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ABSTRACT

Background: Globally, methicillin resistant Staphylococcus aureus (MRSA) is one of the most common pathogens that causes
hospital- and community-acquired infections. The use of molecular typing methods is essential for determining the origin of the
isolates, their clonal relations, and also epidemiological investigations. Objective: The purpose of this study was to determine the
prevalence of antibiotic-resistant MRSA investigate the accessory gene regulator (agr) and staphylococcal cassette chromosome
mec (SCCmec) types and perform multilocus sequence typing (MLST). Furthermore, the minimum inhibitory concentration of
MRSA isolates was determined for vancomycin and daptomycin. Materials and Methods: Two hundred and fifty-nine MRSA
isolates were collected from Tertiary Care Hospitals in Coimbatore. Disk diffusion method was employed to assess the sensitivity
of MRSA isolates to selected antibiotics and genetic analysis was performed using SCCmec, agr, and MLST typing by multiplex-
polymerase chain reaction strategy. Minimal inhibitory concentration (MIC) was determined using Ezy MIC (vancomycin) and
Biomerieux (daptomycin) E-test strip. Results: Of 259 MRSA isolates, 209 (80.7%) were confirmed as methicillin resistant.
Antibiotic susceptibility pattern revealed that all the MRSA isolates were 100% sensitive to linezolid, rifampicin, teicoplanin, and
vancomycin. MIC results showed that of 209 MRSA isolates, 10 were found to be vancomycin intermediate S. aureus and 100%
of the MRSA isolates were daptomycin-susceptible. The agr group | and SCCmec Type IIl were the major type among MRSA
isolates. In addition to these MLST typing revealed the prevalence of sequence type (ST) 239 (SLV of ST8) among the MRSA
isolates. Conclusion: This study confirms that ST239 (Brazilian clone) of MRSA is predominant in this region which is responsible
for the hospital-acquired MRSA infections. Thus, the study also suggests that vancomycin and daptomycin can still be used as
an alternative drug for treating severe MRSA infections.
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INTRODUCTION have become established inside and outside the hospital

environments.” It is known that the infections caused by this

Stﬂp@’/w””m anreus is one of the most prevalent pathogens  pathogen are acquired by the expression of many virulence

that cause both community and hospital acquired g, 615 which include an agr system and so fat, four major agr

infections ranging from skin surface infections, such as
folliculitis and furunculosis, to life-threatening conditions, such
as endocarditis, pneumonia, and septicemia."! Immediately
after the introduction of methicillin into clinical practice, the
staphylococci isolates developed resistance to it and MRSA
was initially identified for the 1% time in 1961 by Jevons.?
Since then, isolates of MRSA have spread worldwide and
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types in S. aureus have been recognized.! Methicillin resistance
is due to the acquisition of mecA gene which is a part of
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the staphylococcal cassette chromosome (SCC). This gene
encodes the protein PBP2A (protein binding to penicillin) that
inhibits the action of [B-lactam antibiotics. SCCmec elements
have been classified into eight different types (I-VIII) and
some of them are divided further into subtypes.”!

MRSA is one of the major causes of hospital-acquired
infections in many Indian hospitals and around 240% of
MRSA cases have been reported from various regions based
on their antimicrobial susceptibility patterns.® This increase
in methicillin resistance leaves only vancomycin as the drug
of choice. Most commonly used antimicrobial agents for
the treatment of MRSA infections across the globe include
glycopeptides, linezolid, vancomycin and teicoplanin.
Moreover, MRSA isolates are resistant to a wide range of
antimicrobial agents. As a consequence, selective pressure
was exerted that eventually led to the emergence of isolates
of §. aurens and other species of staphylococci with decreased
susceptibility to vancomycin and other glycopeptides.® The
first clinical isolate of vancomycin-resistant S. aureus (VRSA)
was reported globally™'” in subsequent years.

In India, MRSA with reduced susceptibility to vancomycin was
teported as early as 2003." The emergence of vancomycin-
intermediate S. aurens (VISA) and VRSA have also been
reported from India; particularly from the Northern'* and
Southern!™' parts. Concerns over the increase in the rates
of heteroresistance and tolerance to this antibiotic, combined
with it’s pharmacodynamic as well as clinical shortcomings
with the progtessive role of Gram-positive bacterial infections
in clinical medicine, have thus inspired the development of
novel antibiotics. Daptomycin is a cyclic lipopeptide antibiotic
that is rapidly bactericidal 7z vitro against a broad spectrum
of Gram-positive bacteria. Its unique mechanism of action
involves calcium-dependent binding to the bacterial plasma
membrane and disruption of membrane function.!"”

Overall, in view of the above facts, this study was aimed to
investigate the prevalence and persistence of MRSA clinical
isolates obtained from various Tertiary Care Hospitals in
Coimbatore, South India. The study also investigated the
SCCmec, agr types and determined the clonal relationships
among MRSA isolates by multilocus sequence typing (MLST).
Further, the 7# vitro antimicrobial susceptibility to vancomycin
and daptomycin was also characterized against MRSA isolates.

MATERIALS AND METHODS
Bacterial isolates

Two hundred and fifty-nine MRSA isolates were obtained
from various Tertiary Care Hospitals in and around

Coimbatore, South India during August 2010 to December
2014. The MRSA isolates were reconfirmed in the
Microbiology Laboratory, Karunya University by standard
laboratory methods."™ Methicillin resistance was confirmed
by using cephoxitin (CX) disc (30 mcg) and also by the
presence of mecA gene™ After identification, the isolates
were maintained in tryptone soya broth to which 15% glycerol
was added and stored at —20°C. The species identification
was conducted by 16srRNA sequencing using the
primers 16stRNAF 5-AGTTTGATCCTGGCTCAG-3
16stRNAR 5-AGGCCCGGGAACGTATTCAC-3’ of
1500 bp and was submitted to NCBI and the accession
ID’s was obtained (KP121396 and KP121397).

Antimicrobial susceptibility tests

The /n vitro antimicrobial susceptibility test for all the MRSA
isolates were performed using ampicillin (A), ampicillin/
sulfbactam (A/S), chloramphenicol (CL), ciprofloxacin
(CP), clindamycin (CD), co-trimoxazole (COT), levofloxacin
(LE), linezolid (LZ), fusidic acid (FC), minocycline
(MIN), mupirocin (MU), ofloxacin (OF), oxacillin
(OX), gentamicin (G), tetracycline (TET), rifampicin
(RIF), teicoplanin (TEI), and vancomycin (V) (HiMedia
Laboratories, India). Minimal inhibitory concentration
(MIC) of daptomycin and vancomycin were determined by
E-test method (Biomerieux, New Delhi; Ezy MIC strips,
HiMedia Laboratories, India). The MRSA isolate that
exhibited a vancomycin MIC of 4-8 mg/L was considered a
VISA isolate. All assays were performed in accordance with
Clinical and Laboratory Standards Institute guidelines.!"*!

Staphylococcal cassette chromosome mec molecular
typing

SCCmec typing of MRSA isolates was carried out as
described elsewhere."”) Briefly, the SCCmec multiplex-
polymerase chain reaction (PCR) assay contained nine
pairs of primers including the unique and specific primers
for SCCmec types, Subtypes 1, 11, 111, IVa, IVb, IVc, IVd,
V and also the primers for mecA gene. An aliquot of 2 ul
of DNA template (~10 ng), 1 Ul of each primer (10 M)
and 9 Ul of PCR grade water was added to 23 ul of PCR
master mix (Ampliqon, Denmark). The thermal cycles
performed are as follows: An initial denaturation at 95°C
for 5 min, followed by 40 cycles at 94°C for 45 s, 55°C for 1
min, 72°C for 90 s and a final extension at 72°C for 5 min.

Detection of accessory gene regulator alleles

The MRSA isolates were subjected for amplification of
agr alleles using the group-specific primers.” An aliquot
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of 2 W of DNA template (~10 ng), 1 ul of each primer
(10 uM) and 11 ul of PCR grade water was added to 23 ul
of PCR mastermix (Ampliqon, Denmark). Amplifications
were carried out through the following temperature
program: 1 cycle of 5 min at 94°C; 26 cycles of 30 s at 94°C,
30 s at 55°C, and 60 s at 72°C; and finally 1 cycle at 72°C
for 10 min. Amplification products were electrophoresed
in a 1.5% agarose gel containing ethidium bromide and
visualized by transillumination under ultraviolet. These
primers allowed amplification of 439-, 572-, 320-, and
657-bp DNA fragments of the agr group’s 1-4, respectively.

Multilocus sequence typing

MLST was performed as previously described
elsewhere.”!! Internal fragments of seven housekeeping
genes for carbamate kinase (a7¢C), shikimate dehydrogenase
(aroE), glycerol kinase (gipF), guanylate kinase (g#K),
phosphate acetyltransferase (pfa), triosephosphate
isomerase (#pi), and acetyl coenzyme A acetyltransferase
(ygiL) were amplified by M-PCR with the specified
primers and the amplified products were purified and
sequenced. Consensus sequences were assembled from
both orientations.

RESULTS
Bacterial isolates

Of 259 MRSA isolates, 209 (80.7%) were confirmed as
MRSA which had been recovered from 197 (94.3%) pus
to 12 (5.7%) urine specimens, respectively. Among the
obtained MRSA isolates 122 (58.4%) and 87 (41.6%) were
recovered from male and female patients respectively
[Table 1]. All the 209 MRSA isolates exhibited resistance
to methicillin phenotypically and were confirmed by the
presence of mecA gene.

Antimicrobial susceptibility

The resistance rates to antibiotics tested were, 79.42%
to ampicillin/sulbactam, 78.46% to chloramphenicol,
76.08% to clindamycin, 72.72% to ofloxacin, 59.33% to
mupirocin, 56.46% to levofloxacin, 42.58% to fusidic acid,
and 31.1% to minocycline. The MRSA isolates showed

100% resistance to oxacillin, ciprofloxacin, co-trimoxazole,
ampicillin, gentamicin, and tetracycline [Figure 1]. The
MIC assay revealed that 10 (4.8%) of the 209 MRSA
isolates were found to be VISA (with the vancomycin MIC
of 4 ug/mL) and all the subjected MRSA isolates were
susceptible to daptomycin [Figures 2|. Figure 3 depicts the
multi-drug resistant pattern among the MRSA isolates and
it was seen that the isolates were resistant to = 6 antibiotics.

Staphylococcal cassette chromosome mec typing

All the MRSA isolates were analyzed through SCCmec
typing, in which the SCCmec Type 111 were found to be
predominant with a frequency of 94.8% and SCCmec
Type IVa was found to be 5.3% , respectively [Figure 4].

Accessory gene regulator typing

The predominant agr group among the MRSA isolates
was group I (100%) followed by Group III (63.6 %)
and Group 1V (57.6%), respectively. Furthermore, agr
Groups I and IV were observed in 42.4% of isolates,
groups I and 111 in 33.3% isolates and groups Il and IV in
27.3 % of isolates. None of the MRSA isolates harbored
agr Group 1. Varying patterns of the agr types among
the 33 MRSA isolates with relation to specimen type is
shown in Table 2 and Figure 5.

Multilocus sequence typing

MLST was performed on 33 representative isolates with
differences in antimicrobial susceptibility pattern. All
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Figure 1: Antimicrobial susceptibility pattern of methicillin resistant
Staphylococcus aureus isolates (n = 209) (S-Sensitive; R-Resistant)

Table 1: Prevalence of methicillin resistant Staphylococcus aureus strains among clinical specimens

in relationship with specimen type

Specimen type Male Age (years) MRSA (%) Female Age (years) MRSA (%) Total
Pus 117 22-49 59.4 8o 23-43 40.6 197
Urine 5 29-39 41.7 7 29-42 58.3 12

MRSA: Methicillin resistant Staphylococcus aureus
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MRSA isolates were sequence type (ST) 239, with the allelic
profile 2-3-1-1-4-4-3 and CC-8 confirming the epidemic
clonal origin of the MRSA isolates to be Brazilian clone
(SLV of ST8) [Table 3].

DISCUSSION

Due to the diverse pathogenicity and high antibiotic
resistance of MRSA, drug therapy has been problematic
causing a great burden for patients and healthcare
providers. Molecular typing is thus essential to determine
the origin of the isolates, its clonal relationship and also for
epidemiological investigations that play an important role in
the prevention and treatment of infections.” The present
study confirmed the presence of 209 (80.7%) MRSA
isolates which is found to be much higher than previous
findings.*'l The antibiotic resistance rates of MRSA to
various classes of antibiotics used in this study were higher
than the global average.”*! Antimicrobial susceptibility
results showed that all MRSA isolates were susceptible to
rifampicin, teicoplanin, linezolid, and vancomycin, which
corroborates with the previous findings.**]
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Figure 2: Minimal inhibitory concentration of daptomycin (dap) and
vancomycin (van) among the methicillin resistant Staphylococcus
aureus isolates (n = 209)

Table 2: Distribution of methicillin resistant
Staphylococcus aureus accessory gene
regulator types with relation to the source
of infection

Source agr types (%)

agrl agr il agr vV agrl+IV agrl+1l agrlil + 1V
Pus 84.8 54.5 48.5 39.4 27.2 24.2
Urine 15.2 9.1 9.1 3.0 6.1 3.0

agr: Accessory gene regulator

Several different phenotypic and genotypic methods are
used to classify isolates in epidemiological investigations
and also to monitor the nosocomial outbreaks. To
attain these objectives, this study used SCCmec, agr,
and MLST typing.™ MRSA classification requires a
thorough understanding of their genetic structure as well
as detection of SCCmec types. SCCmec typing provides
important information about the movable genetic
components responsible for resistance to methicillin and
itis a marker for differentiation between hospital-acquired
MRSA (HA-MRSA) and community-acquired MRSA
(CA-MRSA) isolates.””**! SCCmec typing was performed
on MRSA isolates in which SCCmec Type III (94.8%)
was predominant and few isolates were SCCmec Type IVa
(5.3%) which are similar with the previously published
reports.'*#32 SCCmec Type III has been reported to be
the predominant MRSA in Asian continent™ ¥ whereas
D’souza et alP and Bhutia ¢z a/P? have reported a lower
prevalence of SCCmec Type 111 and more prevalence of
SCCmec Type V in the hospital settings of the Indian
subcontinent. However, Deurenberg and Stobberingh?”!
have reported that the low frequency of SCCmec Type
IV in the many studies may be due to their small size that
facilitates their spread among S. aureus isolates.

Various pathogenic factors from the nosocomial isolates of §.
aurens develop staphylococcal clinical symptoms.™ Virulence
factors of S. anreus are regulated by various mechanisms and
one among them is the agr system. In this study, all of the
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Figure 3: Multi-drug resistant pattern of methicillin resistant
Staphylococcus aureus (n = 209)

Table 3: Molecular characteristics of ST239 methicillin resistant Staphylococcus aureus isolates

Number of MRSA MLST SCCmec agr types Clinical source
isolates ST239/CC8 1] IVa 1 1 \% 1+ 1+1V 1+ 1V Pus Urine
33 33 32 1 33 21 19 14 14 9 29 4

MRSA: Methicillin resistant Staphylococcus aureus, MLST: Multilocus sequence typing, ST239: Sequence type 239
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Figure 4: Staphylococcal cassette chromosome mec typing in
methicillin resistant Staphylococcus aureus isolates (Lanes 1, 2, 5,
6, 7 shows staphylococcal cassette chromosome mec I11-280 bp and
mecA-146bp; Lane 4 shows staphylococcal cassette chromosome mec
IVa-776 bp and mecA-146bp)

MRSA isolates belonged to agr Group 1 (100%) which was
comparatively higher than the previous reports.”**) Thus, it
can be concluded that agr Group 1 may have a crucial role
in the regulation of staphylococcal virulence. In the current
study, we noticed the prevalence of agr Groups Il and IV
to be 21 (63.6%) and 19 (57.6%). The varying agr patterns
observed in several studies in different areas are potentially
due to some factors, such as geography, origin of specimens
and the time of conduction of studies. The rate of agr Group
I was 63.6% which was found to be higher than as reported
by Kolawole ¢ /" There was no significant relationship
between each specific agr group prevalence and antibiotic
susceptibility pattern of MRSA isolates which coincides
well with the reports of Indrawattana ez a/. (2013).) It was
also noted that agr I and I1I type were documented in VISA
isolates which is in line with the tesults by Ho ¢ a/P" In
addition, investigations are required to find the role of agr
on the expression of antibiotic resistance genes.

MRSA ST239 is an invasive clone of multi-drug resistant
MRSA producing potential exotoxins thereby cause a wide
range of life-threatening infections. It is reported that
MRSA ST239 isolates from Asian countries are resistant
to additional antibiotics compared to their counterparts
in Western countries. MRSA ST239 isolates with varying
resistances and susceptibilities to mupirocin, amikacin, and
co-trimoxazole have been reported from different parts
of the world."l Even in this study, erratic patterns of
multidrug resistance were observed to different classes of
antibiotics. Thus, it can be concluded that ST239 isolates
have become endemic in this region. One possible reason
for this presumed survival advantage was the significantly
higher resistance rates to gentamicin, cefoxitin, ampicillin,
clindamycin, and levofloxacin which is supported by Song
et al® This report is higher than the results obtained

Figure 5: Accessory gene regulator specific types among the methicillin
resistant Staphylococcus aureus isolates

by Ito et al* and Zafar et al* where ST239-MRSA-I11
isolates were resistant to tetracycline and erythromycin.
In India, Nagarajan e al*! reported the predominant
clone among the MRSA to be ST239 in HA-MRSA and
resistance to mupirocin and clindamycin which is also
observed in this study. However, Gowtishankar ez 2/ have
reported the prevalence of ST239 in South India among
the CA-MRSA patients. The MLST data, along with the
molecular characteristic studies, illustrate the predominant
clonal expansion of ST239 lineages among the MRSA
isolates in Tamil Nadu.

Globally, the prevalence of VISA and heterogenous
VISA globally was observed in the range of 0.1-11%.1"]
The emergence of VRSA from tertiary care hospitals
had also been well-documented from North India.l'*"! In
South India, recently the emergence of VISA (15.9%) was
documented among CA-MRSA patients."”! However, the
present study showed the prevalence rate of VISA to be
4.8% and thereby suggesting the need to develop newer
antibiotics. It was also noticed that 100% MRSA isolates
exhibited susceptibility to daptomycin suggesting its role
in combating MRSA infections. However, daptomycin
resistance is also reported among the MRSA isolates
worldwide** and also in India.!**"l

CONCLUSION

The current study suggests that when treatment failure
occurs by vancomycin, daptomycin can be prescribed as
an alternative treatment option. Thus, the current study
highlight the potent use of daptomycin and also suggest
that the MIC of daptomycin should be regularly monitored
to prevent treatment failure from the possible emergence
of isolates with reduced susceptibility. Concomitantly,
this study also indicates that the prevalent MRSA clones
associated with the hospital settings in Coimbatore, Tamil
Nadu are ST239-MRSA-III. However, it should be noted
that selection of isolates was narrowed in this study,
covering a tapered geographical area over an equitably
short period of time. Nevertheless, the data obtained is
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imperative as it empowers us to form a foundation against

what to monitor, the future spread or advent of isolates
in this region.
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