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Abstract

During 2011; 300 milk and white cheese samples were collected from Baghdad
markets. Out of 200 staphylococcal isolates isolated from milk and white cheese
samples, the predominant species was Staphylococcus aureus 97 isolates (48%),
followed by S.chromogenes 82 (41%) and 21 (11%) S.epidermidis isolates. S.
aureus isolates were DNase, coagulase, protease, urease, lipase, gelatinase and slime
layer producers, other species were variable in the production of such virulence
factors. S. chromogenes was the most prevalent isolated staphylococcal species from
milk samples; while cheese samples contaminated mainly by S. aureus.

Keyword: Staphylococci, Identification, Virulence factors, Slime layer production,
Milk and cheese.
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Introduction: Among the microorganisms associated to

Bacteria are the main cause of foodborne foodborne diseases, Staphylococcus aureus,
diseases (FBD) in the majority of the countries, men, women and animals are the main S. aureus
causing 2/3 of food poisoning outbreaks [1]. reservoirs. Nasal carriers and food manipulators
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who have hands or arms with wounds infected
by the microorganism are important sources of
food contamination [2]. The high frequency of
S. aureus as an infection agent of the mammary
glands of milk-producing cows is another
important factor in the epidemiology of this
pathogen [3]. The main food involved in
staphylococci food poisoning outbreaks are milk
and dairy product [1,4]. Milk and its products
can harbor a variety of microorganisms and can
be important sources of food borne pathogens.
The presence of food borne pathogens in milk is
due to direct contact with contaminated sources
in the dairy farm environment or with excretions
from the udder of infected animals [5].

The genus Staphylococcus is a member of the
Staphylococcaceae family; they are gram-
positive, cocci arranged in a grape like cluster,
facultative anaerobic, chemoorganotrophic cocci
with a respiratory and fermentative metabolism
at an optimal temperature of 37°C, also, they are
non-motile, nonsporulated, catalase positive and
found as pathogens or commensal organisms in
both humans and animals [6].

Staphylococci are ubiquitous bacteria found
on the skin and mucous membranes of humans
and worm-blooded animals; they also can be
recovered from different environmental sources
such as soil and water and from wide range of
foodstuffs [7]. Staphylococcus aureus is an
extraordinarily versatile pathogen, and it can
cause a large spectrum of infections, from mild
to severe and fatal. It is important in humans and
also economically important when infecting
animals, able to cause superficial lesions and
systemic infections, S. aureus is responsible for
toxin-mediated diseases, such as the Toxic
Shock Syndrome (TSS), Kawasaki’s Syndrome
and staphylococcal food poisoning [8].
Coagulase-Negative Staphylococci (CONS), has
increased due to their increasing importance in
hospital infection, particularly in nosocomial
bacteremias [9].

Regarding the facts above this research aimed:
Investigate the spread of staphylococci in
milk and white cheese.

Determine the most frequent Staphylococcus
species in these samples using both cultural
and immunological methods.

Assessment of the microbial load of ready to
consumption milk and cheese and
determination of the prevalent species of
each sample.

Detection of some staphylococcal virulence
factors.
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Methods
Samples’Collection

Three hundred milk and white cheese samples
were purchased from Baghdad markets. These
samples included raw, pasteurized, flavored,
condensed, evaporated and dried milk. Raw
salty, processed, soft, hard and semi-hard white
cheese.

The samples were collected randomly
according to the instructions of the Iraqgi
Standard Criterion No0.2/2270 in Sampling,

afferent by the Iragi Central Organization for
Standardization and Quality Control
(C.0.5.Q.C) [10].

Staphylococcal Isolation

The Iragi Standard Criterion N0.3/2270 in
Isolation, Enumeration and Identification of
Microbiological Groups in Foods, [11] was
depended in Staphylococcal lIsolation.
I-Staphylococcal Isolation from Milk Samples

One milliliter of each milk sample was
transferred (in triplets) to a sterilized Petri dish,
then 15-18 ml of the agar medium Staph No0.110
were poured (the medium should be maintained
melted at 44-46°C), the plates left to solidify at
room temperature, and thereafter they were
incubated at 37°C for 24-48 hours. Because of
its constituent of 7.5% NaCl; Staph No.110 is a
selective medium so the isolates which can
tolerate this salt concentration strictly could be
isolated. Then the grown colonies were further
investigated.

I1- Staphylococcal
Samples

Ten grams of each cheese sample was
suspended in 90 ml distilled water, stomached
for 1 minute, three 10-fold dilutions were made
and 0.1ml of each step was inoculated on the
agar medium Staph No.110, the plates left to
solidify at room temperature, and thereafter they
were incubated at 37°C for 24-48 hours. Then
the grown colonies were further investigated.
Staphylococcal Identification

Staphylococcal Identification was performed
according to: [9, 12, 13/ 14, 15, 16, 47] in
addition to the Iragi Standard Criterion
No0.3/2270 in Isolation, Enumeration and
Identification of Microbiological Groups in
Foods [11].

Detection of the bacterial ability for the slime
layer production [18]

The congo red agar method was used to detect
the bacterial ability to produce the slim layer;
this was performed by culturing the bacterial
colony on the congo red agar plate, which then

Isolation from Cheese
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incubated at 37°C for 24 h. Black colonies
indicates highly production of slim layer, red
colonies indicates moderately production of slim
layer, while light colonies means negative result.
HiStaph  Latex Test (Rapid slide
agglutination test)

The HiStaph Latex reagent was allowed to
equilibrate to room temperature before it was
used, then it was shake well, and one drop of the
latex reagent was added into a circle of the test
card, 2-3 average sized isolated colonies from a
fresh overnight culture plate was picked up by a
clean mixing stick and emulsified in the latex
drop, the card was then rotated slowly and read
within 1 minute. A positive result was indicated
by visible aggregation of the latex particles with
a clear background.

In latex agglutination test (slide test), latex
particles covered with fibrinogen and 1gG were
used. IgG antibodies bind with coagulase on
S.aureus, whichresults in latex particles
clumping in about 20 seconds. This slide test
may be negative in a small percent; in this case a
tube test, which detects both free and bound
coagulase, has to be performed. About 97% of
human S. aureus isolates possess both forms of
coagulase.

Results and discussion
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(7.5%) Staph No0.110 is a selective medium, so
that only staphylococci and any bacteria which
can tolerate this salt concentration will grow.
Out of 234 bacterial isolates grown on Staph
No0.110 Figure -1 were more purified by ABC
streaking method, and then all of them were
examined microscopically for gram stain ability,
shape and cluster arrangement.

L1 other bacteria  Staphylococcus spp.

%15

Figure 1- The percentage of Staphylococcus spp.
isolated from milk and cheese samples

Two hundred

colonies

were identified

morphologically as gram positive cocci arranged
in grape-like irregular clusters this clusters occur
because the bacterial cells divide in three planes
in an irregular pattern producing branches of

cocci which

are

characteristics to

Staphylococcus spp. [9,19].

The collected milk and cheese samples were _Table_ -1 illustrates _the reSL.”tS .Of the
cultured on the agar medium Staph No.110; biochemical tests applied to identify the
because of its constituent of sodium chloride ~ StaPhylococcal isolates.

Table 1- The biochemical tests and their results for the staphylococcal isolates

Biochemical tests Results
S.aureus S.chromogenes S.epidermidis

Gram stain Positive Positive Positive

Motility Negative Negative Negative
Oxidase Negative Negative Negative
Catalase Positive Positive Positive
Growth on high salt | Positive Positive Positive
containing media

Nitrat Reduction Positive Positive Positive (weak)

Acetoin production Positive Negative Positive (50-80%)

Mannitol fermentation Positive Variable (Positive 11- | Negative

89%)

Growth on BPA Black shiny | Not shiny orange-brown | Not shiny black and
colonies may produce clearing seldom produces
surrounded by clearing
zone of clearing

Staphyloxanthin Positive Positive Negative

production

DNase Positive Negative Negative
Coagulase & Clumping | Positive Negative Negative
factor
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All isolates gave the negative result of the
motility test as well as the oxidase test; the
latter was performed to differentiate
Staphylococcus from Micrococcus genus that
usually gives the positive result as a purple color
[13, 20].

For further identification, the catalase test
was performed for all the isolates and all of
them produced catalase enzyme that
differentiates Staphylococcus from the genus
Streptococcus which gives negative result of the
catalase test. The isolates were unique in
growing on high salt medium containing (10%,
15% NaCl) [9,14].

Additionally nitrate reduction test was
performed for further identification because
Staphylococcus spp. often reduce nitrate to
nitrite [13, 20]. Also some isolates showed the
ability to produce acetoin and other did not [13,
20, 21].

All the isolates had the ability to grow on
mannitol salt agar which considered selective
and differential medium for the genus
Staphylococcus [14]. Some isolates had the
ability to ferment mannitol sugar and form large
golden colonies surrounded by wide yellow
zones and turned the color of the medium from
pink to yellow, others mannitol non fermentor
which appeared as small pink colonies as
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S.epidermidis or large deep yellow to deep
orange colonies as S. chromogenes and in both
cases no color change was observed in the
medium [9] Figure -2.

Figure 2- Mannitol salt agar cultured with
Staphylococcus spp. mannitol non fermentor colonies
of S.epidermidis (to the left) and mannitol fermentor
colonies of S.aureus (to the right)

All the isolates grown on Baird-Parker Egg
Yolk Tellurite Medium which is selective and
differential medium used for the isolation and
identification of Staphylococcus species from
foods, colonial morphology was detected
according to [22] as shown in table -2

Table 2- Colony characteristics of typical organisms on Baird-Parker Egg Yolk Tellurite Medium [22]

Organism Growth Colonial morphology

Staphylococcus aureus Good Dark grey-black shiny convex 1-1.5 mm diameter
(18hrs) up to 3 mm (48hrs) narrow white entire
margin surrounded by zone of clearing 2-5mm

Staphylococcus Variable Not shiny black and seldom produces clearing

epidermidis

Staphylococcus Variable Irregular and may produce clearing. Wide opaque

saprophyticus zones may be produced in 24 hrs

Staphylococcus Good Not shiny orange-brown average size colonies, may

chromogenes produce clearing

Micrococcus species Variable Very small in shades of brown and black No
clearing

Bacillus species Variable Dark brown matt with occasional clearing after 48hrs

Escherichia coli Variable Large brown-black

Proteus species Variable Brown-black with no clearing

Yeasts Variable White, no clearing

Three types of colonies appeared: dark grey-
black shiny convex 1-1.5 mm diameter (18hrs)
up to 3 mm (48hrs) narrow white entire margin
surrounded by zone of clearing 2-5mm colonies
identified as S. aureus Figure -3, black not shiny

colonies and seldom produces clearing as S.
epidermidis and orange-brown not shiny average
size colonies, may produce clearing as S.
chromogenes [22].
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Figure 3- Baird-Parker Egg Yolk Tellurite agar
cultured with S.aureus which appeared as black shiny
convex colonies with lipase activity (shown as
hydrolyzed clear zone surrounding the colonies)

On milk agar plates a number of pigmented
colonies appeared from white to deep orange,
S.epidermidis appeared as white colonies,
golden-yellow colonies expected to be S.aureus,
while deep yellow and deep orange colonies
expected to be S. chromogenes Figure -4.

Figure 4- Skim milk agar cultured with S.aureus
which appeared as glistening orange convex colonies
(due to Staphyloxanthin production) with protease
activity (shown as hydrolyzed clear zone surrounding
the colonies)

Among the  best-recognized  bacterial
pigments are the carotenoids that impart the
eponymous golden color to the major human
pathogen, S. aureus. This organism produces
multiple carotenoid pigments via a well
described biosynthetic pathway that culminates
with golden staphyloxanthin as the major
product and yellow 4040-diaponeurosporene as
a minor product. Staphyloxanthin also acts as a
virulence factor. It has an antioxidant action that
helps the microbe evade death by reactive
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oxygen species produced by the host immune
system [23].

DNase production was detected by culturing the
isolates on DNase agar, the appearance of
yellow zone surrounding the colonies considered
as a positive result. The results showed that 97

S. aureus isolates (100%) were DNase
producers. Most of pathogenic isolates of
S.aureus produce DNase enzyme. DNase

degrades the host DNA and that increases the
invasiveness and pathogenecity of staphylococci
that possess it [9].

After isolates identification at the generic
level, the coagulase test was performed to
identify the bacterial isolates at the species level,
ninety seven isolates (48.5%) showed the ability
to produce coagulase enzyme (coagulase
positive) and 103 isolates (51.5%) were
coagulase negative as shown in figure -5, this
result belong to the fact that coagulase enzyme
is the most important identification agent that
recognizes coagulase positive from coagulase
negative Staphylococci. Coagulase is an
important virulence factor; it’s acting by deposit
fibrin on the surface of Staphylococci, thereby
altering their destruction inside the phagocytes.
Clumping factor is a surface S. aureus
compound that is responsible for adherence of
the organisms to fibrin and fibrinogen [9].

Coagulas
e

negative
%51.5

Figure 5- The percentage of each Coagulase-Positive
and Cogulase-Negative among isolated
Staphylococcus spp.

APl Staph system was used to confirm the
identification ~ of the most  prevalent
Staphylococcus spp. isolated from milk and
cheese samples S.aureus which previously
identified by conventional biochemical tests.
The test was applied only for five isolates, and
the results obtained from API Staph system were
in agreement with those obtained from
biochemical identifications. Table -3  and
figure-6.
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Table 3- Results of the biochemical test for identification of Staphylococcus spp. by API Staph system

Biochemical Test

S

.aureus | S.chromogenes | S.epiderm-idis

Negative control 0

Acidification of D-glucose GLU

Acidification of D-fructose FRU

Acidification of D-mannose MNE

Acidification of D-maltose MAL

Acidification of D-lactose LAC

4+ |+

Acidification of D-trehalose TRE

Acidification of D-mannitol MAN

e S R S e A A

Acidification of xylitol XLT

Acidification of D-melibiose MEL

Reduction of nitrate to nitrite NIT

Alkaline phosphatase PAL

+ [+

Acetyl-methyl-carbinol production VP

Acidification of raffinose RAF

Acidification of xylose XYL

Acidification of sucrose SAC

+ |1
=+ |1

Acidification of a-methyl-D-glucoside MDG

Acidification of N-acetyl glucoseamine NAG

Arginine dihydrolase ADH

+ |+

Urease URE

+ 4|+

Immunological method:
HiStaph Latex Test is a rapid slide
agglutination test was performed to all the
coagulase positive Staphylococci which were
previously identified by biochemical tests, 90
(92.8%) COPS isolates gave the positive result
of the test which was indicated by visible
aggregation of the latex particles with a clear
background as shown in figure -7.

Figure 7- The results of HiStaph Latex Test (2
S.aureus; 4 S.chromogenes; 6 Control positive)

Figure 6- S. aureus results obtained by API Staph system
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The results showed that 97 (48%) of the
staphylococcal isolates isolated from milk and
white cheese samples were S.aureus, followed
by 82 (41%) S.chromogenes and 21 (11%)
S.epidermidis Figure -8.

* S.epidermidis

* S.gureus ™ S.chromogenes

%11

Figure 8- The prevalence of Staphylococcus aureus
according to all the Staphylococcal isolates isolated
from milk and cheese samples

Staphylococci are ubiquitous bacteria found
on the skin and mucous membranes of humans
and worm-blooded animals; they also can be
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recovered from different environmental sources
such as soil and water and from wide range of
foodstuffs [7]. S. aureus is the causative agent of
mastitis in lactating animals [24]. Other possible
sources that contribute to high levels of S.
aureus in milk are the improper hygiene and
poor farm management [25].

Milk is a good substrate for S. aureus growth,
and dairy products are common sources of
intoxication [26]. S. aureus can gain access to
milk either by direct excretion from udders with
clinical or subclinical staphylococcal mastitis or
by contamination from the environment during
handling and processing raw milk [27].

Cheese is a complex and dynamic microbial
ecosystem characterized by the presence of a
large variety of bacteria, yeasts, and molds,
some microorganisms including species of
lactobacilli or lactococci, are known to
contribute to the organoleptic quality of cheese,
whereas the presence of other microorganisms
may lead to spoilage or titute a health risk, S.
aureus is recognized worldwide as an important
food-borne pathogen, owing to the production of
enterotoxins in food matrices [28].

Fooladi et al. found that 32% of the dairy
products were contaminated by S. aureus [29].
Contamination of food products with S. aureus
pathogens may result from their presence in the
basic raw material - milk, this is of great
importance especially in countries with large
production of dairy products such as cheeses
[30].

Algero et al. who analyzed 172 food samples
including milk, soft cheese, hard cheese, ice
cream, yoghurt, and fast food like sandwiches in
a market in Brazil, reported that 26 samples
(15.1%) of the food were contaminated with S.
aureus [31].

S. aureus was found in 70.4% in raw and

pasteurized  bovine  milk  samples as
demonstrated by [32].
Dastmalchi Saee et al. evaluated 370 cow milk
samples, using culture and PCR methods. They
reported that 58 samples (15.67%) were
contaminated with coagulase-positive S. aureus
[33].

The presence of this microorganism (S.
aureus) after pasteurization can be attributed to
inefficacy of the thermal process [32].

The CONS species most commonly isolated
from mastitic milk were S.chromogenes and S.
simulans. S. chromogenes was the major CONS
species in subclinical mastitis, the majority of
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CONS isolates in milk samples in a research in
USA, were S. chromogenes [34].

The predominant CONS species of 298
isolates in milk samples from subclinical
mastitis in Germany were S. chromogenes
(33%) and S. simulans (23%) [35]. In addition to
the predominant species, various other CONS
species are less frequently isolated from milk
samples. S. hyicus, S. epidermidis and S.
haemolyticus were detected in some samples
[35, 36, 37, 38, 39, 40], but S. warneri, S. sciuri
and S. xylosus, and several other CONS species
usually only occur seldom [35, 38, 41, 42].

A wide variety of CONS species have been
isolated from cows' skin, the predominant
CONS species in cows' beddings and
environment were reported to be S.xylosus,
S.sciuri, and S.saprophyticus [43]. The same
species are frequently isolated from cows
haircoat. The predominant species in milk and
extramammary samples are mainly different, but
S.chromogenes is an exception. It seems to be
adapted both to conditions on the skin and in the
udder. The only CONS species isolated both
from mastitis and from milkers’ hands were
S.chromogenes and S.succinus subsp. succinus.
The isolates from the hands were, however, of
different pulsotypes than the mastitis isolates.
Although we cannot exclude the possibility of
elimination and re-infection with the same
species, we assume that the CONS infections
remained persistent in the udder. S. simulans is a
more specific mastitis pathogen and adapted to
udder conditions. In contrast, S. chromogenes is
able to live on bovine skin, but can also infect
the mammary gland and cause mastitis.

In the study of [44] S.epidermidis species
occupied 14.3% of the staphylococcal spp.
isolated from dairy products in Portugal.

S.epidermidis species was detected in food
samples in a percentage of 40% in the research
of [45].

This species is a common inhabitant is a
common inhabitant of human skin and mucous
membranes of individuals manipulating food
and animals, and is able to contaminate raw
products and processed foods [45, 46].

It was found that S. aureus as 54% in raw
milk samples by [47], while [48] isolated S.
aureus in 75% from bovine milk samples.

The numerous examples of S. aurues causing
bacteremia were reported in human with
predisposing conditions of dairy farms [2, 49].
The presence of S. aurues in the milk sample is
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a new and appealing as well as an important
finding of this study.

Regarding samples’ type and the isolated
staphylococcal species, there was a relationship
between them as demonstrated in table -4.

Table 4- Relationship between the samples’ type and
the isolated staphylococcal species

Samples No. of the isolated species of
’ type staphylococci
COPS CONS
S. S. S.
aureus |chromogenes |epidermidis
Milk 23 57 9
Cheese 74 25 12

From milk samples S. chromogenes was the
most prevalent isolated staphylococcal species;
while cheese samples contaminated mainly by
S.aureus.

Inadequate  pasteurization  of initially
contaminated milk samples from animal skin or
hair contributed in such high number of S.
chromogenes in these samples, while food
handling during cheese processing may be the
source of S. aureus in these samples.

Detection of  Virulence  Factors of
Staphylococci

The production of haemolysin, coagulase and
clumping factor, DNase, lipase, protease, urease
and gelatinase enzymes and slime layer
production were detected in this study.
Haemolysin: Haemolysin production was
detected by culturing the isolates on blood agar;
positive results appeared as a haemolytic zone
around the colonies. Seventy eight (80%) S.
aureus isolates showed haemolytic activity and
the lysis was B-haemolysin.

Protease production was detected on skim milk
agar plates, casein is the predominant protein in
milk, and its presence causes milk to have its
characteristic white appearance, protease which
hydrolyzes casein to produce more soluble
peptides, transparent  derivatives.  The
hydrolyzed clear zone around the colonies
considered positive result, the results obtained
by this study showed that most of the isolates
were protease producers.

Lipase production was detected by culturing
isolates on Baird Parker Egg Yolk Tellurite
medium, the hydrolyzed clear zone surrounding
the colonies considered as positive result (Figure
3). All the isolates were lipase producers, these
enzymes acting by helping bacteria to invade
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host tissues throughout hydrolyzing cells
membranes and spoiling foods such as cheese
and milk.

Urease production was done on urea agar slants,
changing the color of phenol red indicator from
yellow to pink represents the positive result.
Results showed that all S.aureus isolates were
urease producers.

Gelatinase production test was done by
stabbing the isolates in gelatinase medium,
liquefaction of the medium is the positive result,
results showed that all S.aureus isolates were
gelatinase producers.

These results evidence on the ability of the
staphylococcal isolates to produce a variety of
enzymes that helps in invading the host’s tissues
as well as the foods texture (proteases, lipases
and gelatinases).

Slime layer production detection for both
COPS and isolates, was investigated by using
Congo Red Agar method revealed slime
production in 74.22% of COPS Figure -9, while
CONS isolates did not produce it Figure -10.

Figure 9- Slime layer producing S. aureus colonies
on the congo red agar

Figure 10- S. chromogenes colonies on the congo red
agar (non slime layer producers)
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All these results of the detection of some

virulence factors produced by Staphylococcal
isolates are illustrated in table -5.

Table

5-  Virulence factors produced

by

Staphylococcal isolates

Virulence S S
factor

S. aureus : Lo
chromogenes gpidermidis

Protease

Positive
(78%)

Positive
(95%)

Positive
(100%)

Urease

Positive
(78%)

Positive

(100%) Variable

Lipase

Positive
(100%)

Positive
(68%)

Positive
(100%)

Gelatinase

Positive
(629%)

Positive

(100%) Negative

Haemolysin

Positive
(80%)B
type

Negative Negative

Slime layer
production

Positive
(74.2%)

Negative

Negative

References:

1.

Loir, Y.L.; Baron, F. and Gautier, M. 2003.
Staphyloccus aureus and food
poisoning.Genet Mol.Res. 2(1) , pp:63-76.
Sharma, D.; Sharma, P. K. and Malik, A.
2011. Prevalence and antimicrobial
susceptibility of drug resistant
Staphylococcus aureus in raw milk of dairy
cattle. International Research Journal of
Microbiology (IRIJM) .2(11) , pp: 466-470.
Feriatas, M., F., L.; Luz, I; Filho, S.; Junior,
J. W.; Stamford, T.L.M. and Balino, T.C.
2008. Staphylococcal toxin genes in strains
isolated from cows with subclinical
mastitis. Pesquisa Veterinaria Brasileira.
12 (28) , pp: 617-621.

Santana, E. H. W.; Cunha, M. L. R. S;
Rocha, T. C.; Oliveira, M.; Moraes , L. B.;
Alegro, L.C.A. and Beloti, V. 2010.
Assessment of the risk of raw milk
consumption related to staphylococcal food
poisoning. Ci. Anim. Bras., Goiania. 11 (3)
, pp: 643-652.

El-Seedy, F.R. ; El-Shabrawy, M.; Hakim,
A.S.; Syame, S.F. and Osman, N.M. 2012.
Advanced techniques used for isolation and
characterization of Staphylococcus aureus
isolated from mastitic buffaloes. Global
Veterinaria .8 (2) , pp: 144-152.

Argudin, M. A., Mendoza, M. C. and
Rodicio, M. R. 2010. Food poisoning and
Staphylococcus ~ aureus  enterotoxins.
Toxins. 2, pp: 1751-1773.

1065

7.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Iraqi Journal of Science, 2013, Vol 54, Supplement No.4, pp:1057-1067

Irlinger, F. 2008. Safety assessment of
dairy microorganisms: Coagulase negative
staphylococci. Int. J. Food Microbiol. 126:
302-310.

Leung, D. Y., Meissner, H. C., Fulton, D.
R., Murray, D. L. Kotzin, B. L. and
Schlievert, P. M. 1993. Toxic shock
syndrome toxin-secreting Staphylococcus
aureus in Kawasaki syndrome. Lancet.
342(8884) , pp: 1385-1388.

Brooks, G. F.; Caroll, K. C., and Morse, S.
A. 2007. Staphylococcus (Jawetz). Melnick
and Adelberg’s, Medical Microbiology.
24" edition. The McGraw-Hill. New York.
Iraqi Central Organization for
Standardization and Quality Control
(C.0.5.Q.C). 2006. Iragi Standard Criterion
N0.2/2270 in Sampling.

Iraqi Central Organization for
Standardization and Quality Control
(C.0.S.Q.C). 2006. The Iragi Standard
Criterion No.3/2270 in Isolation,
Enumeration and  Identification  of
Microbiological Groups in Foods.
Baird-Parker, A. C. 1962. An improved
diagnostic and selective medium for
isolating coagulase positive staphylococci.
J. Appl. Bacteriol. 25, pp:12-19.
MacFaddin, J. F. 2000. Biochemical tests
for identification of medical bacteria. 3 ed.
Lipicott Williams and Wilkins USA.
Benson, J.M. 2001. Microbiological
Applications:  Laboratory Manual in
General Microbiology. 8" ed. McGraw
Hill.

Harley, J. p. and Prescott, L. M. 2002.
Laboratory Exercises in Microbiology. 5"
ed. McGraw Hill.

Kayser, F.H; Bienz,K.A.; Eckert, J. and
Zinkernagel, R.M.(2005. Color Atlas of
Medical Microbiology.11"™ ed. Thieme
Verlag, NewYork, USA, pp: 300-303.
Atlas, R. M. and Snyder, J. W. 2006.
Handbook of media for clinical
microbiology. CRC Press.

Freeman, D.J.; Falkiner, F.R. and Keane,
C.T. 1989. New method for detecting slime
production by  coagulase  negative
staphylococci. J. Clin. Pathol. 42, pp:872-
874.

Dubey, R.C. and Maheshwari, D. K. 20009.
A textbook of Microbiology. 1% ed. S.
Chand and Company LTD. New Delhi.
Holt, J.G.; Krieg, N.R.; Sneath, P.H.A. and
Williams, S.T. 1994. Staphylococcus spp.



21.

22.

23.

24,

25.

26.

217.

28.

29.

AlKhafaji et.al.

In:  Bergey’s manual of determinative
bacteriology, 9th ed. Baltimore, MD:
Williams & Wilkins. 10, pp:544-51.

Kloos, W.E. and Schleifer, K. H. 1975.
Isolation and characterization of
staphylococci from human skin. L.
Descriptions of four new  species:
Staphylococcus warneri, Staphylococcus
capitis, Staphylococcus hominis, and
Staphylococcus simulans. Int. J.  Syst.
Bacteriol. 25, pp: 62-79.

O’Brien, M.; Hunt, K.; McSweeney, S. and
Jordan, K. 2009. Occurrence of foodborne
pathogens in Irish farmhouse cheese. Int. J.
Food Microbiol. 26, pp:910-914.

Sabet, N. S.; Subramaniam, G
Navaratnam, P. and Sekaran, S.D. 2007.
Detection of methicillin-aminoglycoside-
resistant  genes and  simultaneous
identification of S. aureus using triplex
real-time PCR Tagman assay. Journal of
Microbiological methods. 68, pp:157-162.
Bartolomeoli, I.; Maifreni, M.; Frigo, F,;
Urli, G. and Marino, M. 2009. Occurrence
and characterization of Staphylococcus
aureus isolated from raw milk for cheese
making. Int. J. Dairy Technol. 62, pp:366-
371.

Ateba, C. N.; Mbew, M.; Moneoang, M. S.
and Bezuidenhout, C.C. 2010. Antibiotic
resistant Staphylococcus aureus isolated
from milk in the Mafikeng area, North
West province, South Africa. S. Afr. J. Sci.
106, pp:1-6.

Morandi, S.; Brasca, M.; Lodi, R.
Cremones, P. and Castiglioni, B. 2007.
Detection of classical enterotoxins and
identification of enterotoxin genes in
Staphylococcus aureus from milk and dairy
products. Veter. Microbiol. 124, pp: 66-72.
Peles, F Wagner, M Varga, L Hein, I Rieck,
P Gutser, K Keresztlri, PKardos G,
Turcsényi |, Béri B, Szabo A 2007.
Characterization of Staphylococcus aureus

strains isolated from bovine milk in
Hungary. Int. J. Food Microbiol. 118,
pp:186-193.

Duquenne M, Fleurot I, Aigle M, Darrigo
C, Borezée-Durant E, Derzelle S, et al.
2010. Tool for quantificationof
staphylococcal enterotoxin gene expression
in cheese. Appl Environ Microbiol. 76,
pp:1367-74.

Fooladi, I. A. A.; Tavakoli, H.R.; Nadaeri,
A. 2010. Detection of enterotoxigenic

1066

30.

31.

32.

33.

34.

35.

36.

37.

38.

Iraqi Journal of Science, 2013, Vol 54, Supplement No.4, pp:1057-1067

Staphylococcus aureus isolates in domestic
dairy products. Iranian Journal of
Microbiology. 2 (3) , pp: 135-140.
Holeckova, B.; Holoda, E.; Fotta, M.;
Kalinacova, V.;Gondol, J.; Grolmus, J.
2002. Occurrence of enterotoxigenic
Staphylococcus aureus in food. Ann Agric
Environ Med .9, pp: 179-182.

Alegro, A. L.C.; Konta, E. M.; Suzuki, K.;
Silva, M.G. Junior, A.F. Rall, R. and
Mores, R.V.L. 2007. Occurrence of
coagulase-positive  Staphylococcus  in
various food products commercialized in
Botucatu, SP, Brazil and detection of toxins

from food and isolated strains. Food
Control. 18, pp:630-634.
Rall, V.L.M.; Vieira, F. B., Rall, R;

Vieitis, R.L.; Fernandes, A.; Candeias,
J.M.G.; Cardoso, K.F.G. and Araujo, J. P.
2008. PCR detection of staphylococcal
enterotoxin genes in Staphylococcus aureus
strains isolated from raw and pasteurized
milk. Vet. Microbiol. 132, pp:408-413.
Dastmalchi, H.; Ahmadi, M.; Mardani, K.
and Batavani, R.A. 2009. Molecular typing
of Staphylococcus aureus isdated from
bovine mastitis based on polymorphism of
the coagulase gene in the north west of
Iran. Vet. Microbiol. 137, pp:202-206.
Matthews, K.R., Harmon, R.J., Langlois,
B.E. 1991. Effect of naturally occurring
coagulase-negative staphylococci infections
on new infections by mastitis pathogens in
the bovine. J. Dairy Sci. 74, pp:1855-1859.
Luthje, P., Schwarz, S. 2006. Antimicrobial
resistance of coagulase-negative
staphylococci from bovine subclinical
mastitis with particular reference to
macrolide-lincosamide resistance
phenotypes and genotypes. J. Antimicrob.
Chemother. 57, pp:966-969.

Devriese, L.A., De Keyser, H. 1980.
Prevalence of different species of
coagulase-negative staphylococci on teats
and in milk samples from dairy cows. J.
Dairy Res. 47, pp:155-158.

Jarp, J. 1991. Classification of coagulase-
negative  staphylococci isolated from
bovine clinical and subclinical mastitis. Vet.
Microbiol. 27, pp:151-158.

Aarestrup, F.M., Wegener, H.C., Rosdahl,
V.T., Jensen, N.E. 1995. Staphylococcal
and other bacterial species associated with
intramammary infections in Danish dairy
herds. Acta Vet. Scand. 36, pp:475-487.



39.

40.

41,

42,

43.

44,

45,

46.

47.

48.

AlKhafaji et.al.

Chaffer, M.; Leitner, G.; Winkler, M
Glickman, A.; Krifucks, O.; Ezra, E. and
Saran, A. 1999. Coagulase negative
staphylococci and mammary gland
infections in cows. J. Vet. Med. B 46,
pp:707-712.

Rajala-Schulz, P.J., Smith, K.L., Hogan,
J.S., Love, B.C. 2004. Antimicrobial
susceptibility of mastitis pathogens from
first lactation and older cows. Vet.
Microbiol. 102, pp:33-42.

Rather, P.N.; Davis, A.P. and Wilkinson,
B.J. 1986. Slime production by bovine milk
Staphylococcus aureus and identification of
coagulase-negative staphylococcal isolates.
J. Clin. Microbiol. 23, pp:858-862.

Waage, S.; Mork, T.; Roros, A.; Aasland,
D.; Hunshamar, A. and Odegaard, A. 1999.
Bacteria associated with clinical mastitis in
dairy heifers. J. Dairy Sci. 82, pp:712-719.
Matos, J.S., White, D.G., Harmon, R.J.,
Langlois, B.E. 1991. |Isolation of
Staphylococcus aureus from sites other
than the lactating mammary gland. J. Dairy
Sci. 74, pp:1544-1549.

Soares, J. C.; Marques, M. R.; Tavaria, F.
K.; Pereira, J. O.; Xavire, F. and Pintado,
M.M. 2011. Biodiversity and
characterization of Staphylococcus species
isolated from a small manufacturing dairy
plant in Portugal. Int. J. Food Microbiol.
146, pp: 123-129.

Cunha, M. L. R. S., Rugolo, L. M. S. S. and
Lopes, C. A. M. 2006. Study of virulence
factors in coagulase-negative staphylococci
isolated from newborns. Mem. Inst.
Oswaldo Cruz .101, pp: 661-668.

Bergdoll, M. S. 1995. Importance of

staphylococci that produce nanogram
quantities of enterotoxin. Zbl Bakt. 282,
pp:1-6.

Fusco, V.; Quero, G.M.; Morea,

M.:Blaiotta, G. and Visconti, A. 2011.
Rapid and reliable identification of
Staphylococcus aureus harbouring the
enterotoxin  gene cluster (egc) and
quantitative detection in raw milk by real
time PCR. Int. J. Food Microbiol . 144,
pp:528-537.

Jorgensen, H.J.; Mathisen, T.; Lovseth, A.;
Omoe, K.; Qvale, K.S.; and Loncarevic, S.
2005. An outbreak of staphylococcal food
poisoning caused by enterotoxin H in
mashed potato made with raw milk. FEMS
Microbiol. Lett. 252, pp: 267-272.

1067

49. Normanno,

Iraqi Journal of Science, 2013, Vol 54, Supplement No.4, pp:1057-1067

G.; La Salandra, G,
Dambrosio, A.; Quaglia, N.C.; Corrente,
M.; Parisi, A.; Santagada, G.; Firinu, A;
Crisetti, E. and Celano, G.V. 2007.
Occurrence, characterization and
antimicrobial resistance of enterotoxigenic
Staphylococcus aureus isolated from meat
and dairy products. Int. J. Food Microbiol.
115, pp:290-296.



