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Abstract

Background: Detection of SCCmec types in strains of Methicillin Resistant Staphylococcus aureus
(MRSA) can aid in tracing the origin and spread of these microorganisms.

Aims: To find out the most common SCCmec types and subtypes in clinical isolates of S. aureus.

Settings and design: This study was carried out at a tertiary care centre of North India for a period
of one year.

Material and Methods: Staphylococcus aureus recovered by standard microbiological procedures
form various clinical samples such as blood, urine, pus and other body fluids was subjected to
antimicrobial susceptibility testing along with multiplex PCR to detect various SCCmec types and
subtypes.

Statistical Analysis: Fisher’s exact test was done to determine the statistical significance. A P-value
of <0.05 was considered as statistically significant.

Results: A total of 400 isolates of Staphylococcus aureus (200 from in-patient department, IPD
and out-patient department, OPD each) were recovered out of which 55.5% from IPD and 32.5%
from OPD were resistant to methicillin. Maximum isolation of Methicillin Resistant Staphylococcus
aureus (MRSA) was from pus samples and in patients in the age group of 41 years to 50 years.
SCCmec types ITI, IVc, IVa and V were seen in MRSA isolated from the IPD and SCCmec types [Va,
IVcand V were seen in those recovered from OPD. Significant association between risk factors and
acquisition of MRSA infection was seen in isolates that carried the SCCmec type III.

Conclusion: Presence of SCCmec types IV and V was confirmed by multiplex PCR in HA MRSA
isolates which usually carry SCCmec types I, IT and III only.
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Introduction

Methicillin Resistant Staphylococcus aureus (MRSA) first reported in 1961 is at present a
common entity in most of the hospitals and health care facilities worldwide [1]. The resistance to
methicillin is caused by the presence of the mecA gene (which encodes for the altered penicillin
binding protein 2a) located within a mecA operon together with its regulatory genes, mecl and
mecR1, the entire operon being carried by the staphylococcal cassette chromosome mec (SCCmec)
[2]. Different SCCmec elements share same structure that consists of mec complex composed of
mecA operon, ccr (cassette chromosome recombinase) gene and three regions bordering the ccr
and mec complexes, designated as Joining (J) regions [3].

The first SCCmec element was identified in N315 S. aureus strain, in 1999 from Japan and
shortly thereafter two additional SCCmec from different MRSA strains were found. These three
SCCmec elements were classified as types I to III. In time, new types of SCC mec, such as IV, V, VI,
VII, VIIL, IX, X, XI and many new variants of already known SCC mec types have been reported [4].
MRSA is largely divided into two subgroups, Healthcare Associated (HA-MRSA) and Community
Associated (CA-MRSA) based on different phenotypic and genotypic characteristics and presence
of special toxin gene in CA-MRSA; the Panton Valentine Leukocidin (PVL) gene which encodes for
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Figure 1: Gel electrophoresis picture showing positive amplification of 756
bp fragments specific for 16S rRNA of S. aureus, 1339 bp fragments specific
for the mecA gene and 433 bp fragments specific for PVL gene. Left extreme
has the 100 bp ladder.

a pore-forming cytotoxin that acts preferentially against leukocytes
and erythrocytes [5].

MRSA is considered to be community associated if the isolates are
recovered within 48 hrs of hospitalization and hospital associated if
recovered after 48 hrs of admission in a hospital. Hospital-associated
MRSA possess SCCmec types I, II and III while Community-
Associated MRSA (CA-MRSA) have been found to carry mostly
SCCmec type IV and V. CA-MRSA has been implicated in causing
skin and soft tissue infection, necrotising pneumonia and severe
sepsis in healthy young individuals whereas HA-MRSA is known to
cause bacteremia, pneumonia and invasive infections [6-8].

SCCmec typing is important to understand the epidemiology and
clonal relatedness of MRSA strains. The present study was conducted
to identify the major types and subtypes of SCCmec in MRSA strains
isolated from our institution.

Material and Methods

Study design and setup

This study was conducted from Aug 2015 to Sep 2016, in the
Department of Microbiology, at Sri Guru Ram Das Institute of
Medical Sciences and Research Amritsar. A total of 400 clinical
samples (pus and other body fluids, wound swabs, respiratory
secretions, blood and urine); 200 each from the in-patient and out-
patient departments were processed as per standard microbiological
techniques for the recovery of S. aureus [9]. Staphylococcus aureus
was identified based on staining characteristics, growth on Blood,
MacConkey and Mannitol salt agar and spot tests like catalase, slide
and tube coagulase and the modified Hugh and Leifson’s (OF) test.

Antimicrobial susceptibility testing

Susceptibility to various antimicrobials was carried out by disc
diffusion method as per the Clinical Laboratory Standards Institute
(CLSI) guidelines [10]. Following antibiotic discs were used: penicillin
(10 units), ciprofloxacin (5 pg), clindamycin (2 pg), erythromycin (15
ug), cotrimoxazole (1.25/23.75 pg), linezolid (30 pg) vancomycin
(30 pg) and netilmicin (30 pg). Methicillin resistance was detected
using cefoxitin (30 pg) discs. HA-MRSA was defined as an isolate
of Staphylococcus aureus resistant to methicillin that was isolated 48
hrs after admission to the hospital and CA-MRSA was defined as an
isolate of S. aureus that was isolated within 48 hrs of admission to the
hospital.

All the discs were procured from Hi-Media Mumbai. The
susceptibility patterns were graded as sensitive, intermediate and
resistant as per CLSI guidelines [10].

325 bp

147 bp

Figure 2: Gel electrophoresis picture showing positive amplification of 147
bp fragments specific for the mecA gene and 325 bp fragments specific for
SCC mec Type V.

Risk assessment

Patient demographic details like age, gender, residence etc.
were filled on a pre-designed proforma. Clinical diagnosis along
with risk factors for the acquisition of MRSA (stay in the ICU or
hospital, antibiotic use, surgery or any other invasive procedure) was
documented for all the patients along with antimicrobial susceptibility
profile [2].

Rapid DNA extraction for PCR

Bacteria were sub-cultured onto 5% blood agar plates and fresh
growth taken for DNA extraction. One to five isolated bacterial
colonies were suspended in 50 pl of sterile distilled waterand heated
at 99°C for 10 min. After centrifugationat 30,000 x g for 1 min, 5 pl of
supernatant were used as template for PCR [11].

Polymerase chain reaction

Confirmed strains of MRSA were further characterised by
two different multiplex PCR’s. The first multiplex PCR using three
primer sets was done for the genotypic confirmation of S. aureus
(amplification of 756 bp fragment specific for 16sRNA of S. aureus)
detection of methicillin resistance (1339 bp fragment for mecA gene)
and PVL toxin gene (433 bp fragment for PVL gene) [12] (Table
1). The second multiplex PCR was done for typing and sub typing
the SCC mec elements of MRSA [11]. Eight pairs of primers were
used including the unique and specific primers for SCC mec types
(subtypes) L, IT, I1I, IVa, IVb, IVc, IVd and V (Table 2).

Reaction mixture for both the PCR’s

The reaction mixtures consisted of 5 ul of the extracted DNA
template, 5 ul 10 x PCR buffer, 1 ul dNTPs, 1 pl Ampli Taqg DNA
polymerase (GeNeilndia) and 1 pl of the forward and reverse primers
(Integrated DNA technologies).

PCR

The first PCR for the confirmation of Staphylococcus aureus and
detection of mecA and PVL gene was done using the protocol given
by Moussa I et al. [12] and the second PCR for the typing and sub
typing of the SCCmec elements in MRSA was done according to
Zhang K et al. [11].

PCR amplification products were visualised on 2% agarose gels
in 1 x TAE buffer (GeNei India) containing 0.5% ethidium bromide
using a 100 bp reference ladder (GeNei India). Gels were documented
under a UV transilluminator.

Statistical analysis

Statistical analysis was done using SPSS 16 software.
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Table 1: Primer sequences used for the confirmation of S. aureus and detection of mecA and PVL gene.

Primer name Target gene Sequence Amplicon size
mecA (F) mecA GTG GAA TTG GCC AATACA GG 1339 bp
mecA (R) TGA GTT CTG CAG TAC CGG AT
Staph 756 (F) 16s Rrna AACTCTGTTATTAGGGAAGAAC 756 bp
Staph 756 (R) CCACCTTCCTCCGGTTTGTCACC
Luk-PV-1 LukS/F-PV ATCATTAGGTAAAATGTCTGGACATGATCCA 433 bp
Luk-PV-2 GCATCAAGTGTATTGGATAGCAAAAGC
Table 2: Primer sequences used for typing and sub typing MRSA strains.

Primer name Target gene Primer sequence Amplicon size
SCCmec | F SCCmec | GCTTTAAAGAGTGTCGTTACAGG 613bp
SCCmec IR GTTCTCTCATAGTATGACGTCC
SCCmec Il F SCCmec Il CGTTGAAGATGATGAAGCG 398bp
SCCmec IR CGAAATCAATGGTTAATGGACC
SCCmec Ill F SCCmec llI CCATATTGTGTACGATGCG 280bp
SCCmec Il R CCTTAGTTGTCGTAACAGATCG
SCCmeclVa F SCCmeclVa GCCTTATTCGAAGAAACCG 776bp
SCCmeclVa R CTACTCTTCTGAAAAGCGTCG
SCCmeclVb F SCCmeclVb TCTGGAATTACTTCAGCTGC 493bp
SCCmeclVb R AAACAATATTGCTCTCCCTC
SCCmeclVc F SCCmeclVc ACAATATTTGTATTATCGGAGAGC 200bp
SCCmeclVc R TTGGTATGAGGTATTGCTGG
SCCmeclVd F SCCmeclVd CTCAAAATACGGACCCCAATACA 881bp
SCCmeclVd R TGCTCCAGTAATTGCTAAAG
SCCmec V F SCCmec V GAACATTGTTACTTAAATGAGCG 325bp
SCCmec VR TGAAAGTTGTACCCTTGACACC
mecA147 F mecA GTG AAG ATA TAC CAA GTG ATT 147bp
mecA147 R mecA ATG CGC TATAGATTG AAAGGAT
Results SCCmec types I, II, and III. Thus SCCmec type III was present in HA-

Four hundred isolates of Staphylococcus aureus were included
in the present study, 200 each from the in-patient and out-patient
departments (IPD and OPD respectively). A total of 55.5% (n=111)
isolates of Staphylococcus aureus recovered from IPD (HA-MRSA)
and 32.5% (n=65) recovered from OPD samples (CA-MRSA) were
found to be methicillin resistant. Maximum number of MRSA
from the IPD (40.5%) and OPD (49.2%) were recovered from pus
samples (n=45 and n=32 respectively). Both HA and CA-MRSA were
recovered more from patients in the age group of 41 years to 50 years
(18 from IPD and 12 from OPD) and from male patients (62 from
IPD and 41 from OPD).

All the HA-MRSA isolates had the presence of mecA gene
(n=111, 100%) whereas PVL gene was seen in 50.4% (n=56) isolates.
Likewise all the CA-MRSA isolates had the presence of mecA gene
(n=65, 100%) and PVL gene was present in 56.9% (n=37) (Figure 1).
All the 111 HA-MRSA were typed by multiplex PCR out of which
42.3% (n=47) belonged to SCCmec type III, 34.2% (n=38) belonged
to SCCmec type V and 11.7% (n=13) and 7.2% (n=8) belonged to
SCCmec type IVa and IVc respectively. On the other hand SCCmec
type V was seen in 24 (36.9%) CA-MRSA strains where as 13 (20.0%)
and 6 (9.2%) isolates had the presence of SCCmec type IVa and IVc
respectively (Figures 2-4). None of the CA-MRSA isolates harboured

MRSA where as SCCmec types IVa and IVc were seen in both HA
and CA-MRSA. Out of a total of 176 MRSA isolates (111 HA-MRSA
and 65 CA-MRSA), 25 (14.2%) were non-typable.

Significant association (P-value <0.001) of risk factors for the
acquisition of MRSA was seen in patients from whom SCCmec type
III was isolated (47/47) whereas risk factors were present in varying
proportions in patients from whom SCCmec types V (19/64) and
IV (9/40) were isolated (Table 3). HA-MRSA was found to be more
resistant to the antibiotics tested as compared to CA-MRSA. In
particular significant (P-value <0.05) resistance of HA-MRSA was
found for ciprofloxacin, clindamycin and erythromycin (Table 4).

Discussion

MRGSA is one of the most worrisome microorganisms encountered
in health care institutions worldwide. Earlier thought to be restricted
to the Hospital Environment (HA-MRSA), this pathogen of extreme
importance is increasingly being isolated from the community
settings as well (CA-MRSA).

Most CA-MRSA strains carry PVL genes and possess small
mobile SCCmec elements; IV, V or VI which are easily transferable
than the larger SCCmec type I, II and III encountered in the HA-
MRSA. The present study highlights the spillover of the SCCmec type
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Table 3: Risk factors associated with SCCmec types Ill, IV and V.

Patient status/risk factor
Inpatient
Out patient
Admission to culture positivity >48 hrs
Previous hospitalization/ICU stay
Invasive procedure/catheterization
Antimicrobial intake
Immunocompromised status/chronic illness

No risk factor

Table 4: Resistance pattern of the HA-MRSA and CA-MRSA isolates.

Antibiotic HA-MRSA (n=111)

Penicillin 100%
Ciprofloxacin 70.30%
Clindamycin 40.50%
Erythromycin 40.50%
Co-trimoxazole 24.30%
Netilmicin 12.60%
Vancomycin 0

Linezolid 0

SCCmec |l SCCmec IV SCCmec V
47 21 38
19 26
47 8 10
46 10 18
40 7 20
47 9 16
35 8 9
31 45
CA-MRSA (n=65) Chi-square P-value
98.50% 1.71 0.190 (NS)
9.20% 61.2 0.001 (S)
10.80% 17.4 0.000 (S)
9.20% 19.5 0.000 (S)
21.50% 0.17 0.673 (NS)
6.20% 1.86 0.172 (NS)
0 -
0 -

*76bp

147bp

Figure 3: Gel electrophoresis picture showing positive amplification of 147
bp fragments specific for the mecA gene and 776 bp fragments specific for
SCC mec Type IVa.

280bp

= 147

Figure 4: Gel electrophoresis picture showing positive amplification of 147
base fragments specific for the mecA gene and 280 base pair fragments
specific for SCC mec Type Il

IVa, IVc and V to the HA-MRSA. Four hundred S. aureus strains
were included in the study of which 55.5% (111/200) were HA-MRSA
(isolated from IPD) and 32.5% (65/200) were CA-MRSA (isolated
from OPD). Goyal et al. [13] in their study reported a prevalence of
56% and 43% of MRSA in samples recovered from IPD and OPD
respectively. Likewise a study conducted by INSAR group reported
the prevalence of MRSA to be 42% in IPD patients and 43% in OPD
patients [14].

All the MRSA strains were positive for the mecA gene whereas
50.4% HA-MRSA and 56.9% CA-MRSA were positive for the PVL
gene. Govindan et al. [15] in their study found 58.8% of MRSA strains
harbouring the PVL gene. Likewise, the reported prevalence of PVL
gene in MRSA isolates was 62% by Kaur et al. [16] 37.6% by Moussa
et al. [12], and 64% by D’souza et al. [17]. The SCCmec types most
common in HA-MRSA isolates were IIT (42.3%) followed by V (34%)
and IV, subtypes a and ¢ (18.9%) whereas the SCCmec types most
common in CA-MRSA isolates in our study were V (37%) and IV
(30%). Interestingly none of the HA-MRSA strains harboured the
SCCmec types I and II. Many authors have reported results similar
to ours, where the most common SCCmec types identified in strains

of MRSA were III, IV and V in varying proportions [12,17-19]. The
presence of SCCmec types V and IV in HA-MRSA isolates clearly
points to the circulation of clones of MRSA in our hospital that carry
SCCmec elements from the community as well.

MRSA strains (40% from IPD, 49% from OPD) were recovered
mostly from pus samples which are comparable to the isolation
rate of MRSA from pus 43.80% as reported by Abbas et al. [20].
Deepak et al. also reported high recovery of MRSA from pus samples
43.1% [21]. In our study HA and CA-MRSA were recovered more
from patients in the age group of 41 years to 50 years (18 from
IPD and 12 from OPD) and from male patients (62 from IPD and
41 from OPD). Results similar to what we saw have been reported
by other authors previously [20,22]. MRSA strains isolated from
IPD were more multi drug resistant as compared to those isolated
from OPD. Significantly higher resistance was seen in IPD isolates
for clindamycin, erythromycin and ciprofloxacin. Bhat et al. [23],
Oberoi et al. [24] have in their respective studies reported a higher
resistance to clindamycin and erythromycin in MRSA isolates.
Likewise Bhutia et al. [25] and Kumari et al. [26] reported a higher
resistance to ciprofloxacin. All the MRSA strains from IPD and OPD
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were uniformly sensitive to vancomycin and linezolid in our study.

In the present study all patients with SCCmec III strains had
multiple risk factors for acquiring infection due to MRSA. On the
other hand 77% (31/40) of patients with SCCmec type IV strains
and 70% (45/64) of patients with SCCmec type V strains had no
documented risk factors which are almost similar to the study by
D’Souza et al. [17].

Conclusion

Based on our results of two main genotypic markers; SCCmec
typing and PVL gene presence, supported by risk factors and MDR
status, we found that there is intrusion of CA-MRSA in our hospital.
The main limitation of this study was the fact that it was carried out
in a single hospital and thus the results only reflect local trends in
dissemination of such strains. Studies conducted by many authors
suggest blurring of the fine line between HA-MRSA and CA-MRSA
although muticentric trials need to be conducted to evaluate the full
extent of invasion of CA-MRSA in the hospital settings and its clinical
consequences.
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