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ABSTRACT

Staphyloccus aureus is a cause of food poisoning in humans. Vomiting, headache,
abdominal pain, and diarrhoea that occur 1-6 hours following consumption of contaminated
food characterize the poisoning. The illness is caused by five serologically distinct
enterotoxins produced by organisms while growing in food. A number of methods have
been used to detect Staphylococcal enterotoxins in foods and in S. aureus culture filtrates.
These include biological assays and immunological methods. Biological methods have
varied sensitivities and suffer from cross reactivity problems. This study was carried to
determine the rate of contamination of milk and meat products with enterotoxigenic S.
aureus and compare sensitivity of the two immunological techniques: RPLA and ELISA
techniques for detection of enterotoxigenic strains of Staphylococcus aureus. A total of 400
milk and meat products were collected around Nairobi. The samples included 200 raw
milk, 100 beef carcass swaps, 50 minced meat and 50 chicken carcass. Mannitol salt agar
was used as selective and indicator medium for isolation of S. aureus from food samples. S.
aureus were identified using a number of different and diagn%stic tests which included
oxidative  fermentation, mannitol  fermentation, coagulase  production and
deoxyribonuclease (DNase) production assays. Enterotoxin production was dectected using
RPLA and ELISA techniques, Staphylococcal enterotoxins reverse passive latex
agglutination SET RPLA kit and Staphylococcal enterotoxin enzyme immunoassay SET-
EIA Kit. (Laboux: Dr. W. Bommeli, Bern). S. aureus was isolated from a total of 101 (25.4
%) food samples: Of these; 22 were from chicken, 16 minced meat, 55 raw milk and’ 8 beef
carcass. The prevalence of S. aureus in the various foods ranged from 8% in beef carcasses
to 44% in chicken. A total of 67 S. aureus were enterotoxigenic as detected using ELISA,
while 62 S. aureys were enterotoxigenic using RPIA. TLere was no significant difference
in the number gf enterotoxigenic S. aureus detected by the two techniques among the food
stuffs (t = 1.324; df =3, P = 0.277). Staphylococcal enterotoxins SEA, SEB, SEC and SED
were tested for, and SEC was the most frequent accounting for 59 (88 %) of the 67
enterotoxigenic S. aureus identified using ELISA and 61 (98.4 %) of the 62 identified by

RPLA. There was however no significant difference in the prevalence of SEC as identified

A
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by the two techniques (t = 0.815, df = 100, P = 0.417). SEA was found in 41 (61.2%) of 67
enterotoxigenic S. aureus while SEB was found in 31 (46.3 %), and SED in 26 (38.8 %)
isolates as identified using ELISA. SEA was detected in 32 (51.6 %), SEB in 21 (33.9 %)
and SED in 13 (21%) of the 62 enterotoxigenic S. aureus as identified by RPLA. S. aureus
strains were found to produce one or more of the enterotoxins types. Twenty four (38.5 %)
of the enterotoxigenic S. aureus produced a single enterotoxins while 44 (67.7 %) produced
one or more with 21 (32.3 %) producing all the four enterotoxins type as identified by
ELISA. The results showed that there was a high prevalence of enterotoxigenic S. aureus in
raw foodstuffs of animal origin with SEC producing strains as the most prevalent, and that
RPLA and ELISA were comparable techniques for detection of staphylococcal

enterotoxins.

-
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CHAPTER ONE: INTRODUCTION

1.1 Background information

Staphylococci aureus is a facultative anaerobic Gram-positive coccus. It is non-motile,
catalase and coagulase positive. The cells appear as spherical single or paired cocci or
form grape-like clusters (Cruickshank et al., 1975). Staphylococcus aureus forms fairly
large yellow colonies on nutrient agar media and is often hemolytic on blood agar. The
organisms can grow by aerobic respiration or by fermentation that yields lactic acid. The
bacteria can grow at sodium chloride concentration as high as 15%, as well as at high
concentration of acid and in a wide range of temperatures (Schmitt et al., 1990). These
characteristics enable S. aureus to grow in a wide variety of foods. Their ecological niche
can easily explain their incidence in foodstuffs that require manipulation during

®
processing including fermented food products (Bergdoll, 1989).

&
&

Staphylococcus aureus strains can be classified into biotypes according to their human or

animal origin. Devriese (1984) developed a biotype scheme, including six different
biotypes i.e human, non-f-hemolytic human, avian, bovine and nonspecific based on

biochemical characteristics. Staphylococcus aureus is an important pathogen due to a
combination of toxin-mediated virulence, invasiveness, and antibiotic resistance (Adcock

et al., 1998). The bacteria are a significant cause of nosocomial infections, as well as
Ve

community-acduired diseases. The spectrum of staphylococcal infections range from
pimples, boils and abscesses to oesteomyelitis, pneumonia, meningitis, and toxic shock

syndrome, most of which depend on virulence factor.

W



Some infections such as staphylococcal food poisoning rely on one single type of
®

virulence factor, staphylococcal enterotoxins, which are heat stable (Bergdoll, 1979). The

symptoms of staphylococcal food poisoning are abdominal cramps, nausea, vomiting,

sometimes followed by diarrhea.

The onsets of symptoms are rapid from 30 minutes to 8 hours and spontaneous remission
is observed after 24 hours. Staphylococcus aureus has been implicated in many food
borne illnesses especially those involving mass catering as practiced is schools, hospitals
and parties (Bergdoll, 1979). Bennette et al. (1986) identified Staphylococcus aureus as
the causative agent in many food poisoning outbreaks. Foods implicated in
staphylococcal food poisoning include milk and milk products, and meat and meat
products (Bergdoll, 1989).. Five staphylococcal enterotoxins (SEA, SEB, SEC, SED, and
SEE) have been involved in food poisoning. In recent years the existence of new type of
staphylococcal enterotoxins (SEG, SEH, SEI, SEK, SI?L, SEM, SEN and SEO) has been
reported (Jarrand et al, 2001). However, the relationship between these new
staphylococcal enterotoxins and human food poisoning is not fully understood. It is
known that about 95% of staphylococcal food poisoning outbreaks are caused by type
SEA to SEE (}éergdoll,' 1983). The remaining 5% of outbreaks may be associa;ed with

other newly identified staphylococcal enterotoxins. Individual cultures of S. aureus may

produce either a single, or a mixture of enterotoxins (Casman er al., 1967).

&

&

Staphylococcaﬁ enterotoxin A (SEA) has been reported to be the most common cause of
food poisoning outbreaks in the United States, with staphylococcal enterotoxin D (SED)
being next in order of frequency (Gilbert et al., 1981). Staphylococcal enterotoxins C

(SEC) has been reported to cause both food poisoning and toxic shock syndrome

75
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(Rizkallah et al., 1989).



Specific enterotoxins among Staphylococcus strains recovered from various sources vary
@
widely from region to region. Over 50% of the isolates from human specimens in the

United States secrete SEA alone or in combination with other enterotoxins (Casman et

al., 1967).

In Sri Lanka human isolates producing SEA constitute only 7.8% (Palasuntheram and
Beauchamp 1982). Variations are also found among S. aureus strains isolated from foods.
Harvey et al. (1982) found SED to be associated with poultry strains more than human
strains. Evans ef al. (1983) found that 2 out of 3 atypical S. aureus isolates that produced
a slow, weak positive or negative coagulase reaction and were negative for the anaerobic
fermentation of mannitol, produced SED. About 39% of the isolates from Nigeria ready
to eat food have been repgrted to be enterotoxigenic, with 44% of them producing SED
(Adesiyun, 1984). Of the 48 isolates from dairy and 134 from meat products studied by

Payne et al. (1966), 45.8% and 48.5% were found to be enterotdxigenic, respectively.

The enterotoxigenic Staphylococcus differ widely depending on the source of the isolate.
Casman et al. (1967) found only 10% of the 236 raw milk isolates to be enterotoxigenic,
while Payne ar;d Wood (1974) found 62.5% of 200 food samples. Simkovic;)na and
Gilbert (1971) found 33% of 36 foods isolate to be enteroxigenic. In Kenya, Kayihura et
al. (1987) isolated S. aureus from both raw and pasteurized milk. All the S. aureus

&

isolated from basteurized milk were positive for enterotoxin A.

A number of methods have been used in analysis of staphylococcal enterotoxins. They

include biological assays such as monkey and the kitten feeding and parenteral injection

.'/Z.
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test (Davison et al., 1938). These are inconvenient and expensi’i/e.



The microdouble diffusion slide techniqlles of Crowley (1958) proved to be the most
specific as it provides a direct comparison between a reference toxin and the unknown
sample. Modification of these techniques includes the optimum sensitivity plate (OSP)
method described by Robins et al. (1974) and the microslide technique of Casman et al.

(1967). Using OSP method, upto 1mg of toxin per 1ml can be detected.

Techniques such as Radioimmunoassay (RIA), Agglutination, and Enzyme Linked
Immunosorbent Assay (ELISA), which require less concentration of the food extracts and
thus save time and are more sensitive can be, used (Bennette, 1986). Akhatar (1998)
reported that reversed passive hemaglutination assay (RPHA) is sufficiently sensitive.
The RPHA is the simplest to perform but occasionally gives non-specific reactions with
certain foods. To overcome this, the reverse passive latex agglutination (RPLA) was

developed.

1.2 Statement of the problem

Staphylococcus aureus food poisoning is a common problem in Kenya. S. aureus is
ubiquitous in the environment especially among animal and food handlers.
Staphylococcus taureus "is also a cause of mastitis in cattle. This makes it f;asy for
contamination of raw foods such as milk and meat. The foods may pose problems of food
poisoning if left for long at room temperature. Outbreaks of staphylococcal food
poisoning havszbeen reported in Kenya but there is no surveillance of the food borne
illness due to lack of a sensitive and reliable test to detect the toxins. Various

immunological diagnostic tests including RPLA and ELISA are used for the detection of

staphylococcal enterotoxins but their sensitivity has not been compared. There is need

Zos %
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therefore to compare RPLA and ELISA in order to identify the most appropriate

immunological test for the diagnosis of staphylococcal enterotoxins in food.



1.3  Research questions
1. What is the occurrence of enterotoxigenic Staphylococcus aureus i milk and

meat products?

09

What are the types of the enterotoxins produced by Staphylococcus?

1.4  Null hypothesis

There are no staphylococcal enterotoxion among milk and meat products.

1.5 General objective
To detect staphylococcal enterototions among milk and meat products using Reverse
Passive Latex Agglutination (RPLA) and Enzyme Linked Immunusorbent Assay

(ELISA) techniques.

1.5.1 Specific objectives
-

1. To determine occurrence of Staphylococcus aureus among milk and meat
products.

2. To determine the type of enterotoxin produced by the recovered Staphylococcus
isolates using ) Reverse Passive Latex Agglutination and Enzyme Linked

immunosorbent assay techniques.

W

To compare the level of detection of enterotoxigenic S.aureus using RPLA and

7~
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1.6 Justification

Staphylococcal food poisoning is now a leading food borne intoxication worldwide. The
true incidence of staphvlococcal food poisoning is unknown for a number of reasons.
including poor responses from victims during interviews by health officers, misdiagnosis
of the illness, which may be symptomatically similar to other types of food poisoning
such as that caused by Bacillus cereus toxins. The incubation period of Staphylococcus
food poisoning is 1-10 hrs with an average of 2-4 hrs. Recovery generally takes two days.
There is need for a reliable and rapid test that will detect the staphylococcal enterotoxins

to be able to distinguish staphylococcal food poisoning from other types of food poisonin

1.7 Scope and limitation of the study
Sampling was done at tlle key slaughterhouses in Dagoretti market. Raw milk was
collected in Dairy center directly from the delivery cans where the farmers were given

sampled® Due to cost limitation,

cards with numbers and the one randomly picked was.
only 50 chicken carcasses and 50 minced meat were purchased from various butcheries
within the study area.

Polymerase Chain reaction (PCR). so a good and reliable method of detecting

staphyiococcal'“enteroto_xion 1s expensive and does not prove that a given stain is capable

of producing enterotoxion.

'Y ]
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CHAPTER TWO: LITERATURE REVIEW

2.1 History of Staphylococci
Staphylococci were first described in human pus when Ogoston (1881) showed them to
be pathogenic for mice and guinea pigs and reported them to be constantly found in acute
and chronic abscesses. Rosenbach (1884) described the two species, Staphylococcus
aureus (pyogenes) and Staphylococcus epidermidis (albus), which are now classified in
the family micrococcaceae. Interest in the Staphylococci as a human pathogen was greatly
stimulated in 1928 by a tragic accident in Bundaberg, Austria. Of the 21 children
inoculated with the diphtheria toxin-antitoxin from a single rubber capped vial which had
been kept at room temperature in subtropical heat for several days, 16 became ill within 5
®
- 7 hrs with vomiting, high fever, stupor, cyanosis and convulsions. Twelve of the
children died within two days and those that survived de‘%loped staphylococcal abscesses

at the site of injection. The result of the subsequent studies suggested that the early deaths

were due to the toxin elaborated by the Staphylococcus.

2.2 Description of the Staphylococcus aureus

w

Staphylococcus aureus is a cluster forming gram-positive cocci belonging to the genus
Staphylococcus. The genus belongs to the family micrococaceae. Five other genera in the
same family ;g;plude Micrococcus, Gaffkya, Sargina, Peptococcus and Aerococcus.
Graffkya and Athe aerobic species of Sarcina are classified in the genus Micrococcus
(Cruickshank et al., 1975). The distinguishing features are given in table 2.1. The
pathogenic species in the family micrococcaceae include S. aureus and S. epidermidis.
The other members of the genera are commonly present elther as commensals or

Prs
e
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contaminants on the surface of the body that lack virulence and primary pathogenicity.



Clinical specimens taken from the body surface such as swabs from the skin, nose, throat,
@

wounds, burns and bedsores are contaminated with these organisms and their presence

should not be regarded as being clinically significant. Gaffkya tetragena is a rare cause of

suppurative lesions in the mouth, neck or respiratory tract (Cruicksharnk et al., 1975)

Table 2.1. Characteristics of six genera of the Micrococcacceae, the cluster forming
Gram positive cocci.

Genus Predominant  Atmospheric Catalase =~ Breakdown Ecological
Grouping of requirement production of glucose  characteristics
cocel

Staphylo- irregular aerobic and + fermentative  pathogenic

Coccus grapelike facultative form acid commensals
Clusters. anaerobic under

aerobic and
anaerobic
conditions

Micro- irregular ®  aerobic + oxidative free living

Coccus and saphropytes
rectagular &
clusters and .
tetrads

Gaffykia tetrads aerobic and - fermentative pathogenic

facultative parasites
anaerobe

Sarcina cubical 1.anaerobic - fermentative free living
packets or inactive  saprophytes
eight 2.aerobic oxidative
coccl

Peptococcus clusters and  strictly ,+ ° fermentative commensal

tetrads anaerobic orinactive  parasites

Aerococcus  small facultative -,or fermentative free living
clusters anaerobe weak. saprophytes

Adapted from Criichshank e al. (1975).



2.2.1 Cellular and colonial morphologysof Staphylococcus aureus

Rosenbach (1884), described S. aureus organisms as Gram positive spherical cells with
an average diameter of 0.7- 1.0um that appear as grape-like clusters with single and
paired cocci in films of pus or from solid culture medium. In broth medium,
Staphylococcus aureus appears as small groups, pairs, singles and short chains (less than
five cocci in line). Their characteristic growth in clusters results from irregular divisions
in two planes perpendicular to one another in solid media (Davis et al, 1968). When
grown on nutrient agar, milk agar or blood agar for 24 hrs at 37°C, individual colonies are
circular, 2-3mm in diameter with a smooth shiny surface. Colonies appear opaque and are
often pigmented (golden-yellow, fawn or cream), though a few strains are unpigmented

(Greenwood et al., 1997).
«

The main distinctive diagnostic features of Staphyloco€cus aureus include production of
an extracellular enzyme coagulase that converts fibrinogen in citrated human or rabbit
plasma into fibrin, aided by an activator present in plasma, production of thermastable
nuclease that breakdown DNA and production of a surface-associated protein known as
clumping factor or boupd coagulase that reacts with fibrinogen (Crunshshank; 1975).
Various commercial systems are available that rapidly identify coagulase-positive and
coagulase-negative species. They are particularly useful for screening large numbers of
strains obtained from environmental and food, samples (Greenwood et al, 1997).
Recovery of the S. aureus from stressed cells can be achieved by the use of Baird Parkers
agar, which relies on two properties of the organism. First, S. aureus utilizes egg yolk

lipoprotein which causes clearing around the colonies, often with a white precipitate

within this zone due to formation of calcium and magnesium st of fatty acids.
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Secondly, the agar contains tellurite which inhibits many interfering organisms, and
@
which S. aureus reduce to give pitch-black colonies. Sodium pyruvate and glycine in the

agar acts as a selective growth stimulant and makes the medium non-toxic for stressed

populations (Idiziak and Mossel, 1980).

2.2.2 Cultural characteristics of Staphylococcus aureus

Staphylococcus is a facultative anaerobe with a growth temperature between 12 - 44°C,
with an optimum temperature of 37°C and optimum pH between 7.4 to 7.6 (Alice, 1989).
The organism tolerates high concentrations of sodium chloride than many other kinds of
bacteria where growth in upto 16-18% sodium chloride has been reported (Genigeorgis
and Sadder, 1966). Growth occurs aerobically at levels of water activity down to 0.86 or
0.88. Under anaerobic congitions, Staphylococci grow at a minimum water activity of 0.9
(Qi. and Miller, 2002). Staphylococcus aureus fermefnts glucose and mannitol sugars.

Table 2.2 shows the distinguishing characteristics between the species of the genera

Staphylococcus and Micrococcus.
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Table 2.2. Characteristics of species of the genera Staphylococcus and micrococcus.
@

Staphylococcus Microccoccus
Character S. aureus S. epidermidis M. luteus M. roseus.
Acid from glucose
(1) aerobically + + + Y
(2) anaerobically + + = -
Coagulase 4 - - -
Phosphatase + D - -
Acetoin (V-P) + D + s
Acid anaerobically #
From .

(1) Arabinose - - - -
(2) Lactose + D - -
(3) Maltose & o D D W

(4) Mannitol ~ + - - -

W = weak or negative.

D = different reactions (+ or -) in strains.

Adapted from Baird-Parker (1996).
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2.2.3 Genomic variability of Staphylococ:gus aureus

Studies of the genomic deoxyribonucleic acid of Staphylococcus aureus subspecies
aureus strains of various origins, as well as the genomic DNAs of other coagulase-
positive Staphylococcus species by restriction endonuclease analysis and subjected to
pulsed- field gel electrophoresis revealed that the levels of similarity of the small
restriction patterns of the S. aureus sub species aqureus strains varied from 30 to 100%
(Pantucek ef al., 1996). These species were found to belong to the same restriction group.
Within this range of similarity values, 13 S. qureus intraspecies restriction groups were
identified. Each group consisted of strains whose level of similarity ranged from 65 to
100%. Staphylococcus aureus sub S. aureus CMMS88ST (T =type strain) belonged to the
major intraspecies restriction group that comprised 39% of the S. aureus strains, which
were studied. The strains. of the other coagulase- positive Staphylococci, including
Staphylococcus hyicus, Staphylococcus dolphini and Staphylococcus schleigeri sub
species coagularis, clustered with their type strains in sfparate festriction groups.

S. aureus sub species aureus exhibited almost no similarity to these species (Pantucek et

al., 1996).

2.3 Resistance of the organism to adverse conditions

2.3.1 Effects of chemical and physical agents

Staphylococcus aureus can withstand moist heat at 6OZC for 30 minutes but is generally
killed in one heur, though some strains may res;st 80°C for 30 minutes (Alice, 1989).
Because of their resistance to drying, they can be carried on dust particles and live for
weeks or months in dried pus or sputum. Staphylococcus aureus are resistant to the action

of phenols and many other disinfectants, but they are very sensitive to the basic dye

(Topley and Miles, 1955). {
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2.3.2 Resistance of S. aureus to high temperature

When compared to Gram negative rods shaped organisms such as E. coli and Salmonella,
S. aureus is resistant to inactivation by temperature below freezing (Georgala and Hurst,
1963). Minor and Marthi (1972) showed that freezing of cells of S. aureus strains in
trypticase soy broth, storage for 24 hours at =30°C and thawing, had very little effect on
viability. Cells treated in this manner were slightly more sensitive to 7.5% concentration
of sodium chloride in tryptic soy agar than cells held for similar periods at 37°C.
Freezing and thawing may cause injury to cells of S. aureus but not death. Injuries that
may occur in bacteria stored at subfreezing temperature include membrane damage and
changes in metabolic or enzymatic activity (Marth, 1973). Gopalakrishana and
Shrivastava (1988) reported absence of coagulase positive Staphylococci in frozen

lobsters, cattlefish, catfish, gtarfishand and red snapper.

2.3.3 Resistance of S. aureus to pH

Staphylococcus aureus is relatively resistant to the presence of acids in their environment.
Minor and Marthi (1972) found appreciable differences on the effects of the survival of
18 hours old cel}s of S. aureus after 24 hours of incubation at 37 °C in tryptic S0y broth,
acidified with different'acids. A 99.9% decrease in number of viable Staphylococci
occurred with acetic, lactic, phosphoric, citric and hydrochloric acid when the pH of the
medium was 4;§, 44,42, 3.9 and 3.8 respectively. Th; undissociated acid molecule was
responsible for the enhanced inactivation of the cells and by partially dissociated acids
anions of these acids had effect on cell survival. The cells were most sensitive to the
effects of hydrogen ions between 12™ and 24™ hours during 120 hours incubation at 37°C

and so at a higher incubation temperature (45°C), and when- the initial numbers of

bacteria were low.
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These workers observed that cells exposed to sub lethal acid treatment appeared to be
@

mildly injured and this injury was repairable when the proper conditions for recovery

were provided. Acid inactivation was enhanced in the presence of 7.5% sodium chloride

and freezing temperature, but only when the pH of 4.2 and 3.8 were employed. Sensitivity

of the survivor to salts increased sharply at the lower pH value.

2.3.4 Resistance to sodium chloride and sugars

The presence of salts and sugars in aqueous environments has direct effects on the water
activity of the food. The growth of S. aureus occurs aerobically in a media with water
activity too low for growth of many species of other microorganisms (Qi. and Miller
2002). S. aureus is therefore highly tolerant to the presence of solutes such as salts and
sugars in the growth media. According to Genigeorgis and Sandler (1966), growth

occurred at 37°C in brain heart infusion broth with 16% sodium chloride at pH 6.9, but no
#
cell survived with pH 5.1 containing 16% salt. y

2.3.5 Resistance of Staphylococci to antimicrobial agents.

Hospital strains 9f S. aureus are usually resistant to a variety of antibiotics. A few‘ strains
are resistant to all ciinically useful antibiotics except vancomycin and rarely,
vancomycin-resistant strains have been reported. High-level vancomycin resistance was
experimentally transferred from Enterococcus fae‘éalisyto S. aureus both in vitro and in

#

vivo models. Edmond et al. (1996) suggested that a patient who is infected or colonized
with vancomycin resistant S. aureus should be placed in a private room and all persons
entering the room should wear clean, nonsterile gloves and disposable gowns. Gloves and

gowns should be removed before leaving the room. After the gloves are removed, people

are required to wash hands with 4% chlorohexidine or 60% isopropyl alcohol.
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A monitor could be placed at the door to p‘revent unauthorized access and to enforce hand
washing and barrier precautions. A plasmid associated with vancomycin resistance has
been detected in the enterococci, which can be transferred to S. aureus in the laboratory
(Edmond et al., 1996). Methicillin resistant Staphylococcus aureus (MRSA) are wide
spread and most methicillin resistant strains also exhibit multiple resistances to other
antibiotics (Al-Massaudie et al., 1988). When Kirby’s first description of penicillinase
producing strains of S. aureus was published in 1944, resistance was infrequently
encountered, with only a handful of strains available for study. Staphylococcal resistance
was reported shortly after penicillin was introduced and within approximately 60 years,
25% of hospital strains were resistant. One to two decades later, 25% of community
isolates were penicillin resistant (Gould and Cruichshank, 1957; Harris and Wise, 1969).
Although the rates are Qnly approximate because they are based on reports from
numerous locations, a clear correlation exist between the prevalence of penicillin-

&
resistant strain of S. aureus reported in hospitals and rates in thé community.

2.3.6 Virulence factors of Staphylococcus aureus

S. aureus produges coagulase, a soluble enzyme like product, which in vivo contri})utes to
the pathogenicity of the; organism by inactivating a bacteriocidal substance in normal
serum or by protecting the cocci with a fibrin barrier against phagocytosis. The organisms
also produce t(lgg.ins that kill phagocytes and cell sﬁrfac; components that enable the cocci
to resist killing by lysosomal enzymes, after ingestion by phagocytic cells. The cell wall
components of the coccus include a mucopeptide, a species-specific antigen, protein A

that is a precipitant of gamma globulins, alpha and beta ribitol technoic acid antigens, and

a type specific antigens (Montie and Kadis, 1970).
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The organism produces various types of toxins. Enterotoxins are secreted by growing S.
aureus cells and are demonstrable of bacteria free filtrates of cultures. Toxins that
probably play a role in the pathogenesis of S. aureus are alpha toxins and the pento-
balentine (PV) leucocidin. Alpha toxins are hemolytic, leucocidal (kill macrophages),
cytotoxic dermatonecrotic and show lethal effects. The organism has an antigenic
enzyme, which appears to act on the cell wall membranes and probably responsible for
some of the symptoms in fatal cases of staphylococcal septicaemia (Montie and Kadis,

1970). Table 2.3 shows some of the virulence factors expressed by S. aureus.
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Table 2.3. Potential virulence factors expressed by S. aureus,

Virulence factor

Activity

Cell wall polymers

Peptidoglycan

Teichoic acid

Cell surface proteins
Protein A
Clumping factor
Fibronectin-binding protein
Collagen-binding prgtein

Exoproteins

a- lysine

B-lysine

v-lysine

8-lysine
panton- valentine
leucocidin
Epidermolytic toxins
Toxic shock syndrome
Toxin k
Enterotoxins

Coagulase

F 4

Hyaluronidase

Staphylokinase
Lipase
Phospholipases
Deoxyribonuclease
Proteases

Inhibits inflammatory

response: endotoxin-like

activity

phage adsorption reservoir
of bound divalent cations

reacts with Fc region of IgG

binds to fibrinogen
bind to fibronectin
binds to collagen

&

Impairment of membrance
permeability:

cytotoxic effects on
phagocytic and tissue cell

cause blistering of skin
induces multisystem effects
superantigen effects
induce vomiting and
Diarrhea: superantigen
Effects .
Converts fibrinogen to fibrin
in plasma
Degrades hyaluronic acid in
Connective tissue
degrades fibrin
Degrades lipid
Degrade phospholipids
Degrades DNA
Causes proteolysis

Adapted from Greenwood ef al. (1997).
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2.4 Reservoir host of Staphylococcus aureus

Staphylococcus aureus is found in varying numbers in air and dust as well as in water,
food, faeces and sewage. Humans are natural reservoirs of S. aureus, and asymptomatic
colonization is far more common than infection. Colonization of the nasopharynx,
perineum, or skin, particularly if the cutaneous barrier has been disrupted or damaged,
may occur shortly after birth and may reoccur any time thereafter (Payne et al., 1966).
Family members of colonized infants may also become infected. Transmission occurs by
direct contact to a colonized carrier. Carriage rates of persons with insulin-dependent
diabetes, patients with dermatological conditions, patients 25% to 50% higher than in the
general population are observed in injection drug with long-term indwelling intravascular
catheters, and health-care workers (Wadlvogel, 2000). Young children have higher
colonization rates, probably because of their frequent contact with respiratory secretions

(Adcock et al.,, 1998). Colonization may be transient or persistent and can last for years
&

(Sanford, 1994).

2.5 Food-borne diseases

Food-borne diseases (FBD) are defined by the World Health Organization as “diseases of

infectious or toxic nature caused by or thought to be caused by the consumption of food
or water”. Food — borne diseases are of major concern worldwide. To date around 250

different food—g@me diseases have been describéa, and bacteria are the main causative

agents of two thirds of food borne disease outbreaks (Yves et al., 2003).
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2.5.1 Staphylococcal food poisoning

Among the predominant bacteria involved?n these diseases, Staphylococcus aureus is the
leading cause of gastro-enteritis resuiting from the consumption of food contaminated
with S. aureus enterotoxions. Enterotoxins are produced by enterotoxigenic strains of
Staphylococcus aureus while they grow and multiply in food. The term “food poisoning”

has been given to a food-borne disease associated with recent consumption of food with a

short incubation period ranging from a few minutes to a few days.

2.5.2 Enterotoxigenic potential of other Staphylococci

Several staphylococcal species other than S. aureus reportedly produce staphylococcal
enterotoxin (Jay, 1992). Among the coagulase negative species are S. cohnii, S.
epidermis, S. xylosus and S. haemolyticus. These bacteria have been isolated from ewe’s
milk and were found to produce one or several SEs (Bautista et al., 1988). The coagulase

®

positive S. intermedius is the predominant food borne non-S. aureus species isolated from
food. Some have been shown to produce SEs (Beckér et al,, 2001). Staphylococus

intermedius is the only non S. aureus species that has been clearly involved in

Staphylococcal food poisoning outbreaks (Khambaty er al., 1994).

2.5.3 Staphyloceccal enterstoxins

Studies on Staphylococcal enterotoxins (SEs) started from the analysis of S. aureus
strains involved in staphylococcal food poisoning. In the first SEs identified, the peptide
sequence was@‘,available before the nucleotide sequence. This was the case for SEA
(Huang et al., 1987), SEB (Huang and Bergdoll, 1970) and SEC (Schmidt and Spero,
1983). To date, 14 different SE types have been identified which share structure and

sequence similarity. The SEs are short proteins secreted in the medium and soluble in

water and saline solutions.
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Staphylococcal enterotoxions are rich in lysine, aspartic acid, glutamic acid and tyrosine
residue. Most of them possess a cystine loop required for proper conformation and which
is probably involved in the emetic activity. They are highly resistant to proteolytic
enzymes, such as pepsin or trypsin and thus keep their activity in the digestive tract after
ingestion (Bergdoll, 1970). They are also resistant to chymotrypsin, rennin and papain.
Staphylococcal enterotoxin B can be destroyed by pepsin digestion at pH 2 but it is
pepsin resistant at higher pH, which is a normal condition in the stomach after food
ingestion (Bergdoll, 1983). Staphylococcal enterotoxins are highly resistant to heat. They
are thought to be resistant in foodstuffs than in a laboratory culture medium (Bergdoll,
1983), but can be inactivated by heat treatment used in the sterilization of canned foods
when they are present at low concentrations (Bergdoll, 1983).
#

Genes encoding SEs have different genetic support most of Which are mobile elements,
for example, sea is carried by a family of temperate phage (Betley and Mekalanos, 1985;
Coleman et al., 1989). Seb is chromosomally located in some clinical isolate (Shafer and
Iandolo, 1978), while it has been found in a 750-Kb plasmid in other S. aureus strains
(Shalita et al., 1577). Staphylococcal enterotoxin C (SEC) is encoded by a gene lo;:ated in
a pathogenicity island (Fitgerald er al., 2001) and see is carried by a defective phage
(Couch et al., 1988). The main regulatory system controlling this gene expression of
virulence fact:;s in S. aureus is the accessory gene regulator (agr). Kornbblum et al.
(1990) reported agr gene to act in combination with the staphylococcal accessory
regulatory gene sar; (Cheung et al., 1992;Novick, 2000). Some but not all of the SE
genes are controlled by agr system. The seb, sec and sed genei’have been demonstrated

¢
to be agr dependant; where as sea and sef are agr independent (Tremaine ef al., 1993;

Zhang et al., 1998).
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Recent research by Vojtor et al. (2002) demonstrated that SEB, like toxic shock
syndrome enterotoxin (TSST), is a negative global regulator of exoprotein gene
transcription, which acts via the agr system. As agr expression is tightly linked to quorum
sensing the production of agr-dependant SEs in foodstuffs is dependent on the ability of
S. aureus to produce high cell density (estimated at 10cfu/g) in the foodstuffs.

Environmental factors play an important role in SEs gene expression (Novick, 2000).

2.5.4 Staphylococcal enterotoxin activities

The SE belongs to the family of the so-called pyrogenic toxins originally from the genera
Staphylococcus and Streptococcus. Pyrogenic toxins include SEs, TSST, exfoliatins A,
and B and Streptococcus pyrogenic toxins. These toxins share some structural, functional
and sequence similarities (Balaban and Rasooly, 2000). Until recently, SEs were
discovered in studies of S aureus strains implicated ini‘ood bdme disease outbreaks and
they were classified in distinct serological types SEA to E and SEH have been
demonstrated as being capable of more or less potent emetic activity. More recently,

increasing data resulting from partial or complete genome sequence analyses have

allowed the identificatiori of several new SE types.

The new SEs were first identified on the basis of sequence and structural similarities with

&

existing Ses (Balaban and Rasooly, 2000). There is experimental evidence for their

superantigenicity in vitro and/or in vivo activities, but rarely their emetic activities.
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Although pyrogenic toxins are involvei in distinct pathologies and have common
biological activities, they cause immunosuppression and nonspecific T-cell proliferation
(Dinges et al., 2000). These activities are referred as superantigen activities. Among the
superantigens, only SEs has emetic activity.

Superantigen and emetic activity of the SEs are two separate functions localized on
separate domains of the proteins (Horde er al., 1994; Dinges et al., 2000). High
correlation exists between superantigen and emetic activities since, in most cases genetic
mutation results in loss of superantigen activity (Harris ef al, 1993). Superantigen
activity results from direct interaction of SEs with T-cell receptors (TCR) and the major
histocompatibility complex (MHC) of antigen-presenting cells (APC). Only a few T-cells
can recognize a specific antigen presenting in MHC of an APC (Mc McCormick et al.,
2001). Superantigen toxing interact with many T-cells by the recognition of specific
Variable 3 chains of the TCR (T cell receptor). This cross-link results in the nonspecific

#

activation and proliferation of T-cell and a massive secretion of interleukins that may be
involved in the mechanism of SE toxicity, such as toxic shock syndrome (Mc Cormick et

al,, 2001). SEB has been well studied due to its potent superantigen activity and are

considered as potential microbiological weapons of warfare and terrorism (Greenfield et

-

al., 2002).

The emetic actizity of SE’s is not as well characterized as superantigen activity. The

enterotoxin actfvity is uniquely characterized by the SE to cause emetic responses when

administered orally to monkeys, where as other superantigens are not emetic (Dinges et

al., 2000). Little is known about how the SEs causes symptoms of food poisoning. They

may have a direct effect on intestinal epithelium and on the vagus nerve, causing
&

stimulation of the emetic center and of gut transit (Bergdoll, 1983; Arbuthnott et al.,

1990).
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The infective dose required to induce staphylococcal food poisoning in humans is
i
estimated to be approximately 0.1pg, which may vary with patient sensitivity (Evenson et

al., 1988). Emetic activity has not been precisely localized.

One common feature of SEs is a cystine loop, thought to be important for emetic activity
based on mutant analyses (Horde et al., 1994, Dinges et al., 2000). SEI lacks the cystine
loop structure and its emetic activity is nevertheless significantly lower than that of other
SEs (Munson et al., 1998). Sequence analysis of two other recently identified SEs SEK
and SEL, also indicated absence of the cystine loop (Orwin et al., 2001; Fitzgerald et al.,

2001).

2.5.5 Environmental factors that affect production of enterotoxins

@
Many studies have investigated the conditions in which S. aureus is able to produce SEs
(Bergdoll, 1989; Genigeorgis, 1989). SEs production Has been@studied in strains grown in

laboratory media and in diverse foodstuffs.

The abundance of accelerating gene regulator (agr) is well documented because it
regulates most of the v_irulence factors in S. aureus (Novick, 2000). Valine is necessary
for growth and arginine and cystine are necessary for both growth and SE production in
five strains of S. aureus that produce SEA, SEB or SEC. The reqirement for amino acids

7~

vary with the strains (Onoue and Mori, 1997).

Glucose has been shown to have an inhibitory effect on SE production, especially for
SEB and SEC (Bergdoll, 1989). This effect has been attributed to a drop in pH as a
consequence of glucose metabolism. Glucose and low pH hav%an inhibitory effect on agr
expression (Regassa et al., 1992; Novick, 2000). Staphylococcal enterotoxin production is

optimal in neutral pH and decreases in acidic pH, and usually pH below 5.
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Substances used to acidify the medium may have less effect than lactic acid on SE
@
production. High concentration above 12% is independent of the pH (Notermans and

Heuvelman, 1983).

Alkaline pH also decreases the production of SEB, SEC, and SED via decreased
expression of agr (Regassa and Betley, 1992). Staphylococcus aureus is sensitive to
microbial competition. Genigeorgis (1989) demonstrated that the higher the
concentrations of competing microorganisms in milk, the lower the rate of S. aureus
growth and SE production. Competition with lactic acid bacteria has been reported on
cheese (Otero et al., 1988; Vernozy-Rozand et al., 1998) and fermented sauge production
(Sameshima et al., 1998).

The effects of lactic acid bacteria are mainly due to lactic production leading to lower pH,
#
and hydrogen peroxide production, competition for nutrients afid sometimes the synthesis

of antimicrobial substances, such as bacteriocins (Genigeorgis, 1989).

2.6 Foods involved in Staphylococcal poisoning

In all cases of s£aphylocbccal food poisoning, the foodstuff or one of the ingrediénts was
contaminated with an SE-producing S. aureus strain and was exposed, at least for a while
to temperatures that allows S.aqureus growth and enterotoxin production (Genigeorgis,

1989).

Most of the time the foodstuff reached this temperature because of failure in the

refrigeration process, or because a growth-permissive temperature was required during
L}{‘j’: i

processing (Bergdoll, 1989).
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Many different foods can be used as growth medium for S. aureus and have been
implicated in staphylococcal food poisoning, including milk and cream, cream-filled
pastries, butter ham, cheeses, sausages, canned meat, salads, cooked meal and sandwich
filling (Bergdoll, 1989). In one case cheese was involved in an outbreak because it had
been made from milk contaminated after pasteurization and before inoculation with lactic
starter culture.

The starter culture in this particular case did not grow properly resulting in a fermentation
accident that allowed S.aureus strains to develop and produce SE (Bergdoll, 1989). In
1985, chocolate milk was the origin of a staphylococcal food poising in Kentucky, USA.
This chocolate milk was contaminated and stored at ambient temperature for 4 to 5 hours,
before pasteurization. Pastgurization killed the Staphylococcus aureus but had no effect
on the SEs. In the case of canned food that has been correctly processed, bacteria and SEs

&

are usually destroyed. Some cases of staphylococcal “food poisoning involving canned
mushrooms that were correctly processed were reported in the USA (Bennet, 1992).
Foods that are most often involved in Staphylococcal food poisoning differ widely from
one country to another. In the United Kingdom, for example, 53% of the Staphylococcal
food poisoning ;eported'between 1969 to 1990 was due to meat products, mea; based

dishes especially ham.

~
g
&

Twenty two pef cent (22%) of the cases were due to poultry-based meals, 8% due to milk
products, 7% to fish and shellfish and 3.5% of eggs (Wieneke et al., 1993). In France
among the staphylococcal food poisoning reported in a two year period (1999-2000), milk

products especially cheese were responsible for 32% of the cases, meat for 22%, sausages

7

g

and pies for 15%, fish and sea food for 11% and poultry for 9.75% (Haegherbaert et al.,

2002).
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@

In the United States, among the staphylococcal food poisoining cases reported between
1975 and 1982, 36% were due to red meat, 12.3% to salads, 11.3% to poultry, 5.1% to
pastries and only 1.4% to milk products and seafoods. In 17.1% of the cases, the foods
involved were unknown (Genigeorgis, 1989). In France, the consumption of raw milk

cheeses is much higher than in Anglo-Saxon countries.

This may explain the importance of milk products involved in staphylococcal food
poisoning in France (Wieneke et al., 1993). The main sources of contamination are
human (handlers contaminate food via manual contact or via the respiratory tract by
coughing and sneezing) and contamination may occur after heat treatment of the food. In
foods such as raw meg}, sausages, raw milk, and cheese contamination from animal

origins are most frequent and due to animal carriage or to infection (Genigeorgis, 1989).
&

&

2.7 Frequency of enterotoxigenic strains

Foods and raw ingredients are subjected to regular microbiological control. Among the

S. aureus strai}ls isolated from food samples, the percentage of enterotoxigenic strains is
estimated to be 25% EBergdoll, 1989). Estimations vary considerably from one food to
another. In France, among 61 strains isolated from raw milk cheeses, 15.9% were

&

enterotoxigenic (Rosec ef al., 1997).

In Denmark, another study performed on strains isolated from cows with mastitis found
that only 1 out of 414 S. aureus isolated carried an SE gene (Larsen ef al., 2000). A
similar study was performed in Minas Gerais, Brazil, where( {4.;5;4(43%) of 127 S. aureus

isolates from bovine mastitis were found to be SE producers (Cardoso et al., 1999).
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More recently in Germany, similar work gn strains isolated from the milk of cows with
mastitis showed that upto 72% of the strains were enterotoxigenic when SEA to SEJ were
considered (Akineden et al, 2001). There is a great increase in the percentage of
enterotoxigenic strains when the newly described staphylococcal enterotoxins are taken
into account. A long with the SEA, SEC, and SED often found in the studies, SEG, SEI,

and SEJ seem to be the predominant SEs in strains isolated from cattle with bovine

mastitis (Akineden ef al., 2001).

2.8 Treatment of Staphylococcal food poisoning

Staphylococcal food poisoning is not contagious and cannot be spread from one person to

another. There is no medication or antidote that can be given to neutralize the poison or

cure the illness caused by Staphylococcus aureus but treatment is limited to supporting

the body until it can recover on its own. Treatment may include tylenol for fever, cough
rd

suppressant for comfort and in some cases intravenous Lﬂuid fof dehydration. If there are

serious breathing problems, management will include oxygen and even mechanical

ventilation (http://al hazards. State wy.us.)

Staphylococcus ;zureus capsular polysaccharides were one of the earliest taréets in
vaccine studies aimed at preventing staphylococcal infection. Immunization was with
polysaccharide %ntigens extracted from highly ~encapsulated S. aureus. Strains of
Sz‘aphylococcuf protected mice against infection with the homologous, but not
heterologous capsule type (Ekstedt, 1963). Furthermore protection could be passively

transferred to immunologically naive animals by injecting them with immune serum.

Capsule antibodies can protect mice against staphylococcal abscesses in a sublethal

&>

injection model (Lee ef al., 1988).
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In. a study, Jean et al. (1997) examined the protective efficacy of antibodies to the
Staphylococcus aureus type 5 capsular polysaccharide (CP5) in a modified model of
catheter - induced endocarditis. The results demonstrated that capsular antibodies elicited
by immunization with a polysaccharide protein, conjugate vaccine protected experimental

animals against serotype 5 S. aureus.

2.9 Detection of Staphylococcus enterotoxins

2.9.1 History of enterotoxin detection

Various methods have been used to detect enterotoxins in food and in culture supernatant
or filtrates of S. aureus strains. The first methods applied for detection of S. aureus
enterotoxins were bioldgical assays such as monkey and the kitchen feeding and
parenteral injection test (Davidson ef al., 1938). quvever, these were inconvenient and
expensive. Therefore immunological techniques were ela‘t?orated, based on immuno-
diffusion techniques following Ouchterlony (1958). Precipitation in gels of the
enterotoxin-antibody complex has been the most frequently employed serological
method. The rpicrodouble diffusion slide technique of Crowley (1958) proved;to be the
most specific as it p;ovides a direct comparison between a reference toxin and the
unknown sample. Modification of these techniques include the optimum sensitivity plate

(OSP) method described by Robbins er al. (1974) and the microslide technique of

Casman et al. (1967).

Using OSP method, up to 1Mg of toxins/ml can be detected. The OSP technique proved to

be a simple method for testing strains of S. aureus for enterotéxin production.
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However, for satisfactory results, culture methods have to be used that favour synthesis of
@
enterotoxins. For this, the dialysis-sac culture (Donnelly ef al., 1967) and the cellophane-

over agar culture (Hallander, 1965) have been used.

2.9.2 Electrophoretic and immunoblot analysis of staphylococcal enterotoxins in

food
Sodium dodecyl sulphate-polyacryamide gel electrophoresis (SDS-PAGE) is a common
protein separation method (Orden ef al., 1992). An electrical field is applied so that
charged molecules migrate through a polyacrylamide matrix to the electrode bearing the
opposite charge.
The negatively charged detergent, SDS, denatures and strongly binds proteins. SDS-
bound proteins migrate to the positive pole at rates inversely proportional to their
molecular weights. In general, two part discontinous gel are used (Laemmli, 1970). The
sample is loaded onto the upper portion (stacking ;l), which has a low acrylamide
concentration, low pH, and low resolving ability. When the sample runs through the
stackling gel, all protein are concentrated into a narrow band. The narrow band enters the
lower portion (resolving gel) that separates protein by size.
The acrylamide concentration chosen for the resolving gel depends on the size of protein
to be separated. SEs is 25-30 Kda and 12.5% acrylamide is useful for separating protein
in that range. ﬂi;nmunoblots have two important advantages for food testing. First even
though heat and other treatments during food processing can cause proteins to aggregate,
the aggregates are solubilized and unfolded in SDS gels. Other antibody-based methods

of food analysis, such as ELISA, do not have a SDS solubiﬁgation step. Instead, the

sample is applied directly to the antibody, because SDS in the /Sample would denature the

Aatantina antihadsr (Orden ot A1 100N
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Second, cross-reacting antigens usually can be distinguished from the desired antigen on
®

the basis of molecular weight in a western blot (Rasooly, 1998). In ELISA, and other

assays in which samples are evaluated without separation or purification, cross-reacting

antigens increase the background.

Western blotting has some limitations, which are important to recognize when applying
the method to food analysis. First, inactive and active SE is nearly indistinguishable by
Western blotting (or any other antibody-based method). Secondly only small sample
volume (30-50ml) can be loaded onto a gel, which may limit the sensitivity of the

method.

When compared directly.with ELISA using contaminated mushroom samples, Western
blotting was as sensitive as ELISA with native samples and much more sensitive with
heat-denatured samples (Rasooly, 1998). A third limifition of*western blots is that cross-
reactive bands potentially could co-migrate with the antigen. Cross-reactivity is an
inherent problem with all immunological methods, because antibodies recognize small
regions of proteins and similar epitopes may occur in other proteins (Rasooly, 1998).

Increasing the specificity of the reaction by using monoclonal antibodies minimizes this

problem. Several independently isolated aptibodies and control samples of

e
&

uncontaminated similar food can be used to determinate whether the bands represents

toxin or unrelated antigens (Rasooly, 1998).
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@
2.9.3 Rapid latex agglutination test for detection of staphylococcal enterotoxins
A polystyrene latex particle sensitized with purified rabbit antiserum raised against
purified staphylococcal enterotoxin is used latex particles agglutinate on the presence of
the corresponding enterotoxin. The control reagent used consists of latex particles

sensitized with non-immune rabbit globulins (Nancy et al., 1986).

The test is performed in v-well microlitre plates. The presence of a staphylococcal
enterotoxin is indicated by agglutination that occurs in the form of a diffuse lattice
structure, which upon settling forms a diffuse layer on the base of the well. (Nancy et al.,
1986). Cenci et al. (2003), isolated S. aureus strains to determine whether one or more
enterotoxins in milk and daily products was linked to staphylococcal food poisoning.

The research isolated 160 S. aureus out of 2,343 routine submissions of a composite
#

quarter over a period of 9- month from 18 daily farms in Califofnia.

The production of staphylococcal enterotoxins A through D (SEA, SEB, SEC and SED)
was evaluated using reverse passive latex agglutination enterotoxins kit. Twenty-two of
160 S. aureus isolates prbduced enterotoxin. Seven produced SEC, 12 produced SED, and

3 produced both SEC and SED. None of the isolates produced SEA or SEB.

&

”~
»

Four lots of tﬁe Set RPLA kit (Denka Seiken Co. Ltd. Tokyo) a commercial reverse
passive latex agglutination test kit for detection of staphylococcal enterotoxin A, B, C and
D in food have been evaluated for their efficacy (Park and Szabo, 1986). The kits showed
high specificity and sensitivity with a detection limit of O.75ngf§_:gterotoxin/ g of food. The
test is simple and can be completed within 24h, and doe.; not require complicated

extraction or concentration procedures or expensive equipment.
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These workers found no significant difference in the enterotonigenicity of S. aureus from
@

different food source using ELISA.

Fujikawa and Igarashi (1988) used rapid reverse passive latex agglutination method that
used high-density latex particles for incubation. It took 3 hours much less than the 16h
needed with a customary latex agglutination test.

The rapid test was also efficient in SE detection in foods and culture supernatants of

staphylococcal strains, similar to the SET-RPLA test

2.9.4 Enzyme linked immunosorbent assay for detection of staphylococcal
enterotoxins in foods

Enzyme linked immunosorbent assay (ELISA) for detection of S. aureus enterotoxin (SE)
has an enzyme label conj.ugated either to the enterotoxin as in competitive ELISA
(Shifter- Rosenberg and Fey, 1978) or conjugated to thé a.ntibc;dy as in sandwish ELISA
(Notermans et al., 1978; Koper et al., 1980). Both competitivé and sandwish ELISA are

performed using, as a solid phase, polystyrene plates coated with anti- SE.

After incubation-with the sample, the amount of absorbed toxin is measured using either
anti-SE conjugated to an enzyme i.e. sandwich ELISA (Berdall et al, 1981) or SE
conjugated to an enzyme (competitive ELISA). The sandwich method was found very
sensitive and eonvenient for use in detecting st;phylococcal entertoxin A, B and C
(Olsvik et al., 1982). Both polyclonal and monoclonal antibodies have been used in

ELISA. The rabbit polyclonal antibody systems have been widely used. The monoclonal

antibodies are capable of detecting 1.0ng of enterotoxin per milliliter of food sample.

7%

Both systems provide an unlimited supply of highly uniform reagents and cross-reacting

monoclonal antibodies can be adapted to these assay systems (Nancy et al., 1986).
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Lenz et al. (1983) isolated 340 S. aureus ’strains either from routine food test samples or
from food left over from healthy or sick persons in cases of suspected food poisoning in
various places of the Federal Republic of Germany. The staphylococcal enterotoxin types
A,Band C (SEA, SEB and SEC) was determined both by the ELISA and the microslide
test (MS-test) and the enterotoxin type D and E by the MS- tests only. Comparison of the
two test methods clearly showed that the ELISA technique was superior to the MS

method.

The sensitivity of the ELISA was at 2.5nanogram, where as that of the MS-test was
limited to approximately one microgram. ELISA revealed 6.2% more of the strains as
enterotoxin producers. Further more the ELISA is far more efficient, consuming less test
reagents and with a capacity for testing more strains in a shorter time.
#

Fey (1987) described a semi-quantitative Staphylococcal Enterotoxins Enzymes immuno
Assay (SET-EIA). The SET-EIA is a semi-quantitative set, which detects SE in food and
in culture supernatants. A test kit based of this method contains coloured coded
polystyrene balls coated with antibodies specific for SET-A, SET-B, SET -C and SET -
D. Balls used as ;egativé controls were coated with immunoglobnlins from normai rabbit
serum. The cultures suspected to contain staphylococcal enterotoxin were incubated with

&

the coated balls for 4 hours. ’

The balls were washed with buffer solution to remove unbound non-specific proteins. The
balls were washed individually into tubes and incubated with phosphatase labeled second
antibody (enzyme conjugate). After washing, p-nitrophenylphosphate substrate (pNPP)

was added. Phosphatase labeled antibodies bound to the ball cleaved pNPP to the yellow

compound p-nitrophenolate.
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The intensity of the yellow colour was proportional to the antigen concentration the
@
detection limit of the test lied between 0.1 to 1 ng staphylococcal enterotoxin 1 ml of the

extract depending on the type of food specimens.

2.9.5 Polymerase chain reaction (PCR) for detection of staphylococcal enterotoxins

Polymerase chain reaction (PCR) is one of the most widely used target nucleic acid
amplification methods. The method combines the principle of complementary nucleic
acid replication that is applied repeatedly through numerous cycles.

By this method, a single copy of a nucleic acid target often undetectable by standard

hybridization method is multiplied to 107 or more copies within a relatively short period.

®
This provides ample target that can be readily detected by numerous methods. The PCR
involves 30 to 50 repetitive cycles with each cycle comprising three sequential reactions.
&
Denaturation of target nucleic acid, primer annealing to single-stranded target nucleic

acid, and extension of primer target duplex (Persing, 1996).

To investigate the distribution of staphylococcal enterotoxin (SE) A to I (SEA: to SEI)
genes (sea to sei) in Staphylococcus aureus, 146 isolates obtained in Japan from humans
involved in samples from food poisoning outbreaks, healthy human cows with mastitis,

and bovine raw milk were analyzed by multiplex PCR (Omoe ef al., 2002). One hundred

thirteen (77.4%) S. aureus isolates were found to be positive for one or more se genes.

The se genotype was classified into 14 genotype seg and sei coexisted in the same
S. aureus stains SEs have been divided into five serological types (SEA through SEE) on

the basis of their antigenicities (Bergdoll, 1983).
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In recent years the existence of new types of SEs (SEG, SHE, SEI, SEJ, SEK, SEM, SEN
@

and SEO) has been reported (Jarraud ef al.,, 2001).

Staphylococcus aureus isolates harbouring seg and about 60% of the isolates harbouring
sei did not produce a detectable levels of SEG or SEI, while reverse transcription PCR
analysis proved that the mRNAs of SEG and SEI were transcribed in S. aureus strains

habouring seg and sei genes.

These results suggest the importance of quantitative assessment of SEG and SEI
production in food in order to clarify the relationship between the new SEs and food
poisoning (Omoe et al, 2002). However the relationship between these new SE,s and
human poisoning is not fully understood at present.

It is known that about 95% of staphylococcal food poisoning olitbreaks are caused by SE
types SEA to SEE (Bergdoll, 1983). The remaining 5% of the outbreaks may therefore be

associated with other newly identified SEs.

To clarify the ‘.role-played by these newly identified SEs in food poisoni}lg the
development of reliable method of detection of SE proteins is essential. Several reports
have described Ehe development of a multiplex- PCR for the detection of se genes
(Mclauchlin etlgyal., 2000). However, it is noteworthy that the PCR is only able to
demonstrate the capability of se genes in Staphylococcus aureus isolates and does not
prove that the production of SE proteins occurs. To demonstrate the capability of a strain
to produce an amount of SE protein that is sufficient to indqu disease, bioassays or

Py
&

immunological methods for detecting the SE protein are still important.
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Omoe et al. (2002) using PCR and MingieHaung et al. (2003) showed that there are three
major antigenically distinct SEC subtypes; SECI, SEC2, and SEC 3. The nucleotide
sequence homology between SEC 1, SEC 2 and SEC 3 genes is higher than 97%.

Based on the nucleotide sequences of the subtypes of SEC, Ming-Haung (2003) designed
SEC subtype specific primers for the detection of individual genes. These were used to
investigate the distribution of SEC 1, SEC 2 and SEC 3 Staphylococcus aureus strains in
staphylococcal food poisoning outbreaks that occurred in central Taiwan between 1995
and 1997.

In an attempt to show that more than one PCR primer set could be designed and used for
the differentiation of these SEC genes that are highly homologous to each other, Ming-
Haung et al. (2003) designed a second set of PCR primers for SEC 1, SEC 2 and SEC 3

enterotoxins.
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CHAPTER THREE: MATERIALS AND METHODS

3.1 Study area

The study was carried in and around Nairobi City. The area included was Dagoretti

Westlands and the Nairobi Central district (Appendix 1).

3.2 Samples for isolation of Staphylococcus

3.2.1 Chicken
Fifty (50) chicken carcasses were purchased from various butcheries within the study
area. They were wrapped in polythene bags and packed into a cool box containing ice

packs, before being transported to laboratory for analysis.

3.2.2 Swabs from beef carcasses
®

Swabs (100) were taken aseptically from the surfaces of 100 beef carcasses from five
slaughterhouses within the study area, just after dressifig opergfions. Wet and dry swabs
were used to swab the general body surface of the carcasses but with emphasis on sites
that are usually highly contaminated like the brisket, flank, neck and the forequarter. The
swabs were then aseptically transferred into universal bottles containing 10 milliliters of
1.0- percent pepfone water and 0.5 percent sodium chloride as a transport mediuim. The

universal bottles were then tightly capped.

3.2.3 Raw milk |
A total of 200 raw milk samples were collected into sterile universal bottles at the dairy

centers within the study area. These were transported to the laboratory and cultured

within one hour of collection.
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3.2.4 Minced beef

il . . h
Fifty (50) minced beef samples were bought from Yutcheries in the study area. The

] ] ' ining ice packs.
samples were placed n plastic bags and packed in a cool box containing 16e P

3.3 Isolation of Staphylococcus aureus

3.3.1 Cleaning and sterilization of glassware.

Petri dishes, universal bottles, Bijou bottles, pipettes, conical flasks, beakers, and screw-
capped test tubes were thoroughly washed and dried in an oven at 80°C. These were then

dried and sterilized at 160°C for 2 hours.

3.3.2 Preparation of culture media
Unless otherwise, all media were sterilized by autoclaving at 121°C for 15 minutes.

Incubation was done at 37°C for 1§-24 hrs (Appendix 2.1 —2.9).

3.3.3 Isolation of S. aureus from raw milk.
Manittol Salt Agar (MSA) was used as the selective and indicator media for isolation of
S. aureus. The contents of the samples bottle were thoroughly mixed by shaking the
bottle. A loopful of milk was streaked directly onto MSA plates. Four suspect S. aureus

colonies were then picked and sub cultured onto sterile BA plate.

3.3.4 Isolation of S. aureus from beef carcasses. ’,
Ve
MSA was used as the selective and indicator media for isolation of S. aureus from beef

carcasses. The contents of the samples bottle were thoroughly mixed by shaking the
bottle. A loopful of fluid from carcass swabs was streaked directly onto MSA plates. Four

suspect S. aureus colonies were then picked and sub cultured onto sterile BA plate.

55

s
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3.3.5 Isolation of S. aureus from minced _l;eef.

Approximately 10 grams of minced beef were transferred into 5 mls of 1.0%
bacteriological peptone water, containing 10% sodium chloride, mixed well, and
incubated at 37°C for 18-24 hours. A loopful of the enrichment broth was then streaked
onto MSA plates and incubated. Four suspect S. aureus colonies were then picked, sub

cultured onto bovine blood agar plates.

3.3.6 Isolation of S. aureus from chicken carcasses.

Peptone water sodium chloride (PWNaCl) was used as an enrichment and selective
medium. The carcasses were aseptically skinned, and the skin was placed in 500 mls glass
capped bottle containing 100 mls of sterile 1.0% PWNaCl and thoroughly shaken. These
were then incubated at 370(2 for 18-24 hours. A loopful of the broth was then streaked on

MSA plates. Four suspect S. aureus colonies were then subcultured on sterile BA.
#

L

3.4. Differential and Diagnostic Tests.

3.4.1 Oxidative fermentation test (O/F).

The test was used to differentiate Staphylococcus from the genus Micrococcus. The test
was performed e;ccording to Baird-Parker (1966). Suspected S. aureus colonie; were
picked from BA plates and inoculated, in duplicate, into cooled molten glucose tryptone

agar in test tubes and the tubes gently swirled to.mix the contents. One tube was then
¢

covered with a layer of sterile paraffin to a depth of about one centimeter to provide
anaerobic conditions, while the other one was left uncovered to allow aerobic growth.
Tubes were examined daily for 5 days. Staphylococci break down glucose both
oxidatively and fermentatively with production of acid that turns the medium yellow in
both tubes, while Micrococci only do so oxidatively turning thi upper part of one of the
tubes yellow.

KENYATTA UNIVERSITY LIBRARY
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3.4.2 Mannitol fermentation test
The test was used to differentiate coagulase negative S. aureus from the species S.
epidermidis. OFMM medium was used and the test performed according to Baird Parker
(1966). Staphylococcus aureus breaks down Mannitol both oxidatively and
fermentatively with production of acid that turns the medium yellow in both tubes, while

S. epidermidis breaks down mannitol only oxidatively with production of lactic acid.

3.4.3 Tube coagulase test

A one in ten (1:10) dilution of rabbit plasma in sterile saline (0.85% NaCl) was prepared
and distributed in one-milliliter amounts into small tubes. The strains to be tested were
inoculated into tubes by adding 0.1 ml each of an 18-24 hours broth culture. Control tests
of known coagulase positi:/e and negative cultures and one tube of un-inoculated plasma
were incubated together at 37°C in a waterbath and examined £or coagulation at 1, 3, and
6 hours. Negative tubes were left in the water bath overnight and re-examined for
coagulation. The conversion of the plasma into a stiff gel, best seen on tilting the tube to
the horizontal or vertical position, was recorded as positive for coagulase.

3.4.4 Deoxyribonuclease (DNase) production

Suspect S. aureus colonies were inoculated on tryptose agar medium containing 2 g/litre
of deoxyribonucleic acid by spotting them onto ’j[he surface of the agar so that a thick
growth was evident after 18-24 hours of incubation at 37°C. The plates were then flooded
with 1 N hydrochloric acid, which precipitates DNA and turned the plate cloudy. The
appearance of a zone of clearance (absence of turbidity) around the colony denoted a
Dnase production and was recorded as a positive test. The coagﬁi:élse and Dnase tests were

used to indicate the potential for the S. aureus isolates to produce enterotoxins.
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3.4.5 Storage of the isolates
@
The isolated colonies were inoculated in cooked meat medium and stored at room

temperature awaiting analysis for enterotoxins.

3.5 Assay for enterotoxin production
3.5.1 Preparation of entrotoxin for testing by latex agglutination.
Staphylococcus aureus isolates were inoculated into Bacto-tryptic soy broth and

incubated at 37°C for 24 hours. The broth culture was filtered through a membrane filter

of pore size 0.22Um. The filtrate was then retained for toxin assay.

3.5.1.1 Reverse passive latex agglutination assay

The reverse passive agglutination (SET —RPLA; Oxoid) test kit was used to assay for the
°

presence of staphylococcal enterotoxins in broth culture. The kit consists of polystyrene

latex particles sensitized with purified rabbit anﬁserum sraised against purified

staphylococcal enterotoxin A, B, C and D. The V-well shaped microlitre plates were

arranged such that each row consisted of 8 wells. Five of such rows were used for each

sample and 25ul of the diluents (TD910; appendix 3.1) was dispensed into each well of

-

the five rows; and 25M1 of the test sample was added to the first well of each of the five

rows. Doubling dilution was performed along each of thf, five rows using a pipette diluter.
The dilution was stopped at the 7™ well to leave th; last well containing the diluents only.
Twenty five microlitres of latex sensitized with anti-enterotoxin A was added to each well
in the first row, and 25ul of latex sensitized with anti-enterotoxin B to each well of the
second row, 25u | of latex sensitized with anti-enterotoxin C to each of the wells in the
third row, 25 pl of latex sensitized with anti-enterotoxin D irif‘g?éach of the wells in the

fourth row, and finally 25ul of control latex into each of the wells in the fifth row.

Rotating the plates in the micromixer mixed the contents of each well.



42

Plates were then covered with a lid to avoid evaporation, and left undisturbed in a
®

vibration free surface at room temperature for 20-24 hours. The wells were examined for

agglutination using a reflecting mirror. The agglutination patterns were judged and

classified as positive if there was an observable diffuse layer of agglutination particles at

the base of the well. The test was termed as negative if a tight button formed at the base

of the well. Results in the row of the control latex were interpreted as negative in all

cases, together with all the wells in the 8" column containing the diluent but not test

sample.

3.5.2 Enterotoxin assay by SET-EIA.

Staphylococcus aureus strains were tested for enterotoxin production using SET-EIA test
kit according to the manufagtures (Labor Dr. W. Bommeli Langgass-strasse 7 Ch- 3012
Bern). One coated plastic all of each antibody SET-A, SET-B, SET-C and SET-D were
put into an empty vial. For each enterotoxin type, a coirol nofmal rabbit serum plastic
ball was also placed in a 50 ml vial. Each of the vials containing the respective balls was
washed with sodium chloride-Tween. 4 mls of diluted culture supernant was added to the
8 balls. The vial was then laid on a shaker and agitated at 100rpm at room temperature for
4 hours. After ir{éubatioﬁ, culture supernatant was poured off and the balls we£e first

washed two times in the vial with wash solution and then transferred into the respective

colour coded tubes. The balls were once more washed together with the polystyrene tubes

with wash solution. 0.5mls of conjugate was added into the respective tubes and each of
the four NRS-control balls equally processed with one of the four conjugates. The tubes
with each content were incubated for 2 hours at room temperature without shaking. The

plastic balls were then washed with wash solution three timgs by filling the tube

L 7

e

completely and removing the wash solution by use of a cannula attached to an aspirator.



43

One ml of the substrate solution was added to each tube containing a plastic ball and
@
incubated at room temperature for 60 minutes. For a simple differentiation between

positive and negative value, the tube was visualized for a yellow colour.

3.6 Statistical analysis
The data was analyzed using student’s t-test to determine the occurrence of S. aureus in
various foods, the occurrence of SE and also the type of enterotoxin recovered from the

isolates using RPLA and ELISA at 0.05 levels of significance.

O\
B
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CHAPTER FOUR: RESULTS
@

4.1 Prevalence of Staphylococcus aureus in foodstuffs

A total of 400 samples of different foodstuffs were tested for the presence of S. aureus.
They included 50 (12.5%) minced meat (Appendix 4. 1), 100 (25%) beef carcass
(Appendix 4.2), 50 (12.5%) chicken (Appendix 4.3) and 200 (50%) raw milk (Appendix
4.4). One hundred and one foodstuffs accounting for 25.4% were contaminated with S.
aureus. The S. aureus were isolated from 22 chicken samples, 16 minced meat, 55 raw
milk and 8 beef carcasses. Figure 4.1 shows the prevalence of S. aureus in the various
foods ranging from 8% in beef carcasses to 44% in chicken. There was significant
difference in the prevalence of S. aureus in the four different food sources (t = 4.295; df =

3; P = 0.023).

Prevalence of S. aureus
(%)

Minced Chicken Raw milk Beef
meat carcass

Food type

Figure 4.1: Prevalence of S. aureus isolated from the four foodstuffs

By
XY
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4.2 Detection of enterotoxigenicity of S. aureus using ELISA

All the 101 S. aureus isolates were tested for.the presence of S. aureus enterotoxins (SE).
Out of these 67 (66.3%) were positive for the presence of enterotoxins using Enzyme
Linked Immunosobent Assay (ELISA). Thirty-four (61.8%) S. aureus with enterotoxins
were isolated from raw milk while 14 (63.6%), 12 (75%) and 7 (87.5%) were isolated
from chicken, minced meat and beef carcass, respectively. The prevalence of

enterotoxigenic S. aureus among the foods is given in Fig. 4.2. There was a significant

difference in the prevalence of enterotoxigenic S. aureus from different food sources (t =

12.111; df =3; P = 0.001).

Prevalence of enterotoxigenic S.
aureus (%)

Minced meat  Chicken Raw milk Beef carcass
Food type

”

&

r 4

Figure 4.2: Prevalence of enterotoxigenic S. aureus from different foods as identified
using ELISA
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4.3 Detection of enterotoxigenicity of S. aureus using RPLA
@

Out of the 101 S. aureus isolated from the four foodstuffs, 62 (61.9%) had the
enterotoxins as identified using Rapid Passive Latex Agglutination (RPLA) test. Thirty-
six (65.5%) of S. aureus with enterotoxin were isolated from raw milk while 14 (63.6%),
9 (56.3%) and 3 (37.58%) were isolated from chicken, minced meat and beef carcass,
respectively. The prevalence of enterotoxigenic S. aureus from different foods is shown
in Fig. 4.3. There was a significant difference in the enterotoxigenicity of S. aureus from

different food sources (t = 8.720; df = 3; P =0.003).

Prevalence of
enterotoxigenic
S. aureus (%)

‘Minced meat  Chicken Raw milk Beef carcass

. Food type

Figure 4.3: Prevalence of enterotoxigenic S. aureus from different foods as
identified using RPLA -

&
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4.4 Comparison of level of detection of enterotoxigenicity of S. aureus between
ELISA and RPLA techniques

A comparison of the two enterotoxin identification techniques showed that out of thel6 S.
aureus isolated from minced meat, 12 (75%) were found to be enterotoxigenic by ELISA
while 9 (56.3%) were by RPLA. Similarly, out of 22 S. aureus isolated from chicken
ELISA and RPLA identified each 14 (63.6%) as being enterotoxigenic, while of the 55 S.
aureus isolated from raw milk, 34 (61.8%) and 36 (65.5%) had enterotoxins as identified
by ELISA and RPLA, respectively. Similarly, the 8 S. aureus isolated from beef carcass,
7 (87.5%) and 3 (37.5%) were enterotoxigenic as identified by ELISA and RPLA,
respectively (Fig. 4.4). There was however no significant deference in enterotoxin

detection between ELISA and RPLA (t = 1.324; df =3; P = 0.277).

90+
B%ABU
o c X 70
O O ~—
8%¢ %
e
i e gg‘ BELISA
= _
20- B RPLA
10+
0.
Minced Chicken Raw milk Beef
meat carcass
Food type

Figure 4.4: Prevalence of enterotoxigenicity of S. aureus isolated from the different
foods as identified by ELISA and RPLA



4.5 Diversity of enterotoxins among the é’ aureus isolates

Four differeﬁt enterotoxins types were tested for among S. aureus isolates. These were
enterotoxin types A, B, C and D. The most frequent enterotoxin type was C, which was
detected in 59 (88.1 %) of the enterotoxigenic S. aureus by ELISA and 61 (98.4 %) by
RPLA. There was no significant difference in the prevalence of enterotoxin type C as
identified by the two tests (t = 0.815; df = 100; P = 0.417). Enterotoxin type A was found
in 41 (61.2 %) of enterotoxigenic S. aureus detected by ELISA and 32 (51.6 %) detected
by RPLA. The prevalence of enterotoxin type A between the two tests was significantly
different (t = 2.601; df = 100; P = 0.011). Enterotoxin type B was identified in 31 (46.3
%) and 21 (33.9 %) of enterotoxigenic S. aureus detected by ELISA and RPLA
respectively. There was a significant difference between the two tests (t = 3.315; df =
100; P =0.001). The leastecommon enterotoxin was type D that was found in 26 (38.8 %)
and 13 (21 %) of enterotoxigenic S. aureus detected By ELISA and RPLA respectively.
Overall ELISA detected 5 more enterotoxigenic S. auf;éus corrfpared to RPLA (t = 4.176;

df=100; P = 0.001) (Table 4.1).
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Table 4.1: Comparison of isolates testing for various enterotoxins types using ELISA
and RPLA ¢

Enterotoxin type gfisX{Osz=°§$;ve ” :gLA ((°£)= asg())smve |
SEA 41(61 %) 32 (51.6 %)

SEB 31(46.3 %) 21 (33.9 %)

SEC 59 (88.1%) 61(98.4 %)

SED 26 (38.8 %) | 13 (21 %)

4.6 Distribution of enterotoxin types in S. aureus isolated from the four food sources

4.6.1 Enterotoxin type A

Out of 101 S. aureus isolated from the four different food sources, 32 (47.9%) had
enterotoxin type A. Seventeen (50%) of these enterotoxigenic S% aureus with enterotoxin
type A were isolated from raw milk while 12 (100%), 9 (64.3%) and 3 (42.9%) were from
minced meat, chicken and beef carcass, respectively (Table 4.2). The occurrence of
enterotoxin type A was more common in S. aureus isolated from raw milk as identified
using ELISA (t= 14.070;'df= 3; P=0.001). Out of the 101 S. aureus 32 (51.6 %) had the
enterotoxin type A as identiﬁed by RPLA. Fifteen (41.7%) of enterotoxin type A
producers were §, aureus isolated from raw milk, while 7 (50%), 7 (77.8%) and 3 (100%)
were isolated from chicken, minced meat and beef carcass respectively (Table 4.3). There

was a significant difference in the occurrence of enterotoxin type A among the food

sources as identified by RPLA (t=5.001; df=3; P=0.015).
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4.6.2 Enterotoxin type B .

Thirty-one (46.3%) of enterotoxigenic S. aureus had enterotoxin type B as identified by
ELISA. Fifteen (44.1%) of the enterotoxin type B were S. aureus isolated from raw milk
while 7 (50.7%), 5 (41.7%) and 4 (57.1%) were isolated from chicken, minced meat and
beef carcass respectively (Table 4.2). The occurrence of enterotoxin type B was
significantly different among the foodstuffs as detected by ELISA (t = 8.099; df =3; P =
0.004). Twenty-six (41.9%) of enterotoxigenic S. aureus had enterotoxin type B as
identified by RPLA. Eight (22.2%) of these were S. aureus isolated from raw milk while
5 (35.7%), 5 (55.6%) and 3 (100%) were isolated from chicken, minced meat and beef

carcass respectively (Table 4.3). The occurrence of enterotoxin type B was significantly

different among the foods as detected RPLA (t = 3.142; df = 3; P = 0.05).

4.6.3 Enterotoxin type C

Fifty-nine (88%) of enterotoxigenic S. aureus producej enterotoxin type C as identified
using ELISA. Thirty-three (97%) enterotoxin type C S.aureus producers were isolated
from raw milk, while 13 (93%), 9 (75%) and 4 (57%) were isolated from chicken, minced
meat and beef carcass respectively (Table 4.2). The occurrence of enterotoxin type C was
significantly différent among the isolates from the four sources (t = 8.770; df =:3; P=
0.003). Sixty-one (98.4%) of enterotoxigenic S. aureus produced enterotoxin type C as
identified usmg RPLA Thirty-five (97.2%) of enterotoxin C S. qureus producers were
isolated from raw milk, while 14 (100%), 9 (100%) and 3 (100%) were isolated from
chicken, minced meat and beef carcasses, respectively (Table 4.3). The occurrence of

enterotoxin type C was significantly different as detected by RPLA (t = 132.33; df =3; P

=0.001) among the foods.
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4.6.4 Enterotoxin type D

Twenty-six (38.8 %) of enterotoxigenic S. aureus isolates had enterotoxin type D as
identified using ELISA. Twelve (35%) of the isolates with this enterotoxin were isolated
from raw milk, while 5 (35.7%), 5 (41.7%) and 4 (57%) were isolated from chicken,
minced meat and beef carcass respectively (Table 4.2). There was a significant difference
in the distribution of this enterotoxin among the isolates from different foods (t = 8.288;
df = 3; P = 0.004). Thirteen (21%) of enterotoxigenic S. aureus had enterotoxin type D as
identified using RPLA. Eight (22.2%)_ qf these were isolated from raw milk, while

3 (21.4%) and 2 (22.2%) were isolated from chicken and minced meat, respectively, as
shown in Table 4.3. The occurrence of enterotoxin type D as detected by RPLA was not
significantly different with the food source (t = 2.998; df = 2; P = 0.058). No enterotoxin

type D was detected by RPLA from beef carcass.

Table 4.2: The distribution of S. aureus enterotoxins types among isolates from
various foods as identified by ELISA

Total

FOOD TYPE SEA SEB SEC SED S.aureus
Raw milk 17 (50 %) |15 (44.1%) |33 (97 %) [12(35 %) |34 (100 %)
Chicken 9 (64.3%) |7 (50%) 13 (93 %) |5(35.7%) |14 (100 %)

,

Minced meat {12 (100%) |5 @417 %) [9(75%) |5(41.7%) 112(100 %)

Beef carcass 3 (42.9 %) 4 (57.1%) |4 (57 %) 4 (57 %) 7 (100 %)

Total 59 (88 %) |26 (38.8 %) |67 (100 %)

enterotoxion

41(61.2%) |31 (46.3 %)

KENYATTA UNIVERSITY LIBRARY!
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Table 4.3: The distribution of S. aureus enterotoxins types among isolates from
various foods as identified by RPLA *

Total
FOOD TYPE |SEA SEB SEC SED S.aureus

isolated
Raw milk 15 (41.7 %) 8 (22.2 %) 35(97.2 %) |8 (22.2 %) |36 (100 %)
Chicken 7 (50 %) 5 (35.7 %) 14 (100 %) |3 (21.4 %) |14 (100 %)
Minced meat|7 (77.8 %)  |5(55.6 %) |9(100%) [2(22.2%) |9 (100 %)
Beef 3(100%) |3(100%)  [3(100%) |0 3 (100 %)
] . - :
Total o sic0n |26@oo |67(984%) [1321%) [62(100 %)
enterotoxion » 7 ;

4.7 Frequency distribution of the enterotoxin combination types as identified by
ELISA and RPLA

A total of four enterotoxin combination types were present in the S. aureus isolates. These
included one four-enterotoxin combination (quadruplet), 2 trifle, 3 double and 4 single

enterotoxin types.

In general, ELISA identified 25 (38.5%) of enterotoxigenic S. aureus as single
enterotoxin prodlmers, 13(20%) of the isolates as two enterotoxin type producers, 6

(9.2 %) three enterotoxin types and 21 (32.3%) all the four enterotoxin types (Table 4.4).
A total of seven ‘enterotoxin combination types were identified using RPLA. Twenty-nine
of enterotoxig:r(lic S. aureus produced a single enterotoxin type, 10 (16.1%), 14 (22.6%)

and 9 (14.5%) produced two, three and all the four enterotoxin types, respectively (Table

4.5). RPLA did not detect any S. aureus isolate to produce SEA and SEB alone.
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Table 4.4: The number of S. aureus pro_(lucing SE combination types as identified by

ELISA
Total
FOOD TYPE Raw milk |Chicken Minced Beef isolates
meat carcass

Single

combination

SEA 1(3 %) 171%) |3@73%) |0 5

SEB 0 | 0 0 1 (143 %) |1

SEC 13 (39.4 %) |3 (21.4 %) |0 1(14.3 %) |17

SED 0 0 0 2 (28.6 %) |2

Subtotal 14 4 3 4 25 (38.5 %)

- _ | -

combination

A+C 3(91%) |2(14.3%) 3(27.3%) |0 8

B+C 26.1%) [|2(143%) |0 0 4

C+D 13%) |0 U !

Subtotal 6 4 3 0 13 (20 %)

Triple

combination

A+B+C 261%) [171%) |9 1(143%) |4

A+C+D 0o 1(71%) [101%) 0 2

Subtotal 2 ) 1 1 6 (9.23 %)

Quadrhple ) ’ |

comb‘ination «as | | ) s

A+B+C+D [11(33.3%) |4(28.4%) |[4(36:4%) 12(28.6%) |21

Subtotal 11 4 4 2 21 (32.3 %)
14 (100 %) 7(100 %) |65

TOTAL

33 (100 %)

11 (100 %)
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Table 4.5: The number of S. aureus producing SE combination types as identified by
@

RPLA
Total

FOOD TYPE Raw milk |Chicken Minced Beef isolates

meat carcass
Single
combination »
SEA 1(2.8 %) 0 0 0 1
SEC 20 (55.6 %) |6 (42.9 %) 2(22.2%) |0 28
Subtotal 21 6 2 0 29 (46.8 %)
Double
combination 7
A+C 3(83%) [3(21.4%) |0 0 6
B+C 128%) [1(71%) [2(@22%) 10 4
Subtotal 4 ® 4 2 0 10 (16.1 %)
Triple |
combination " L
A+B+C 3(83%) [1(71%) [3(333%) [3(100%) 110
A+C+D 4(11.1%) |0 0 0 ‘4
Subtotal 7 1 3 3 14 (22.6 %)
QuadrUble
combinatio}_n} |
A+B+C+D [4(111%) [3(214%) |2(222%) |0 9
Subtotal 4 3 2. - 0 9 (14.5 %)
TOTAL 14 (100 %) 3 (100 %) |62

36 (100 %)

9 (100 %)
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4.8 Diversity of enterotoxin isolated amo;;g the foods.

4.8.1 Single enterotoxin combination

Four single enterotoxin types were produced by S. aureus isolates as identified by ELISA.
Enterotoxin type C was the most common produced by 17 isolates, followed by SEA
produced by 5, SED, produced by 2 and SEB produced by one of the isolates. Of the 17
SEC producers, 13 were isolates from raw milk, 3 from chicken and one from beef
carcass. Of the 5 SEA, 3 were from minced meat, and one each from raw milk and
chicken. All the two SED were isolated from beef carcasses as well as the one SEB

producer.

Two single enterotoxin types were identified by RPLA among the different food sources.
Enterotoxin C was producgd by 28 isolates, of which 20 were from raw milk 6 from
chicken and 2 from minced meat, while SEA was produced by only one isolate from raw

milk (Table 4.5). -

4.8.2. Double enterotoxin combination.

There were 13 S. aureus isolates with double enterotoxin combinations as identified by
ELISA. The mosjc common combination was A and C produced by 8 of the isolatés, 3 of
which were from raw milk, 3 from minced meat and 2 from chicken. B and C enterotoxin
combination were 2 produced by 4 S. aureus isolates from raw milk and chicken. C and D
combination w:s produced by only one isolate from raw milk. Two different double
enterotoxin combinations were identified by RPLA. A and C combination type was
produced by 6 isolates, 3 of which were from raw milk and 3 from chicken. The other
combination type was B and C, which were produced by 2 isolatgg,, isolated from chicken

75 &
G

(1) and beef carcasses (1), respectively, (Table 4.5).
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@

4.8.3. Triple enterotoxin combination type.

Two triple combination types were identified using ELISA. The ACD combination type
was produced by 4 isolates 2 of which were from raw milk, one from chicken, and one
from beef carcasses. ABC combination was also produced by 2 isolates, one of which was

isolated from chicken and one from minced meat (Table 4.4).

Ten isolates produced ABC enterotoxin combination as identified by RPLA. Three
isolates each with this combination were from raw milk, beef carcasses an minced meat,
while one was from chicken. Combination ACD was produced by 4 isolates, all from raw
milk (Table 4.5).

°
4.8.4 Quadruple enterotoxin combination

&
There were 19 S. aureus isolates, with all the ABCD entterotoxffls as identified by ELISA.
Of these, 9 were isolated from raw milk, while 4, 4, and 2 were from minced meat,
chicken, and beef carcass respectively. (Table 4.4). Using the RPLA, 9 S. aureus had the

quadruple enterotoxin combination, which were produced by 4, 3 and 2 S. aureus isolated

from raw milk, chicken and minced meat, respectively (Table 4.5).
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CHAPTER FIVE: DISCUSSION

5.1. Isolation of Staphylococcus aureus from milk and meat products.

The S. aureus isolated from chicken accounted for 22 (44%). This was relatively high in
comparison with the other foodstuffs. This may have been attributed to the high moisture
content of the chicken carcasses, which favours the growth of Staphylococcus aureus.
When the chicken carcasses are being processed, there is increased human handling
especially when plucking off the feathers and transporting. Unhygienic and high
temperature conditions favours multiplication of S. aureus (Bergdoll, 1889). Using water
that is highly contaminated with S. aureus during processing may also be a contributing
factor. Kitai et al. (2005) collected a total of 444 samples of raw chicken meat (thighs,
wings, livers, gizzards, hear: and ovaries) that retailed at 145 super markets in Japan. The

researchers isolated 292 (65.8%) S. aureus from the'?‘*sampleg. The study showed no

significant difference in the rate of detection of S. aureus.

In this study, 8 out of 100 (8%) beef carcasses were positive for S. aureus in comparison

with minced meat, which accounted for 16 out of 50 (32%). Minced meat is a product of

beef carcasses and during processing there is increased human handling. Since human

beings are natural reservoirs for S. aureus, sneezing, coughing, laughing and touching the
-

meat, may transfhit the organism. As the grinder cuts the meat, bacterial lumps are broken

and microorganisms become redistributed. Muscle cells are broken down releasing

nutrients, which become readily available to bacteria and the increased surface arca

created by mincing gives a bigger room for increased multiplication of S. aureus.

e
7%
&
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There was low rate of isolation of S. aur_gus from freshly slaughtered beef carcasses in
comparison with the other foodstuffs. This indicates that the meat is not highly
contaminated immediately after slaughter. Factors, which may contribute to low isolation,
may include the short period of time between slaughter and sampling, which may not
allow high contamination. The washing of the carcasses with chlorinated water would
have reduced the number of the strains on the surface. Hygienic conditions maintained by
the veterinary officer in the slaughterhouse and little human handling before the sample

was taken would have reduced surface contamination.

The study revealed that 55 (27.5%) of S. aureus were isolated from raw milk. Milk is a
suitable medium for growing of many groups of microorganism such as coagulase-
negative Staphylococci and, S. aureus. Dudrikova and Pilicincova (2003) found a total of
41.8% of raw sheep milk samples to be positive for S. aureus, which is higher in
r
comparison with what is reported in this study.This sh;>ws thaf the organism is common
in raw milk. Travnicek et al. (2003) isolated 7.1% S. aureus from clinically healthy ewes
from Slovak breeds. Abo Elnaga et al. (1985) confirmed the presence of S. aureus in 16%
of milk samples from sheep. One of the frequent explanation of higher S. aureus
incidence in mili{ can be as a result from subclinical mastitis, as reported by Al :Maljali
and Jawabreh (2003). Higher incidence may also be due to contamination of milk from
improper hand pfocessing. Kayihura et al. (1987) found that properly pasteurized milk
could free S.f aureus contamination except a few cases that were attributed to
underpasteurization or post pasteurization contamination. Tondo et al. (2000) showed that

19 out 51(35.2%) of food handlers were asymptomatic carriers of S. aureus and that 19

out of 21(90.4%) of raw milk sampled was contaminated. Staphylococcus aureus was

&

isolated from only 10 samples from more than 3200 investigated dairy products.
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5.2. Occurrence of enterotoxigenic S. aureus in milk and meat products.

The isolated S. aureus were tested for staphylococcal enterotoxin (SE). In total, sixty
seven (67) out of 101 (66.3%) S. aureus isolates were found to produce enterotoxins
using ELISA. Beef carcass had the highest numbers of S. aureus producing enterotoxin,
which accounted for 87.5% followed by minced meat (75%), chicken (63.6%) and raw
milk (61.8%).

There was a significant difference in the enterotoxigenicity of S.aureus from different
food sources using ELISA. Using reverse passive latex agglutination, out of 101 S. qureus
isolated from the four foodstuffs, 62 (61.9%) produced enterotoxins. Thirty-six (65.5%)
of S. aureus with enterotoxin were isolated from raw milk while 14 (63.6%), 9 (56.3%)
and 3 (37.5%) were isolated from chicken, minced meat and beef carcasses respectively.

Using ELISA, Rosec et al. (1997) found that out of 121 S. aureus isolated from foodstuff
#

only 15.9% were enterotoxigenic from raw milk and cheeses while 43% were from other
foodstuff. Cenci-Goga et al. (2003) found that twenty-two of 160 (13.75%) milk and
dairy products were linked to staphylococcal food poisoning. Studies by Isigid et al.
(1986) found that 100% of the 59 S aureus strains from minced meat were
enterotoxigenic. :/Casman' et al. (1970) found 23 out of 157 (15%) of S. aureus? strains
isolated from cases of bovine mastitis to produce enterotoxin. Umoh et al. (1988) isolated
enterotoxigenic S; aureus strains from Nigerian fermented milk products.

They reported 6.5% (37 out of 568) S. aureus strains from three fermented milk products,

i.e. fura (fermented millet, or sorghum milk products), nono (fermented milk) and

Manshanu (local butter products from fermented milk) to be enterotoxigenic.
&
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5.3 Detection of types of staphylococc_;:l enterotoxin produced by Staphylococcus
aureus using RPLA & ELISA.

Out of 101 S. aureus isolated from the four different food sources, 32 (47.9%) had
enterotoxin type A (SEA). The occurrence of SEA was more common in S. aureus
isolated form minced meat as identified by ELISA, which accounted for 100%. Using
RPLA, minced meat had still the highest percentage of SEA. There was however a
vsigniﬁcant difference in the occurrence of enterotoxin type A among the food sources as
identified by RPLA. Kayihura et al. (1987) isolated 250 S. aureus strains from milk,
65.6% (164 of the 250) of which produced SEA. The workers found that 3 out of the 99

pasteurized milk samples yielded SEA producing S. aureus strains.

In this study, beef carcass fiad the highest percentage of staphylococcal enterotoxin type
B (57.1%). Among the S. aureus isolated from beef carcasses, all the 3 (100%) were
identified by RPLA as enterotoxin B producers. The iccurreffce of enterotoxin type B
was significantly different among the food sources (t=3.142; df = 3; P=0.05). Nader Fildo
et al. (1988) found enterotoxin B producing S. aureus from milk drawn from cows with
subclinical mastitis. The potential for the production of enterotoxins was obvious in those
cases in which re;w milk containing enterotoxigenic type was poorly handled, or réceived

sub-lethal heat treatment.

7~
F
&

Holeekova et ai. (2002) investigated the production of staphylococcal enterotoxin A and
B (SEAand SEB) and the presence of respective staphylococcal enterotoxin genes from .
aureus isolated from foods and food industry manufacturers in East Slovakia. The
workers used Radioimmunoassay (RIA), polymerase chain reaq:;j_on (PCR), and dot-blot

[

hybridization.
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The ability to synthesis enterotoxins was found in 20(39.2%) of the total number of 51
®

isolates. Production of SEA was recorded in 3(5.9%), production of SEB in 12(23.5%),

and production SEA together with SEB in 5(9.8%) staphylococcal isolates. These

researchers recorded no differences in results between RIA and PCR as well as PCR and

dot-blot hybridization. Fifty-nine (88%) S. aureus had enterotoxin type C as identified by

ELISA while sixty-one (98.4%) S. aureus had enterotoxin type C as identified by RPLA.

Raw milk had the highest percentage of enterotoxin type C (SEC) as detected by ELISA
while 100% of enterotoxigenic S. aureus isolates from chicken, minced meat, and beef
carcasses produced SEC as detected by RPLA. Among the enterotoxigenic strains from
the various food types, ELISA frequently encounter the most SE producing S. aureus
strains with 97-100% by RfLA and 57-97% . In this study, SED was the least detected
by ELISA, which accounted for 38.8% and 21% by ELISA and RPLA, respectively. This
is contrary to reports from other parts of the world whei SEA #nd SED have been found
to be the most commonly encountered enterotoxin strains (Casman et al., 1967; Evan et
al., 1983; and Adesiyun, 1984). In this study it was found that a single isolate of
Staphylococcas aureus could produce more than one enterotoxin type. Thirty two percent

of the isolates produced "all the enterotoxin as studied by ELISA while 14.5% pr;)duced

all the four enterotoxin by RPLA.

7~
e
&

Studies by Ceﬁci-Goga et al. (2003) on the ability of S. aureus strains to produce one or
more enterotoxin in milk and dairy products showed that twenty-two of 160 S. aureus
isolates produced enterotoxin. Seven produced both SEC and SED and none of the

isolates produced SEA or SEB.

&\
X B
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Production of one, or more than one entc?iotoxin combinations relies on regulation of the
gene expressing the enterotoxin by accessory gene regulator (agr) locus. It is interesting
that the production of SEB (agr+. agr-dependent) is dependent on the ability of S. aureus
to grow to a high cell density upto ( 10° CFU/ ml) as reported by Leloir et al. (2003). On
the contrary, SEA (agr-agr-independent) is present on the medium after 180 minutes of

cultivations, meaning that SEA production is a function of the growth stage (Rasooly,

1998).

According to Grieger et al (1990), a low percentage (10-20%) of enterotoxigenic strains

have been found in bovine and other animal S. aureus biotypes, in comparison with high

percentage (70%) in human biotypes. On the contrary, Bautista et al. (1988) detected

synthesis of 4 enterotoxin type (SEA, SEB, SEC and SED) in 62.9% of Staphylococcal

strains isolated from sheep milk, with the highest production of SEA and SED. Novick
#

(2002) suggested that environmental factors play an important role in SEs gene

expression.

5.4 A comparison of RPLA and ELISA for the detectlon of
staphylococcal enterotoxins.

The two enterotoxin identification techniques showed that out of the 16 S. aureus isolated
from minced n}gat,12(75%) were found to be entérotopxigenic by ELISA while 9(56.3%)
were positive l;y RPLA.

Out of 22 S. aureus isolated from chicken, ELISA and RPLA identified each 14 (63.3%)
as being enterotoxigenic. There was no significant difference in enterotoxin detection by

the two techniques (t= 1.324; df=3; P=0.277).
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Adesiyun et al. (1992) isolated a total of 1015 strains from human beings, animals and
@

food and tested for staphylococcal enterotoxin SEA, SEB and SEC. Of these, 495

(48.8%), 467 (46.0%) and 204 (20.1%) were classified as enterotoxigenic by the ELISA,

RPLA, and modified Onchterlony precipitation test (MOPT), respectively.

The difference in the number of strains classified as enterotoxigenic by ELISA and RPLA
tests were not significant (P>or = 0.05, chi 2), but both tests detected significantly
(P<0.001; xz) more enterotoxigenic strains than the MOPT. All factors considered, the
RPLA test appears most suitable for quantitatively screening a large number of strains for

staphylococcal enterotoxin because it is less cumbersome and few reagents are used.

Staphylococcal food poisonjng can be caused by consumption of food sources of animal
origin. The problem can be complicated due to the organisms producing other
#
. . . & s .
staphylococcal enterotoxin due to the organism processing genes that coexist in the same
S. aureus strains. The onset of symptoms in staphylococcal food poisoning is usually

rapid and in many cases acute, depending on individual susceptibility to the toxin, the

amount of toxin in the food ingested and the general health of the victim.

By
X
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CHAPTER SIX: CONCLUSIONS AND RECOMMENDATION
@

6.1. Conclusions

The following conclusions can be made from the results of the study.

1.

Chicken carcass accounted for the highest percentage of Staphylococcus aureus
isolated in the four foodstuffs and therefore it poses a high risk of staphylococcal
food poisoning.

Beef carcass had the highest number of S. aureus producing enterotoxin, therefore
there is high risk of staphylococcal intoxication due to consumption of beef meat,
which may result from improper handling of meat and meat products during
processing hence increasing levels of contamination and thus high chances of food
poisoning. %

Beef carcass, chicken, minced meat and milk mainly produced SEC and SEA
#

while even some produces SEB and SED. Some strain of Staphylococcus aureus

produced one or more enterotoxins.

There was no difference in detection of staphylococcal enterotoxin using RPLA

and ELISA.
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6.2. Recommendation

1.

There is need for educating consumer, food handlers, and processors so as to
avoid high levels of Staphylococcus contamination and consequently food
poisoning.

In the diagnosis of Staphylococcal foodbore illness, proper interviews with the
victims and gathering and analyzing epidemiological data are essential so as to
know the cause of the disease.

There is need for considerable research efforts for better understanding of the
interaction between S. aureus, the food matrix and the mechanism of
staphylococcal enterotoxins

In the investigation for staphylococcal enterotoxins either ELISA or RPLA can be
used for the detectign of the toxins.

There is need for more research for the identification of new staphylococcal

&
enterotoxins and the role they play in food poisoning.

&



66

®
REFERENCES

Abo Elnaga, 1.G., Hessain. A., Sarhan, H.R. (1985). Bacteria and food poisoning
Organisms in milk. Die Nalrung 29: 375-380.

Adcock, P.M., Pastor P., Medley, F., Pattern, J.E. and Murphy, T.V. (1998).
Methicillin-resistant Staphylococcus aureus in children care centres. J. of infect
Dis. 178:577-580.

Adesiyun, A.A (1984). Enterotoxigenicity of Staphylococcus aureus strains Isolated for
Nigeria ready-to-eat food. J.of Food Protection. 47: 438-40.

Adesiyun, A.A, Eschbach, M., Lenz, W. and Schaal, K.P. (1992). Detection of
enterotoxigenicity of Staphylococcus aureus strain: a comparative use of the
mochfied Onchterlony precipitation test, reversed passive latex agglutination test,
and a vidin-biotin ELISA. Can. J. of Microbiol. 38: 1097-10101.

Akhtar, M. (1998). Determination of enterotoxin production by Staphylococcus aureus
in foods and broth media (The Reversed passive latest Agglutination (RPLA)
method Microbiology Division Bureau of microbiology, food Directorate Health
protective branch, H&alth Canada.

Alice, L.S. (1989). Principles of Microbiology 10th editign. pp 478-487.
&

Alkinedene, O., Annemiiller, C, Hassan, A.A., Lammle, C., Wolter, W. and Zschock,
M. (2001). Toxin genes and other characteristics of Staphylococcus aureus
isolated from milk of cows with mastitis. Clin. Diag. Lab. Immunol. 8: 959-964.

Al-Maljali. A.M. and Jawabreh, S. (2003). Prevalence and etiology of subclinical
Mastitis in Awassi sheep in southern Jordan. Small Ruminants Res. 43: 243-248.

Al-Masaudi, S. ﬁ., Day, M.J. and Russels, A.D. (1988). Sensitivity of methicillin
resistant Staphylococcus aureus strains to some antibiotic antiseptics and
disinfectants, J. of Appl. Bacteriol. 65:329-337.

Arbuthnott, J.P., Coleman, D.C. and Azevedo, J.S. (1990). Staphylococcal toxins in
human disease .Soc Appl. Bacteriol. Symp. 19(suppl): 1015-1075.

Baird-Parker, A.C. (1996). Method for classifying Staphylococci and Macrococci.
In: Identification method for microbiologists. Edited by B.M. Gibbs and F.A
Skinner. Part A. The society for applied for Bacteriology technical series No. pp
59 New York and London academic Press.

Balaban, N. and Rasooly, A. (2000). Staphylococcal enterotoxms IntJ food
Microbiol. 61:1-10. &

Bautista, L., Gaya, P., Medina, M. and Nunez, M. (1988). A qualitative study of
enterotoxin productlon by sheep milk Staphylococcus. Appl. Environ.Microbiol
54:566- 569

FIREER FI I R




67

Becker, K., Keller, B., Von Eiff, C., Bruck, M., Lubritz, G., Etienne, J. and Peters,
G. (2001). Enterotoxigenic potential of Staphylococcus intermedius. Appl
Environ. Microbiol. 67: 5551 - 5557.

Berdall, B.P., Olsvik, O. and Omland,T.A, (1981). A sandwish ELISA method for
detection of S. aureus enterotoxin. Acta Pathologica Microbiologica Scandinavica
section B. 89:411.

Bennet R.W. (1992). The biomolecular temperaments of Staphylococcal enterotoxin in
thermally processed foods. J. 4sso. of. Anal. Chem. Int. 75: 6-12.

Bennette, R.W., Yeterian, M., Smith, W., Coles, C.M., Sassaman, M., and Mc Clure,
F.D. (1986). Staphylococcus aureus identification characteristics and
enterotoxigenicity. J. Food Sci.51: 1337-1339.

Bergdoll, M.S. (1970). The staphylococcal enterotoxins. /n Microbiol toxin Vol. 111 pp.
265-326 S.J. Ajl, T.C. Montie, and S. Kadis (editors) Academic press, Inc. New
York, N.Y. pp 265-326.

Bergdoll, M.S. (1979). Stthylococcal intoxication in food borne infections and
intoxications 2™ ed pp. 27 R Rieman and F.L Byran (editors) Academic press, inc.
New York. &
&
Bergdoll, M.S. (1983). Enterotoxins in Staphylococci and staphylococcal infections
(Easman CSF and Adlam C,eds)Academic press London, UK, PP 559-598.

Bergdoll, M.S. (1989). Staphylococcus aureus In: Foodborne Bacteriol Pathogens
(Doyle, M.P.ed). Marcel Dekker, Inc, New York, NY, USA, pp 463-523.

Betley, J.M. and Mekalanos, J.J. (1985). Staphylococcal enterotoxin A is encoded by a
Phase. Science. 229:185-187.

Cardoso, H.F., Silva, N., Sena, M.J. and Carmo, L.S. (1999). Production of
enterotoxins and toxic shock syndrome toxin by §taphyloc0ccus aureus isolated
from bovine mastitis in Brazil. Lett. Appl. Microbiol. 29:347-349.

Casman, E.P., ‘Bennette, A., Dosrsey, E. and Issa, J.A. (1967). Identification of fourth
staphylococcal enterotoxin D. J. of Bacteriol . 94: 1875-82.

Casman, E.P., Oslon, J.C., Baer, E.F. and Judith, E.S. (1970). Enterotoxigenicity of S.
aureus culture isolated from acute cases of bovine mastitis. Appl. Microbiol.
20: 605-607.

Cenci-Goga B.T., Karama M., Rossitto P.V., Morgante R.Adnd Cullor, J.S. (2003).
Enterotoxin production by Staphylococcus aureus isolated from mastitic cows.
J. Food Prot. 66: 1693-1696.



68

Cheung, A.L., Koomey, J.M., Buttler, CA, Projan, S.J. and Fischett, V.A. (1992).
Regulation of exoprotein expression in distinct from agr. Proc. Natl. Acael. Sci.
USA. 89:6462-6466.

Coleman, D.C., Sullivan, D.J., Russel, R.J., Arbuthnott, J.P., Carey, B.F. and
pomeroy, H.M. (1989). Staphylococcus aureus bacteriophages mediating the
simultaneous lysogenic conversion of S-lysin,Staphylokinase and enterotoxin
A:Molecular mechanism of triple conversion. J. Gen. Microbiol .135:1679-1697.

Couch J.L., Soltis, M.T. and Betley, M. J. (1988). Cloning and nucleotide sequence of
the type E staphylococcal enterotoxin gene. J. Bacteriol. 170: 2954-2960.

Crowley, A.J. (1958). A simplified microdouble diffusion agar precipitation technique.
J. of Lab. and Clin. Med. 52:784-787.

Cruinkshank, R., Dudguid, J.P., Mamion, B.P. and Swain, R.H.A. (1975)
Staphylococcus and other cluster forming Gram positive cocci. Medical
microbiology Twelfth ed.Vol.11 pp 356-365.Churchill Livingstone (ed) 23
Ravelston trace. Edinburg.

Davidson, E., Dack, G.M.gnd Cary, W.E. (1938). Attempts to assay the enterotoxic
substance produced by Staphylococcus by parenteral injection of monkeys and
kittens. J. of Infect. Dis. 62:215-223.

&

Davis, B.D., Dulbecco, R., Elsen, H., Ginsberg, H.S. and Wood, W.B. (1968). History
of Staphylococcus. In microbiology Forth ed pp 728 Harper and Row publisher,
New York Evanston and London.

Dinges, M.M., Orwin, P.M. and Schlievert, P.M. (2000). Exotoxin of Staphylococcus
aureus.Clin. Microbiol. Rev 7:311-316.

Donnelly, C.B., Leslie, J. E, Black, L. A. and Lewis, K.H. (1967). Serological
identification of ‘enterotoxigenic Staphylococcus from cheese. Appl. Microbiol.
15:1382-1387.

Devriese, L.A. (1984). A simplified system for biotypin}g Staphylococcus aureus strains
isolated from different animal species. J. Appl. Bacteriol. 56: 215-220.

Dudrikova, E. and Pilipcincova, L. (2003). Hygienic requirements for the ewe’s milk
processing. Slov. Vet. Cas 2: 36-38.

Edmond, M.D., Wenzel, R.P. and Pasculle, W. (1996). Vancomycin-resistant
Staphylococcus aureus perspective on measures needed for control Ann. Intern
Med.124:329-334.

Ekstedt, R. 1963. Studies on immunity to staphylococcal infection in mice. J.
Infect. Disease. 112:152-157.



Evans, J.B., Ananaba, G.A., Pate, C.A. altd Bergdoll, S.M. (1983). Enterotoxin
production by a typical Staphylococcus aureus from poultry. J. of Appl. Bacteriol
54:257-261.

Evenson, M.L., Hinds, M.W., Hind, M.W., Bernstein, R.S. and Bergdoll, M.S.
(1988). Estimation of human dose of staphylococcal enterotoxin A from a large
outbreak of staphylococcal food poisoning involving chocolate milk /nt. J. Food
Microbiol.7: 311-316.

Fey H. (1987). Staphylococcal enterotoxin SET EIA. Institute for veterinary Bacteriology
University of Berne.

Fitzgerald, J.R., Monday, S.R., Foster, T.J., Bohach, G.A, Hartigan, P.J., Meanery,
W.J. and Smith, C.J. (2001). Characterization of pururative pathogenic city
Island from bovine Staphylococcus aureus encoding multiple superantigen. . J.
Bacteriol .183:63-70.

Fujikawa. H.and Igarashi H. (1988). Rapid Latex agglutination test for detection of
staphylococcal enterotoxins A to E that uses high-density Latex particles. App/
Environ. Microbiol. 54:2345-2348.

Genigeorgis,C. and Sandlgr. W.W. (1966). Effects of Sodium Chloride and pH on
enterotoxin B production. J. of Bacteriol. 92:1383-1387.

Genigeorgis, C.A. (1989). Present state of knowledge o staphylococcal intoxication. Int.
J. Food Microbiol. 9:327-360.

Georgala, P.L. and Hurst, A. (1963). The survival of food poisoning bacteria in frozen
Foods .J. of Appl. Bacteriol. 26:346-358.

Gilbert, R.J, Roberts, D. and Smith, G. (1981). Food borne disease and Botulism
in.Topley and Wilsons principle of Bacteriology and Immunology Vol.3 Smith
R.S (ed),Edward Anald published Itd London. :

Gopalakrishna, Iyer, T.S. and Shrivastava, K.P. (1988). Incidence and low
temperature survival of coagulase positive Staphylococcus in Fishery products.
Fishery Technology. 25:132-138.

-
#~

Gould, J.C.and"Cruikshank, J.D. (1957). Staphylococcal infection in general practlces
Lancet.2:1157-61.

Greenfield, R.M., Brown, B.R., Hutchins, J.B., Landolo, J.J., Jackson R., Slater,
L.N. and Bronze, M.S. (2002). Microbiological biological and chemical weapons
of welfare and terrorism. Ameri J. Med. Sci. 323:326-340.

Greenwood, D., Slack, R.C.B. and Peutherer J.F. (1997). Medical microbiology. A
guide to m1crob1al infection, Pathogenesis immunity, £aboratory Diagnosis and
control 15™ ed Chap 15 pp 168-174.

Grieger, C., Badidova, D., Bednavcikova, E., Buvdova, O. and Haber, M. (1990).



70

Detekcia Stafylokovych enteroxinov vmlieku amlieenych Vyrobkoch Ver. Med.
(plague). 35: 171 — 176. *

Haeghebaert, S., Le Querrec, F., Gallay, A., Bouvet, P., Gomez, M. and Vaillant, V.
(2002). Less toxi-infections alimentaries collectives en Fance, en 1999 et 2000.
Bull. Epidemilo. Hebdo.23:105-109.

Hallander, H.O. (1965). Production of large quantities of enterotoxin B and other
staphylococcal toxin on solid media. Acta Pathologica et Microbiologica
Scandinavica 63: 299-305.

Harris, T.O., Grossman, D., Kappler. J.W., Marrack, P., Rich, R.R. and Betley, M.J.
(1993). Lack of complete correlation between emetic and T-cell-stimulatory
activities of staphylococcal enterotoxins./nfect. Immunol.61:3175-3183.

Harris, D.M. and Wise, P.J. (1969). Penicillin producing staphylococcal in general
practice and their control by cloxacillin practitioner. Infect Immunol 203: 207-211.

Harvey, J., Patterson, J.T. and Gibbs, P.A. (1982). Enterotoxigenicity of
Staphylococcus aureus strains isolated from poultry. Raw poultry carcasses as a
potential food poisoning hazard. J. of Appl. Bacteriol. 52:251-258.

Holeekova, B., Holoda. E., Fotta, M., Kalinaeova, V., Gondo, J., Grolmus, J. (2002).
Occurrence of enterotoxigenic Staphylococcus aureus in food. Ann.Agric.
Environ. Med. 9: 179-182.

&

Horde, C.J., Marr, J.C. Hoffmann, M.1., Hackett, S.P., Chi. ¥.1.,Crum, K.X.,
Stevens, D.L., Stauffacher, C.V. and Bohach, G.A. (1994). Investigation of the
role of the disulphide bond in the activity and structure of staphylococcal
enterotoxin.Clin. Mol. Microbiol .13:897-909.

Huang, 1., Y.,Hughes, J.L., Bergdoll, M.S. and Schantz, E.J. (1987). Complete amino
acid sequence of Staphylococcal enterotoxin A. J. Bio.Chem. 262:7006-
7013.

Huang, J. Y. and Bergdoll, M.S. (1970). The primary Structure of staphylococcal
enterotoxin B.111. The Cyanogen bromide peptides of reduced and

aminoethylated enterotoxin B and the complete amino acid sequence. J. of Bio.
Chem. 245:3518-3525. ,

5

Idiziak, E.S. ahd Mossel, D.A. (1980). Enumeration of vital and thermally stressed
S. aureus in foods using Baird-Parker pig plasma agar (BPP). J. of Appl.
Bacteriol 48:101-113.



71

Isigidi, B.K., Devries, L., Godard, C., and Von Hoof, J. (1986). Enterotoxin production
in different biotypes and phage groups of S. aureus from raw minced meat. In: gnd
World congress in food infection and intoxications proceedings Vol. IT PP. 1174-
1176.Klaus, G. (ed). Published by Institute of veterinary medicine, Robert Von
Oserag Institute (FAO/WHO collaboration centre for research and training in food
hygiene and Zoonosis), Thielalle 88-92, Dyoo Berlin (West) 33.

Jarrand, S., Perfrat, M.A., Lim, A.,Tristan, A., Bes, M., Mougel, C.,Etienne,
J.,Vandenesch, F.,Bonneville, M. and Linna, G. (2001). egs, a highly prevalent
operon of enterotoxin gene from a putative nursery of Superantigen in
Staphylococcus aureus. J. Immunol.166: 669-677.

Jean, C.L., Park, J.S., Shephard S.E., Carey, V. and Fattom A. (1997). Protective
efficacy of antibodies to the Staphylococcus aureus types 5 capsular
polysaccharide in a modified model of endocarditis in rats. Amer. soc. for
microbiol. 65: 4146-4151.

Jay, J.M. (1992). Staphylococcal gastroenteritis. /n: Modern food Microbiol.
(Nostrand V ed) 4™ edn. Van Norstrand Reinhold, New York. NY, USA, pp 455-
478.

®

Kayihura, M., Kaburia, H.F.A, Arimi, S.M. and Linguist, K.J. (1987).
Staphylococcus enterotoxin A in raw and Pasteurlzed milk. E. Afri. Med. J.
64:177-181. .

Khambaty, F.M., Bennet, R.W. and Shan, D.B. (1994). Application of pulse-field gel
electrophoresis to the epidemiological characterization of Staphylococcus
intermedius implicated in a food-related outbreak. Epedemiol infect 113:75-80.

Kirby, W.M.M. (1944). Extraction of a high potent penicillin inactivator from penicillin
resistant. Staphylococci Sci. 99:452-453.

Kitai, S. Shimizu, A., Kawano J., Sato, E., Nakano, C., Kutagawa, H., Fujio, K.,
Matsumura, K., Yasuda, R. and Inamoto, T. (2005). Prevalence and
characterization of Staphylococcus aureus and enterotoxigenic Staphylococcus
aureus in retail raw meat throughout Japan. J. Ver. Med. Sci. 67: 269-274.

Koper, J. \f’., Hagenaars, A.M. and Notermans, S. (1980). Prevention of cross-
reactions in the enzyme-linked immunosorbent assays (ELISA) for detection of S.
aureus enterotoxin type B in culture filtrates and foods. J. of Food Safety 2:35-
45,

Kornblum, J., Kreiswirth, B.N., Projan S.N., Ross, H and Novick, P.R. (1990) Agr. a
polycistronic locus regulating exprotein synthesis in Staphylococcus aureus. In:
Molecular Biology of the Staphylococcus (NOV1ck R.R. and Skuvy, R., eds).
VCH, New York, USA, pp 373 —402.

Laemmli, U.K. (1970). Cleavage of structural protein during the assembly of the lead of
bacteriophage T4. Nat. 227: 680-685.



72

Larsen, H.D., Huda, A., Eriksen, N.H.R? and Jensen, N.E. (2000). Differences
between Danish bovine and human Staphylococcus aureus isolates in possession
of superantigens. Vet. Microbiol. 76: 153-162.

Lee, J.C., Perez, N.E., Hopkins. C.A. and Pier, G.B. (1988). Purified capsular
polysaccharide induced immunity to Staphylococcus aureus infection. J. Infect.
Dis. 157: 723-730.

Leloir, Y., Baron, F., Gaulier, M. (2003). Staphylococcus aureus food poisoning.
Gent. Mol. Res. 2: 63-76.

Lenz,W.,Thelen, R., Pickenhahn,P. and Brandis, H.(1983). Demonstration of
enterotoxin in Staphylococcus aureus culture by the ELISA test and the
microslide test.Zentralbl. Bakteriol. Mikrobiol. 253(4): 466-475.

Marth, E.H. (1973). Behaviour of food microorganisms during preservation in
staphylococcal and their significance in foods. Minor T.E and Marth E.H.
(editors) pp 34-51.Elsevier scientific publishing company Amsterdam-oxford
1976 New York.

Mc Cormick. J.K., Yarwood, J.M. and Schlievert, P.M. (2001). Toxic shock syndrome
and bacterial superantigen an update. Annu. Rev. Microbiol .S55: 77-104.

Meclauchlin,J. Narayanan’,G.L.,Mithani,V. and Oneill,G. (2000).The detection of
enterotoxins and toxic shock syndrome toxin genes in Staphylococcus aureus by
Polymerase Chain Reaction. J. Food Prot. 63:479-488.

&

Ming-Haung,H.,Tong-Rong,C.and Hau-Yang,T.(2003).Novel PCR Primers for
specific detection of C1,C2and C3 Enterotoxins Genes in Staphylococcus aureus.
J. of Food and Drug Anal. 11:338-343.

Minor, T.E. and Marth, E. H. (1972). Loss of viability by Staphyloccus aureus in
acidified media .1. Inactivation by several acids and salts of acid. J. of Food Tech.
35:191-196. ‘

Montie, T.C. and Kadis, S. (1970). Toxicity of staphylococcal alpha toxin. In microbial
toxins. Vol. 111 Bacterial protein toxin. Pp 193 - 229, academics press (London)
Ltd, New York and London. )

Muson, S.H., Ffemaine, M.T., Bettey, M.J. and Welch, R.A. (1998). Identification
and Characterization of novel type C staphylococcal enterotoxins: Biological and
evolutionary implication. Infect. Immuno. 61:4254-4262.

Nader Filho, A., Durival Rossi, O. Jr. and Schocken-Hurrino, R.P. (1988). Study of
enterotoxigenic Staphylococcus aureus in milk from cows with subclinical
mastitis. Rivista de microbiologica 19: 369-373.



73

Nancy, E.T., Jean, M Aschenban, Mary Everson and Marlin S.B. (1986). Detection
of staphylococcal enterotoxins by enzyme-linked immunosorbent assays and
radioimmunoassay. Comparison of monoclonal and polyclonal antibody system.
Appl and Enviro. Microbiol 51: 885-890.

Noterman, S., Verjans, H.L., BoL, J.and Schorst, M. Van (1978). Enzyme linked
immunosorbent assay for determination of S.aureus enterotoxin type 13. Health
Lab. Sci. 15:28-31.

Novick, R.P. (2000). Pathogenicity factors and their regulation in Gram Positive
Pathogens (Fischett, V.A, Novick, R,P Feretti, J.J, Portnoy, D.A and Rood, J,I,
eds). ASM press, Washington, D.C, USA, pp.392-407.

Olsvik,0., Fossum, K. and Berrdal, B.P. (1982). Staphylococcal enterotoxin A, B and
C produced by Coagulase negative strains in the family. Micrococcaceae. Acta

Pathologica Microbiologica et Immunologica Scagndinavica Section B. 28: 441-
445.

Ogoston, A. (1881). Pathogencity of Staphylococci. Brit. Med. J. 1:369- 371.

Omoe,K.,Ishikawa M.,Shi:noda,Yu.,Dong—Liang,Hu., Ueda,S. and Shinagawa
K. (2002). Dectection of Seg,She and Sel genes in Staphylococcus aureus isolated

and determination of the Enterotoxin productive of S.eureus isolates Harboring
Seg,She or Sei Genes. J. Clin. Microbiol. 40:857-862. ©

Onoue, Y.and Mori, M. (1997). Amino acid requirement of growth and enterotoxin
production by Staphylococcus aureus in chemically defined media Int. J. Food
Microbiol. 69:77-82.

Orden, J. L. A., Goyache J., Hernandez, J., Domenech A., Suarez, G. and Lucia-
Gomez, E. (1992). Applicability of an immunoblot technique combined with a
semiautomated €lectrophoresis. System for detection of staphylococcal
enterotoxin in food extracts. Appl. Environ. Microbiol. 58:4083-40895.

Orwin, P, M., Leung, D.Y.M., Donahue, H.L., Novick, R.P. and Schlievert, P.M.
(2001). Biochemical and biological properties of staphylococcal enterotoxin K.
Infect. Immunol. 69:360-366.

Otero, A., Garcia, M.C., Garcia, M.L. and Moreno, B. (1988). Effect of a commercial
starter culture on growth of Staphylococcus aureus and thermo nuclease and

enterotoxin (c1 and c2)production in both culture. Int.J. Food Microbiol. 6:107-
144.

Ouchterlony, O. (1958). Diffusion —in-gel methods for immunological analysis.
Progress in Allergy 5:1-77. &



74

L
Pantucek, R., Gotz, F., Doskar. F., Rosypal, S. (1996). Genomic variability of
Staphylococcus aureus and other coagulase-positive Staphylococcus species

estimated by macrorestriction analysis using pulsed-field gel electrophoresis. Int.
J. Syst Bacteriol. (1996). 46: 216-222.

Palasuntheram, C. and Beachamp, S.M. (1982). Enterotoxigenic Staphylococci in Sri
Lanka. J. of Appl. Bacteriol. 52: 39-41.

Park, C, E, and Szabo, R. (1986). Evaluation of the Reserved Passive Latex
Agglutination (RPLA) test kits for detection of staphylococcal enterotoxin A, B,
C, and D in foods. Can. J. Microbiol. 32:723-727.

Payne. D.N. and Wood, J.M. (1974). Incidence of entrotoxin production in strains of
Staphylococcus aureus isolated from foods. J. of Appl. Bacteriol. 37: 319-25.

Payne, M.C., Wood, H.F., Karakawa, W. and Gluck, L.A. (1966). A prospective study
of staphylococcal colonization and infections in newborns and their families
Ameri. J. Epidem. 82:305-316.

Persing, D.H. (1996). PCR protocols for emerging infectious diseases. Ameri Soc.
for Microbiol. Wash’ington D.C,

Qj, Y. and Miller, K.J. (2002). Effects of low water activity staphylococcal enterotoxin
A and B biosynthesis. J. Food. Prot.63: 473-478.#
&
Rasooly, A. (1998). Detection of Staphylococcus aureus Enterotoxin A in food by
Western Electrophoretic and Immunoblot Analysis of staphylococcal Enterotoxins
in food. Bacteriol. Analytical manual 8™ Ed. Rev.A.

Regassa, L.B. and Betley, M.J. (1992). Alkaline pH decreases expression of the
accessory gene regulator (agr) in Staphylococcus aureus. J. Bacteriol. 174:5095-
5100.

Regessa, L.B., Novick, R.P. and Bettey, M.J. (1992). Glucose and nonmaintained pH
decreases expression of the accessory gene regulator (agr) Staphylococcus
aureus.Infect Immunol. 60:3381-3388.

&

Rizkallah,M.F.,Folymat,A.,Martinez,J.S.,Schlievert,P.M. and Ayoub. E.M. (1989).
Toxic-shock syndrome caused by a strain of Staphylococcus aureus that produces
Staphylococcal enterotoxin C, but not toxic shock syndrome toxin. Ameri. J. for
Dis. of children 143:848-849.

Robbins, R., Gould, S .and Bergdoll,M.S. (1974). Detecting the enterotoxigenity of
Staphylococcus aureus strains. Appl. Microbiol. 28:946-950.

Rosenbach,F.J. (1884). “Mikro-oganismen bei den wundinfektignskrankheiten des
menschen" weisbaden.



75

Rosec, J.P., Guiraud, J.P., Dalet, C. and Richard, N. (1997). Enterotoxin production
by Staphylococci isolated from foods in France. Int:J. Food Microbiol. 35:213-
221.

Sanford, M.D., Widmer, A.F., Bale, M.J.,Jones, R.M and Wenzel, R.P.(1994).
Efficient detection and long-term persistence of the carriage of Methicillin-
resistant Staphylococcus aureus. Clin. Infect. Dis. 19:1123-1128.

Sameshima, T., Magome, C., Takeshita, K., Avihara, K., Itoh, M. and Kondo.
(1998). Effects of intestinal Lactobacillus starter cultures on the behaviour of
Staphylococcus aureus in fermented sausage. Int: J. Food Microbiol.41: 1-7.

Schmitt, M.,Shuler-Shmid, U. and Scmidt-Lorenz,W. (1990).Temperature limits of
growth,Tnase,and enterotoxion production of Staphylococcus aureus strains
isolated from foods.Int. J Food Microbiol. 11:1-19.

Schmidt, J.J. and Spero, 1. (1983) .The complete amino acid sequence of staphylococcal
enterotoxin C. J. Biochem. 254:6300-6306.

Shafer, W.M. and Iandolg, J.J. (1978). Chromosomal locus for staphylococcal
enterotoxin B. Infect. Immunol. 20:273-278.

Shalita, .Z., Hertman, .I. and Sand, S. (1977). Isolatiost and characterization of a
plasmid involved with enterotoxin B production in StapAylococcus aureus.
J. bacteriol. 129:317-325.

Shifter-Rosenberg, G. and Fey, H. (1978). Simple assay for staphylococcal enterotoxins
A,B and C. Modification of enzyme-linked immunosorbent assay. J. of
Clin. Med. 8:473-479.

Simkovicova, M. and Gilbert, J.R. (1971). Serological detection of food poisoning of
Staphylococcus aureus. J. of Med. Microbiol. 4: 19-30.

Travnicek, M., Dudrikova, E. and Pilipcincova,l. (2003). Ewes mastitis and their
controls. Slov. Vet. Cas. 27: 30-35.

Topley, G.S. and Miles, A.A. (1955). Staphylococcal toxin poisoning. In. Topleys and
Wilson’s principles of Bacteriology and Immunology Vol. 11, fourth edition pp.
1808-1810. Topley and Wilson. A.A. Edward Arnold publishers (Ltd). London.

Tondo, E.C,. Guimaraes, M.C., Henriques, J.A. and Ayub, M.A. (2000). Assessing
and analyzing contamination of a dairy products processing plant by
Staphylococcus aureus using antibiotic resistance and PFGE. Can J. Microbiol.
46: 1108-1114. -

é

Tremaine, M.T., Brockman, D.K. and Betley, M.J. (1993). Staphylococcal enterotoxin

A gene (sea) expression is not affected by the accessory gene regulator (agr)



76

Umoh, V.J, Adesiyun, A. A. and Gomwalk, N.E. (1988). Enterotoxin production by
staphylococcal isolates from Nigeri fermented milk products. J. of Food Protect.
51:534-537.

Vernozy-Roz. and C., Meyrond, A., Mazuy, C., Delignette, Muller M.L., Jaubert, G,
Perrin, G., Lapeyre, C.and Richard, Y. (1998). Behaviour and enterotoxin
production by Staphylococcus aureus during the manufacture and ripening of raw
goats’ milk lactic cheese .J. Dairy Res. 65:273-281.

Vojtor, .N., Ross, H.F. and Novick, R.P. (2002). Global repression of exotoxin
synthesis by staphylococcal superantigens. Proc. Natl. Acad. Sc. USA. 99:10102-
10107.

Wadlvogel, F.A. (2000). Staphylococcus aureus (including Staphylococcal toxic shock).
In. Mendell, G.L., Bennetti, J.E.,Dohn, R. editors. Principles and practice of
infections diseases. 5" ed. Pliladelphia :Churchill Livingstone. pp 2072-2073.

Wieneke, A.A., Robert, D. and Gibert, R.J. (1993). Staphylococcal food poisoning in
the United Kingdom. Epidemiol. Infect. 110:519-53.

Yves, L. L., Frorence, B. and Michel. G. (2003). Staphylococcus aureus and food
poisoning. Genet. Mol. Res. 2:63-76.

Zhang, S., Iandolo, J.J. an:l Stewart, G.C. (1998). The enterotoxin D plasmid of
Staphylococcus aureus encoded a second enterotoxin determinant (sej) FEMS
Microbiol. Lett. 168:227-233. #

&



77

B S
T :

SINENRIS JO NBRING [RNUSD BUNCS

Appendix 1. Map of Nairobi showing the study area.

APPENDIX

ISYMVEWS

SISIRWOIA m.u




Appendix 2 Preparation of media
Appendix 2.1 Bacteriological peptone (Lab M)

Composition

Tl DIREOERN o 4 o s s vmmmncs s o5 somuons s 5 osumsn s d heRpmssia b i b 8 SBHEEHT ¥4 3 >0 12%
AMINO NITTOZEIL. ..ot ettt ettt et ettt ettt e ee e e 5.0%
B o s 5 s o s # 5 s dmewssins 14 s oonne s § §AESEEIRS § 35 AFHATEGEE S § § S SHRARHE 4+ 87558 9.0%
Sodium chloride. .........ooiiiiii 4.0%

pH = 7.0 (approx.)

The medium was prepared by adding 10 grammes of bacteriological peptone and 100
grammes sodium chloride to 1000ml of distilled water to give a concentration of 1%
peptone water and 10% N&CL. Hundred milliliters of the medium were dispensed into

500mls glass-capped bottle and sterilized. #

Appendix 2.2 Bacto-Tryptic broth (TSB) (Difco Laboratories)

Composition g/ litres
Bacto-trytone of casein (USP).......ccooiiiiiiiiiiiiiiiiiiiie e 17.0
Bacto-soytone peptone (Soybean)............ooeviviiiiiiiiiiiiiiiii 3.0
BaclordOMBOSC. 1 . viccis s srasmsnes s sxumess s o mamminnss s3asns e 2.5
Sodium chloride........oooviiiii i f ........................ 5.0
Dipotassiam PhOSPHALE. .. . . cooniesis vasimes o spsmionss s 5 5asaiins s s s savsiuis s 2.5

The medium was rehydrated by dissolving 30 g of the dehydrated powder in one liter of
distilled water and then 5.0 ml amount were dispensed into A0 mls screw capped test
tubes, and then sterilized by autoclaving at 121°C for 15 minutes. The final pH of the

medium was 7.3 at room temperature.
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Appendix 2.3 Blood Agar base (lab M)‘.

Composition g/l
Laly W Boel EXEIaCE. . o concmmus s 135 soummes v s s wmmmmnss v ¢ s 5 vismmsaes 5 55 4 5 5 wwietinses 10.0
Lab M Balanced peptone No.1........cooooiiiiiiiiiiiiiiiii, 10.0
S BBIOTIAE . . - =55 smmnms 2 5 wommmes s s enammnann s s suammmuns 3 s sessmemny 1 72 5.0
Lab M. agar NO.2.....oviiiitiiit e e 12.0

pH = 7.3 approximately.
This was prepared by dissolving 37 grams of blood agar base (BAB) in one litre of

distilled water, and sterilized. The molten BAB was cooled to about 50°C. The 50 ml of

sterile defibrinated bovine blood, warmed at 37°C, was added to give 5% blood (v/v) final

concentration.
.
Appendix 2.4 DNase Agar #
"

Composition g/litre
R B ) s s - o e Aomismnsit e iiiincnes & B S Ritrmsecamen 8 misissmsestovsn s o msmssiorimmnes 20.0
Deoxyribonucleic acid........o.vvieeeiiiiii i 2.0
SOMN CRIBHINE, .2t n s 5 waminmisin s wimiBisians s 2 smnmmibiabions oo s maseimschmnciors o 2 55 5.0
IR, .« ¢ 25 smmnmaes s s e e 12.0

pH 7.3(approx.).

>

The medium was prepared by dissolving the DNase test agar in distilled water at a rate of
42 g/litre, sterilized and then dispensed into petri dishes. The final pH of the medium was

T3

P -
e s
&
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Appendix 2.5 Mannitol salt agar (Lab M)

Composition

Eab W BEel SRAPACE: <. -« sovwsmoscs smmsassss ssmmmmnnds s s s somsmmsnms ¥ s s 5essmimenmin 1.0g
Lab M balanced peptone No. 1........coooiiiiiiiiii 10.0g
SOAEIE CRIOTIAR. ... . ; « < comisisiii s o mmiins 34 s bt § 5 63 amssidne s 5 # b smamiing § Fsws 75.0g
D-Mannitol. .. ...t e 10.0g
Lab M agar NO. 2. ... 12.0g
Phenol red........coviniiiiiii i 0.025¢g
pH=74

Hundred and eight grams (108g) of MSA were added to 1000ml of distilled water and the
mixture brought to boil with frequent mixing to dissolve the solids. The medium was

sterilized, cooled in the watgrbath, and distributed into Petridishes.

£

Appendix 2.6 Nutrient broth (Oxoid) ’
Composition

PepPtone. .. .voniit i 10.0

Lab lemco powd?r .................................................................. 10.0

SO CRIOKAE. ... ... vvoeoeeoeee oo 5.0

D B RATOSC: v rievivine comwmmnsas sy su e smsisain s awmmieae s s s emmsmnns s e ss e mmnane s s n sy 2.0

7
=

28 grams of po?\;vder was suspended in 1 liter of distilled water. It was brought to boil to

dissolve completely and sterilized by autoclaving at 121°C for 15 minutes.
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Appendix 2.7 Oxidative fermentation giﬁcose medium (OFGM)

Composition % wiv
Try b (LAl WY s oo s o smomans o5 s s s 5o easmamings £555 Banssmisss ¢ 4553 o0nas s 435 1.0
Yeast (GIDCO) ..ottt e e 0.1
Glucose (BIDH €heBBALSY, .o omiies s o - osommis s 5 45 aanisimsig« i1 ba bisiomnions i s s snmmimitin 1.0
BaeletiolagyBoie N v« s s s » vesmmuns s 01 03 smmermsmoss 531 5 shemmma 1 13 4 5ss 0.5
Bromocresol purple (BDH)........cooiiiiiii 0.004
BRI WAER |o: « vusacommnss i susmmnss o3 s 53 SHESAOIREOY § R §SRECARERLSYS 8 AR 100mls.

This was made by dissolving 1.0% tryptone, 0.1% yeast, 1.0% glucose 0.5%
bacteriological agar No. 1 and 0.004% bromocresol purple in 100 ml of distilled water

and the medium brought to boil. The pH of the solution was then adjusted to 7.2 at 50°C,
®
and 5-ml amounts dispensed into 10-ml screw capped tubes, which were then sterilized.

#
&

Appendix 2.8 Oxidative fermentation mannitol medium (OFMM)

Composition % wlv
Tryone (Lab M).....oiuiiiiiiii e 1.0
YEARE (GII00)...us s - - bomimmmms « o' omesimin o s trmimive a0 S mmmitimmmms s + = » swimcsisgen wess 0.1
D-mannitol (Lab M)..... ................................................... 1.0
Bacteriological agar N.O.1......cooiiiiiiiiiiiiiiiee e 0.5
Bromocresol pusple (BDHY. . coxuassss ssssusmass oo svnni S —_— 0.004
Distilled Water.........o.oiiiiiiii i 100ml

This was made by dissolving 1.0% tryptone, 0.1% yeast 1.0% Mannitol 0.5%
bacteriological agar No. 1 and 0.004% bromocresol purple in:100 ml of distilled water
and the medium brought to boil. The pH of the solution was then adjusted to 7.2 at 50°C,

and 5-ml amounts dispensed into 10-ml screw capped test tubes and sterilized.
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»
Appendix 2.9 Trytone (Lab M)
A pancreatic digest of lactose-free casein

Composition

TOtal NTTOBEIL wcias s o5 savimnnsss 15 comenmns § 5 ¢ Sumenns s 43 SHERETERS & s 5SCEBREITY + 5 5 3 FSHT3 12.7%
AMINO NIITOZEI. .. vevtteeeie et 5.1%
ASN. 6.1%
Sodium chloride. .. ....o.ouvuiniiiiiii i 0.5%

pH 7.2(2% soln)

30 grams of the powder was dissolved in 1 liter of distilled water and mixed well to
dissolve. It was heated to dissolve completely and distributed into final containers and

then sterilized by autoclaving at 121°C for 1 minutes.

Appendix 2.10: Preparation of rabbit plasma

New Zealand white rabbits were bled into sterile universal bottles containing 0.3ml of
membrane sterilized 20% (w/v) sodium citrate as anti-coagulant. The blood was then
centrifuged at 1062g for 15 minutes. The plasma was aseptically transferred to clean

sterile screw capped tubes and stored at 4°C, if it was not to be used immediately.

Appendix 2.11: Physiological Saline.

Sodium chloride was dissolved in distilled water at a rate of 0.85% (w/v) and sterilized.

Appendix 2.12: Cooked meat medium
The medium was prepared by adding 0.3g of meat granules to 4.0 ml of nutrierdt Ti)lroth per

bijou bottle.
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Appendix 3: Components of test kits e

Appendix 3.1 Component of the SET-RPLA kit

TD 901
-A latex sensitized with anti-enterotoxin A
-A latex suspension sensitized with specific antibodies
-Rabbit IgG against SEA
TD 902
-Latex sensitized with anti-enterotoxin B
-Latex suspension sensitized with specific antibodies (rabbit IgG)
against SEB
TD 903

-Latex sensitized with anti-enterotoxin C
-Latex suspension sensitized with specific antibodies (rabbit [gG) against SEC

TD 904 .

-Latex sensitized with anti-enterotoxin D
-Latex suspension sensitized with specific antibodies (rabbit IgG) dgainst SED.
|

TD905

-Control latex
-Latex suspension coated with non-immune rabbit globulin

TD906 SEA

TD907 SEB

TD908 SEC ’,
TD909 SED

TD910 -Diluent

-PBS containing bovine serum albumin and sodium hexaphospate

KENYATTA UNIVERS: ™ IRRARY'
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Appendix 3.2 Component of the Staphylococcal Enterotoxin
SET-EIA

Package of SET-EIA (Cat.No.40010).

1 tube with 10 anti SET-A plastic balls
1 tube with 10 anti SET-B plastic balls
1 tube with 10 anti SET-C plastic balls
1 tube with 10 anti SET-D plastic balls

1 tube with 20 control plastic balls, coated with rabbit immunoglobulins free of SET-
antibodies

2 x 4ml anti SET-A enzyme-conjugate

2 x 4ml anti SET-B enzyme-conjugate

2 x 4ml anti SET-C enzyme-conjugate

2 x 4ml anti SET-D enzyme-conjugate

2 X 4ml normal rabbit serum (NRS), for the absorption of staphylococcal protein /2
100 ml stock solution of the wash solution (10-times concentration) NaCL-Tween

(Diluted): 0.14 M NaCL, 0.1% Tween “20”

80ml sublets of 20mg p- nitrophenyl phosphate each (pNPP)

60 plastic tubes with different color codes’

SUPPLEMENTARY REAGENTS )
Cat. No 4-0060 SET (A, B, C angl,D resp.) culture supernatant, 1 pg/ml.



Appendix 4: Staphylococcus isolaté

Appendix: 4.1. S. aureus isolated from minced meat.

S. aureus
isolate No.

MN 5

MN 9

MN 14
MN 18
MN 22
MN 26
MN 27
MN 28
MN 30
MN 31
MN 32
MN 33
MN 35
MN 36
MN 38
MN 45

Appendix 4.2. S. aureus isolated from beef carcass

S. aureus
isolate No.

Cc2
Cc15
c19
C 27
C3
C 55
C 67
C 95

SET EIA
A

-+

+ + 4+ + + + + + + o+

+

SET EIA

++ ' >

+ +

+ 4+ +

B

+ + + + + + 4+ +

+

+ 0 4+ + 0
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+ 0+ o+ o+

+
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SET RPLA
A B
-+ +
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+ -

+ -

+ -+
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&

SET RPLA
A B
+ +
+ +
- +

+ + + + + + + 4

+

1 + + 1 O



Appendix: 4.3. S. aureus isolated from chicken

S. aureus
isolate No.

CH1

CH6

CH 17
CH 18
CH 20
CH 21
CH 22
CH 25
CH 27
CH 28
CH 30
CH 31
CH 32
CH 33
CH 34
CH 35
CH 36
CH 40
CH 41
CH 42
CH 44
CH 50

SET EIA

1 -+ i 4+ + 1 >

+

+ 4+ ' 4

+ ] ]

+ o4+ o+

+ + + + 4+ +

+

+ 4+ + A+ o+

+

+ 1 1

+

SET RPLA
A B
- -
- +
2 +
+ -

+ -
+ -

+ -

+ +

+ '+ 4+ o+ A+t

+

+ + + + + !

+

1 - 1 [}
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Appendix: 4.4. S. aureus isolated from raw milk

S. aureus
isolate No. SET EIA SET RPLA
A B D A B

RM 6
RM 10
RM 11
RM 15
RM 16
RM 21
RM 30
RM 31
RM 38
RM 39
RM 60
RM 63
RM 69
RM 75
RM 76
RM 77
RM 79
RM 81
RM 82
RM 83
RM 84
RM 85
RM 91
RM 92
RM 93
RM 95
RM 99
RM 103
RM 107
RM 124
RM 128
RM 131
RM 137
RM 143
RM 146
RM 147
RM 148
RM 151
RM 152
RM 158
RM 161
RM 163
RM 164

+

+ 4+ 0+

LI S A T L

-+

] + <+ I + ] ]

L S e

B

+ + + + + + + + + A+ 4+ +

+ + 4+ '+

] + ] + i + + ] ]

+

+ + + + +

1 + <+ 1 + ] 1

+ 4+ + + +

+

+ I

1 + + 1 + ] [}

1

R T S S U

+

i I

+

1 + <+ ] + 1

+

+ 0+ 4+ o+

+ 1

+ + + + + 4

+ + + + + + + + + + A+ + !



RM 168
RM 174
RM 184
RM 186
RM 188
RM 191
RM 193
RM 195
RM 197
RM 198
RM 199
RM 200
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+ + + + *
+ - ¥ *
- + i
N +
N +
N +

e

+ 1
]

+
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