over 30 genes which encode féergifit proteins such as secreted
effector proteins, regulatory proteins and comptmehtype Il secretion system
(Darwin and Miller, 1999; Hanes, 2003). The gerspomsible for invasion (apart
from the invasion system that is encoded at cam&s63) is the SPI-1 genes,
invABC(D) (Darwin and Miller, 1999). Salmonell&vasion depend on bacterial
attachment to the host’s epithelial cell recep(@vallis and Galyov, 2000). SPI-1 has
three proteins that play a role in mucosal invasidrese proteins contribute to a
supramolecular structure which secretes effectaieprs and hence send bacterial
signals to the host’s eukaryotic cells (such asetiterocytes and dendritic cells).
These signals cause rearrangements of the eulkacybtiskeleton which initiates
membrane ruffling (Darwin and Miller, 1999; Han2803). The ruffling mechanism
causes eruption of the host’s cell membrane ansesuent internalization of
salmonellae (Francet al., 1993; Hanes, 2003). Salmonellae that overcomédist's
immune response will enter into the blood streasmfthe lymphatic system via the

thoracic duct and cause bacteraemia (Hanes, 2003).

1.11 Salmonella infectionsin HIV/AIDS patients

The lymphoid tissue in the intestinal tract représe@bout 70% of the human body’s
immune system (Anitei, 2008). HIV destroys the stiteal immune cells called T
helper cells which play a role in warning other iome cells in the body regarding
the site of infection (Anitei, 2008). Studies shithat HIV persists and multiplies in

the tissue macrophages of the reticuloendothejgies in the gut mucosa. HIV

42



causes mass destruction of intestinal immune aalissubsequent decrease in the
host’'s immune response (Gordetral., 2002; Anitei, 2008). The decrease in the
host’s immune response allows opportunistic pathegeich as salmonellé®
invade the intestinal mucosal barrier and enter tiné blood stream (Gordanal.,
2002). In addition, research shows that pathogeasble to survive for a long time
in monocyte and macrophage type immune cells whither prolong infection in
HIV-positive patients (Gordoet al., 2002). Disease caused by salmonellae is a
common opportunistic infection associated with Hiigease (Ikumapaw al.,
2007). Symptoms include difficulty in swallowingsls of weight, prolonged
diarrhoea, low CD4 lymphocyte counts, high inciceen€Salmonella bacteraemia
andSalmonella septicaemia (Bick, 2004). HIV/AIDS patients are @ath?0 times
more prone t&almonella infection and about a 100 times more prone to baeteia
caused by salmonellae than patients with competentine systems (Fernandez
Guerreroet al., 1997). Studies also show that about 25% of HIVitp@spatients
with salmonellosis suffer from focal infections (Randez Guerreret al., 1997).
Salmonellosis may be difficult to diagnose in HiMdcted patients, however if they
are diagnosed and treated during the early stédgegmoonella infection, this may
improve their lives considerably (Bick, 200&a monella infections are more likely
to relapse in HIV/AIDS patients after receivingatment (Bick, 2004). Recurrent
salmonellosiss regarded as an AIDS-defining illness (CDC, 19%)dies show
that salmonellosis in HIV-positive patients is asated with high morbidity and

mortality rates (Fernandez Guerretal., 1997).
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According to statistical studies there were ab@uirdlion people worldwide that
were living with HIV/AIDS at the end of 2007, of wah there were two million
people that died in 2007. Twenty-two million peoliéng with HIV/AIDS were
from sub-Saharan Africa which represented the ntgj(87%) of HIV/AIDS
patients, worldwide (UNAIDS, 2008). Of the remamiHIV/AIDS patients, 15%
were living in Asia, 6% in North America, WestermdaCentral Europe, 5% in Latin
America, 5% in Eastern Europe and Central Asiajri®orth Africa and Middle

East, 0.7% in Caribbean and 2.0% in Oceania (UNAIIBS8).

In North America, about 30% to 70% of HIV-positipatients suffer from diarrhoeal
diseases (Magt al., 1993). An Asian study carried out in the year 2690
Barraclough showed that musculoskeletal infectiartslV-infected patients caused
by salmonellae were commonly seen in Chinese jgaaits, but were not frequently
seen in people from Thailand where salmonellosit®mmon (Barraclough, 2000).
In Africa, about 90% of HIV/AIDS patients suffeofn diarrhoea caused by
salmonellae and other diarrhoeagenic enteropatiso@aiet al., 2007) AIDS
patients in sub-Saharan Africa infected with NT8tbeeaemia have a mortality rate of
35% to 60%. Of the HIV-positive patients who sueyi25% to 45% suffer from
recurrent NTS bacteraemia about one to six morftasthe first non-typhoidal
infection (Kankwatiraet al., 2004; Obiet al., 2007). In Blantyre, Malawi, recurrent
salmonellosis and bacteraemia caused by NTS is comimHIV-infected adults and
accountable for a high death rate seen amongst mdiwduals (Gordoret al.,

2002). In Kenya, a study carried out by Giéksl., (1990)showed that 11% of HIV-
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infected patients suffered from hospital acquirgdh®nellosis an@almonella

bacteraemia.

The burden of HIV disease in South Africa is higeihbrey, 2008). In South Africa
in 1998 through to 1999, multidrug-resist&tmonella Typhimurium DT104
strains, isolated from HIV-positive patients frohetChris Hani Baragwanath
Hospital in the Gauteng Province (one of the nir@vipces in South Africa) were
investigated and reported in 2000 by Crewe-Browsh @oileagues (Crewe-Browet
al., 2000). Annual reports for the years 2006 and 20@wsd that approximately
1.42 million people in the Gauteng Province of BoMitrica were infected with HIV

(ASSA, 2008).

Studies show thealmonella infections in HIV/AIDS patients are particularlyghi in
developing countries such as South Africa espguiale to limited potable water and
poor sanitation in rural areas (Gdbial., 2007). HIV-positive patients living under
these adverse conditions may be faced with a nuofig@edicaments. For example,
woman living with HIV/AIDS may deny their infant gtren breast milk as a
measure taken to prevent mother-to-child transimssf HIV and they may
alternatively resort to using untreated water comated with salmonellae for the
preparation of food for their children. This maysequently lead to high morbidity
and mortality rates among these children as atreStheir immature immunity (Obi

et al., 2007; Dunnet al., 2001).
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In addition, many people living in the developir@uatries may not publicize the
death of their family members or friends out ofrfead shame of being discriminated
and rejected by society (Engelbrecht, 1998). Thay nonsequently resort to secret
and inappropriate burying of corpses at or neaemsipply points and as a result
salmonelladrom dead bodies may permeate into water resoumcesasing the risk

of Salmonella infection to the whole community (O#i al., 2007)

1.12 Nosocomial Salmonellosis

One of the contributing factors to human-to-hunrangmission is nosocomial
infections. This is a secondary infection that tigues acquires after being admitted to
a long-term medical care facility such as a hospita nursing home etc. (Olsen
al., 2001; Edelsteirt al., 2004). Nosocomial outbreaks caused by salmoneléae w
common worldwide during the 1970’s, however after implementation of control
measures, nosocomial outbreaks have been less aomrdeveloped countries. In
the last ten years however, there has been aniataimtrease of nosocomial
outbreaks (Edelsteigt al., 2004) reported in Russia and Belarus in the 1980
1994 through to 2003 (Edelstasnal., 2004), the USA in 1996 to 1998 (Caratetli
al., 2002), Italy in 1998 to 2000 (Mammimhal., 2002), Spain in 1999 to 2000
(Navarroet al., 2001) and Romania in 2002 (Miriagetal., 2002). Reports showed
that nosocomial infections accounted for 10% to 3%l Salmonella cases in the
USA (Blacket al., 2004). According to the National Nosocomial Irtfecs
Surveillance (NNIS) System Report for January 1888ugh to June 2004, most of

the nosocomial infections reported in the USA ooadiin major teaching hospitals
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particularly in surgical, medical and paediatriteimsive care units (NNIS, 2004).
Nosocomial outbreaks due to salmonelia® common in developing countries such
as Brazil (Olsert al., 2001), India (Olsert al., 2001), Tanzania (Vaaglametal.,

2004) and South Africa (Kruget al., 2004).

Most common causes of nosocomial infections aretalaiérect or indirect contact
with Salmonella infected patients, hospital personnel, contaminhtegpital
environments and consumption of contaminated madicar food (Blacket al.,
2004). Nosocomial infections are most severe ireex¢ly young patients, patients
receiving multiple antibiotic treatments, immunogoomised patients and patients

in burn units (Riggle and Kumamato, 2000; Hane§320

Studies show that nosocomial outbreaks causedlimprallaeare common in
extremely young patients receiving parenteral tiatrias well as patients with
central intravascular catheters (Cartolahal., 2003). Statistical analysis shows that
approximately 50% of all nosocomial outbreaks thatur in the USA are due to
nosocomial infections that occur at paediatric \sgilacket al., 2004). Cartolanet
al., (2003)described person-to-person transmissiofatrinonella Brandenburdgrom

an infected family member to a newborn baby in spital in France.

In a hospital setting, antibiotic resistance igédy due to the misuse of antibiotics

which exert selective pressure on resistance maatllag(Olsenet al., 2001).
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Nosocomial outbreaks caused by salmonetideussia and Belarus in 1994 to 2003
were due to cefotaxime-resisté@al monella Typhimurium isolates (Edelsteet al.,
2004). Another nosocomial outbreak in young pasievds caused by CTX-M-14-
type extended-spectrufalactamase (ESBL) producing strainsSénterica serotype
London Galmonella London) was reported by Yorgyal., (2005). Olseret al .,
(2001)described in their study the first nosocomial oeglhrof fluoroquinolone
resistant salmonellae isolated from 11 elderlyguasi in Oregon in the USA. In 2006,
Wadula and colleagues (Wadazal.,2006) described a nosocomaaltbreak caused
by S enterica serotype IsangiSalmonella Isangi) producing ESBL in a tertiary
hospital in Gauteng, South Africa. A later studyrieal out in 2008, showed a
nosocomial outbreak caused by ESBL producing sadttemnin Durban, South

Africa (Govindenet al., 2008).

1.13 Salmonella enterica subspecies enterica serotype Typhimurium

Salmonella Typhimurium is a predominant serotype isolated flwosth humans and
animals (Casimt al., 1999; Limet al., 2003, Palmgrest al., 2006, Sheehan and van
Oort, 2006). Studies show that apart fr8ahmonella Typhimurium causing a
significantly high number of infections in both hans and animals worldwide, it
raises a cause of concern because it shows thedtigrevalence of antibiotic
resistance compared to ottsafmonella serotypes (Casia al., 1999). Multidrug-
resistanSalmonella Typhimurium DT104 was first isolated in 1984 fréramans
living in the UK (Ribotet al., 2002). Studies show th&lmonela Typhimurium

DT104 is a global concern as it is an emergentidrulj-resistangalmonella phage
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typein Canada, in the USA and in many European counsiigce the 1990’s
(Baggesert al, 2000; Hanes, 2003). Research shows that salnosisetiaused by
multidrug-resistanSalmonella Typhimurium correlates with a high patient admissio
rate to medical care facilities and high patienttaldy rates (Boyckt al., 2001).
Numerous reports have been documente&dbmonella Typhimurium isolates
recovered from humans living in North America, Gahfmerica and European
countries, however very little data exists for harSalmonella Typhimurium isolates

recovered from developing countries such as SofrilbaA

1.14

1.14.1 Global Scale

Europe

Belgium

Studies show th&@almonella Typhimurium DT104 caused a major outbreak of
Salmonella infection in Belgian livestock in 1998 (Baggestal., 2000).
Denmark

Salmonella Typhimurium together witlsalmonella Enteritidis represents more than
50% of most commonly isolated serotypes in Dennjadkpdahlet al., 2005). A
study performed in Denmark in 1998 showed that ichwig-resistangal monella
Typhimurium DT104 causesalmonella infection in pig herds (Baggessetral.,

2000).
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France

In 1993 to 1994 and in 1998 to 20@3]monella Typhimurium accounted for the
second most frequently isolat&dlmonella serotype, however during the time period
of 1995 to 199%almonella Typhimurium was the first most commonly isolated
serotype in France (Wett al., 2006).

Germany

Salmonella Typhimurium DT104 was isolated from humans in Geryia 1997
(Baggeseret al., 2000).

Greece

A study performed by Markogiannalasal., (2000) showed that since 1991 through
to 1996,Salmonella Typhimurium DT104 was commonly isolated from chicke
humans, pigs and pigeons.

Italy

Multidrug-resistanSalmonella Typhimurium DT104 was a major cause for human
salmonellosis in 1998 in Sardinia, Italy (Baggesiea ., 2000; Weillet al., 2006).
Ireland

An annual report of the Nationghlmonella Reference Laboratory of Ireland for
2006 (NSRL Report 2006) showed tisatmonella Typhimurium represented 23% of
all the NTS cases.

Netherlands

Hendrikseret al., (2004) described in their study nonfoodborne anitodiuman
transmission of salmonellaBalmonella Typhimurium DT104A variant was

transmitted to a pig, a calf and a child livingafarm.
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United Kingdom (UK)

Salmonella Typhimurium DT104 was first isolated from humangrig in the UK in
1984 (Ribotet al., 2002).

Sweden

Palmgreret al., (2006) compared the genetic relatedness betsaemonella
Typhimurium isolates recovered from gulls with te@lmonella Typhimurium
isolates recovered from humans and domestic animiésresults from their study
suggested that guialmonella Typhimurium isolates were genetically similar to
human and domestic aninfadlmonella Typhimurium isolates and further theorized
that gulls may play a role in spreadifgmonella Typhimurium to humans and

domestic animals in Sweden.

North America and Central America

Canada

Multidrug-resistanSalmonella Typhimurium DT104 was isolated from poultry in
Canada in 1996 (Baggeseral., 2000).

United States of America (USA)

Multidrug-resistanGalmonella Typhimurium DT104 was first isolated in 1985 from
humans living in the USA, a year aftewiais first recovered from humans living in
the UK (Ribotet al., 2002). It is hypothesized th&lmonella Typhimurium DT104
was first introduced into the human population tigio an animal source (Ribettal.,
2002). During 1985 to 199%8almonella Typhimurium ranked the most frequently

isolated serotype in the USA (Rabatsky-Etal., 2004). Multidrug-resistant
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Salmonella Typhimurium represented less than 1% of human sadflasis in 1980
and represented greater than 35% in 1996 (Rabé&iskgtal., 2004). In 2003
through to 2005Salmonella Typhimurium showed an incidence of 51% in the USA

(Boppet al., 1999).

Asia

India

Saheet al., (2001) studied nosocomial isolates recovered frbitdien who suffered
from diarrhoeal diseases in Culcatta, India, dutireggtime period of August 1993 to
September 1996. Results showed that out of appaigign1000 children who
suffered from diarrhoea, 16% (157/1000) of the sagere caused by four differeft
enterica serotypes. Of thesaalmonella Typhimurium accounted for the majority
(70%; 110/157) of all th&lmonella serotypes.

Israel

Studies show that multidrug-resist&atmonella Typhimurium DT104 was a cause

of human salmonellosis in Israel (Baggesea., 2000).

Africa

Kenya

Invasive multidrug-resistar@almonella Typhimurium was isolated from blood
specimens taken from children aged less than sgxamns in Nairobi, Kenya during a
time period of 2002 through to 2004 (Karikial., 2006).Salmonella Typhimurium

represented the majority (55%; 106/193) of allNiES isolates isolated from these
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children. In addition, studies showed t&atmonella Typhimurium is a common
cause of bacteraemia in children living in Kenyai(kiki et al., 2006).

Rwanda

In 1990, multidrug-resistar@almonella Typhimurium was responsible for a severe
outbreak which occurred among 246 young patientsdiin Rwanda. Eleven percent
(26/246) of these patients had metastatic focakiidns, of which 46% (12/26) had
meningitis caused b§almonella Typhimurium (Lepaget al., 1990).

Zaire

In 1997 in Zaire, Cheesbroughal., (1997) reported that invasiBalmonella

Typhimurium was responsible for an outbreak in fivéhe 120 children.

1.14.2 South Africa

In South Africa in 1998 to 1999, multidrug-residt&almonella Typhimurium
DT104 isolated from HIV-positive patients from t@aris Hani Baragwanath
Hospital in the Gauteng Province were investigated reported in 2000 by Crewe-
Brown and colleagues (Crewe-Browtal., 2000). Swe Swet al., (2006) reported a
case of meningitis caused Bgimonella Typhimurium in an adult patient living with
AIDS. Govindenret al., (2008) reported a nosocomial outbreak among paediat
patients caused [Balmonella species at a tertiary hospital in Durban, Southcafr
Seventeen of the 43almonella serotypes isolated from these patients were
Salmonella Typhimurium. Data recorded in the Group for EnteRespiratory and
Meningeal Surveillance in South Africa (GERMS-SAillance database ‘Epi

Info software’ (version 6.04d, CDC, Atlanta, USAY the years 2003 to 2005
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showed that a total of 79 B&lmonella isolates were received at the Enteric Diseases
Reference Unit (EDRU), of which 28% (2270/7974) eveerotypeddalmonella

Typhimurium (Keddy, unpublished work).
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[ Family: Enterobacteriaceae ]

[ Genus:Slmonella ]
[ Salmonella enterica ] [ Salmonella bongori (V) ]
4 N\

Salmonella enterica subspeciesnterica (1)

- J

4 N
Salmonella enterica subspeciesalamae (11)

- J

4 N
Salmonella enterica subspeciearizonae (I11a)

- J

4 N
Salmonella enterica subspeciediarizonae (111b)

- J

4 N
Salmonella enterica subspecieboutenae (1V)

- J

4 N
Salmonella enterica subspeciemdica (V1)

Figure 1.1 Salmonella nomenclature

(Brenneret al., 2000)
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Table 1.1 Biochemical reactivity ofalmonella

Biochemical tests foalmonella species

Test or substrate Reactivity
Glucose +vé
OoDC +ve
LDC +veP
Dulcite +ve'
H.S +ve
Motility test +ve®
Indole test -ve
Sucrose -ve
Mannitol +ve'

& +ve, 100% positive

®+ve , 98% or more positive
°+ve , 97% or more positive
d+ve , 96% or more positive
®+ve , 95% or more positive

(Murrayet al., 1999)
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1.15 Aims and objectives of the study

The aim of the research presented in this dissemtatas to describe the
characterization of invasive human isolateSafnonella Typhimurium in Gauteng,
South Africa, 2006 through to 2008 and the charaetton of salmonellassolated
from chickens in Gauteng, South Africa, 2007 thtotm2008.The objectives were
asfollows:

* To investigate strain relatedness and cluster foomaf invasive human
Salmonella Typhimurium isolates using the technique of PFG&sis with
restriction enzymebal.

* To employ MLVA as a second genotypic method tohfertanalyze
representative isolates of invasive hunsalmonella Typhimurium isolates.

* To enhance our understanding of the nosocomiat@atital monella
Typhimurium in Gauteng.

» To characterize chicken isolates isolated fromlamcmeat.

* To investigate strain relatedness and cluster foamaf humarSalmonella
isolates with chicke®almonellaisolates by PFGE analysis incorporating
restriction enzymeXbal andNotl.

* To employ MLVA as a second technique to furtherygs®representative

human and chickeBalmonella Typhimurium isolates.
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CHAPTER 2

Molecular epidemiology of invasive isolates of Salmonella enterica serotype
Typhimurium in Gauteng, South Africa, 2006-2008

2.1 Introduction

Salmonella®n a global scale aresponsible for foodborne enteric infections in
humans and animals (Bogpal., 1999).Salmonella Typhimurium is among the most
commonSalmonella serotypes causingalmonella infections, internationally (Linet
al., 2003; Weillet al., 2006). Since 1984almonella Typhimurium DT104 was
frequently isolated from humans and animals arldcstitinues to pose a global
health concern (Kariulat al., 2006; Lepaget al., 1990; Baggese# al., 2000). In
Europe in 1998 to 200&almonella Typhimurium was the second most common
serotype of all the other NTS serotypes responstslenost of the nosocomial
outbreaks (Edelsteiet al., 2004; Weillet al., 2006). Studies have also shown that
Salmonella Typhimurium is a&common NTS serotype responsible for severe

infections in HIV/AIDS patients (Olst al., 2007; Crewe-Browset al., 2000).

Very little epidemiological data exists f8almonella Typhimurium isolates
recovered from human patients who suffered fronooosiial acquire@almonella
infections and fronsalmonella infected HIV-positive patients in South Africa

(Crewe-Browret al., 2000; Govinderet al., 2008; Swe Swet al., 2006).
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The aim of the current study was to clarify:

* The molecular epidemiology &lmonella Typhimurium isolategn Gauteng,
South Africa, for the years 2006 through to May &0ty using PFGE
analysis and MLVA.

* To enhance our understanding of the nosocomial@afithese organisms.

* To better understand the presentation and outcdidé/epositive patients
(living in Gauteng) infected witBalmonella Typhimurium.

* To identify epidemiological clusters that may asgighe interventions to

stop further spread of disease.
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2.2 Methods

2.2.1 Case definition

The Group for Enteric, Respiratory and Meningealdase Surveillance in South
Africa (GERMS-SA) is a national laboratory-basedvsillance system which
monitors bacterial and fungal diseases. This pragsacoordinated by staff members
who are based at the National Institute of Commabiiee Diseases (NICD), a branch
of the National Health Laboratory Services (NHLE)hannesburg. EDRU is a part
of the GERMS-SA. As a part of routine surveillanggmonella isolates are sent
from national participating laboratories in Soutfiiéa to the EDRU of the NICD for
further phenotypic and genotypic characterizatibBabmonella isolates.Salmonella
Typhimurium isolates from all normally sterile bosiyes in human patients were

included.

Ethical clearance was obtained through the Humae&eh Ethics Committee

(Medical), Wits University, Johannesburg (Protocoinber M060449).

2.2.2 Enhanced surveillance

Surveillance officers are appointed to the fouraerded sites in Gauteng, South
Africa (Govendeet al., 2006). Surveillance officers complete basic patient
information by interviewing patients or reviewingtg@nt records. Information is
recorded in the GERMS-SA surveillance database Iifpisoftware’ (version 6.04d,

CDC, Atlanta, USA) (Keddy, unpublished work).
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2.2.3 Selection of isolatesfor analysis

Analysis of isolates was restricted to the Gauterayince in South Africa from
January 2006 through to May 2008. A total of 3%A0nonella isolates that were
isolated from human patients was received at thREDpf which 36% (1194/3310)
were serotype&almonella Typhimurium. Of the 1194 isolates, 840 (70%) were
invasiveSalmonella Typhimurium isolates, accounting for 25% (840/33a0Dall
Salmonella isolates. In the current study, all invasive isedatvere analysed. The
isolates were stored at -75°C in a tryptic soytreith 10% (vol/vol) glycerol

(Diagnostic Media Products (DMP), Sandringham, Bd\ftica).

2.2.4 Bacterial identification and phenotypic characterization

Bacterial isolates were identified using standaicrafiological techniques (See
section 1.5 of chapter 1). Specific anti-sera €itsitSerum Institut, Copenhagen,
Denmark; Remel Europe Ltd, Dartford, Kent, UK; @idMérieux, Marcy-I'Etoile,
France) were used to serotyg@monella Typhimurium isolates (Appendix A). This

was performed according to the Kauffman-White salem
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2.2.5 Antimicrobial susceptibility testing

Antibiotic susceptibility was determined using Ese@B Biodisk, Solna, Sweden)
according to the breakpoint guidelines as publishete Clinical and Laboratory
Standards Institute’s protocol (Appendix Bgable 2.1). The following antibiotics
were tested: chloramphenicol (C), streptomycin {&jacycline (T), nalidixic acid
(Na), ciprofloxacin (CI), cotrimoxazole (TS), tritm@prim (TR), sulfamethoxazole
(Su), kanamycin (KM), ampicillin (A), augmentin (XLimipenem (IP), ceftriaxone
(TX), cefepime (PM) and ceftazidime (TZ). For thegent study, we particularly
focused on the following six antibiotics: ampigillfA), chloramphenicol (C),

streptomycin (S), sulfamethoxazole (Su), tetracye(iT) and nalidixic acid (Na).

2.2.6 Nosocomial isolates

For the purpose of the current study, patients ueketified as having acquired a
nosocomial infection according to the followingteria: Salmonellosis was not
detected on the patient’s admission to hospitalthatithe specimen (confirming
salmonellosis) was taken from the patient after twmore days following hospital

admission.

2.2.7 Incomplete patient data

Patient data corresponding to patients and paseldtes were received from

microbiological laboratories in Gauteng. Patienhdgraphic information such as

62



HIV status and age etc. may have been incompleteofoe patients due to undefined
reasons. Incomplete patient information was preseas unknown values in table 2.3
and table 2.4. Missing information may have skevesailts and for that reason may
have been a drawback to the current study. Howgatient data were complete for

patients from enhanced sites.

2.2.8 Pulsed-field gel electrophoresis (PFGE) analysis of isolates

PFGE analysis was performed on isolates as prdyidescribed (Riboét al., 2006).
The specimemvas inoculated on a 5% blood agar plate (DMP) andhbated at 37°C
overnight. Bacterial cells were collected from bheod agar plate and were
resuspended into 800 pl of cell suspension buppéndix C). The cell
concentration of the bacterial suspension was medsising a turbidity meter (Dade
Behring, Randjesfontein) and turbidity readingsenvadjusted to approximately 0.70.
Two hundred microlitres of the bacterial suspenswas then transferred to another
tube to which 2Qul of proteinase-K (Roche Diagnostics GmbH, Mammhe
Germany) (Appendix C), 28 ul of 10% SDS (Appendpa@d 275 pl of 1% agarose
(SeaKenf Gold Agarose, Rockland, USA) (Appendix C) were atidéhe mixture
(300 pl) was pipetted into moulds (Bio-Rad Laborats California, USA) and
allowed to solidify for ten minutes. To lyse badécells, agarose plugs containing
genomic DNA were incubated in a shaking water bafd at 55°C, in 50 ml tubes
containing cell lysis buffer (Appendix CJhis step was performed to release
genomic DNA. Following the lysis step, the plugsevevashed once with 15 ml of

deionized water for 15 minutes and then washeébfartimes with 15 ml of Tris-
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EDTA (TE) buffer for 15 minutes each (Appendix. Bacterial DNA was digested
by placing a slice of the agarose plug into a 16€ojution containing 30 units of
restriction enzymexbal (Roche Diagnostics GmbH). Thereafter the slicesenwput
on a comb and set in a 1% agarose gel (Se&kaoid Agarose) (Appendix C).
Electrophoresis was performed using the CHEF-DRtephoresis systems (Bio-
Rad Laboratories Inc.) in 0.5x Tris-borate EDTA @)Bouffer (Appendix C). The
following run parameters were used: A voltage oblis, at a run temperature of
14°C, a run time of 21 hours, an initial switch ¢immf 2.2 seconds and a final switch
time of 63.8 seconds. These patterns were themahzed by the UV illumination
after staining the agarose gels with ethidium bden{Appendix C). Fingerprint
patterns were analysed using the BioNumerics® (@ers.1) software (Applied
Maths, Sint-Martens-Latem, Belgium). Patterns weyanalized against the
reference patter. enterica serotype Braenderup (strain H9812). Dendrograme we
produced by using the unweighted pair group methitid arithmetic means.
Analysis of the band patterns was performed witle-aioefficient at an optimization
setting and position tolerance setting of 0.5% h5&6, respectively. For the purpose
of the current study three or more isolates wistnailarity value 0£90% was
defined as a PFGE cluster. The clusters were nwedlder2, 3, etc. for referral
purposes (Please see figure 2.1 which shows anpg&arha typical dendrogram of
PFGE patterns). Figure 2.1 shows isolates represgthiree clusters (1, 2 and 3)
however the remaining isolates did not belong wausters due to the criteria

described above.
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2.2.9 Preparation of crude bacteria DNA
Bacterial cells were suspended in 400 ul of TEdaufAppendix Cland boiled at
95°C for 25 minutesThereafter the bacterial suspension was centiifag&500 rpm

for three minutes. The supernatant was used djrecthe PCR reactions.

2.2.10 Multiple-locus variable-number tandem-repeats analysis (MLVA)

MLVA was based on five VNTR gene loci (STTR3, STTRITR6, STTR9 and
STTR10pl) as previously described by Lindstetcl., (2004). The PCR primers
used to amplify VNTR loci are seen in table 2.2e Torward primer for each locus
was labelled with a distinctive fluorescent dyed@sn, Venlo, Netherlands). The
Qiagen PCR multiplex kit (Qiagen) was used to rplétt these five primer pairs into
two solutions. Solution one was made up as folld2s5 pl of PCR master mix, 9.5
pl of RNAnase free water, 2.5 pl of primer mix wiimomprised of 10 pmol each of
the STTR3 and STTR6 primer pairs and 0.5 pl of eroacterial DNA, all of which
made up a total volume of 25 ul. For solution téne same volume of PCR master
mix, RNAnase free water, crude bacterial DNA anichpr mix were added, except
the primer mix comprised of 10 pmol each of the BBTSTTR9 and STTR10pl
primer pairs. PCR was performed using the Bio-Rlaeérhal i-Cyler (Bio-Rad
Laboratories Inc.). The PCR run conditions werélsws: 95°C for 15 minutes; 25
cycles of 94°C for 30 seconds, 63°C for 90 secamis72°C for 90 seconds; and a
hold at 72°C for ten minutes. The two resultant P¥ORitions were pooled as
follows: 10 ul of solution one + 2.5 pl of solutibmo. This pooled mixture was then

diluted 1:7 in deionised water. One microlitre lostdiluted mixture was then mixed
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with 1 pl of GeneScan600 LIZ® size standard (Applied Biosystems, Foster city,
USA) and 12 ul of Hi-Di' formamide (Applied Biosystems). This 14 pl mixtuwas
then incubated at 95°C for three minutes and comledom temperature before
being subjected to capillary electrophoresis usimg\pplied Biosystems 3130
Genetic Analyzer. Electrophoresis was performedugh POP-7 polymer (Applied
Biosystems) with an injection voltage of 15 kV fire seconds at a temperature of
60°C. Raw data were captured and analyzed using/@appef (version 4.0)
software (Applied Biosystems). VNTR locus was idged by its distinctive colour
(fluorescence) and the gene product was sized ilmpadson to the internal size
standard. Data (fragment lengths) were then eniatedBioNumeric§ v5.1

(Applied Maths). Dendrograms were produced by uiuaglidian distance and Ward
algorithm. Isolates were considered identical &thvere identical at all loci. Isolates
were considered closely related if they were polgphi at only one locus. Isolates

were considered unrelated if they were polymorplitwvo or more loci.

2.2.11 Statistical analysis

In addition to descriptive analysis, univariateistig regression was performed to
determine which individual explanatory variablegevsignificantly associated with
the outcome variables — HIV status and nosocomfattions — by calculation of

unadjusted odds ratios and 95% confidence intervals
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2.3 Results and Discussion

2.3.1 PFGE analysisand clusters of isolates

PFGE analysis was performed on 840 invasive husaAnonella Typhimurium
isolates collected from different referral hospstal the Gauteng Province in South
Africa from January 2006 through to May 2008. Gf 840 invasive human isolates,
80% (671/840) of the isolates could be grouped dingtinctive clusters. For the
remainder of this chapter, presentation and disonss data was focused on these
671 isolates. These data are summarized in taBlé-@r January 2006 through to
May 2008, a total of 38 clusters (1 to 38) werentded amongst these 671 isolates.
The smallest cluster was represented by threetésodand the largest cluster was
represented by 160 isolates. Of the 38 clustergtiitk, three clusters (3, 5 and 11)
were primary clusters represented by 116 (17%),(28%) and 116 (17%) isolates,
respectively. Three secondary clusters (7, 10 &)dv2re categorized into the isolate
number range of 29 (4%) to 43 (6%) of 671. Smathhars of isolates {12

isolates) made up the remaining 32 clusters.

2.3.2 Hospital of origin

Human isolates were sourced fromtfispitals in the Gauteng Province. Seven
hospitals accounted for 92% (616/671) of all issda(fTable 2.3). Most isolates (48%;
324/671) originated from Hospital 2, a major pulalie teaching hospital located in
Gauteng (van de Heever, 2008). For three hoslHlsH2 and H49) (14%; 3/21),
some evidence was found for nosocomial acquisafasolates, of which Hospital 2

accounted for most nosocomial isolates. Researglsiimwvn thagalmonella
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infections are more common in a hospital environnakesie to overcrowding of
patients and insufficient medical staff (Bouallegbedetet al., 2003). In addition,
Salmonella infections in hospitals are usually associated withuse of contaminated
medical equipment and the consumption of contarmathateals served at hospitals.
Food may be contaminated as a result of poor hggieghe and inadequate cooking
of meals by kitchen staff (Bouallégue-Goeedl., 2003). The above mentioned
examples may account for possible routes by whiehmajority of the clusters could
have circulated in Hospital 2. Cluster 5 was a preihant cluster (24%; 160/671) in
all 21 hospitals in Gauteng from January 2006 ty 208 and was thus responsible

for most of the infections caused 8glmonella Typhimurium during these years.

2.3.3 Age-range of patients

Most of the isolates (56%; 376/671) came from pasidetween 15 and 64 years of
age (Table 2.3). Surveillance studies performe8aath Africa for the years 2006
and 2007 have also shown that salmonellae are fremyeently isolated from patients
in this age-range (Govenderal., 2006; Govendeet al., 2007). Furthermore, the
majority (61%; 229/376) of the isolates from patseim this age-range were
represented in clusters 3 (20%), 5 (24%) and 1%j1Twenty-nine percent
(195/671) of the isolates came from patients agad years and younger (Table 2.3).
Young patients have an immature immune system anchare prone t&lmonella
infections and hence this finding is not unexpec¢@@senret al., 2005; Ikumapayet
al., 2007). The majority (58%; 113/195) of the isoldtesn this young age-range

were represented in clusters 3 (10%), 5 (24%) dn@4%). Of the 671 isolates, only
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three isolates were recovered from patients ageaéfs and older (Table 2.3). Older
patients are usually more predisposed to acqusahgonellosis as a secondary
infection as a result of their weakened immunitgifes, 2003). Conversely, the
results in the current study suggest that salmosislin elderly patients in Gauteng
for 2006 to 2008 occurred relatively less frequenthese results could possibly be
accounted for by the underreportingSafmonella cases in older patients due to
numerous undefined reasons (Hanes, 2003) or ovéniigesalmonellosis identified
in patients of other age-ranges (less than 65 ydaesto the high burden of HIV
infection in these age-ranges (Cheesbraaigt., 1997; Kuppermann, 1999;

Kankwatiraet al., 2004; Ikumapayet al., 2007).

2.3.4HIV disease

In the current study, the HIV status of patientswaly known for 41% (277/671) of
the patients, of which 92% (256/277) were HIV-pesit{(Table 2.3). Patients in the
15-64 year age-range were 12.3 times more likebetsllV-positive than patients in
the 0-4 age-range (P<0.001; 95% CI [3.4-43.8]). iTlagority (61%; 156/256) of the
isolates from HIV-positive patients fell in the stars 3 (21%), 5 (27%) and 11
(14%). HIV is a life-threatening epidemic in Soutfrica and accounts for up to
1000 deaths of AIDS patients, daily (Pembrey, 2088&tistical reports have shown
that in South Africa at the end of 2007, approxehab.7 million people were living
with HIV (Pembrey, 2008). HIV destroys the immum#i€in the gut and predisposes
HIV-positive patients to NTSnfection is 20 times more likely compared to

immunocompetent patients (Hanes, 2003; Fernanderr&uoet al., 1997). Despite
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the unknown HIV status for 59% (394/671) of theigrats in the current study, the
results still suggests th&lmonella Typhimurium may be responsible for extensive
co-morbidity suffered by HIV-positive patients Ing in the Gauteng Province of

South Africa.

2.3.5 Antibiotic resistance profiles

Antibiotic resistance profiles @almonella isolates are shown in Table 2.3. The most
commonly expressed antibiotic resistance profifasaates from all the PFGE
clusters were: ACSSuTNa (12%; 82/671) and ACSSUIS&s( 90/671). Previous
studies have shown that the penta-resistant ACP&ti&rn is frequently reported in
Salmonella Typhimurium strains isolated in the UK, France &lafth America
(Casinet al., 1999;Helmset al., 2005). An increase in resistance to the quinolone
class of antimicrobials (nalidixic acid) in additito the penta-resistant pattern has
also been documented in an international survefppeed on representative isolates
of Salmonella Typhimurium for the years 1992 to 2001 (Helehsl., 2005). For the
current study, antibiotic resistance in the primelosters (3, 5 and 11) are as follows:
For cluster 3, 91% (105/116) of the isolates wergstant to three or more
antibiotics. The most distinguishing features far tajority of the isolates in cluster
3 were that they expressed the following multidragistant patterns: ACSSuTNa
(18%), ACSuTNa (10%), ASSuTNa (9%), ASSuT (15%)uNE (9%) and ASu

(9%). For cluster 5, 91% (145/160) of the isolatese resistant to three or more
antibiotics. The most common antibiotic resistapie#iles were ACSSuTNa (21%),

ACSSuNa (39%) and ACSSu (14%). In cluster 3 arttiémajority of the isolates
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were multidrug-resistant isolates and this suggéstistreatment given to patients
with Salmonella Typhimurium may be compromised resulting in longrerbidity
periods and possibly a higher death rate amongieints Cluster 11 (n=116)

included our largest group of antibiotic susceptisblates. Cluster 11 included 45
isolates showing susceptibility to all six antiliéstand 26 isolates showing resistance
to sulfamethoxazole only. In addition, 21 isolatgsresented in cluster 11 expressed
the resistance profile, SuT. For this cluster ofdtes, the treatment given to patients

may be uncomplicated and morbidity may possibljelss severe.

2.3.6 Nosocomial isolates

Of the 671 isolates, only 383 had data which altbwe to draw conclusions as to
possible nosocomial acquisition of the isolateti@se 383 isolates, 35 (9%) were
identified as nosocomial isolates: these isolat#srfto 12 clusters (Table 2.4).
Ninety-four percent (33/35) of the nosocomial ise¢awere recovered from patients
with a known HIV status, of which the most distimetfeature was that the majority
of the isolates came from HIV-positive patientsy@B2/33) and from patients in the
age-range of 15 to 64 years (66%; 23/35). All tbeatomial isolates were sourced
from only three hospitals (H1, H2 and H49), withigats from Hospital 49 being
18.8 times more likely than patients in Hospitab have nosocomial infections
(P<0.004; 95% CI [2.7-129.7]) and 4.8 times madkellf than patients in Hospital 2
to have nosocomial infections (P<0.02; 95% CI [1929]). In addition, patients from
Hospital 2 were 3.9 times more likely than patidmsn Hospital 1 to have

nosocomial infections (P<0.1; 95% CI [0.9-17.0]hdgital 2 accounted for the

71



majority (83%; 29/35) of the nosocomial isolatégge isolates belonged to multiple
clusters. Isolates in cluster 3 were 6.2 times rnikedy than those in cluster 5 to be
nosocomial. P<0.001; 95% CI [2.3-16.8] and 8.1 smwre likely than those in
cluster 11 to be nosocomial. P<0.003; 95% CI [2Z22B. Most of our 35 nosocomial
isolates were encompassed in clusters 3 (31%; 1&f855 (23%; 8/35). Further

discussion will be focussed only on these two elsst

Cluster 3

A total of 11 nosocomial isolates fell in clusteraB of which were isolated from
patients hospitalized at Hospital 2 (Table 2.4)spital 2 is a large academic hospital
which accommodates not only patients living in$herounding areas in the Gauteng
Province, but also serves as a referral hospitad targe part of South Africa and
neighbouring African countries (van de Heever, 200@st studies have shown that
nosocomial infections occurred most commonly whemd was an over population
of patients and relatively fewer health care woskdhere tends to be a reduction in
infection control practiced by health care profesals to comply with the demand of
seeing and treating an increased number of pat{Botgllégue-Godett al., 2003)
which could possibly account for the high numbena$ocomial isolates in Hospital
2. Infection in Hospital 2 could also have beenuaegl through direct contact
(person-to-person) or through contact with commamtaminated surfaces in the
hospital environment (Hanes, 2003). Eight of th€73P46) nosocomial isolates were
from patients aged 15 to 64 years (Table 2.4). @hnesults were similar to the

findings reported by Govendetral., (2006;2007). Nine of the ten (90%) nosocomial
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isolates which came from patients with a known Ktetus were HIV-positive.
These results support the observation of previtudiess, that immunocompromised
patients such as HIV-positive patients are moreeqithle to nosocomial infections
(Hanes, 2003). Ten of the 11 (91%) nosocomial isslavere resistant to three or
more antibiotics. The earliest isolate was soumdtebruary 2006 and the most
recent isolate was sourced in August 2007, suggge#tat this nosocomial cluster

has been circulating in Hospital 2 for at leastriénths.

Cluster 5

Eight nosocomial isolates fell within cluster 5 fl@2.4). Seven (88%) isolates were
from Hospital 2 and one (13%) isolate was receivech Hospital 49. All the isolates
were from patients who were HIV-positive as founather studies (Hanes, 2003).
Five (63%) of the isolates were from patients afedo 64 years, while three (38%)
of the isolates were from patients aged four yaatsyounger. All seven nosocomial
isolates from Hospital 2 were resistant to foummre antibiotics. Nosocomial
outbreaks caused by multidrug-resist@&imonella Typhimuriumare commonly
reported (Olsest al., 2001; Govinderet al., 2008). The earliest isolate was sourced
in January 2006 and the most recent isolate wasadun July 2007, suggesting that

this nosocomial cluster has been circulating inpttas 2 for at least 19 months.
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2.3.7 Evaluation of multiple-locus variable-number tandem-repeats analysis
(MLVA) for genotyping South African isolates of Salmonella Typhimurium
MLVA was performed as per the method describedibgdtedtet al., (2004). The
MLVA profile of an isolate constitutes a reporttbe size of five gene loci and is
reported in the following genetic order: STTR9-SBFRTTR6-STTR10pI-STTRS.
MLVA was performed on 21 isolates which all wererid to have a 100% identical
PFGE profile. MLVA separated these 21 isolates kitalistinct MLVA types (3, 15,
28, 29, 30, 31, 32, 33, 34, 35 and 36) (Figure. M®)st isolates (n=10) showed
MLVA type 3 (160-216-342-370-450). MLVA type 3 diffed to MLVA type 30
(160-216-356-370-450) at only one locus, so thek®Mtypes were very similar.
Isolates (n=2) showing MLVA type 30 were considet@the closely related to the
ten isolates showing MLVA type 3. A second exangileery similar MLVA types
were MLVA type 29 (160-216-328-325-450) and MLV Apty35 (160-216-314-325-
450), of which isolates showing these MLVA typegeveonsidered to be closely
related. Furthermore, this MLVA investigation h&a®wn that the STTR5, STTR6
and STTR 10pl loci, displayed high degrees of pagphisms for most isolates and
thus suggesting that these loci are the bestdodiifjh discriminative subtyping of
South Africanisolates ofSalmonella Typhimurium. Similar findings were reported
by Lindstedtet al., (2004) who showed that the same three loci (STTRY,R6 and
STTR10pl) were polymorphic in allele distributiaor imostSalmonella
Typhimurium isolates included in their study. Imsthurrent study, MLVA was able
to discriminateSalmonella Typhimurium isolates that have the same PFGE jesofil

Similar findings were shown in a study carried bytWitonski and colleagues
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(Witonski et al., 2006).Salmonella Typhimurium isolates recovered from human
patients showed identical PFGE patterns. When MMé&S performed on these
isolates, results showed that some of the isolaées distinguishable from one
another whereas other isolates had identical MLV#iles to each other (Witonski

et al., 2006).
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Table 2.1 Antibiotics tested and breakpoints of antibiotics

Antibiotic CLSP breakpoints

S R
Ampicillin <8 >32
Chloramphenicol <8 >16
Streptomycin 0 > 64
Sulfamethoxazole < 256 >512
Tetracycline <4 >8
Nalidixic acid <16 >32
%CLSI, 2005)
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Table 2.2 Primersselected for PCR

MLVA primer name

Dye sequences (5-3’)

STTR3-F 6FAM-CCCCCTAAGCCCGATAATGG
STTR3-R TGACGCCGTTGCTGAAGGTAATAA
STTRS-F VIC-ATGGCGAGGCGAGCAGCAGT
STTRS5-R GGTCAGGCCGAATAGCAGGAT
STTR6-F NED-TCGGGCATGCGTTGAAA
STTR6-R CTGGTGGGGAGAATGACTGG

STTRO-F 6FAM-AGAGGCGCTGCGATTGACGATA
STTR9-R CATTTTCCACAGCGGCAGTTTTTC
STTR10pl-F PET-CGGGCGCGGCTGGAGTATTTG
STTR10pl-R GAAGGGGCCGGGCAGAGACAGC

(Lindstedtet al., 2004)
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Table 2.3 Division of Salmonella Typhimurium isolates into PFGE clusters followgdfbrther subdivision by: hospital of
origin, age- range of patients, HIV status of ga8eand antibiotic resistance profile (actual nuralué isolates are shown)

PFGE cluster

3 5 7 10 11 20 Othef Total
(n=116) (n=160) (n=43) (n=34) (n=116) (n=29) (n=173) (n=671)
Hospital of H1 13 24 2 2 17 4 20 82
origin” H2 70 77 14 12 48 19 84 324
H17 8 23 11 7 17 3 30 99
H18 7 3 5 2 7 1 9 34
H30 2 5 0 6 8 0 8 29
H46 6 15 0 1 5 0 5 32
H49 1 2 7 2 3 0 1 16
Othef 9 11 4 2 11 2 16 55
Age-range of <4 years 20 47 12 8 46 13 49 195
patients 5-14 years 4 4 2 1 0 9 22
15-64 years 75 91 25 22 63 11 89 376
>65 years 0 1 0 0 3
unknown 17 17 2 26 75
HIV status of | +ve 53 68 14 9 35 10 67 256
patients -ve 4 1 2 0 5 1 8 21
unknown 59 91 27 25 76 18 98 394
Antibiotic ACSSUTNa 21 34 1 1 2 3 20 82
resistance ACSSUT 2 5 3 0 2 4 10 26
profile’ ACSSuNa 7 63 8 0 2 0 10 90
ACSuTNa 12 2 2 0 1 1 7 25
ACSSu 0 23 4 0 3 0 8 38
ACSNa 0 0 1 0 0 0 0 1
ACSUT 2 0 0 0 0 8 2 12
ACSuNa 2 3 0 0 0 0 0 5
ASSUTNa 11 0 2 0 0 1 2 16
ASSUT 17 3 2 2 0 2 5 31
ASSuNa 8 5 5 0 0 0 2 20
ASTNa 1 0 0 0 0 0 0 1
ACT 0 0 0 1 0 0 1 2
ASSu 2 2 2 1 0 1 6 14
ASUT 5 0 0 0 1 0 3 9
ASuTNa 4 0 1 0 0 0 3 8
ASuNa 11 5 1 1 0 0 9 27
SsuT 0 0 0 0 2 0 6 8
csuT 0 0 0 0 0 0 1
ASu 11 3 4 1 0 2 12 33
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AT 0 1 0 0 0 0 0 1
CSu 0 0 0 0 0 0 1 1
SSu 0 0 0 0 0 0 1 1
SuT 0 1 1 5 21 0 10 38
SuNa 0 0 1 0 0 0 2 3
Su 0 3 2 10 26 3 21 65
TNa 0 1 0 0 0 0 0 1
A 0 1 0 0 0 0 1 2

0 0 0 1 0 0 0 1
T 0 1 0 1 8 1 4 15
Na 0 0 0 0 2 0 3 5
susceptible 0 3 3 10 45 4 24 89

2These represent the remaining 32 clusters

®H1, Hospital 1; H2, Hospital 2; H17, Hospital 1718 Hospital 18; H30, Hospital 30; H46, Hospita| &89,
Hospital 49

“These represent the remaining 14 hospitals

4A, Ampicillin; C, Chloramphenicol; S, Streptomyciu, Sulfamethoxazole, T, Tetracycline; Na, Naliclcid;

susceptible, susceptible to all 6 of the former tioeed antibiotics
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Table 2.4 Attributes of nosocomial isolates 8ilmonella Typhimurium

Isolate PFGE cluster| Hospital of Month/year of isolation Antibiotic resistance piefi Age-range of HIV Status of
number origin® patients patients
(years)
N600 3 H2 February 2006 ASSuTNa 5-14 -ve
N637 3 H2 February 2006 ASSuT <4 +ve
N503 3 H2 April 2006 ACSuTNa 15-64 +ve
N282 3 H2 May 2006 ACSSuTNa 15-64 +ve
N283 3 H2 May 2006 ACSSuTNa 15-64 +ve
N312 3 H2 May 2006 ASSuT 15-64 +ve
NO093 3 H2 June 2006 ACSSuTNa 15-64 unknown
N196 3 H2 June 2006 ACSSuTNa 15-64 +ve
N591 3 H2 August 2006 ASuNa 15-64 +ve
NO39 3 H2 January 2007 ASu <4 +ve
N636 3 H2 August 2007 ACSuTNa 15-64 +ve
N367 5 H2 January 2006 ACSuTNa 15-64 +ve
N200 5 H2 March 2006 ACSSuNa 15-64 +ve
NO038 5 H2 February 2007 ACSSuNa 15-64 +ve
N859 5 H2 February 2007 ACSSuTNa <4 +ve
N810 5 H49 February 2007 ASu <4 +ve
N767 5 H2 May 2007 ACSSuTNa <4 +ve
N520 5 H2 July 2007 ASSuT 15-64 +ve
N537 5 H2 July 2007 ASSuT 15-64 +ve
N801 7 H49 June 2006 Su <4 +ve
N487 7 H2 January 2008 SuT 15-64 +ve
N956 10 H49 March 2008 susceptible 15-64 +ve
N402 10 H1 November 2007 Su 15-64 unknown
N599 11 H2 May 2006 susceptible 15-64 +ve
N511 11 H2 July 2007 Su <4 +ve
N213 11 H49 October 2007 Su 15-64 +ve
NO12 18 H1 August 2006 ACSuTNa 15-64 +ve
N787 21 H2 June 2006 susceptible <4 +ve
N197 22 H2 June 2006 SSu <4 +ve
N771 22 H2 June 2006 ASSu <4 +ve
N520 25 H2 July 2007 ASSuT 15-64 +ve
N511 25 H2 July 2007 Su <4 +ve
N196 29 H2 June 2006 ACSSuTNa 15-64 +ve
N624 31 H2 April 2008 SuT 15-64 +ve
N708 36 H2 September 2006 ASuNa 15-64 +ve

#H1, Hospital 1; H2, Hospital 2; H49, Hospital 49
®A, Ampicillin; C, Chloramphenicol; S, Streptomyciu, Sulfamethoxazole, T, Tetracycline; Na, Naliclcid;

susceptible, susceptible to all 6 of the former tioeed antibiotics
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Figure 2.1 Dendrogram analysis &fbal-digested DNA ofSalmonella Typhimurium isolates. A percentage scale

of similarity is shown above the dendrogram. Thepfaudotted line indicates the 90% similarity value
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CHAPTER 3

Characterization of Salmonella isolated from chickensin Gauteng, South Africa,
2007-2008; and comparison to invasive human isolates

3.1 Introduction

Salmonellaare a frequently isolated foodborne zoonotic paghdg humans and
animals. Salmonellosis is mostly caused by thewnpsion of food and water that
are contaminated with salmoneli@&oppet al., 1999). Contamination of food with
salmonellae can occur during and after food prejer@Mosupye and von Holy,
1999). Studies show that about 1% to 50% of mddtaaccommercial markets is
contaminated with bacterial pathogens during sleergig and processing of food
animals (Hanes, 2003). Cross-contamination of cddéed is often due to poor
hygiene practiced during food preparation (Mosugye von Holy,1999).
Furthermore, the use of antimicrobials in food aaisrby food production industries
has led to an increase in the development of battesistance to multiple antibiotics
and consequently further complicates treatmentd@onans (Velget al., 2005).
Previous reports showed that salmonellae is merqéntly isolated from poultry
and poultry products in comparison to any othemahispecies and is a major source
of salmonellosis in humans (Castial., 2001; Cardinalet al., 2003; Myint, 2004,
Giannataleet al., 2008).Salmonellae are a significant burden to the economy
worldwide, particularly to the poultry industry dteeproductivity losses (Sarwagt

al., 2001;Nogradyet al., 2007) Worldwide data for the years 1950 to 1970 showed
thatSalmonella Typhimurium was the most comm®&almonella serotype isolated

from poultry (Poppe, 2000). However, studies penkd in 1984 through to 1999
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showed thagalmonella Enteritidis replace@almonella Typhimurium as the most
prevalent serotype isolated from poultry and eddtekruseet al., 2006) and
correlated with the increase in the numbesadmonella Enteritidis isolates
recovered from humans (Lee, 1974; Rabsch., 2000). In the late 1990’s, this
problem was addressed by the implementation ofitguedsurance programs by
poultry and egg production industries. This le@ 0% reduction in the number of
cases of human salmonellosis cause&dbgnonella Enteritidis (Poppe, 2000;

Altekruseet al., 2006).

The current study was performed to investigateptieealence of salmonellae in
chickens sold at formal and informal outlets in @&uteng Province of South Africa
and to determine whether a genetic relationshigtexietween these chicken isolates

and human isolates in Gauteng.
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3.2 Materials and M ethods

3.2.1 Origin of Salmonellaisolates

Chicken isolates

ChickenSalmonella isolates were isolated from chicken specimens wivete
purchased from retail and informal outlets sucfoasial and informal shops, street
vendors and home-based abattoirs from various megioGauteng during the time
period of September 2007 through to April 2008. Skhisolates were stored at -75°C

in a tryptic soy broth with 10% (vol/vol) glycer(MP).

Human isolates

Chicken isolates were compared to human isolatesaf isolates were restricted to
those which were isolated from patients from déferreferral hospitals in the
Gauteng Province. These isolates were receivdatedDRU for routine surveillance.
Chicken isolates of various serotypes were comp@reduivalent serotypes of
representative human isolates which were receiveidglthe time period of January
2007 through to May 2008 with the exception of har8amonella Typhimurium
isolates. Chickealmonella Typhimurium isolates were compared to invasive
humanSalmonella Typhimurium isolates that were received from diéfarreferral
hospitals in the Gauteng Province during the tirega of January 2006 to May

2008.
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3.2.2 Isolation and identification of Salmonella from chicken meat
Salmonellae were isolated from chicken meat udiagdard microbiological

procedures (Appendix D).

3.2.3 Bacterial identification and phenotypic characterization

Bacterial identification and phenotypic charactatian was performed on human and
chickenSalmonella isolates. This method has already been describasz g&ction

2.2.4 of chapter 2).

3.2.4 Antimicrobial susceptibility testing

Antibiotic susceptibility testing was determinedngsthe Etests on all human and
chickenSalmonellaisolates in the current study. This method hasdlydeen

described (See section 2.2.5 of chapter 2).

3.2.5 Pulsed-field gel electrophoresis (PFGE) analysis of isolates
PFGE analysis was performed on all human and chigikenonella isolates as
previously described (See section 2.2.8 of ch&jtdn addition to this, secondary

PFGE analysis was performed on human and chiSikmonella isolates (excluding
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Salmonella Typhimurium isolates) using restriction enzyietl (Ingaba

Biotechnical Industries (Pty.) Ltd., Pretoria, Soifrica).

3.2.6 Multiple-locus variable-number tandem-repeats analysis (ML VA)
MLVA was performed for secondary genotypic analggiSalmonella Typhimurium
isolates. This method has already been describezlg&ction 2.2.9 and 2.2.10 of

chapter 2).

3.2.7 Interpretation of genotypic data and deter mining relationships between
chicken and human isolates

Chicken and human isolates of the same serotype eogrsidered to be closely
related only when two different genotyping methbdg revealed significant

similarity between the isolates.

For Salmonella Typhimurium, the two genotyping methods were PR@Elysis
(Xbal digestion) and MLVA. Two isolates &lmonella Typhimurium were
considered to be closely related when their PFGtepes were at least 90% similar

and their MLVA profiles differed at no more thaneolocus.

For all otherSalmonella serotypes, the two genotyping methods were PFGliysasa

(Xbal digestion) and PFGE analysiNdtl digestion). Two isolates of the same

Salmonella serotype were considered to be closely related ilenXbal PFGE
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patterns were at least 90% similar and theitl PFGE patterns were at least 90%

similar.
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3.3 Results and Discussion

3.3.1 Salmonella ser otypesisolated from chicken meat

One-hundred and fifty chickens were processed arféhdnonella strains were
isolated.S. enterica serotype Heidelberdgsélmonella Heidelberg) (34%; 16/47) and
S enterica serotype Infantis§almonella Infantis) (34%; 16/47) were the most
commonSalmonella serotypes isolated from chickens; followedS®enterica
serotype HadariSalmonella Hadar) (11%; 5/47)Salmonella Enteritidis (11%; 5/47)
andSalmonella Typhimurium (11%; 5/47)Salmonella Enteritidis (Lee, 1974; Poppe,
2000; Rabsckt al., 2000; Altekruseet al., 2006),Salmonella Infantis (Poppe, 2000;
Kudakaet al., 2006; Nogradt al., 2007),Salmonella Heidelberg (Poppe, 2000;
Nayak and Kenney, 2002; Myint, 20083 monella Hadar (Poppe, 2000; Cruchaga
et al., 2001; Sarwaret al., 2001; Giannatalet al., 2008) andsalmonella
Typhimurium (Poppe, 2000; Heuzenroedeal., 2004; Wedekt al., 2005; Zaidiet
al., 2007; Harnettt al., 1998) are common serotypes recovered from poattdy

poultry products.

3.3.2 Salmonella I nfantis

Salmonella Infantis was one of the most (34%; 16/47) isolaetypes from
chicken meat. PFGE analysis wibal digestion and witiNotl digestion grouped 16
chicken isolates into four distinct clusters (Fg@r1 and Figure 3.2). Cluster 1 was
the largest cluster which is comprised of eigh®458/16) chicken isolates which
were isolated from chickens that were purchaseu txo different areas in the

Johannesburg metropolitan (Soweto) (Figure 3.1Fagdre 3.2). All eight chicken
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isolates from cluster 1 were susceptible to alfemner mentioned (ACSSuTNa)
antibiotics (Figure 3.1 and Figure 3.2). ClusteshBwn in figure 3.1 and figure 3.2
was the smallest cluster and was represented ingle €hicken isolate (TCD F56)
which was resistant to tetracycline. Cluster 3 (Fég3.1 and Figure 3.2) was
represented by two (13%; 2/16) chicken isolates F54 and TCD F58) which
were isolated from chickens that were purchased two different areas in the
Johannesburg metropolitan (Soweto). One of thectvicken isolates (TCD F54)
showed susceptibly to all 6 (ACSSuTNa) antibiotighereas the remaining isolate
(F58) was resistant to tetracycline. Cluster 4 Feg3.1 and Figure 3.2) was
represented by five chicken isolates (31%; 5/16kivere isolated from chicken
meat purchased from the same area in the Joharrgasktropolitan (Soweto). Four
of the five chicken isolates (80%) were resistantttloramphenicol, streptomycin,
sulfamethoxazole and tetracycline, while the remnaimsolate was resistant to
streptomycin and tetracycline. PFGE analysis Withl digestion (Figure 3.1) and
Notl digestion (Figure 3.2) showed that the PFGE pastef chicken isolates were
completely different to all PFGE patterns of hunsolates, implying that these
chicken isolates were unrelated to our human isslatstudy performed by
Pelkoneret al., (1994) in Finland showed that hum&idmonella Infantis isolates for
the years 1980 and 1989 compared to chidetmonella Infantis isolates collected
from five broiler chicken companies for the yea®8@ to 1991 were not related by
molecular subtyping (Pelkonehal., 1994). Similar results were found between
human and chickeBalmonella Infantis isolates by PFGE analysis in the current

study. In contrast to the current study, a studjopmed by Nogradgt al., (2007) in
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Hungary, showed that broiler chicken and hurSamonella Infantis isolates were

related byxbal PFGE fingerprinting.

3.3.3 Salmonella Enteritidis

Salmonella Enteritidiswas one of the least frequently isolated serotyp&%o; 5/47)
from chicken meat (Figure 3.3 and Figure 3.4). €éricisolates were recovered from
chicken meat which were purchased from the Ekuriuteetropolitan (Tembisa) and
Johannesburg metropolitan (Soweto) in Gauteng.nidyerity of the isolates (80%;
4/5) were susceptible to all six antibiotics. PF&talysis withXbal digestion (Figure
3.3) andNotl digestion (Figure 3.4) showed that the PFGE padtef chicken

isolates were completely different to all PFGE @atts of human isolates, implying
that chicken isolates were unrelated to our hursalatesData from other countries
showed that an increase in the numbegabinonella Enteritidis isolated from

chicken meat and eggs, correlated with an increeSa monella Enteritidis isolates
from humans (Lee, 1974; Poppe, 2000; Ralesah, 2000). In New York in the

USA in 1987, the consumption of contaminated pgudtrd poultry products
prepared at acute and long term care hospitat®ldte largest hospital outbreak of
human salmonellosis caused $fmonella Enteritidis (Poppe, 2000). A case study
carried out in the late 1980s in England and mecemt studies carried out in the
years 2004 and 2006 in the USA showed that consampt chicken meat
contaminated wittsalmonella Enteritidis predisposed humans to sporadic cases of

salmonellosis (Altekruset al., 2006). However, unlike the results outlined in the
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above mentioned studies, the results found in tuatysexhibited no link between

human and chickeBalmonella Enteritidis isolates in Gauteng, South Africa.

3.3.4 Salmonella Heidelberg

Salmonella Heidelberg was one of the most frequently isolattypes (34%;
16/47) from chicken meat (Figure 3.5 and Figur§.3Bese chicken isolates were
isolated from chicken meat which were purchasenh fvarious areas in the
Johannesburg metropolitan (Soweto), the Ekurhutestropolitan (Tembisa) and the
Tshwane metropolitan (Pretoria) in Gauteng. Theonitgj(63%; 10/16) of the
chicken isolates were resistant to chloramphensdfamethoxazole and
tetracycline. PFGE analysis wiKbal digestion (Figure 3.5) and PFGE analysis with
Notl digestion (Figure 3.6) showed that three chic&aimonella Heidelberg isolates
(TCD F18, TCD F19 and TCD F20) and two hunsahmonella Heidelberg isolates
(TCD 210902 and TCD 194954) had similar PFGE pastdiuman isolates were
collected from patients in April and September 260w Hospital 174 which is
located in the Tshwane metropolitan and from amomln clinic in Gauteng,
respectively. Three of the chick&lmonella Heidelberg isolates (TCD F18, TCD
F19, TCD F20) came from chickens purchased in Ndexr2007 from the Tshwane
metropolitan (Pretoria) and the Johannesburg melitap (Soweto). The current
results suggest that these chicken and husabhmonella Heidelberg isolates (TCD
F18, TCD F19, TCD F20, TCD 210902 and TCD 19495djennighly related based
on our criteria for the determination of signifitammilarity between human and

chicken isolates (See section 3.2.7). Chickensacoimiated with this clone of
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Salmonella Heidelberg may have been a food vehicle for hunaémanellosis in
Gauteng since April 2007 through to November 2@055ults shown in the current
study are typical of those results previously r&gubin other studies which show a
link between human and poult8almonella Heidelberg isolates (Berramgal.,
2006; Chitticket al., 2006; Andrysialet al., 2008). Berrangt al., (2006) showed in
their study that retail poultry is a common vehiidespreading antibiotic resistant
Salmonella Heidelberg to humans throughout Italy. Another gtodrried out in
Canada by Andrysiaét al., (2008) showed th&8almonella Heidelberg was rarely
isolated from other food sources such as pigs ang;chowever a large number of
Salmonella Heidelberg isolates were recovered from retail ks and were
implicated as food vehicles in human iliness. @tktand colleagues (Chitticit al.,
2006) showed in their study that poultry and edgteel food products were common
food vehicles foSalmonella Heidelberg causing several outbreaks of human

salmonellosis in the USA since 1973 through to 2001

3.3.5 Salmonella Hadar

Salmonella Hadar was one of the least frequently isolatedtgpes (11%; 5/47) from
chicken meat (Figure 3.7 and Figure 3.8). Thesekehi isolates were isolated from
chicken meat which was purchased from two diffeegatis in the Tshwane
metropolitan (Pretoria). All the chicken isolatesresresistant to tetracycline. PFGE
analysis withxbal digestion (Figure 3.7) and PFGE analysis \Witltl digestion
(Figure 3.8) showed that four chick&amonella Hadar isolates (TCD F13, TCD

F14, TCD F15 and TCD F16) and one hurfalmonella Hadar isolate (TCD

93



193687) had similar PFGE patterns. The human sae¥as received in April 2007
from Hospital 46 which is located in the Ekurhulemtropolitan. All four chicken
specimens were purchased in November 2007 frondifferent areas in the
Tshwane metropolitan (Pretoria). Our data sugdpedtthe four chicken isolates
(TCD F13, TCD F14, TCD F15, TCD F16) and one huigmonella Hadar isolate
(TCD 193687) are related based on our criteridtferdetermination of significant
similarity between human and chicken isolates &etion 3.2.7). This strain of
Salmonella Hadar may have been circulating in chickens fromil&R907 to
November 2007. Chicken flocks contaminated &hmonella Hadar in the USA,
were a major cause of human salmonellosis in 1988xariet al., 2001). A decrease
in Salmonella Hadar recovered from broiler chickens during theetperiod of 1990
to 1995 correlated with the decreas&ahmonella Hadar isolates recovered from
humans in the USA. These results further suggektgconsumption of broiler
chickens contaminated witalmonella Hadar may have been responsible for the
majority of the humaisalmonella outbreaks which occurred during this time period
(Sarwariet al., 2001). Previous studies were also able to showpatemiological

link between poultry and humd&almonella Hadar isolates using molecular
techniques and hypothesized that poultry contamthatth Salmonella Hadar may
have been a primary food vehicle for human salmosislin Spain in 1998
(Cruchageet al., 2001) and 2005 (Giannatadeal., 2008) and in most European
countries from 2000 to 2001 (Giannatelal., 2008). Results in our study are typical
of those reported in the above mentioned studiescf@@gaet al., 2001; Sarwaret

al., 2001; Giannatalet al., 2008).
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3.3.6 Salmonella Typhimurium

Salmonella Typhimurium was one of the least frequently isalaterotypes (11%;
5/47) from chicken meat (Table 3.1). Chickgahmonella Typhimurium isolates were
isolated from chickens purchased from various mgjia the Johannesburg
metropolitan (Soweto) and the Ekurhuleni metropalifTembisa). Two of the
isolates were resistant to sulfamethoxazole amddgtline, two were only resistant
to sulfamethoxazole and the remaining isolate waseptible to all six (ACSSuTNa)

antibiotics.

PFGE analysis witikbal digestion showed that two (TCD F3 and TCD F22)hef
five chickenSalmonella Typhimurium isolates were not related to any human
Salmonella Typhimurium isolate (Data not shown). ConverselyGIE analysis with
Xbal digestion showed that one of the five chickenates (TCD F23) was a 100%
identical in PFGE profile to eight hum&almonella Typhimurium isolates (Data not
shown). MLVA separated these eight hungalmonella Typhimurium isolates and
one chickerBalmonella Typhimurium isolate into eight distinct MLVA typ€30, 14,
21, 22, 23, 24, 25 and 26) (Figure 3.9). MLVA shdwieat chickerSalmonella
Typhimurium isolate TCD F23 is different from aigbt humanSalmonella
Typhimurium isolates at two or more loci. Thereftire chicken isolate was not
related to any human isolate, as defined by oteraaifor the determination of

significant similarity between human and chickeslates (See section 3.2.7).
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For the remaining two chicken isolates (TCD F21 a@d F34), their PFGE profiles
were a 100% identical to the PFGE profiles of tamhn isolates (Data not shown).
MLVA was performed on all of the above isolates. WA_separated these 12 isolates
into four distinct MLVA types (14, 15, 20 and 2Fidure 3.10). Two chicken
Salmonella Typhimurium isolates (TCD F21 and TCD F34) and buman
Salmonella Typhimurium isolate (TCD 226213) showed an idettMaVA type 20
(160-248-314-370-525). Chicken isolate TCD F21 igatated from a chicken
specimen purchased in February 2008 from the Ekemhmetropolitan (Tembisa)
and chicken isolate TCD F34 was isolated from aken specimen purchased in
April 2008 from the Johannesburg metropolitan (So\Wweé he human isolate TCD
226213 was received in October 2007 from Hosp#alvhich is located in the
Tshwane metropolitan. These results suggest tedtuman and chickegalmonella
Typhimurium isolates are related and that thisrsidSalmonella Typhimurium

may have been circulating in chickens from Oct&87 to April 2008. Previous
studies performed in the USA (Wedithl., 2005), in the UK (Harnett al., 1998),

in Canada (Zaidgt al., 2007) and in Australia (Heuzenroedeal., 2004) have
showed a link between human and pouiymonella Typhimurium isolates using
molecular techniques and have implicated poultrgeasg a potential reservoir for

human salmonellosis caused $&fmonela Typhimurium.
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Figure 3.1 Dendrogram analysis ofbal-digested DNA from 16 foo&almonella Infantis isolates and 6 human
Salmonella Infantis isolates separated by PFGENes 1: ID no, identification number. Lanes 5{Fbrmer
mentioned antibiotics): A, Ampicillin; C, Chloramehicol; S, Streptomycin; Su, Sulfamethoxazole; T,
Tetracycline; Na, Nalidixic acid; -, susceptible
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Figure 3.2 Dendrogram analysis ®otl-digested DNA from 16 foo&almonella Infantis isolates and 6 hum&almonella
Infantis isolates separated by PFGE. Lanes 1: |Ddemtification number. Lanes 5-10: A, Ampicilli@, Chloramphenicol; S,
Streptomycin; Su, Sulfamethoxazole; T, TetracyclMa, Nalidixic acid; -, susceptible
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Figure 3.3 Dendrogram analysis ofbal-digested DNA from 5 foo&al monella Enteritidis isolates and 35 human
Salmonella Enteritidis isolates separated by PFGE. Lanes hid[identification number. Lanes 5-10: A,
Ampicillin; C, Chloramphenicol; S, Streptomycin; Ssulfamethoxazole; T, Tetracycline; Na, Nalidiaidd,; -,
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Figure 3.4 Dendrogram analysis ®otl-digested DNA from 5 foo&almonella Enteritidis isolates and 35 human

Salmonella Enteritidis isolates separated by PFGE. Lanes hid[Ddentification number. Lanes 5-10: A,

Ampicillin; C, Chloramphenicol; S, Streptomycin; Ssulfamethoxazole; T, Tetracycline; Na, Nalidiaid,; -,

susceptible.
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Figure 3.5 Dendrogram analysis ofbal-digested DNA from 16 foo&almonella Heidelberg isolates and 3 human
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Figure 3.6 Dendrogram analysis ®otl-digested DNA from 16 foo&almonella Heidelberg isolates and 3 human
Salmonella Heidelberg isolates separated by PFGE. Lanes holidentification number. Lanes 5-10: A,
Ampicillin; C, Chloramphenicol; S, Streptomycin; , Stulfamethoxazole; T, Tetracycline; Na, Nalidizidd,; -,
susceptible
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Figure 3.7 Dendrogram analysis ofbal-digested DNA from 5 foo&almonella Hadar isolates and 11 human
Salmonella Hadar isolates separated by PFGE. Lanes 1: IDdeatification number. Lanes 5-10: A, Ampicillin; C,
Chloramphenicol; S, Streptomycin; Su, Sulfamethol&ZT, Tetracycline; Na, Nalidixic acid; -, sustiefe
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Figure 3.8 Dendrogram analysis ®otl-digested DNA from 5 foo&al monella Hadar isolates and 11 human
Salmonella Hadar isolates separated by PFGE. Lanes 1: IDdeatification number. Lanes 5-10: A, Ampicillin; C,
Chloramphenicol; S, Streptomycin; Su, Sulfamethol&ZT, Tetracycline; Na, Nalidixic acid; -, sustiefe
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Figure 3.9 Dendrogram analysis of multiple-locus variable-fyemtandem-repeats (MLVA) of 8 human
Salmonella Typhimurium isolates and 1 chick&lmonella Typhimurium isolate. Lanes 1-5: MLVA profile in the
order: STTR9-STTR5-STTR6-STTR10pl-STTR3. Laned®nb, identification number. Lanes 9-14: Na, Nadidi
acid; A, Ampicillin; Su, Sulfamethoxazole, C, Chdonphenicol; T, Tetracycline; S, Streptomycin; scptible
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Figure 3.10 Dendrogram analysis of multiple-locus variable-nemtandem-repeats (MLVA) of 10 human
Salmonella Typhimurium isolates and 2 chick&lmonella Typhimurium isolate. Lanes 1-5: MLVA profile in the
order: STTR9-STTR5-STTR6-STTR10pl-STTR3. Laned®nb, identification number. Lanes 9-14: Na, Nadidi
acid; A, Ampicillin; Su, Sulfamethoxazole, C, Chdomphenicol; T, Tetracycline; S, Streptomycin; septible
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Table 3.1 Characteristics of Salmonella Typhimurium strains isolated from chicken meat

Identification | Collection Area in Gauteng Antibiotic Related to any| Related to any
number date resistance profife | human isolates human isolate
(PFGE (MLVA)
analysis)
TCD F3 16/10/2007 Inhlazane railway susceptible No Not done
station, Soweto
TCD F22 08/02/2008 Koti Street, Moteong, | SuT No Not done
Tembisa
TCD F23 08/02/2008 Maphunwe, Teonong, | Su Yes No
Tembisa
TCD F21 08/02/2008 Moteone, Moteong, SuT Yes Yes
Tembisa
TCD F34 11/04/2008 Thanda Bantu, Sowetd Su Yes Yes

2 Su, Sulfamethoxazole; T, Tetracycline
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CHAPTER 4

Conclusions

4.1 Molecular epidemiology of invasive isolates of Salmonella enterica serotype
Typhimurium in Gauteng, South Africa, 2006-2008

The current study describes the epidemiology ohsixeSalmonella Typhimurium
isolates in the Gauteng Province of South AfricanfrJanuary 2006 through to May
2008. The bacteria demonstrated an extensive gathegrsity as shown by PFGE
analysis which was able to segregate 671 isolates3B clusters. MLVA was useful
in distinguishing 21 invasivBalmonella Typhimurium isolates (that shared an
indistinguishable PFGE pattern) into 11 distinct\WH.types. PFGE was useful for
subtyping a large number of isolates and providedwerview of clonal relatedness
betweerSalmonella Typhimurium isolates in the current study. Convisrsapart
from PFGE analysis being a highly discriminatorytimoel for the subtyping of
salmonellae, there were a few potential drawbatkisi® method. These limitations
included the generation of ambiguous results dgeteariation and difficulty
experienced during comparison of DNA fingerprintteans as a result of differing
gel quality and the subjective nature of band idieation in a PFGE pattern. MLVA
in comparison to PFGE analysis was a more discéativiea subtyping method which
was faster and data generated by MLVA was unambigjugasier to analyze and

interpret.
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Most isolates showed resistance to multiple aniiksoMost isolates were from
patients aged between 15 and 64 years, while patregre mostly HIV-positive. The
predominance of certain clusters (clusters 3, 5ldndvithin different hospitals in
the Gauteng Province supports the premise thatrgidtients or staff may have
moved between hospitals over the period precedimyiong the study. The
occurrence of certain clusters over a prolongetgeaf time is cause for serious
concern: it suggests that appropriate infectiortrodmeasures have been lacking in
those hospitals for extended periods or are ongrimittently followed. In Gauteng,
South Africa, invasivé&almonella Typhimurium remains an important opportunistic
infection particularly associated with HIV-positipatients and is associated with
nosocomial transmission. It is therefore neces&ainyprove primary antiretroviral
treatment and subsequent prophylaxis for HIV-irddgbatients as well as the
prevention and treatment of HIV related diseaseswimclude salmonellosis. In
addition, the current study necessitates for réuat@n of infection-control
procedures practiced by hospital staff in the Gagiferovince as well as the
implementation of appropriate changes and condgictiriurther surveillance studies
to prevent future nosocomiautbreaks caused [8almonella Typhimurium in

Gauteng.
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4.2 Characterization of Salmonella isolates from chicken meat in Gauteng, South
Africa, 2007-2008

The current study describes the characterizaticalohonellae isolated from chicken
meat in Gauteng, South Africa for January 2007ughoto May 2008 PFGE
analysis using restriction enzymxsal andNotl, suggest thaalmonella Infantis
andSalmonella Enteritidis isolates recovered from humans arelated to chicken
isolates. Conversely, PFGE analysis using the abmmioned restriction enzymes
suggests that a strong correlation exists betwese strains of humasalmonella
Heidelberg and@almonella Hadar isolates with those isolates sourced frorokems.
Furthermore, PFGE analysis using restriction enz}ba and MLVA suggests a
strong correlation between some human and chi&kmonella Typhimurium
strains. MLVA was useful in distinguishing humardarickenSalmonella
Typhimurium isolates that shared a common PFGEepattt is advisable that PFGE
analysis be applied with a secondary genotypic atetar obtaining more
discriminatory results for future surveillance ammhtrol of salmonellosis in both

humans and chickens in Gauteng, South Africa.

There were two potential limitations to the currstudy which include the fact that
chicken samples were purchased from various regin@auteng from September
2007 through to April 2008 and therefore theselteslo not reflect a true number of
Salmonella serotypes isolated from chicken meat during thietperiod. The other
limitation was that no epidemiological investigasowere conducted to substantiate

an epidemiological link between human salmonellasd foodborne salmonellae or
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to estimate the contribution of chicken meat to harsalmonellosis in Gauteng.
Although the work conducted in the current studyldanot confirm that there is a
link between foodborne salmonellae and human satitasis, it does show that
Salmonella strains with comparable molecular profiles circelet the animal and
human communities, supporting the suggestion bee@&nimal-to-human
transmission or possibly human-to-animal transraissrurthermore, foodborne
diseases are historically not fully investigate@®outh Africa. The current study
indicates that further investigation and improvetradrthe epidemiological
techniques linking human infection and bacterialtamination of foodstuffs is

warranted to confirm this theory.
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APPENDICES

Appendices
Appendix A
Determining the O antigen group oSamonella species

» A single colony is inoculated onto a tryptose sl{pmgnostics Media
Products) and incubated at 37°C overnight for 134ttours.

» The next day sterile normal saline (Diagnostics lé&toducts) is added to the
tryptose slope and homogenized by vortexing.

* A loopful of this bacterial suspension is placedaariean glass slide and
examined for auto-agglutination.

* If auto-agglutination occurs then some of 8amonella cells must be
resuspended in saline and boiled for 20 to 30 rematfter which this
suspension should be allowed to cool.

» Thereafter, serotyping should be repeated.

* If no agglutination occurs then add one drop gfdyvalent anti-sera (Statens
Serum Institut and BioMérieux) to the bacterialprssion and mix by tilting
the glass slide back and forth and observe fonuiggition.

« If agglutination occurs in O polyvalent anti-selnan the bacteria are further
tested with the appropriate O monovalent anti-§8tatens Serum Institut and

BioMérieux).
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Appendices
Determining the H antigen group oSsalmonella species

* A loopful of bacteria from the tryptose slope isc¢ualated onto the centre of a
swarm agar plate (Diagnostics Media Products) wisi¢hen incubated at 37°C
in an upright position for 18 to 24 hours.

* The next day a loopful of bacteria are picked @orfithe edge of bacterial
growth on the swarm agar plate and placed on a gkss slide, to which one
drop of H polyvalent anti-sera is added (Statensi@dnstitut and
BioMérieux).

* Mix by tilting the glass slide back and forth tosebve for agglutination.

« If agglutination occurs in H polyvalent anti-sehn&m the bacteria are further
tested with the appropriate H monovalent anti-¢8tatens Serum Institut and
BioMérieux).

« If agglutination occurs in H polyvalent anti-sena bo agglutination occurs in
H monovalent anti-sera then it can be concludetth®tal monella organism
being tested contains more than one H phase.

» Swarm agar is autoclaved and cooled.

* A drop of the known H monovalent anti-sera is adesbome cooled swarm
agar in a petri-dish (Diagnostics Media Products) mixed together by
swirling the mixture in an “S” shape. This is ddoéblock the known H-phase

and allows the expression of the other H phase phas$es.
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Appendices
» The swarm agar mixture is then allowed to solidiyce the gel is set, a
loopful of bacteria from the tryptose slope is atlttethe centre of the swarm
agar plate.
* The plate is then incubated at 37°C in an uprigisitpn overnight for 18 to 24
hours.

» Serotyping should be performed as described above.
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Appendix B
Etests
Preparing an inoculum &almonella bacteria
» Subculture isolates on 5% blood agar plates (DistiteoMedia Products) and
incubate the plates overnight at 37°C for 18 td@drs.
» The next day, pick three to five colonies from itheubated blood agar plate
and resuspend in sterile saline (Diagnostics MBdoaucts).
* The density of the culture should be adjusted ¢attinbidity reading that equals
to the reading obtained by a 0.5 McFarland stanfai@hnostics Media

Products).

Inoculating agar plates

* Dip a cotton wool applicator into the inoculum aedhove excess fluid from
cotton wool applicator.

» Mueller Hinton agar plates (Diagnostics Media Pradumust be left to reach
room temperature and must not have any moistuagansurface before use.

« Streak the Mueller Hinton agar plates three timie&0a with the cotton wool
applicator (containing the inoculum) by rotating @gar plate with the use of
an AB Biodisk disk rotator (AB Biodisk).

* Leave the agar plates aside for ten to 15 minatedidw for moisture to be

absorbed.
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» Use forceps to place Etest strips (AB Biodisk) lo@ $urface of inoculated
Mueller Hinton agar plates.
* Incubate inoculated plates at 37 °C for 16 to 20r&.0

» Breakpoints were read accordingly (Table 2.1).
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Appendix C
Reagents and buffers
* Lysis buffer
0.5 M EDTA (Sigma-Aldrich, Inc.), pH8
1% N-lauroylsarcosine sodium salt (Sigma-Aldrikit,.)

0.1mg/ml proteinase-K (Roche Diagnostics GmbH)

» Suspension buffer
100 mM Tris (Merck Chemical Ltd., Nottingham, Engieand Wales)
100 mM EDTA (Sigma-Alrich, Inc.)

pH 8

* Proteinase-K
10 mg proteinase-K (Roche Diagnostics Gmbh)

1 ml of TE buffer

* 10% SDS
10 g sodium dodecyl sulphate (Merck Chemical Ltd.)

100 ml deionized water
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* 1% agarose gel (plugs)
0.2g agarose (SeaKéhGold Agarose)

20 ml TE buffer

Boil to dissolve agarose, hold on a heating blatkas 55°C

* 1% agarose gel
1.5 g agarose (SeaK&msold Agarose)
150 ml 0.5 x TBE buffer

Boil to dissolve agarose, cool slightly and powr ¢fel into the agarose gel

casting unit.

* 0.5x TBE buffer
50 ml of 10x TBE buffer

950 ml of deionized water

 Ethidium bromide staining solution
250 ml of 0.5x TBE buffer (Merck Chemical Ltd.).

25 pl of 10 mg/ml ethidium bromide (Merck Chenhictd).

118



Appendices

» TE buffer
10 mM Tris (Merck Chemical Ltd.)
1 mM EDTA (Sigma-Alrich, Inc.)

pH8
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Appendix D
Isolation of salmonellaom chicken meat
Preenrichment

» Twenty-five grams of chicken meat was weighed owt jplaced in a sterile
plastic bag.

» A small volume of sterile peptone water (Oxoid, .| Basingstoke, Hampshire,
England) was taken from a bottle containing 22®ohsterile peptone water
and added to the weighed test sample.

* The mixture was then homogenized for 30 secondguwsstomacher (Labotec,
Italy) and then poured into the remaining buffepegtone water to make up a
1:10 dilution suspension preparation and theredéfteas incubated at 36°C

for 24 hours.

Enrichment

* One milliliter of the incubated peptone water wdded to 10 ml of SC broth
(Diagnostics Media Products).

* One hundred microlitres of the incubated peptonemand 100 pl of 2 mg/ml
of novobiocin stock (Sigma-AldrichChemical Co., St. Louis, Missouri,
USA) were added to RV broth (Diagnostics Media Babs).

» SC broth and RV broth were then incubated for 24rdi@t 36°C and 42°C,

respectively.

120



Appendices

» Thereafter a loopful of culture from SC broth and Roth each were
inoculated on XLD (Diagnostics Media Products) amehnitol lysine crystal
violet brilliant green (MLCB) agar plates (DiagniostMedia Products).

* XLD and MLCB agar plates were incubated at 36°C2#bhours.

Biochemical identification
» All presumptiveSalmonella colonies that were oxidase negative were
inoculated into Singer’s broth and incubated at3&§r four to five hours.
» If the singer’s broth turned a green or yellow co|dhe isolate was
further tested using conventional stool sugarsgbastics Media

Products).

Conventional stool sugars
» Organisms were identified &lmonella species if their biochemical reactivity
(when subjected to a series of biochemical testsgtated with the

biochemical reactions shown in Table 1.1.
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