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Background: Staphylococcus aureus is responsible for about one third of mastitis cases in dairy cattle and it is also the main pathogen of 
contagious mastitis.
Objectives: Staphylococcal protein A (SPA) is one of the virulence factors of S. aureus which were encoded by spa gene. Different strains of 
S. aureus are varying in dissemination ability and power to infect mammary glands. The spa gene region Xr polymorphic sequence can be 
used for typing.
Materials and Methods: Twenty S. aureus cultures were isolated from bovine raw milk and analyzed for the number of repeats in region 
Xr of the spa gene by PCR.
Results: A number of 7-11 repeats in the spa gene Xr region were determined. Strains with 10 repeats were 65%, therefore they had the 
highest percentage in isolates. Seven repeats strains were 20% and each of the strains with 8, 9 and 11 repeats had the frequency of 5%. S. 
aureus strains antibiotic resistance was 35%, 5%, 45% and 40% for Tetracycline, Amoxicillin, Gentamicin and Erythromycin respectively. All 
strains were susceptible to Methicillin and Vancomycin.
Conclusions: Results of the current study indicated that 80% of strains had more than 7 repeats in the Xr region of the spa gene and these 
data were consistent with the previous findings. Significance and impact of the study: Evaluation of spa gene polymorphism can be useful 
in epidemiological studies on S. aureus distribution and its control.
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Implication for health policy/practice/research/medical education:
The current study attempted to evaluate if any differences in the number of repeat units within the X region could be observed among strains isolated 
from bovine mastitis, that the results can be used for epidemiological studies.
Copyright ©  2013, Ahvaz Jundishapur University of Medical Sciences; Licensee Kowsar Ltd. This is an Open Access article distributed under the terms of the Creative 
Commons Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use, distribution, and reproduction in any medium, pro-
vided the original work is properly cited.

1. Background
Mastitis is the most common disease in dairy cows (1). 

Staphylococcus aureus is responsible for about one third 
of clinical and subclinical mastitis in dairy cattle which 
leads to dairy industries economic losses all over the 
world (2) and it is also the main pathogen of contagious 
mastitis that transfers during milking between animals 
(1). Different strains of S. aureus are varying in dissemi-
nation ability and power to infect mammary glands. To 
infect mammary glands the bacteria must attach to cells 
and act against host nonspecific defense mechanisms 
such as phagocytosis. S. aureus produce many virulence 
factors including coagulase, protein A, leucocid in and 
several toxins that have a critical role in mammary gland 
infection (3).

Protein A is a cell wall component of S. aureus which 
inhibits bacterial cell opsonophagocytosis and it can 
induce complement activation, hypersensitivity and 
histamine release from basophils (4). Protein A belongs 
to a group of virulence factors produced during the first 
phase of infection. The main characteristic of protein A is 
the ability of specific binding to Fc fragment of immuno-

globulins in particular IgG (5). Staphylococcal protein A 
consists of five repetitive domains which bind to Fc frag-
ment of IgG, and protrude from bacterial cell surface (6). 
The hydrophobic C-terminal end of the protein includes 
a sequence required for cell membrane binding and Re-
gion X, part of which comprises tandemly repeated octa-
peptide units, is responsible for the molecule spanning, 
and the peptidoglycan of the cell wall (4, 7).

Protein A is encoded by an approximately 2 kb spa gene 
composed of different regions. The Fc binding region 
comprises five 160 bp repeats. The gene encoding protein 
A includes a polymorphic Xr region of a variable number 
(3-15) of 24-bp tandemly repeats (9). The number and se-
quence of repeats differ between bacterial strains. The 
number of repeats is associated with the dissemination 
ability of S. aureus and strains with more than seven re-
peats in the Xr region of the spa gene are epidemic by 
high probability strains with seven or less repeats (10).

2. Objectives
The current study aimed to evaluate spa gene tandem 

repeat polymorphism of the S. aureus isolated from raw 
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milk samples in Tabriz, Iran, and determine the frequen-
cy of different genotypes.

3. Materials and Methods

3.1. Bacterial Isolates
Two hundred and twenty of raw milk samples were col-

lected from cows with clinical and subclinical mastitis 
symptoms in three herds and some local areas around 
Tabriz. Sample collection and transfer to laboratory were 
performed under sterile conditions. Isolates were charac-
terized on the basis of colony morphology on the Man-
nitol salt agar (MSA) (Himedia, India) and Baird parker 
agar (BPA) (Liofilchem, Italy) media, Gram staining and 
coagulase production. Coagulase positive isolates were 
confirmed as S. aureus.

3.2. Xr Region of spa Gene Amplification by PCR
Bacterial DNA extraction was performed by boiling ex-

traction method (12). In practice after an overnight cul-
ture on Tripton soy agar (Liofilchem, Italy) two or three 
colonies were suspended in 50 µl of distilled water and 
then were boiled at 95°C for 5 min. Then the suspension 
was centrifuged at 13000 RPM for 1 min and subsequently 
supernatant that contained bacterial DNA was used as a 
template in PCR. The Xr region of the spa gene was ampli-
fied by using Spa F: 5'-AGA CGA TCC TTC AGT GAG C-3' and 
Spa R: 5'-GCT TTT GCA ATG TCA TTT ACT G-3' oligonucle-
otide primers (12). The polymerase chain reaction was car-
ried out in 0.2 ml tubes and the reaction was performed 
in a final volume of 25 µl of mixture containing MgCl2 (2 
mM), PCR buffer (1X), 0.2 mM dNTPs, 1.5 µl of each respec-
tive primers (1 µM), 1.5 µl of Taq DNA polymerase (2.5 U), 5 
µl of DNA template (25 - 50 ng/mL) and 13.5 µl of distilled 
water.

The PCR was performed with a thermal cycler Senso 
Quest and for the Xr region amplification, PCR cycles 
were as follows: 35 cycles of denaturation at 94°C for 30 
seconds, primer annealing at 62°C for 30 seconds and ex-
tension at 72°C for 35 seconds. An initial preheating step 
was performed at 94°C for 5 min and the final extension 
step was elongated to 5 min at 72°C. Amplified PCR prod-
ucts were analyzed by electrophoresis through a 3% aga-
rose gel and ethidium bromide post run staining for 10 

min, subsequently visualized in documentation system. 
To estimate the number of repetitive units in Xr regiona 
50 bp DNA step size marker was used and a negative con-
trol containing all reagents except DNA was included in 
the experiment. The bacterial samples were divided into 
two groups with regard to the number of repeats in the 
Xr region of the spa gene: I- number of repeats ≤ 7 and 
II- number of repeats > 7 (1).

3.3. Antibiotic Susceptibility Assay
The isolates were tested for antibiotic susceptibility by 

standard disc diffusion method on Muller-Hinton agar 
(Merck, Germany) according to the Clinical and Labora-
tory Standards Institute (CLSI) recommendations (15). 
Susceptibility to amoxicillin, gentamicin, tetracycline, 
erythromycin, Methicillin and Vancomycin was deter-
mined. Samples were divided into three groups of sus-
ceptible, semi susceptible and resistant according to 
National Committee for Clinical Laboratory Standards 
(NCCLS) guidelines (14).

4. Results
Among the 220 raw milk samples, 20 were identified 

as Staphylococcus spp. Positive samples grew as yellow 
and dark colonies on selective media MSA and BPA re-
spectively. Furthermore all of the positive samples were 
Gram positive Staphylococci in Gram staining and pro-
duced coagulase. The PCR amplification of the Xr region 
of the gene encoding protein A yielded a single ampli-
con with distinct size for each sample. Totally, five indi-
vidual amplicons were observed. According to the size of 
the PCR products 7 - 11 repeats in the Xr region of the spa 
gene were suggested. The strains with ten repeats had a 
frequency of 65% that included the highest number of 
strains. Twenty percent of strains had 7 repeats and the 
strains with 8, 9 and 11 repeats just included 5% of strains 
(Table 1). Percentage of group I strains (number of repeats 
equal or less than 7) was lower than group II (number of 
repeats more than 7). All of the samples were tested for 
their resistance to four common antibiotics. Resistance 
to gentamicin, erythromycin, tetracycline and amoxicil-
lin was observed in 45%, 40%, 35% and 5% of S. aureus iso-
lates respectively. All strains were susceptible to Methicil-
lin and Vancomycin (Table 1). 

Table 1. Distribution of the Number of Repeats in the Xr Region of the spa Gene and Antibiotic Resistance 

Number of 
Repeats in Xr 
Region

Number and 
Percentage 
of Repeats in 
Strains

Percentage of Antibiotic Resistance

Gentamicin Erythromycin Tetracyclin Amoxicillin Methicillin Vancomycin

7 4 (20%) 50 75 25 0 0 0

8 1 (%5) 100 0 0 0 0 0

9 1 (%5) 0 0 0 0 0 0

10 13 (%65) 46 38 46 8 0 0
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11 1 (%5) 0 0 0 0 0 0

5. Discussion
S. aureus is mostly found on mammalian skin and mu-

cous membranes. It is a major causative pathogen of clin-
ical and subclinical mastitis of dairy cattle and secretes 
into the milk during milking. Therefore milk and in par-
ticular raw milk is considered as important vehicles of 
bacteria to infect human and other healthy animals. Pro-
tein A is an important virulence factor because it binds to 
the Fc fragment of IgG and protects bacteria during the 
early stages of infection. Several studies have tried to dis-
criminate between epidemic and nonepidemic strains 
and much of them have reported that strains with more 
than seven repeats in the Xr region of the protein A tend 
to be epidemic, while the presence of seven or fewer re-
peats was indicative of nonepidemic strains (9).

It is conceivable that a longer Xr region would allow 
a more favorable exposition of the Fc binding region of 
protein A at the cell surface, thereby facilitating coloni-
zation and infection of the skin, mammary glands, and 
other sites may be important for epidemic dissemination 
(9). Previous studies have shown that among strains iso-
lated from cows that were affected by mastitis, a highly 
variable number of repeats were observed but the fre-
quency of strains with more than 7 repeats was higher 
(11). Also many of the researches have shown that strains 
with 7 - 11 repeats are dominant and the frequency of 
these strains was several times more than other strains 
(1, 5, 8, 13) however few studies have not confirmed these 
findings (16). El-Sayed et al. characterized nineteen S. au-
reus strains isolated from birds and found only one with 
less than seven repeats (17).

One study found that the number of repeats in human 
isolates was more than those of bovine isolates and bo-
vine isolates were scattered in a number of repeats and 
vice versa (18). Moreover Kurlenda et al. showed that the 
majority of MSSA strains had more than 7 repetitive units 
whereas in the case of MRSA strains no isolates with less 
than 7 repeats were described (5). Amplification of the Xr 
region of the spa gene yielded a single amplicon for each 
isolate in the current study. S. aureus strains isolated from 
bovine raw milk had 7 - 11 repeats and isolates with less 
than 7 repeats were not observed. Consistent with previ-
ous findings the current study results showed that 80% of 
strains had more than 7 repeats in the Xr region of the spa 
gene (1). Because the number of repetitions 2-6 and 12-15 
marginal polymorphisms that evolved through duplica-
tions and deletions (6) were not observed, it can be con-
cluded that polymorphisms in the intermediate range (7, 
9, 10, 12, 15) are directly selected.

Virulence factors are largely host specific so that the con-
tribution of each factor in various diseases and hosts are 
quantitatively different. The importance and function of 
some virulence factors differ among strains likely reflect-

ing host-specific adaptation and cross strain inferences 
should be viewed as presumptive. Similarly, human and 
bovine isolates have different patterns of spa gene poly-
morphism. In general, it can be concluded that 7 or more 
repeats in the Xr region of the protein A gene is one of 
the factors affecting pathogenesis and spread of bacteria. 
Antimicrobial susceptibility testing results showed that 
45% of samples were sensitive or semi-sensitive to all four 
antibiotics.
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