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 Implication for health policy/practice/research/medical education:
This study has highlighted the presence of bacteriophage types among MRSA isolates to show the high potential of these isolates to 
produce broad spectrum of virulence factors.

Background: Staphylococcus aureus is a common cause of infections among humans and 
animals and it is known as a community-acquired and nosocomial pathogen. Most of 
the isolates contain lysogenic phages which are responsible for production of various 
virulence factors such as enterotoxins, staphylokinase, β-lysin, lipase, exfoliative toxin 
A and Pantone-vlaentine leukociden (PVL). All staphylococcus isolates are classified in 6 
groups according to their sensitivity to 27 known lysogenic phages. 
Objectives: This study was performed to detect the presence of bacteriophage types and 
determine antibiotic resistance pattern of methicillin resistant S. aureus (MRSA) isolates 
obtained from a tertiary care hospital in Tehran, Iran from 2008 to 2010.
Materials and Methods: A total of 968 S. aureus isolates were collected from a tertiary 
care hospital in Tehran, Iran and identified at the species level by PCR and biochemical 
tests. Susceptibility to 17 antibiotics was determined. Then oxacillin and vancomycin 
minimum inhibitory concentration (MIC) of the resistant isolates were determined. 
Multiplex-PCR was used to detect 6 classes of prophages. 
Results: Out of the 968 isolates 247 isolates were resistant to methicillin. Highest antibi-
otic resistance was seen to penicillin (100%), erythromycin (89.8%), kanamycin (89.4%), 
ciprofloxacin (88.6%) and tobramycin (87.4) respectively. None of the MRSA isolates 
showed resistance to vancomycin, synercid and linezolid. MIC results indicated that 46.1 
and 4.4% of isolates with high (MIC ≥ 128 µg/ml) and low level (MIC ≥ 4 µg/ml) showed 
resistance to oxacillin, respectively. Four different phage types and eight patterns of pro-
phages were detected. All MRSA isolates contained at least one prophage. Totally, 2.8, 69.2 
and 27.9% contained 5, 4 and 3 different prophage types, respectively. 
Conclusions: High prevalence of different classes of prophages indicating the potential 
to carry a broad spectrum of ‎virulence factors and high oxacillin resistance were found 
in the MRSA isolates. Detection of SGF phage in 100% of the isolates indicates the ability 
of these isolates to produce virulence factors.
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collected during April 2008 to November 2010 from a ter-
tiary care hospital located in center of Tehran. 63% and 37% 
of S. aureus strains were isolated from outpatients and in-
patients with staphylococcal infections, respectively. 

3.2. Isolation and Phenotyping of S. aureus

Identification of the clinical isolates of S. aureus was 
performed by traditional biochemical tests, including 
catalase, DNase, coagulase and mannitol fermentation 
tests, and Gram staining (12, 13). S. aureus ATCC 29213 and 
S. epidermidis ATCC 35984 were used as negative and posi-
tive controls. PCR amplification of the nuc gene (14) was 
performed only for MRSA strains. 

3.3. Antimicrobial Susceptibility Testing	

Susceptibility of all 968 S. aureus isolates to oxacillin (1 µg) 
(Mast Diagnostics, Merseyside, United Kingdom) was de-
termined by disc diffusion method according to the guide-
lines of Clinical and Laboratory Standards Institute (CLSI) 
(15). All methicillin resistant strains were collected and MIC 
of oxacillin and vancomycin was determined by Etest (AB, 
Biomerieux, Marcy l’Etoile, France) within a concentration 
range of 0.016 to 256 μg/ml. Isolates that had MIC ≥ 4 µg/mL 
and MIC ≥ 16 µg/mL were selected as MRSA and vancomycin 
resistant S. aureus (VRSA) isolates, respectively.

Susceptibility patterns of the MRSA isolates to penicil-
lin (5 μg), erythromycin (15 μg), kanamycin (30 μg), cip-
rofloxacin (30 μg), amikacin (30 μg), minocycline (30 
μg), fusidic acid (10 μg), clindamycin (2 μg), tobramycin 
(10 μg), rifampicin (2 μg), nitrofurantoin (50 μg), sulpha-
methoxazole-trimethoprime (1.25-23.75 μg), linezolid (10 
μg), synercid (15 μg), chloramphenicol (30 μg), gentami-
cin (10 μg) and tetracycline (30 μg) were determined by 
disc diffusion method according to the guidelines of CLSI 
(15). The antibiotic discs were purchased from Mast Diag-
nostics (Merseyside, United Kingdom).

3.4. DNA Extraction

DNA extraction was done by High Pure PCR Template 
Preparation Kit (Roche, Mannheim, Germany) according 
to the instructions of the manufacturer with some modi-
fications. The concentrations of all extracted DNAs were 
determined by Nanodrop 1000 machine (NanoDrop, 
Wilmington, USA). One micro liter of each DNA was used 
as template in PCR reaction.

3.5. PCR

PCR primers specific for S. aureus nuc gene (14) were 
synthesized by Tib-Molbiol (Berlin, Germany). the PCR 
mixture contained 10X PCR buffer, taq DNA polymerase 
(0.5 U) (HT Biotechnology, Cambridge, United Kingdom), 
each primer (1.6 μM), MgCl2 (1.2 μM) and each dNTP (0.64 
μM). The PCR cycles were as follows: an initial denatur-

1. Background
Staphylococcus aureus is an important human nosoco-

mial pathogen that can cause a variety of skin infections 
and toxin-mediated diseases including gastroenteritis, 
staphylococcal scalded-skin syndrome, staphylococcal food 
poisoning and toxic shock syndrome (1). Whilst the use of 
antibiotics can kill most strains of pathogenic microbes, 
the increase of multiple drug resistant S. aureus, especially 
among hospital patients has been a worrying trend. Not 
only are some strains resistant to oxacillin owing to the ac-
quisition of the staphylococcal cassette chromosome mec 
(SCC mec) element, but also the species as a whole has in-
creased its virulence and transmissibility (2, 3).

Horizontal gene transfer plays an extremely important 
role in bacterial evolution. It has been estimated that 
some 20% of the extant genetic content of any given bac-
terial species has been acquired from other organisms by 
means of mobile genetic elements (MGE) such as bacte-
riophages, insertion sequences (IS), plasmids, and trans-
posons (3-5). 

Bacteriophages through horizontal gene transfer and 
lysogenic phage conversion can convert a non-virlulent 
strain of staphylococcus to a virulent strain (6). Prophage 
incorporation into the S. aureus results in increased abil-
ity of the bacteria to colonize the host tissue by ecologi-
cal adaptation to human host, evasion from the immune 
system and production of virulence factors (5, 7). A pos�-
sible contributor to this increased virulence is Panton-
Valentine leukocidin (PVL), the prophage-encoded toxin 
responsible for necrotizing pneumonitis, which can be 
fatal within 24–48 hours, as recently described. Superan-
tigens are among the other important staphylococcal vir-
ulence factors; they are responsible for food poisoning, 
toxic shock syndrome (TSS) and necrotizing fasciitis (7). 

For many years phage typing was the suggested method 
for typing of S. aureus isolates with more than 250 staphy-
lococcal phages described (8, 9). Temperate phages of S. 
aureus were classified into six phage types on the basis of 
their lytic activity, morphology and serological proper-
ties. These phages (10, 11) including 3A (SGA), 11 (SGB), 77 
(SGF) (77a and 77b) (SGFa and SGFb) and 187 (SGL) are im-
plicated on human diseases (5, 8). 

2. Objectives
 The current study aimed to identify and characterize 

the presence of different bacteriophage types among 
MRSA strains isolated from a tertiary care hospital in Teh-
ran, Iran. Also, the antibiotic resistance patterns of these 
isolates were reported. 

3. Materials and Methods
3.1. Sample Collection

Nine hundred and sixty eight isolates of S. aureus were 
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ation at 94°C for 5 min, with 30 cycles of denaturation at 
94°C for 45s, annealing at 62°C for 45s and elongation at 
72°C for 1min and 45s and final extension at 72°C for 8 min 
(14). PCR products were electrophoresed on a 1.5% agarose 
gel in a 0.5X Tris-Borate-EDTA (TBE) buffer and stained in 
ethidium bromide. 

3.6. Multiplex and Individual PCR for Identification of 
Bacteriophages

According to the protocol and primers published by 
Pantucek and colleagues (8), a multiplex-PCR reaction 
was mixed in a volume of 25 μl consisting of 2 µl of tem-
plate DNA, 10X PCR buffer, taq DNA polymerase (1 U), 
each primer (0.4μM) (SGA1/SGA2,SGB1/SGB2, SGD1/SGD2, 
SGL1/SGL2, SGFb1/SGFb2 and SGFa1/SGFa2), MgCl2 (0.8 μM) 
and dNTP mix (100 μM). Each reaction mixture was then 
loaded into a thermal cycler for initial denaturation (5 
min, 94ºC) and 30 cycles of amplification consisting of 
denaturation (1 min, 94ºC), annealing (1.5 min, 57ºC), and 
chain extension (1.5 min, 70ºC). Amplification was once 
again followed by a final chain extension cycle (3 min, 
70ºC). Then, 8 μl of PCR product and 2 μl of 5X loading buf-
fer were electerophoresed in a 1.5% agarose gel for 1 hour 
at 90 V in 0.5X TBE buffer.

Whenever a multiplex-PCR did not result in amplifica-
tion, single PCR reaction was performed with each set 
of the primers. The following mixture was then used in 
the single PCR reaction containing 25 μl of 1 µl template 
DNA, 10X PCR buffer, taq DNA polymerase (0.5 U), each set 
of primers alone (0.3 μM) (SGA1/SGA2, SGB1/SGB2, SGD1/
SGD2, SGL1/SGL2, SGFb1/SGFb2 and SGFa1/SGFa2), MgCl2 
(0.6 μM) and dNTP mix (50 μM). Electerophoresis process 
was the same as described for multiplex-PCR. 

4. Results
Totally, all suspected isolates gathered from a tertiary care 

hospital were confirmed as S. aureus by standard biochemi-
cal tests. Out of 968 confirmed S. aureus, 247 (25.5%) were 
selected as MRSA and analyzed more. As indicated in Table 
1, the highest antimicrobial resistance was shown to penicil-
lin, erythromycin, kanamycin, ciprofloxacin, tobramycin, 
clindamycin, tetracycline and amikacin. All MRSA isolates 
showed susceptibility to vancomycin, synercid and linezol-
id, and also more than ninety nine percent of the isolates 
were susceptible to nitrofurantoin and fusidic acid. Resis-
tance to gentamicin, minocycline, SXT and rifampicin was 
less than seventy percent. Eleven isolates were susceptible 
to all antibiotics except penicillin. 

E-test showed that all of the isolates were resistant to oxa-
cillin (MIC ≥ 4 µg/mL) (Table 2), 46.1% and 4.4% of the MRSA 
isolates showed high (MIC ≥ 128 µg/mL) and low resistance 
(MIC ≥ 4 µg/mL) to oxacillin, respectively. The MIC ranges of 
49.4% of MRSA isolates varied from 24 to 96 µg/mL.

In the current study all types of prophages could be 

Lanes 1 and 13, 3000 bp DNA ladder (Metabion, Germany). Lane 2: non tem-
plate control (NTC); Lines 3,7: SGF serogroup; Lane 4,5: SGFb serogroup; 
Lane 8: SGB serogroup; 6: SGB serogroup; and 7: SGA serogroup). Lanes 6 
and 9-12 show the results of multiplex-PCR for the same serogroups.

Figure 1. PCR and Multiplex PCR for identification of MRSA prophages. 

2000 bp

1000 bp

500 bp

100 bp

Antibiotic Resistance, No. (%)

Penicillin 247 (100)

Erythromycin 222 (89.8)

Kanamycin 221 (89.4)

Ciprofloxacin 219 (88.6)

Tobramycin 216 (87.4)

Clindamycin 205 (82.9)

Tetracycline 201 (81.3)

Amikacin 189 (76.5)

SXT 171 (69.2)

Rifampicin 164 (66.3)

Minocycline 148 (59.9)

Gentamicin 141 (57)

Nitrofurantoin 2 (0.8)

Fusidic Acid 1 (0.4)

Chloramphenicol 1 (0.4)

Synercid 0 (0)

Linezolid 0 (0)

Vancomycin 0 (0)

Table 1. Antibiotic Resistance Pattern Among MRSA Isolates.

MIC,
µg/mL

256 128 96 64 32 24 4

No. (%) 69 
(27.9)

45 
(18.2)

54 
(21.9%)

22 
(8.9)

17 
(6.9%)

29 
(11.7)

11 
(4.4)

Table 2. MICs Range in Different Isolates of MRSA. MRSA had MIC ≥ 4 µg/ml.

detected by single PCR reactions, except Twort-like (SGD) 
and SGL,. SGA, SGB, SGF, SGFa and SGFb proghage genes 
were detected in 11 (4.4%), 174 (70.4%), 247 (100%), 247 
(100%) and 247 (100%) of the cases, respectively (Figure 1). 

Multiplex-PCR reaction including SGA, SGB and SGF 
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prophage sero-groups and sub-group SGFa was ampli-
fied successfully. Moreover, addition of primers to detect 
SGFb resulted in no amplified products of SGF prophages’ 
genome in a multiplex PCR reaction (Table 3). PCR reac-
tion showed that all isolates contained at least 1 prophage 
sero-groups and 2 sub-groups. SGF serotype was present 
in 100% of the MRSA isolates, also SGFa and SGFb were 
the dominant (100%) sub-types among the isolates. Ac-
cording to the types of the prophage, 4 different patterns 
were identified among 247 MRSA isolates. Pattern 3 was 
the predominant pattern (67.6%) among MRSA isolates. 
Pattern 4 with SGF prophage and its two sub-groups con-
stituted 27.9% of the isolates. Lowest frequency of phages 
were SGA (4.4%) and pattern 2 including SGA, SGF, SGFa 
and SGFb with 1.6% of the isolates. 

All MRSA contained SGA prophage type (4.4%) showed 

This study showed that resistance to linezolid, syner-
cid and chloramphenicol is low and they are most ef-
fective antibiotics against MRSA isolates. This may be 
due to low consumption of these antibiotics in Iran. 
This could, in turn, suggest lack of horizontal transfer 
of resistant genes from other bacterial species to MRSA. 
Although chloramphenicol is a very effective antibiotic 
against MRSA isolates in vitro, its prescription is influ-
enced by different side effects, a fact that could explain 
low resistance frequency (16, 17, 19). Although linezolid 
and synercid are most effective antibiotics against MRSA 
isolates but their high cost limits their consumption for 
treatment purposes. Similarly, Fatholahzade et al. and Ra-
himi et al. found no resistance to linezolid and synercid 
against MRSA isolates in Iran (16, 19). 

Vancomycin is the last resort and drug of choice to 
treat infections caused by MRSA isolates in the world, 
so the emergence of resistance to vancomycin could be 
an urgent warning for public health. Anyway, these re-
sults were inconsistent with other studies in Iran which 
have reported high prevalence (7%) of VRSA isolates (20). 
This might be due to employment of improper diagnos-
tic methods by them. As it has been recommended by 
CLSI, the standard methods for vancomycin resistance 
screening in S. aureus are, Etest, broth dilution and agar 
dilution; therfore the results of disk diffusion test is not 
reliable. 

The current study results indicated high prevalence of 
bacteriophages among MRSA isolates in Iran. In the cur-
rent study 3 sero-types and two sub-types of bacterio-
phages were detected. Furthermore, all MRSA isolates 
contained at least one SGF bacteriophage type. Similar to 
the report by Pantoceck et al. (8) who indicated nine dif-
ferent prophages patterns amongst their MRSA isolates 
in Czech Republic, 5 patterns were detected in Iran. Work-
man et al. have also reported 10 prophage types among S. 
aureus isolates in seawater in US (21). On the other hand, 
in contrast to the current study, Pantoceck reported high 
prevalence of SGA phages. In addition, the presence of 
triple lysogenic prophages (SGB, SGFa and SGFb) was the 
dominant pattern in current study MRSA with 67.6% of 
the isolates. In contrast to Workman’s report who identi-
fied the prevalence of triple lysogenic phages to be 3.3% 
(21). The difference between the report presented here 
and the others could be due to different geographical lo-
cations where the samples were obtained (8, 21). 

In this study 5 prophage patterns were detected among 
MRSA isolates consisting of 3 serotypes and 2 sub-types. 
All isolates contained two SGB and SGF bacteriophage 
types. The number of prophage patterns in S. aureus is al-
most different from other cases reported by several inves-
tigators worldwide. Rahimi et al. (19) in Iran, Pantuceck 
et al. (8) in Czech Republic and Workman et al.(21) in USA 
have reported 8, 9 and 10 prophage patterns among their 
S. aureus isolates respectively. However, different domi-

resistance only to penicillin and 1 isolate with prophage 
pattern 3 were resistance to all antibiotics except vanco-
mycin, synercid and linezolid.

5. Discussion
The current study results indicated that the frequency 

of MRSA strains in this hospital was 25.5%. This frequency 
rate was lower than other MRSA prevalence reports in 
Iran (16-18). It might be due to higher number of outpa-
tient samples in comparison to inpatient samples in this 
hospital. In another study in Iran, the prevalence of MRSA 
isolates was lower than this study (19). Moreover, the rea-
son for the differences in MRSA isolates in different cities 
and hospitals in Iran could be due to geographical loca-
tions, population, method and technical reasons and an-
tibiotic usage in Iran.

Here, it was found that more than eighty percent of 
MRSA isolates showed resistance to erythromycin, kana-
mycin, ciprofloxacin, tobramycin, clindamycin and tet-
racycline. Similarly, Fatholahzade et al. found that more 
than 90% of MRSA isolates were resistant to kanamycin, 
erythromycin, tetracycline and ciprofloxacin (16). Also, 
Rahimi et al. showed that more than 90% of MRSA isolates 
were resistant to penicillin, ciprofloxacin, tobramycin, 
kanamycin and erythromycin (19). High usage of peni-
cillin and other antibiotics to treat staphylococcal infec-
tions in Iran for many years resulted in high rate of resis-
tance among MRSA isolates in this study.

Phage 
Patterns

Phage Types Frequency, 
No.(%)

SGA SGB SGF SGFa SGFb
1 + + + + + 7 (2.8)

2 + - + + + 4 (1.6)

3 - + + + + 167 (67.6)

4 - - + + + 69 (27.9)

Table 3. Different Prophage Patterns and Their Frequency Among MRSA 
Isolates
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nated phage patterns have been reported by these inves-
tigators. Rahimi et al. (19), reported SGFa prophage type 
among MRSA isolates in Iran. Pantuceck et al. (8) reported 
SGFA whereas Workman et al. (21) reported SGFa and SGA 
prophage types. Here, a unique prevalence of SGF, SGFa 
and SGFb prophage patterns were found which constitut-
ed 100% of the isolates. The differences in phage patterns 
in these studies could be, in part, due to different geo-
graphical locations where these studies were performed. 

The double lysogenic (SGB and SGF) and the two sub-
types (SGFa and SGFb) of prophages have shown to be 
associated with production of a broad spectrum of vir-
ulence factors (4, 19). In the current study the ability of 
the isolates to produce these virulence factors were not 
investigated, and therefore the pathogenic properties of 
the isolates associated with this unique pattern can not 
be fully confirmed.

The triple lysogenic and the two sub-types of prophages 
have been shown to be associated with production of a 
broad spectrum of virulence factors (4, 5). The isolates 
containing pattern 1 are capable of producing different 
enterotoxins, PVL, TSST and exfoliative toxin. There are 
conflicting reports on the presence of SGL prophages in 
S. aureus. The current study results indicated no 187-like 
prophage in S. aureus, whereas 30% of the isolates in US 
contained this prophage. It is also similar to findings of 
Rahimi et al. and Pantucek et al. that could not isolate 
any SGL prophage in Iran and Czech Republic. The signifi-
cance of this prophage in the pathogenicity of S. aureus 
has not yet been shown (5, 22). 

The frequency of SGA prophages has shown to be from 
1 to 93% in S. aureus isolated from different countries (8, 
19, 21). The present report indicated the frequency of SGA 
to be 4.4%. PVL, is one of the most important virulence 
factors and a marker for SCCmec type 2, which has been 
shown to be associated with SGA phages (19, 23). 

In conclusion, different prophage types among MRSA 
isolates have been determined in Tehran. Furthermore, 
high diversity of bacteriophages among the MRSA iso-
lates in this hospitalare suggesting the high potential of 
these isolates to produce wide range of virulence factors 
threatening public health in Tehran. 
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