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This study aimed to determine Staph. aureus in raw milk and some milk products and study
the correlation between Staph. aureus enterotoxin genes and its ability to resist different types
of antibiotics. A total of 120 raw milk, kareish cheese and baladi yoghurt (40 samples, each)
were collected from different dairy shops and street peddlers in Assiut city, Egypt and were
bacteriologically examined for presence and count of Staph. aureus. The incidences of
counted Staph. aureus in raw milk, kareish cheese and baladi yoghurt were 62.5, 27.5 and
0.0%, respectively, with average counts of 3.25 log, 4.13 log and < 1 log cfu/ml, respectively.
All the isolated Staph. aureus strains were tested by Multiplex PCR assay for the presence of
enterotoxigenic sea, seb, sec and sed genes and 94.44% of the tested strains harbored sea gene
and 2.77% were positive for sed gene, while none of the tested strains was positive for seb
and sec gene. The recovered organisms exhibited 52.78, 11.11, 77.78, 61.11, 11.11, 36.11,
63.89 and 16.67% resistance towards Oxacillin (Methicillin), Vancomycin, Amoxicillin,
Ceftriaxone, Gentamicin, Tetracycline, Erythromycin, and Trimethoprim-Sulfamethoxazole,
while, they exhibited 100% sensitivity towards Ciprofloxacin. The tested organisms showed
multi-antibiotics resistance percentage of 55.56% and with average resistance index of 0.37.
The correlation between Staph. aureus enterotoxin genes and its ability to resist different
types of antibiotics revealed that, most of the enterotoxigenic strains were multi-antibiotics
resistance and resist simultaneously to Amoxicillin, Ceftriaxone and Erythromycin. All the
methicillin resistant Staph. aureus (MRSA) isolates harbored sea gene. The public health
hazards of Staph. aureus in milk and its products as well as the suggestive control measures
were discussed.
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INTRODUCTION enterotoxemia, and septicemic infections;
furthermore, it is important as the cause of

In  humans, Staph. aureus is toxic shock syndrome (TSS) (Sidhu et al.,
considered a well-documented 2007). With the emergence of methicillin-
opportunistic pathogen. It may cause food resistant Staph. aureus (MRSA) and its
poisoning, pneumonia, skin infections, increasing resistance towards antibiotics of
various groups such as penicillins,
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critically infected with MRSA or other
Gram-positive organisms like Clostridium
difficile.  While, widespread use of
Vancomycin to treat infections caused by
methicillin resistant Staph. aureus (MRSA)
and other Gram-positive cocci has led to the
emergence of Vancomycin resistance
(VRSA). The large scale of spread of
resistance to Vancomycin has been
perceived as a fearsome threat to the
already challenging therapy of MRSA
(Moellering, 2008 and Abdel-Baky et al.,
2014).  Antibiotic-resistant  strains  of
bacteria cause humans to become more
virulently ill for longer periods of time than
their antibiotic susceptible counterparts.
Treatment failure occurs as a consequence
and there is the need for expensive and/or
toxic alternative drugs which in most cases
are more expensive (WHO, 2007).

Enterotoxigenic Staph. aureus is one of the
major pathogens causing food poisoning
cases worldwide. Staphylococcal
enterotoxins (SE) are emetic toxins and are
classified as members of the pyrogenic
toxin superantigen family because of their
biological  activities and  structural
relatedness  (Dinges et al., 2000).
Staphylococcal food poisoning is associated
with contaminated foods of animal origin,
such as milk and dairy products and other
protein rich animal origin foods such as ice
cream, meat, poultry and fish (Janstova et
al., 2012).

The staphylococcal food poisoning (SFP) is
a mild intoxication occurring after the
ingestion of food containing from 20 ng up
tol ug of Staphylococal enterotoxins (SES)
which is enough to induce symptoms in
human beings (Normanno et al., 2007). The
SFP symptoms appear 1-6 h after ingestion
of contaminated food, depending on
individual and toxic dose ingested. They
include nauseas, abdominal cramps,
diarrhea, general malaise, weakness and
characteristic projectile vomiting. Clinical
signs of SFP generally disappear within 24-
48 h. Deaths occur rarely and specifically in
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the very young or elderly (Jay et al., 2005).
The five classical enterotoxins (SEs type A,
B, C, D and E) were known to be
responsible for 95% of SFP cases, the rest
of cases were due to the new types of SEs
(SE G —SE O) (Wang et al., 2012).

Milk; kareish cheese (traditional Egyptian
cheese made from raw skimmed milk) and
baladi yoghurt (small scale yoghurt) act as a
good vehicle for Staph. aureus organisms
and sometimes this organisms may be
antibiotic  resistant and  enterotoxins
producers. Therefore, the aim of this study
was to determine the prevalence of Staph.
aureus in raw milk, kareish cheese and
baladi yoghurt sold in Assiut City, Egypt
and testing them for antimicrobial
sensitivity test for detection of MRSA and
VRSA strains and application of multiplex
PCR to detect some classical enterotoxins
genes (sea, seb, sec and sed) in the isolated
strains.

MATERIALS AND METHODS

A total of 120 raw milk, kareish cheese and
baladi yoghurt samples (40 samples, each)
were collected from dairies and street
peddlers in Assiut city, Egypt during the
period from December 2018 to April 2019.
The samples were collected in clean and
sterile plastic bags in an ice-box and
transferred rapidly as soon as possible to
the  laboratory  for  bacteriological
examination.

A) Preparation of samples:

The apparently normal raw milk samples
were mixed thoroughly and tested for heat
treatment by Storch test according to
Lampert (1975) before being subjected to
examination. Ten ml from liquid samples or
10g from the prepared solid samples were
added individually to 90 ml of 0.1% sterile
peptone water. Ten-fold serial dilutions
from each sample were done up to 10°
(A.P.H.A., 2001).
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B) Isolation and enumeration of Staph.
aureus from the prepared samples:

1) Enrichment procedure according to Lee

(2003): 10ml milk or 10gm of each

prepared cheese and yoghurt samples were

inoculated into 10% NaCl nutrient broth

and incubated at 35°C for 20h.

2) Isolation of Staph. aureus by selective
plating on mannitol salt agar according to
Finegold and Martin (1982): Loopfulls
from the incubated 10% NaCl nutrient
broth tubes were streaked on mannitol salt
agar plates then incubated at 37°C for 48h.
Suspected golden yellow colonies with
yellow halo were picked up onto nutrient
agar slant and incubated at 37°C for 24 hour
before being subjected to identification.

3) Enumeration of Staph. aureus, using
Baird-Parker agar, according to FDA
(2001): From each dilutions, 1.0ml was
spread onto large plate Baird-Parker agar
with sterile bent glass rod and incubated at
37°C for 24 hours. Then the numbers of
small black, shiny with narrow white
margins and surrounded by clear zones
extended into the opaque medium were
calculated and typical colonies were picked
into nutrient agar slants for biochemical
identification.

of

C) Identification aureus

organism.

Staph.

1) Gram's stain showed Gram positive
cocci forming an irregular grape like
clusters.

2) Catalase activity test according to FDA
(2001) where the organism was catalase
positive.

3) Tube coagulase test according to FDA
(2001): Sterile rabbit plasma was diluted
10 folds with sterile normal saline. 0.5
ml of the diluted plasma was put in each
2 Wassermann tubes. Five drops of
overnight incubated broth culture at
37°C were added to first tube, while the
other was left to serve as a control. The
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tubes were incubated at 37°C and then
examined after one and 24 h incubation
for coagulation.

4) Anaerobic utilization of  mannitol
according to FDA (2001): Pure culture
of the isolated organisms were
inoculated into peptone water containing
mannitol (0.5%) and bromocresol purple
as indicator and the surface of the
medium were covered by sterile paraffin
oil at least 25mm thick. The tubes were
incubated for 5 days at 37°C. Acid was
produced anaerobically; if the indicator
is changed to yellow color throughout
the tubes indicates the presence of Staph.
aureus.

5) Detection of haemolysis according to
Bailey and Scott (1994): Isolated strains
were cultured on blood agar plates
contained 10% sheep blood and
incubated at 37°C for 24 h for detection
the type of haemolysis.

D) Antibiogram of Staph. aureus species
according to CLSI (2011): Each Staph.
aureus was standardized using colony
suspension  methods and  strain's
suspension diluted with sterile saline and
adjusted to 0.5 McFarland standards.
The antibiotic susceptibility testing was
determined using the modified Kirby-
Bauer disc diffusion technique (CLSI
(2011) by swabbing onto Mueller-
Hinton agar plates with the resultant
saline suspension of each strain and the
following (9) antibiotic discs were
placed on the plate: Oxacillin
(Methicillin) 1pg, Vancomycin 30 pg,
Amoxicillin  10pg, Ceftriaxone 30pg,
Gentamicin 10pg, Tetracycline 30ug,
Erythromycin ~ 15pg,  Trimethoprim-
Sulfamethoxazole 25ug and
Ciprofloxacin 5ug. The plates containing
the discs were allowed to stand for at
least 30 min before incubated at 30°C for
24h so as to favor the growth of
methicillin  resistant strains (BSAC,
2002). The diameter of the zone of
inhibition produced by each antibiotic
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disc was measured and interpreted using
the CLSI zone diameter interpretative
standards.

Antibiotic resistance (ARI) index was
calculated as a/b, where "a" represents
the number of antibiotics to which the
isolates were resistant and "b" represents
the total number of antibiotics to which
the isolate was exposed (Krumperman,
1983).

E) Multiplex Polymerase Chain Reaction
(m PCR): for detection of sea, seb, sec,
and sed genes in the isolated Staph.
aureus strains which was done in
Animal Reproduction Research Institute,
El Haram, Giza, Egypt.

DNA from bacterial strains according to
Reischl et al. (1994). Two to 5 loops of
bacteria taken from the brain heart infusion
agar plate were collected and suspended in
200 pl of lysis buffer comprised of 1%
Triton X-100, 0.5% Tween 20, 10 mM
Tris-HCI (pH 8.0), and 1 mM EDTA. After
boiling for 10 min, the suspension was
centrifuged for 2 min to sediment bacterial
debris. The supernatant was aspirated and
kept at - 20°c as source for DNA to be used
directly for PCR amplification.

2- Primers:

Primers used for PCR amplification were
synthesized in Bio Basic Inc. (Canada).
Details of primer sequences, their specific

target  genes,  references, annealing
1 DN extacion: onperte i nlion s
A crude extraction method based on boiling 9 :
procedure was used to prepare template
e Amplified cycles
Gene Primer sequence references 'iggpr:::ﬁd Primary Final
targeted 5"-3 (bp) denaturation OISeconda_lry annealing  Extension extension
enaturation
Cremonesi
TAAGGAGGTGGTGCCTATGG
Sea CATCGAAACCAGCCAAAGTT et al" 180
2005
TCGCATCAAACTGACAAACG  JOohnson et
seb GCAGGTACTCTATAAGTGCC al., 1991 478 94°C for 5 ?égo%/:’cle a]j[ 56°C for 68°C for 72°C for
min or 1 min 1 min 7 min
GACATAAAAGCTAGGAATTT  Johnson et min
Sec AAATCGGATTAACATTATCC a|.' 1991 257
CTAGTTTGGTAATATCTCCT Johnson et
sed TAATGCTATATCTTATAGGG al., 1991 317

3- DNA amplification reaction:

Multiplex PCR assay was used that detect
staphylococcal enterotoxines A, B, C and D
genes. The amplification cycles were
carried out in Nexus gradient Master cycler
(Eppendorf, Germany). The reaction
condition was optimized to be 94°C for
5min. as initial denaturation, followed by
30 cycles of 94°C for 60 seconds as
secondary denaturation, annealing for 60
seconds at 56°C and extension at 68°C for
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60 seconds. A final extension step at 72°C
for 7min. was followed. PCR reaction was
optimized using a total volume of 20uL
reaction mixtures which contained 3uL of
DNA as template, 20pmol of each primer,
1X of PCR master mix (Dream Taq Green
PCR Master Mix, Fermentas Life Science).
PCR products were analyzed by
electrophoresis in 1.5% agarose gel in 0.5X
TBE buffer containing ethidium bromide
and visualized under a UV transilluminator.
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RESULTS

Table 1: Statistical analytical results of Staph. aureus counts in raw milk, kareish cheese and
yoghurt samples (n = 40 of each).

S. aureus count (cfu/ g)

Sample type  Positive samples  Negative samples

Min. Max. Average + SE
No. % No. %

Milk 25 62.50 15 37.50 <llog 4.53log 3.25log 2.93log
Kareish 11 2750 29 7250 <1log 551log 4.13log 3.93log
cheese
yoghurt 0 0.0 40 100 <1llog - - -

Table 2: Frequency distribution of Staph. aureus counts in the examined raw milk and
kareish cheese samples (n = 40 of each).

Raw milk Kareish cheese
Intervals

No. % No. %
< 10? 15 37.5 29 72.5
log2-<log3 8 20 1 2.5
log3-<log4 16 40 3 7.5
log 4 - < log 5 1 2.5 5 12.5

log5-<log6 0 0.0 2 5
Total 40 100 40 100
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Table 3: Antibiogram of Staph. aureus organisms isolated from raw milk and kareish cheese

(n=36).
Antibiotics Resist Sensitive
No./36 % No./36 %

Oxacillin (Methicillin) 19 52.78 17 47.22
Vancomycin 4 11.11 32 88.89
Amoxicillin 28 77.78 8 22.22
Ceftriaxone 22 61.11 14 38.89
Gentamicin 4 11.11 32 88.89
Tetracycline 13 36.11 23 63.89
Erythromycin 23 63.89 13 36.11
Trimethoprim-Sulfamethoxazole 6 16.67 30 83.33

Ciprofloxacin 0 0.0 36 100

Table 4: Percentage of multi-antimicrobial resistant (MAR) of Staph. aureus organisms isolated from
raw milk and kareish cheese (n = 36).

Multi-antimicrobial resistant Staph. aureus organisms

No/30 7 Average of RI
0. 0

20 55.56 0.37

Table 5: Frequency of antimicrobial resistant index (ARI) of Staph. aureus organisms isolated from
raw milk and kareish cheese (n = 36).

ARI Frequency %
0.1 4 11.11
0.2 3 8.33
0.3 4 11.11
0.4 8 22.22
05 8 22.22
0.6 3 8.33
0.7 1 2.78
0.8 0 0
0.9 0 0
1 0 0
Table 6: Percentage of Staph. aureus strains positive for enterotoxigenic genes by using Multiplex
PCR assay.
Gene targeted No. of tested strains Positive strains
No. %
sea 36 34 94.44
seb 36 0 0.0
sec 36 0 0.0
sed 36 1 2.77
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M1 23456 78 910111213 14 N

317 bp

180 bp

100 bp

Figure 1: The electrophoresis pattern of Multiplex PCR amplicon on Staph. aureus strains for
detection enterotoxigenic sea, seb, sec and sed genes.

M: 100 bp ladder DNA marker

Lane 1: sea control positive Staph. aureus (180 bp)
Lane 2: sed control positive Staph. aureus (317 bp)

Lane 3-6 and 8-14: sea positive isolates
Lane 7: sea and sed positive isolate
N: Negative control.

N.B.: control positive for seb and sec Staph. aureus strains were not available during

performance of this study.

DISCUSSION

Results illustrated in Table 1 revealed that,
the prevalence of Staph. aureus in the
examined raw milk samples was 62.50%,
with counts ranging from < 1 log to 4.53
log and with an average count of 3.25 log
cfu/ml. Nearly similar result (64%) was
revealed by Yildirim et al. (2019). Lower
incidence of 16.3% was found by Mansour
et al. (2017), whereas higher incidence
(94%) was recorded by Kamal et al. (2013).

Table 2 revealed that, the highest frequency
distribution of positive Staph. aureus count
in raw milk samples was 40% and in the
range of log 3 - < log 4 cfu/ml. Presence of
Staph. aureus in raw milk in this study
could be attributed to either indigenous
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source due to Staph. aureus subclinical
mastitis or exogenous source from infected
handler's hands or from sneezing and
cough. Also, contaminated utensils and
infected flies and insects could be a source
of contamination.

The prevalence of Staph. aureus in kareish
cheese samples was 27.50%, with counts
ranging from < 1 log to 5.51 log and with
an average count of 4.13 log cfu/g (Table
1). Relatively similar result of 24% was
estimated by Elmaghraby et al. (2018). On
the contrary, higher incidence (93%) was
found by Kamal et al. (2013).

The highest frequencies distribution of
positive Staph. aureus in kareish cheese
samples was 12.5% and in the range log 4 -
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< log 5 cfu/g (Table 2). The presence of
Staph. aureus in kareish cheese is attributed
to; this type of cheese is made from raw
skimmed milk without any heat treatment
and also, contaminated utensils and
improper storage could be a sources of
contamination such type of cheese with
Staph. aureus and other public health
important pathogens.

From the public health point of view, most
of the isolated Staph. aureus strains from
raw milk and kareish cheese in this study
had count equal to or more than 10° cfu/ml
(Table 2) and this count is sufficient for the
organism  to  produce  enterotoxins
responsible  for occurrence of food
poisoning to consumers as Jablonski and
Bohach (2001) have found Staph. aureus
counts in the range from 103-10° CFU/g to
be able to produce enterotoxin in such high
quantities that may pose a health risk to the
consumers.

The results listed in Table 1 revealed that,
the prevalence of Staph. aureus in baladi
yoghurt samples was 0.0%, with a count of
< 1 log cfu/g. This result coincided with
Sadek et al. (2014a). Incidence of 14% was
recorded by Zakary et al. (2011), while
extremely higher incidence (88%) was
revealed by Meshref et al. (2019). The
absence of Staph. aureus in baladi yoghurt
in this study could be attributed to either
heat treatment of milk during yoghurt
production or due to acidity of baladi
yoghurt which might play a role in Staph.
aureus inhibition and hampering its growth.

The tabulated results in Table 3 showed
that, Staph. aureus exhibited 52.78%
resistance towards Oxacillin (Methicillin).
Relatively similar result of 55.9% was
found by Hoque et al. (2018). On the other
hand, lower result (9%) was detected by
Wang et al. (2017), while Omoshaba et al.
(2018) revealed higher result of 88.2%.
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It is worth mentioning that; Methicillin

resistant Staph. aureus (MRSA) is a
potential health hazard especially in
immune-compromised  individuals, the

treatment of MRSA infections is difficult
and costly. The ability of these bacteria to
spread multiple antimicrobial resistance
genes, turning it into a major public health
problem. Therefore, monitoring MRSA
from food is important and improving
hygiene standards in food practices in order
to reduce the microbiological risk to
minimum (Kluytmans et al., 1995; Pinchuk
et al., 2010 and Basanisi et al., 2017).

Out of 36 Staph. aureus isolates, 4 isolates
(11.11%) were resist to Vancomycin (Table
3). Lower result of 2.8% was revealed by
Breves et al. (2015); while, higher result
(20.13%) was reported by El-Banna et al.
(2015).

All of the four Vancomycin resistant
isolates obtained in this study were from
raw milk samples and all of them were
resisting simultaneously to  Oxacillin
(Methicillin), Amoxicillin and
Erythromycin.  While, 3 strains were
resisting to Ceftriaxone and 2 strains were
resist to Tetracycline.

From the public health point of view,
Vancomycin has been the antibiotic of the
last resort to treat the hospitalized patients
critically infected with Methicillin resistant
Staph. aureus MRSA (Moellering, 2008).
Therefore, the presence of Vancomycin
resistant Staph. aureus in raw milk at this
study is of special public health concern
and good hygienic measures must be
applied during production of milk and milk
products to safeguard consumers from
being infected with such organism.

Concerning Amoxicillin, 77.78% of Staph.
aureus isolates were resistant (Table 3).
Lower result (42%) was revealed by Hoque
et al. (2018). On the other hand 81.8%
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resistant was revealed by Papadopoulos et
al. (2018). For Ceftriaxone, 61.11% of the
isolates were resistant (Table 3). Lower
result of 34.8% was recorded by Sadek et
al. (2014b). In regard to Gentamicin,
11.11% of the tested isolates were resistant.
Relatively, similar result (13.2%) was
found by Wang et al. (2017).

The tested isolates exhibited resistance to
Tetracycline, Erythromycin and
Trimethoprim-Sulfamethoxazole in
percentages of 36.11, 63.89 and 16.67%,
respectively (Table 3). Resistance of 38.2,
52.1 and 6.1% were reported respectively
for the previous antibiotics by Wang et al.
(2017). None of tested isolates was resistant
to Ciprofloxacin in this study and this result
coincided with Jung et al. (2005).

The illustrated results in Tables 4 and 5
revealed that, 55.56% of the tested isolates
were Multi-antimicrobial resistant and with
average resistance index (RI) of 0.37 and
only 11.11% of the isolates showed
resistance index of 0.1. This result indicated
that, the isolates recovered from samples
originated from high-risk sources and milk
IS a possible transmitter of these
microorganisms to humans with difficulty
to eradicate the infection (Krumperman,
1983; Pinchuk et al., 2010 and Hammad et
al., 2012).

Concerning enterotoxins, out of the 36
Staph. aureus isolates 34 isolates (23
isolates from raw milk and 11 isolates from
kareish cheese) (94.44%) were positive for
sea gene (Table 6). Nearly similar result
found by Wang et al. (2018) as the authors
reported that, 94.8% Staph. aureus
harbored at least one virulence gene from
which sea (60.4%) genes was detected.
Also, from Table (6 and Fig. 1) only one
isolate (2.77%) was positive for sed gene
which is co-positive with sea gene and this
result simulated what obtained by Jung et
al. (2005). Furthermore, no seb and sec
genes were detected from the isolated
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Staph. aureus in the present study and this
result coincided with Jung et al. (2005).

From the obtained results in this study it is
observed that, sea gene was the most
prominent gene detected in Staph. aureus
isolated from the examined samples and
this observation go parallel with Argudin et
al. (2010) as they concluded that, sea gene
is the most common enterotoxin found in
food and is frequently associated with
staphylococcal food-poisoning outbreaks
worldwide. Moreover, Enterotoxin does not
affect foods' taste, odor, and appearance;
they are heat resist and retain their
biological activity even after pasteurization.
Also, they resist the majority of proteolytic
enzymes and thus remain their action in the
gastrointestinal tract (Le Loir et al., 2003;
Orwin et al., 2003 and Rall et al., 2008).

It is worth mentioning that; all the
methicillin resistant Staph. aureus (MRSA)
detected in this study, harbored sea gene
from which one isolate of them harbored
both sea and sed genes simultaneously and
this observation indicated that, the isolated
Staph. aureus strains from this study were
of potential public health hazards as they
are Methicillin resistant and enterotoxins
producers.

The correlation between Staph. aureus
enterotoxin genes and its ability to resist
different types of antibiotics revealed that,
most of the enterotoxigenic strains were
multi-antibiotics  resistance and  resist
simultaneously to Amoxicillin, Ceftriaxone
and Erythromycin. All the methicillin
resistant Staph. aureus (MRSA) isolates

harbored sea gene. Moreover, the
enterotoxigenic sea and sed positive strain
was Oxicillin  (Methicillin)  resistance.

Furthermore, the 2 negative enterotoxigenic
Staph. aureus strains were multi-antibiotic
resistance; one of them was sensitive to
Methicillin and Vancomycin while the
other was resist to them, in addition all of
the 2 strains were sensitive to gentamycin.
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CONCLUSION

The present study revealed that, Staph.
aureus organisms isolated from raw milk
and kareish cheese samples were resist to
different varieties of antibiotics and with
high multi-drug resistant (MDR) percent
and with high resistance index (RI).
Methicillin resistant Staph. aureus (MRSA)
and Vancomycin resistant Staph. aureus
(VRSA) were detected in the isolated
strains which represent a potential hazard to
consumers. Counts of the most isolated
Staph. aureus were sufficient to produce
enterotoxins responsible for occurrence of
food poising to consumers. Staph. aureus
enterotoxin A gene was the most prominent
gene in the isolated strains. All the
methicillin resistant Staph. aureus (MRSA)
strains harbored sea gene representing
potential risks of infection and intoxication
by consumption of such food. Thorough
food inspection and frequent bacteriological
surveillance by food control agencies is
highly recommended to control the
incidence of Staph. aureus in raw milk and
dairy products to safeguard the consumers
from risks of food poisoning.
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