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ABSTRACT .

A total of 84 S.aureus strains were isolated from subclinically mastitic bovine milk samples
using traditional methods. Twenty eight S.aureus isolates were subjected to PCR for detection
of coagulase gene, X region of protein A (spA) gene and panton valentine leukocidin (PVL)
gene. All the isolates (100%) were positive for coagulase gene that showed no gene
polymorphism, while 26 (92,8%) isolates were positive for spA gene that showed gene
polymorphism with different sized amplicons. .Only 3 (10.7%) isolates were positive for PVL
gene. Multiplex PCR used for detection of enterotoxins genes (SEA, SEB, SEC and SED) in the
same 28 isolates where 8 isolates (28.5%) were positive to SEA gene, one (3.5%) was positive
for SEC gene , one (3.5%) was positive for both SEA and SEC genes and all isolates (100%)

were negative for SEB gene . Hence 35.7% of these isolates possess enterotoxins genes.

INTRODUCTION

S. aureus is recognized worldwide as a
frequent cause of subclinical intramammary
infections in dairy cows (I). One of S. aureus
virulence factor is coagulase, an exoenzyme
which clots plasma by conformational activation
of prothrombin (2).

Protein A is located in the cell wall of
S.aureus hindering the phagocytosis process by
capturing antibodies .The gene encoding protein
A (spa) is composed of some functionally
distinct regions: Fe binding region, X region and
at C terminus, a sequence required for cell wall
attachment (3).

Recent studies suggest that staphylococcal
enterotoxins (SETs) act as virulence factors in
cattle (4). Among other effects, these
superantigens induce in this species is the
production of interleukin 4 and 10 which
activate TH2 cells leading to reduced clearance
of microbial pathogens (5).

One of the virulence components of S.aureus
is leukotoxin. Leukocidins were shown to be
cytotoxic for erythrocytes and leukocytes
including bovine neutrophils and macrophages
(6). These toxins are considered as virulence
factors in bovine mastitis and may play an
important role in the development of this disease

7).

The objective of this study was to determine
different exotoxins and virulence factors genes
of S.aureus isolated from milk of lactating
animals by using polymerase chain reaction
including coagulase, protein A, PVL and
enterotoxins genes.

MATERIAL AND METHODS
Sampling

A total of 480 individual milk samples were
collected from apparently normal 120 lactating
animals (50 local breed buffaloes and 70
Friesian cows) from Ismailia Governorate, Egypt
and were examined for subclinical mastitis.

California mastitis test (CMT)

Milk samples were subjected to CMT
(screening test) for the detection of subclinical
mastitis. Milk samples with CMT scores +, +,
++ and +++ were prepared for bacteriological
examination.

Isolation and identification of S.aureus

Milk samples were aerobically incubated for
24 hours at 37 °C to achieve potential bacterial
growth. The incubated milk sample was
centrifuged 3000 rpm for 5 min , then the
supernatant (cream layer) was discarded and
sediments were streaked onto nutrient agar,
blood agar and Mannitol salt agar plates .All
plates were incubated at 37°C for 24-48 hours
and examined daily for bacterial growth.
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Bacterial colonies were identified
morphologically using Gram’s stain as well as
biochernically (8).

Genetic detection of different virulence
factors genes of S.aureus isolates by using
polymerase chain reaction:

1-Extraction of DNA from S.aureus isolates by
boiling method (9)

2-Polymerase chain reaction: DNA samples
were tested [in 50 pl. Reaction volume in a
0.2 ml PCR tube , containing PCR buffer ]
(50 mM Kcl , 10 mM tris - Hel , ITmM
Mgcly) each dNTPS (Deoxy nucleotide
Triphosphate ) 200 uM each ( dATP , dGTP,

Table 1. list of primers used for PCR assay
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dCTP and dTTP } , [ Two primer pairs each
at 50 picomol / reaction ] and 0.5 of tag
DNA polymerase . Thermal cycling in a
programmable  heating  block  (Coy
vorporation, Grasslake, Michan, USA) was
done.

3-Screening of PCR products: Ten pl of
amplified PCR product was analyzed by
electrophoresis on a 2% agarose gel
stained with 0.5 pg of ethedium bromide /
ml. Electrophoresis was carried out in 1X
TAE buffer at 80 volt for 1 hour. Gels
were visualized under UV transilluminator
(UVP, UK) and photographed.

Primer Primer Sequence. Annealing PCR Refrence
temperature | program | s
Coal ATA GAG ATG CTG GTACAGG 58°c 1 (19
Coa 2 GCT TCC GAT TGT TCG ATG C
SEA-3b CCT TTG GAA ACG GTT AAA ACG 55°¢ 2 (11)
SEA-4b TCT GAA CCT TCC CAT CAA AAAC
SEB-1¢ TCG CAT CAA ACT GAC AAA CG 55°%
SEB-4b GCA GGT ACT CTA TAA GTG CCT GC
SEC-3b CTC AAG AACTAG ACATAA AAG 55°%
CTA GG
SEC-4b TCA AAA TCG GAT TAA CAT TAT CC
SED-3b CTA GTT TGG TAA TAT CTC CTT 55°%
TAA ACG
TTA ATG CTA TAT CTT ATA GGG
SED-4b | TAA ACA TC
spa-III CAA GCA CCA AAA GAG GAA 60°c 3 (12)
spa-IV CAC CAG GTT TAA CGA CAT
luk-PV-1 ATCATTAGGTAAAATGTCTGGACAT 66°c 4 13)
GATCCA
GCATCAACTGTATTGGATAGCAAAA
Iuk-PV-2 GC

{13: 39 times ( 94 °C for | min.; 58°C for 1 min. ; 72 °C for 1 min)
{2): 30 times (95 °C for 1 min.; 55 °C for 1 min. ; 72 °C for 2min.)

(3): 30 times (94 °C for 1 min. ; 60 °C for 1 min. ; 72 °C for 1 min.)
(4). 34 times (94 °C for 30 sec. ; 66 °C for 30 sec.; 72 °C for 1 min.30 sec. )
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RESULTS

Table 2. Incidence of subclinical mastitis in examined quarter milk samples of buffaloes
and cows according to California mastitis test

Animal No. of examined No. of milk No. of - | No. of % of +ve
species animals samples -ve +ve samples
samples | samples
buffaloes 50 200 112 88 44
COWS 70 280 134 146 52.14
Total 120 480 246 234 48.75

Table 3. percentage of S.aureus subclinical bovine mastitis

Total No .of affected No. of S.aureus Percentage of
Sample examined samples isolates S.aureus
480 234 84 35.9

Regarding the virulence factors and
exotoxins genes of S.awreus isolates, 28
S.aureus isolates were subjected to PCR for
detection of coagulase gene, X region of
protein A (spA) gene and panton valentine
leukocidin (PVL) gene. All the isolates
(100%) were positive for Coagulase gene
(with specific molecular weight 600bp.) that
showed no gene polymorphism (Photo 1),
while 26 isolates (92,8%) were positive for
spA gene that showed gene polymorphism
with different sized amplicons (140 bp, 270 bp

1000 bp

600 bp

and 290 bp) (Photo 2). Only 3 isolates (10.7%)
were positive for PVL gene with specific
molecular weight 433bp (Photo 3).

Multiplex PCR protocol used for detection
of enterotoxins genes (SEA, SEB, SEC and
SED) where 8 isolates (28.5%) were +ve to
SEA gene (127bp), one (3.5%) was +ve for
SEC gene (271bp) , one (3.5%) was + ve for
both SEA and SEC genes and all isolates
(100%) were negative for SEB gene. hence
35.7% of these isolates possesses enterotoxins
genes (Photo 4 and Photo 5)

Photo 1. Electrophoretic pattern of coagulase PCR assay

lane 1 (100 bp DNA ladder), lane 2 control coagulase positive S.aureus strain, lane 3 control negative and lane 4-8

showed coagulase positive isolated S. aureus (600 bp).
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1000 bp

Photo 3. Electrophoretic pattern of protein (A) PCR assay

Lanes 1 and 8: (100 bp DNA ladder), Lanes 2 and 7: +ve isolates with double specific bands (at 270bp ans 290 bp.) ,
Lanes 3 and 6 : +ve isolates with specific band (140 bp), Lane 4 : +ve isolate with specific band (270 bp) , Lane 5:
+ve isolate with specific band (290 bp).

1000 bp

433 bp

Photo 3. Electrophoretic pattern of (PVL) PCR assay

Lanes 1: (100 bp DNA ladder); Lanes 2, 4 and 7: +ve isolates for PVL gene with specific band (433 bp); Lanes 3, 5
and 6: -ve isolates for PVL gene,

Photo 4. Electrophoretic pattern of Enterotoxines PCR assay

Lanes 1 and 8 : (100 bp DNA ladder); Lanes 2, 3, 6 and 7 : +ve for SEA (127bp); Lane 4: +ve SEC (271 bp); Lane
5: -ve isolate for entertoxines.
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500 bp

211 bp

127 bp
100 bp
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Photo 5. Electrophoretic pattern of Enterotoxines PCR assay
Lanes 1 and 8 : (100 bp DNA ladder); Lanes 3, 4, 6 and 7 : +ve for SEA (127bp); Lane 2: +ve for SEC {271bp);

Lane 5:+ve for both SEA (127 bp) and SEC (271 bp).

DISSCUSSION

As shown in Table 2 the prevalence of
subclinical mastitis was 48.75 %.The higher
prevalence of bovine subclinical mastitis has
been previously reported by (14 , 15). The
increased prevalence of subclinical mastitis
among dairy animal may be attributed mainly to
poor hygiene practices, inadequate housing and
bedding, malfunctioning milking machines,
improper milking procedures and inadequate
treatment methods. Treatment failures of
subclinical mastitis are common and may be due
to delayed treatment, poor selection of drugs and
dose level, stopping treatment too soon,
resistance of invasive organisms or deep seated
infections that are protected by scar tissues (16).

Results illustrated in Table 3 revealed that
the percentage of Saureus recovered from
subclincally mastitic quarter milk samples was
(35.9%).The recorded rate of Saureus
subclinical mastitis in the present study has been
demonstrated in Elhiopia (15} and in Nerweigian
(17) herds. Although lower rate of S.aqureus
isolation (6.5%) in Estonian diary herd was
reported (18). S.aureus is responsible for
approximately 30% to 40% of all mastitis cases.
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 of raw milk (19).

In this study PCR protocol was used for
amplification and detection of coagulase gene,

Photo 1 illustrated the positive amplification of
600 bp fragment of Coa gene. These results are
agreed with those obtained (12). The
amplification of coagulase gene resulted in a
single  amplicon, indicating no  size
polymorphisms of this gene (26). However,
coagulase gene amplification in other study (19)
resulted in different amplicons, indicating
coagulase gene size polymorphism. At present,
no information is available about the sequence
variation of these strains.

PCR protocol used for amplification and
detection of X region of protein A (spA gene) of
S.aureus isolates were carried to confirm the
virulence of these isolates as the presence of
protein A is an index of virulence. Different
sized amplicons were found (140 bp, 270 bp and
290 bp) as shown in Photo 2. Protein A
displayed gene polymorphisms and allowed a
genotypic characterization of the bacteria. The
repetitive region X of the spa gene includes a
variable number of 24-bp repeats. The number
and sequence of individual repeats may differ
among strains, The number of repeats has been
related to the dissemination potential of S
aureus. Strains with more than seven repeats in
the X region tended to be epidemic, while the
presence of seven or less repeats was indicative
of a non-epidemic methicillin-resistant S. aureus
strain (21).

PCR protocol used for amplification and
detection of panton valentine leukocidin (PVL)
gene of S.aureus isolates. Twenty eight isolates
were subjected to PCR for detection of panton
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valentine leukocidin (PVL) gene. Only 3
(10.7%) isolates were +ve(433 bp) as shown in
Photo 3. The presence of PVL gene in S. aureus
of bovine origin was agreed with the results
obtained Ejji (22) but disagrees with those
obtained lkawaty et al. (23). PVL is the most
active §. awreus leukotoxin on bovine
neutrophils, PVL has greater leukotoxic activity
against bovine polymorphnuclear cells than other
bicomponent toxins thus, PVL may contribute
to resistance (o the attack of bovine
polymorphnuclear cells. The clarification of
these phenomena may aid in elucidating
mechanisms of §. awrews infection and
pathogencity against each host (24).

In the present study, multiplex PCR was
used for detection of S.aureus enterotoxins as
virulence factors of S.aureus, 28 isolates were
subjected to multiplex PCR for detection of
genes (SEA, SEB, SEC and SED), where eight
(28.5%) isolates were +ve to SEA gene , one
(3.5%) was +ve for SEC gene , one (3.5%)
was + ve for both SEA and SEC genes and all
isolates (100%) were negative for SEB gene,
hence 33.7% of these isolates possesses
enterotoxins genes as shown in Photos 4 and 5,
with regard to the gene encoding enterotoxins
the most frequent enterotoxin is SEA followed
by SEC that agreed with results obtained from
raw and pasteurized mulk isolates strains (25). In
spite of the great discrepancy in data concerning
the prevalence of enterotoxigenic S. aureus
isclates found in the literature, which is
attributable to different types of foods and
btovars, SEA is the most frequently observed
enterotoxin in enterotoxigenic strains of S.
aureus (26).

In conclusion, owing to specificity, rapidity
and ease of use the conventional and multiplex
PCR methods described in this study can be
profitably applied for rapid characterization of
S.aureus strains isolated from milk and for
epidemiological studies. These procedures were
specially developed to fit into the daily work
pattern of a routine clinical laboratory, since
genotypic detection of virulence genes and the
presence of toxin genes is becoming an
important component of the diagnostic inventory
of such laboratories.
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