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IABSTRACT:

Methicillin-resistant Staphylococcal aureus (MRSA) is one of the most important strains
responsible for both Hospital and Community acquired infections (HA-MRSA and CA-
MRSA). Spread by contact directly or indirectly.

Objective: To differentiate the Isolated MRSA into HA-MRSA and CA-MRSA and Molecular
characterisation of Methicillin-resistant Staphylococcus aureus isolates from the clinical
specimens .

Methods: A total of 348 MRSA isolates obtained from various clinical specimens and
submitted to the Department of Microbiology of Regional Institute of Medical Sciences
(RIMS), Imphal, during the period from October 2019 to November 2022, were studied. All
isolates were confirmed as MRSA by using standard techniques [16]. PCR for detection of
mec A and pvl genes was done and Antimicrobial Susceptibility testing of MRSA isolates
was done by Kirby-Bauer disc diffusion method [24].

Results: All the 348 MRSA isolates, 124(35.63%) met the definition of HA-MRSA and 224
(64.36%) CA-MRSA. SCCmec typing was done in both community-acquired infection and
healthcare-associated infection and mec types 4a, 66 (19.0%), llI+V, 65 (18.7%), and 4a+V
63 (18.1%) were more frequently isolated. AST pattern showed that 84.57 percent
(181/214) and 79.10 percent (106/134) were multidrug resistant (MDR)-CA-MRSA and
MDR-HA-MRSA, respectively.

Conclusion:The emerging MDR resistance pattern of CA-MRSA (84.57%) has to be
controlled with proper antibiotic stewardship. This emphasizes that the diagnosis of CA-
MRSA should be done appropriately by standard diagnostic tools such as molecular
characterization by PCR and antibiotic-susceptibility profile to avoid treatment failures and
also proper infection prevention control measure especially contact precaution measure
should be follow to prevent spread of MRSA in hospital as well as in community.
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Introduction:

Staphylococcus aureus is one of the first pathogens to be discovered because of its ability to cause
a wide range of diseases and adapt to various environmental settings, it continue to be one of the
main cause of infections in humans till date both in hospital as well as community-acquired
infections. Methicillin-resistant Staphylococcal aureus (MRSA) is one of the most important strains
responsible for both Hospital and Community acquired infections (HA-MRSA and CA-MRSA). The
mecA gene, which is located on a mobile genetic element present on the staphylococcal cassette
chromosome mec (SCCmec), encodes methicillin resistance, which results from altered penicillin-
binding protein (PBP-2a)[1]. There are currently 14 SCCmec sequence types known[2,3]. The two
important genotypic markers that differentiate hospital-acquired (HA)-MRSA strains from
community-acquired (CA-MRSA) strains are the architecture of the staphylococcal cassette
chromosome mec (SCCmec) type and the presence of the Panton-Valentine Leukocidin toxin[4].
HA-MRSA typically carried large SCCmec elements, types |, Il, and Ill (34-67 kb)[5], however, CA-
MRSA contained newly described smaller SCCmec elements, type IV (24 kb)[6]or, less frequently, V
or a variant VT[7]. The PVL toxin is not linked to SCCmec types I, I, or lll, but it is frequently linked
to the presence of SCCmec types IV and occasionally to SCCmec types V or VT[4]. Methicillin-
sensitive S. aureus (MSSA) strains acquiring the lukS-PV and lukF-PV genes for PVL production and
the resulting PVL-positive MSSA gaining methicillin resistance through integration of the smaller,
more mobile SCCmec types IV or V1 are thought to be evolutionary processes leading to the high
association of PVL toxin in CA-MRSA strains[8]. A major concern is the spread of CA-MRSA to
hospital environments across borders worldwide[9-12]. Infections with CA-MRSA vary from 2.5% to
39% in Asian nations[13]. In hospital settings, multidrug-resistant PVL-positive CA-MRSA has been
found to occur commonly in India[14,15]. The present study was undertaken to compare and
characterize community-and hospital-acquired MRSA in a tertiary care hospital in RIMS, Imphal
Manipur.
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Materials and Methods:

Settings and bacterial isolates: A total of 348 MRSA isolates obtained from various clinical
specimens of blood (40), wound swabs (29), aspirate (12), pus (196), sputum (16), and urine (55)
submitted to the Department of Microbiology of Regional Institute of Medical Sciences (RIMS),
Imphal, during the period from October 2019 to November 2022, were studied. The study was
approved by the ethics committee of Regional Institute of Medical Sciences, Imphal vide order No.
A/206/REB/Prop(sp)72/48/2019. There is no conflict of interest in publication of this research
paper and no financial grant is funded by any known organization.

Confirmation and storage of MRSA isolates: All isolates were confirmed as MRSA by using standard
techniques[16]. The isolates were inoculated into the semi-solid nutrient agar and stored at -20°C
until further study.

Case Definition: Health care-associated MRSA cases were defined as patients with

An MRSAinfection identified after 48 hours of admission to a hospital.

A history of hospitalization, surgery, dialysis, or residence in a long-term care facility within 1

year of the MRSA culture date.

A permanent indwelling catheter or percutaneous medical device (eg, tracheostomy tube,

gastrostomy tube, or Foley catheter) present at the time of culture or

A known positive culture for MRSA prior to the study period.

Cases that had none of the above features were classified as community-associated.[17,18].
Exclusion criteria:Any organism other than Staphylococcus aureus is proven by phenotypical tests.
MSSA proved phenotypically and in mixed cultures.

DNA isolation: The DNA was extracted using the Qiagen Blood and Tissue kit, Hilden, Germany as
per the manufacturer’s instructions.

PCR for detection of mec A and pvl genes:The primer pairs for mec-A and pvl genes were taken
from the published sequence by Olivera et al[19]and McClure et al[20], respectively. Primers were
commercially obtained from Eurofins Genomics India Pvt. Ltd. Bangalore. PCR was performed by
using a PCR kit (Qiagen, Hilden, Germany) with a slight modification of the final reaction volume of
25 pl (12.5pl master mix, 2.5yl primer mixed, 3ul of DNA template and 7ul of RNAnase-free
water). Reference strains ATCC 43300 and 25923 were used as a positive and negative control for
the mec-A gene, respectively and ATCC 43300 was used as a negative control for the pvl gene.
Multiplex PCR:Primers were selected from the published sequence of the SCCmec types I-llI
(Olivera et al)[19] IVa-lvb (Okuma et al)[21].IVc-IVd (Hisata et al)[22].V (Zang et al)[23] and were
commercially obtained from Eurofins Genomics India Pvt. Ltd. Bangalore.

Preparation of primer mix - The preparation of the primer mix was done as per the manufacturer’s
instructions for the multiplex PCR kit (Qiagen). For multiplex PCR, the primers were divided into
two sets: set A was designed to amplify SCCmec type I, I, lll, V, and mec-A. Whereas set B was
designed to amplify SCCmec IVa, IVb, IVc, IVd, and mec-A. The mec-A gene was included in the
protocol as an internal positive control.
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SCCmec typing - To ensure the individual primer pairs were adequate for the amplification of all
loci (gene fragments), the single-target PCR protocol[23] with each primer pair was conducted
before the multiplex PCR optimization. Then PCR was performed by using a Qiagen Multiplex PCR
kit with slight modifications. The reaction is run in two sets with two different sets of primers
mixed. Multiplex PCR with set A primers consisting of 12.5ul mastermix, 2.5ul primer mix (set A),
3ul of DNA template, and 7pl of RNase-free water with a total reaction volume of 25ul.Multiplex
primer set B included the same as in set A except for the (set B).Thermocycling conditions and
visualization of products were done as per the manufacturer’s instructions.

Antimicrobial Susceptibility testing of MRSA isolates: Kirby-Bauer disc diffusion method[24] was
performed with the antibiotics discs (Hi-Media, Mumbai); Ciprofloxacin(5ug), erythromycin(15ug),
clindamycin(2 pg), linezolid(30 pg), teicoplanin(30 pg), Vancomycin(30 ug), tetracycline(30 ug),
tigecycline(15 pg), nitrofurantoin(30 pg), trimethoprim/sulfamethoxazole(25 pg) and Mupirocin
High level. Vitek 2 systems were also used for anti-biotyping whenever required. The testing
conditions and interpretation of the test were done as per Clinical and Laboratory Standards
Institute (CLSI) criteria[25]. The MRSA isolates resistant to > three non-beta lactam antibiotics were
classified as multidrug-resistant MRSA (MDR-MRSA)[26].

Statistical Analysis:Categorical variables were analyzed using Chi-square and Fisher’s exact tests
using IBM SPSS statistics 20(IBM Corporation, USA).

Results:

All the 348 MRSA isolates, 124(35.63%) met the definition of HA-MRSA and 224 (64.36%) CA-
MRSA. To test the presence of pvl toxin between the HA-MRSA and CA-MRSA, table 1 is introduced
by using 2 -test as a statistical tool.

PVL toxin gene: It is found that pvl positive is visibly higher than that of negative pvl genes. This is
found true in both the infection types. Nevertheless, the insignificant test value (P=0.196) indicates
that there is no significant variation in the pattern of pvl genes between the CA-MRSA and HA-
MRSA cases.

Table 1:Infection type-wise MRSA cases according to panton-valentine leukocidin (PVL)

Parameters Panton valentine leukocydin (PVL) %2 df | P
Positive Negative Total -value -value
Community-
o | Acquired 192(89.7%) 22(10.3%) 214(100.0%)
2 | Infection
= 1.675 1 .196
S Health  Care
‘g Associated 114(85.1%) 20(14.9%) 134(100.0%)
‘c | Infection
Total 306(87.9%) 42(12.1%) 348(100.0%)

2?2 -value; df: degree of freedom,; P-value: probability due to chance factor

SCCmec typing: Comparison analysis of SCCmec typing between community-acquired infection
and healthcare-associated infection is made by using x2-the test and its findings are outlined in
Table 2. In this study, the mec types 4a 66 (19.0%), lll+V 65 (18.7%), and 4a+V 63 (18.1%) were
more frequently isolated. CA-MRSA are more likely to be of type 4a 51 (23.8%), 4a+V 39 (18.2%),
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and V 37 (17.3%), whereas HA-MRSA are of type llI+V 29 (21.6%), lll 27 (20.1%), and 4a+V 24
(17.9%). When their variations were tested further, it was discovered that statistically, they were
extremely highly significant. As a result, it is possible to conclude that SCCmec typing significantly
distinguishes between infections acquired in the community and infections associated with
healthcare. The significance of P<.001 supports this assertion.

Table:2 Infection type-wise MRSA cases according to mec typing

Mec typing Infection type Total 2 df P
Community- Health Care -value -value
Acquired Associated
Infection Infection

4a 51(23.8%) 15(11.2%) 66(19.0%)

4a+lll 3(1.4%) 2(1.5%) 5(1.4%)

4a+Il1+V 7(3.3%) 7(5.2%) 14(4.0%)

4a+V 39(18.2%) 24(17.9%) 63(18.1%)

I+11 - 4(3.0%) 4(1.1%)

1+ 1(0.5%) 2(1.5%) 3(0.9%) 32.699 |10 <.001

H+11+V - 2(1.5%) 2(0.6%)

Il 18(8.4%) 27(20.1%) 45(12.9%)

+v 36(16.8%) 29(21.6%) 65(18.7%)

v 37(17.3%) 15(11.2%) 52(14.9%)

Not amplified |22(10.3%) 7(5.2%) 29()8.3%

Total 214(100.0%) 134(100.0%) |348(100.0%)

2?2 -value; df: degree of freedom,; P-value: probability due to chance factor

Antimicrobial susceptibility pattern of MRSA isolates: In this study, 12 antibiotics were used to
understand the antibiotic resistance profiles of MRSA isolates. CA-MRSA and HA-MRSA showed
insignificant (p > 0.05) in their susceptibility, except for the mupirocin high level ( p=0.005)
showing CA-MRSA with a higher percentage of sensitivity (81.8%) compared to HA-MRSA (68.7%).In
our study, CA-MRSA isolates resistant to three or more classes of antibiotics were found. These
isolates were resistant to ciprofloxacin (77.6%), clindamycin (58.4%), erythromycin (73.8%),
levofloxacin (75.70%) and sulfamethoxazole-trimethoprim (SXT) (62.1%). All (100%) MRSA isolates
showed no resistance to vancomycin. In our study, the occurrence of MDR-MRSA is high
(82.47%).AST pattern showed that 84.57 percent (181/214) and 79.10 percent (106/134) were
multidrug resistant (MDR)-CA-MRSA and MDR-HA-MRSA, respectively.
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Sensitivity pattern of CA-MRSA
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Fig 1: PCR mecA and PVL gene
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Lane 1: 1500 bp, lane 2 positive control MRSA ATCC 700699, lane3,4,5,6,9,10,11,13,14,15,16
clinical samples positive for mec-A (162bp) and PVL (433bp).Lane 8 Negative control mec-A and
PVL and lane 12 positive control PVL.

Fig 2: SCCmec typing of MRSA

Lane 1:1500bp, lane 2,3,4,5,6,7 clinical samples were positive for mec-A (162bp), and lane 3,5
clinical samples were positive for SCCmec type Il (243bp) and V (325bp).

Fig 3: SCCmec typing of MRSA

.................

3,4 clinical isolates positive for SCCmec type Il (284)bp, lane 7 clinical samples positive for
SCCmec type V (325)bp, lane 11,12clinical samples positive for SCCmec type IVa (450)bp.

Discussion:

In the present study, we evaluated the presence of PVL toxin as a marker of virulence factor of
both CA-MRSA and HA-MRSA isolates. Several studies have reported the PVL as a reliable marker
of CA-MRSA strains[27,28]. Our findings are in agreement with the reports from Ireland[29], and
Finland[30]. Our finding of PVL genes in (85%) of HA-SCCmec isolates is not surprising since
SCCmec IV/V strains have been associated largely with SSTIs and PVL production[31]. Our study
documents the emergence of MRSA isolates typical of CA genotypes in patients with HA-MRSA.
Remarkably, at our institute a large proportion (38-5%) of isolates classified epidemiologically as
HA-MRSA had a CA genotype. These data confirm the reported spread of CA-MRSA SCCmec IV/V
strains in hospital settings in Europe, the USA[32,33]and India[34,35]. Given the vulnerable
population within the hospital setting, it is unclear how infections with isolates that contain
SCCmec IV/V may differ in symptoms and severity from those caused by the traditional HA-
SCCmec I/1I/11 isolates. The introduction of SCCmec IV/V strains into our hospital population did
not result in a change in the spectrum or severity of illness in this group. Compared to patients
with CA-SCCmec IV/V SSTls, it was observed that HA-SCCmec IV/V SSTIs were significantly
associated with malignancy and trauma-related infection. Patients with these conditions are
predisposed to use healthcare facilities, are generally exposed to antibiotics, tend to have
interventions performed, and hence present opportunities to contract MRSA in the healthcare
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facility. Exactly why the SCCmec IV/V strains are successful in hospital settings such as ours
remains unknown but mathematical models predict the replacement of traditional HA-MRSA
strains by CA-MRSA strains, due to their higher growth rate and greater genetic fitness[36,37].

In this study, SCC mec typing reveals that MRSA isolates with single DNA fragment band IVa
66(19.0%) were more predominant in CA-MRSA (51(23.8%) as compared to HA-MRSA 15(11.2%).
The SCCmec type IVa has been reported as the most common type Berglund et al., 2009[38]. Type
IV SCCmecis prevalent in CA-MRSA strains which may be due to short (21 to 25 kb) and lack of
any antibiotic resistance genes other than mecA[39].A similar study in Mumbai, India also reported
the presence of SCCmec type IV in 34% of isolates collected during three years. The SCCmec IV
MRSA (EMRSA-15) strain is a global pandemic HA-MRSA clone and interestingly it is recovered
from both inpatients and outpatients in our hospital. This suggests that outpatients may represent
an important reservoir for MRSA dissemination within the hospital when admitted as inpatients[40].
The combination of SCCmec Ill plus V (18.7%) is on the rise in our study followed by SCCmec type
IVa plus V ((18.1%). Similarly, Zang et al[23] reported the presence of double bands in 1:1 percent
of clinical isolates of MRSA of these combinations; SCCmec type | plus Il (1.1%), Il plus 111(0.9%), Il
plus lll plus V (0.6%), which corroborated the study results of Lawung et al[41]. from Thailand and
Bhutia et al[8]. in Sikkim. SCCmec type lll has been reported to be the predominant MRSA in the
Asian continent except in Korea and Japan[42,43]. The present study showed a low occurrence of
type Il MRSA isolates in Manipur (12.9%) compared to that reported from other parts of India[42-
44].D’Souza et al[34] from Mumbai India reported that SCCmec type V (41.01%) was higher than
type Il (24.55%). Our study suggests that SCCmec type IVa and V seem to be emerging MRSA in
this part of India. The percentage of non-typeable MRSA isolates in our study is (8.3%), which was
higher than the earlier reports from Korea (1.35%)[45], Canada (1.77%)[23] India (4%)[42]. In
contrast to our findings, a study from Taiwan reported that 81 % of MRSA isolates were non-
typable[46]. The non-type-ability observed in the current study could be due to the presence of
other rare SCCmec elements among the test MRSA isolates, which were not looked for.

Apart from genotypic markers, MRSA is also categorized based on the susceptibility pattern to
various antibiotics[8,47,48]. Several studies have shown that CA-MRSA is more susceptible to non-
B-lactam antibiotics compared to HA-MRSA[48].In this study, 11 antibiotics were used to
understand the antibiotic resistance profiles of MRSA isolates. CA-MRSA and HA-MRSA showed
insignificant (p > 0.05) in their susceptibility. Except for the mupirocin high level ( p=0.005)
showing CA-MRSA with a higher percentage of sensitivity (81.8%) compared to HA-MRSA (68.7%).
Susceptibility to non-B-lactam antibiotics has been previously reported by several
investigators[34,48,49].In this study, MRSA from patients with hospital-associated risk factors and
harboring the SCCmec type IV and SCCmec type V genes shows higher antibiotic resistance. In our
study, CA-MRSA isolates resistant to three or more classes of antibiotics were found. These
isolates were resistant to ciprofloxacin (77.6%), clindamycin (58.4%), erythromycin (73.8%),
levofloxacin (75.70%) and sulfamethoxazole-trimethoprim (SXT) (62.1%). All (100%) MRSA isolates
showed no resistance to vancomycin. A study from India reported CA-MRSA resistant to
gentamicin (69%), erythromycin (62%), cotrimoxazole (58.6%), and ciprofloxacin (79.3%)[50].
Similarly, the Malaysian National Surveillance of Antibiotic Resistance program for the year 2007
reported that MRSA strains from 12 major hospitals were resistant to erythromycin, gentamicin,
and co-trimoxazole at rates of 95, 93.5, and 89.3 %, respectively. MDR CA-MRSA has been
reported from India and worldwide[50].In our study, the occurrence of MDR-MRSA is high
(82.47%).AST pattern showed that 84.57 percent (181/214) and 79.10 percent (106/134) were
multidrug-resistant (MDR)-CA-MRSA and MDR-HA-MRSA, respectively.
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Conclusion:

The emerging MDR resistance pattern of CA-MRSA (84.57%) has to be controlled with proper
antibiotic stewardship. CA-MRSA isolated from patients with hospital-associated risk factors with
MDR similar to HA-MRSA can lead to the spread of multidrug-resistant virulent strains of CA-MRSA
in the hospital and in the community. The molecular characterization results show an increasing
trend in the prevalence of MRSA in the general population and the presence of CA-MRSA in the
hospital environment as well as in patients with hospital-associated risk factors. This emphasizes
that the diagnosis of CA-MRSA should not be strictly based on the risk factors but on standard
diagnostic tools such as molecular characterization by PCR and antibiotic-susceptibility profile to
avoid treatment failures.
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