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ABSTRACT

The staphylococcal cassette chromosome mec (SCCmec) is a mobile genetic element that acquires the
mecA gene. There are five main categories (I-V) of SCCmec components in methicillin-resistant Staphylococcus aureus
(MRSA). The majority of MRSA strains acquired in hospitals (HA-MRSA) have SCCmec types |, II, lIl, while strains acquired in
the community (CA-MRSA) have SCCmec types IV or V. This study aimed to determine the presence of SCCmec types,
subtypes, and their antibiotic sensitivity in clinical MRSA isolates.

This cross-sectional descriptive study was performed on MRSA isolates collected from different age
groups of patients. The isolates identification and antibiotic sensitivity were performed using phenotypic and automated
methods. Single-target PCR was performed for the presence of the mecA gene to confirm the MRSA. Multiplex PCR was
performed to identify the types and subtypes of SCCmec.

m A total of 35 MRSA isolates were confirmed using single-target PCR for the mecA gene. Multiplex PCR showed
SCCmec type IVd (63%) as the most commonly identified type, followed by SCCmec type V (23%). Few isolates (14%)
remained non-typeable. The SCCmec type I-l1ll/IVa-c was not detected in any of the isolates. Type IVd strains showed more
than 50% resistance to erythromycin, cotrimoxazole, gentamicin and clindamycin. Type V strains showed more resistance
to gentamicin and erythromycin.

MRSA SCCmec typing is a useful method to know the epidemiology of various SCCmec types and subtypes
circulating in hospitals and communities and to understand the changing trend, if any. The use of other typing methods in
combination with SCCmec typing may help further differentiate various clones circulating in these types and identify novel
types.
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1. Introduction

taphylococcus aureus is a Gram-positive, pneumonia and empyema (1). It also causes illnesses
spherical-shaped bacterium that causes related to toxin production, such as food poisoning,
various types of infections, such as cutaneous toxic shock syndrome, and scalded skin syndrome.
infections,  endocarditis, = osteomyelitis, Staphylococcus aureus is associated with community-
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associated bacterial infections worldwide and also
acts as an opportunistic pathogen, one of the most
common causes leading to nosocomial infections (1-
3).

Methicillin is semisynthetic penicillin that was first
used in the medical field in 1960 and targets primarily
the staphylococci producing beta-lactamases (4).
However, methicillin-resistant Staphylococcus aureus
(MRSA) was also identified in that same year (1960) (4,
5). MRSA produces a different penicillin-binding
protein known as PBP2' (PBP2a), which was reported
in the middle of the 1980s (4). It encodes the gene
mecA that has poor affinity for beta-lactams
(semisynthetic penicillin and most cephalosporins) (4,
5).

The emergence and worldwide spread of
Methicillin-resistant S. aureus (MRSA) strains poses a
significant challenge and severely hamper the
treatment of infected patients. Staphylococcal
cassette chromosome (SCC), a genomic island
containing the mec gene, is a heterologous mobile
genetic element that can be acquired by and
integrated into the bacterial host chromosome, which
confers and spreads the resistance traits among
Staphylococcus species (2, 6). These elements shared
the following characteristics: i) mecA carriage in a mec
gene complex, ii) ccr gene complex with ccr gene(s)
(ccrAB and/or ccrC) iii) the integration site sequence
(1SS) for SCC, which serves as a target for ccr-mediated
recombination, and (iv) the flanking direct repeat (DR)
sequences containing the ISS (4).

The SCCmec elements are classified into various
types and subtypes. SCCmec types are the
combination of the ccr gene complex type and the
class of the mec gene complex. Roman numerals can
also be used for describing the types; such as SCCmec
types |, I, and lll. The junkyard region (J region) DNA
segments are responsible for defining SCCmec
subtypes because they contain defining genes,
pseudogenes, non-coding areas, and mobile genetic
elements like insertion sequences, plasmids, or
transposons. The most common method of describing
SCCmec subtypes is to represent the variations in the
J region as small letters, such as IVa, IVb, and IVc (4, 6,
7).

In the early 2000s, after the SCCmecl|, 11, and Il types
were reported, researchers identified other SCCmec
elements also and adopted this SCCmec typing as a
molecular epidemiology tool in the research to
understand the evolution of Staphylococcus (4).
Various studies have shown that SCCmec types |-V are
the most commonly observed types globally. SCCmec
types I, Il and Il are large in size. MRSA isolates with
these types are generally associated with nosocomial
infection and are Hospital-acquired MRSA (HA-MRSA).
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Types IV and V are relatively smaller in size and MRSA
isolates with these types are associated with the
community that are known as community-acquired
MRSA (CA-MRSA) (8, 9). Over the past few years, CA-
MRSA strains carrying SCCmec type IV have been
increasingly prevalent in certain regions around the
globe, posing significant challenges for the
management and treatment of MRSA infections (1).
The emergence of CA-MRSA strains within hospitals
also represents a significant public health threat to
future treatment (10).

Currently, I-XV SCCmec types have been classified in
S. aureus (11, 12). SCCmec types and subtypes can be
identified by using PCR-based methods, DNA
microarray, and Whole-Genome Sequencing-Based
Methods. PCR-based methods continue to be widely
used methods because of the easy access of reagents,
availability of equipment in various research
institutes, hospitals and because of the cost
effectiveness than the Whole-Genome Sequencing-
Based Method (4).

Staphylococcal cassette  chromosome  (SCC)
elements are the vectors for genetic exchange of the
mecA gene encoding methicillin resistance in
Staphylococcus. Due to constant changes in
epidemiology of MRSA strains, there is a need to pay
attention to these mobile genetic elements and to
know the epidemiology of various geographical
regions. SCCmec typing is an important tool for
molecular epidemiological studies to investigate the
evolution of MRSA, which can help timely start the
infection control measures to prevent spread and
effectively treat MRSA infections.

This study was designed to identify MRSA strains
from various clinical specimens using phenotypic and
automated methods and to confirm the presence of
the mecA gene in their genome by PCR. We also
categorized the types and subtypes of SCCmec using
multiplex PCR technique. The antibiotic resistance
pattern of these isolates was also identified.

2. Materials and Methods

In this cross-sectional descriptive study samples
were collected from different age groups of patients.
Various clinical specimens (blood, pus, sputum, etc.)
of infected patients attending the outpatient
department and admitted to a tertiary care hospital
were included. Sampling was conducted from October
to December 2023. All clinically significant MRSA
strains isolated during the study period were included
in the project.
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2.1 Inclusion and Exclusion Criteria of MRSA

Inclusion criteria: Isolates identified as MRSA by
conventional (cefoxitin disc diffusion method) and
automated (BD Phoenix, MIC) methods according to
the mentioned guidelines in the clinical laboratory and
the standard institute (CLSI) (13). All those identified
MRSA isolates confirmed for the presence of the mecA
gene by genotypic (PCR) method were included in the
study. Some isolates from the same patients were also
included if they were from different samples or
different sites.

Exclusion criteria: Isolates that did not meet the
criteria of MRSA according to CLSI and showed
discrepancies in the phenotypic and genotypic
methods.

2.2 Isolation of S. aureus Isolates

Standard laboratory procedures, i.e morphology on
Gram staining, colony characteristics, biochemical
reactions (catalase and coagulase test) and an
automated system (BD Phoenix) were used for
identification of S. aureus isolated from various
specimens (14-16).

2.3 Identification of Methicillin Resistance
2.3.1 Cefoxitin Disc Diffusion Method

The cefoxitin (30 pg) disc and Kirby-Bauer disc
diffusion method were used. Reported -cefoxitin
resistance in case of inhibition zone was <21 mm, and
sensitive if 222 mm as recommended by Clinical and
Laboratory Standards Institute (CLSI) 2023 guidelines
(13).

2.3.2 Minimum Inhibitory Concentration

Minimum inhibitory concentration was checked
using an automated method (BD Phoenix) following
the CLSI guidelines. Oxacillin MIC>4 upg/mL was
considered MRSA, and <2 pg/mL as methicillin-
sensitive S. aureus (MSSA) (13).

2.3.3 Confirmatory test

PCR amplification of the mecA gene was done for all
isolates using specific primers (17, 18).

2.4 Analysis of Antibiotic Susceptibility Profiles

The BD Phoenix automated method was used to
check the sensitivity to antimicrobials, and the
antibiotics included were penicillin, cefoxitin,
clindamycin, erythromycin, trimethoprim-
sulfamethoxazole, gentamicin, tetracycline, rifampin,
linezolid, teicoplanin, and daptomycin (13).

Two methods were used for detection of Inducible
Clindamycin Resistance (ICR) in Staphylococcus: an
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automated system (BD Phoenix) and disc diffusion
method.

Disc diffusion method: Discs containing 15 ug
erythromycin and 2 pg clindamycin were placed at 15
mm apart on Muller-Hinton agar plate after the
standard inoculation procedure for the disc diffusion
test and incubated at 379C for 16-18 hr. Flattening of
the inhibition zone adjacent to the erythromycin disc
was referred to as D-zone, and Inducible clindamycin
resistance (13).

The control strains S. aureus ATCC 25923 and S.
aureus ATCC 29213 were used for the conventional
and automation tests, respectively (13).

2.5 Definitions of HA-MRSA and CA-MRSA

The case definition by Center for Disease Control
and Prevention (CDC) was used to distinguish between
CA-MRSA and HA-MRSA. The isolates were considered
CA-MRSA when identified in a patient sample from an
outpatient department setting or within 48 hr after
hospital admission and in the absence of the
healthcare-associated risk factors such as history of
hospitalization, surgery, dialysis, long-term care
facility (e.g nursing home) within the previous year of
MRSA culture-positive date; a permanent indwelling
catheter or percutaneous device; or a prior MRSA
isolation report. All MRSA isolates that did not meet
the mentioned criteria of CA-MRSA were considered
HA-MRSA (19, 20).

2.6 Data Collection

Medical records of the patients and laboratory
records were reviewed for the above-mentioned risk
factors and antibiotic sensitivity pattern, respectively.

2.7 Statistical Analysis

Descriptive statistics based on relative frequency w
ere used to present the findings. The chi-square test
was used to find the association between SCCmec
types and antibiotic resistance patterns. P value <0.05
was considered statistically significant.

2.8 Molecular Typing

Bacterial DNA samples were isolated from fresh
cultures of MRSA strains using the NucleoSpin Tissue
Mini kit (MN) according to the manufacturer's
instructions. Quality check of DNA was performed on
1% (w/v) agarose gel using agarose gel
electrophoresis. Purity of DNA was assessed by LT-291
UV-VIS Spectrophotometer (Labtronics, India).
Concentration calculated from OD 260 using the
dsDNA factor (50 ng/uL per OD unit) (Supplementary
Table).
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Single-target PCR was performed for the mecA gene
on all isolates. The multiplex PCR amplification of the
genes of the isolate was performed using the Zhang et
al (17) method with primer sequences specific for
SCCmec types and subtypes |, II, 1lI, IVa, IVb, IVc, IVd,
and V with the mecA gene (17) (Table 1).

For MRSA strains that were non-typeable using
Zhang et al (17). Primers typing were carried out again
using the method and primers described by Oliveira et

Table 1. Primers specifications for SCCmec types and subtypes.

Seq (5’-3’)

al (18) by the multiplex PCR method (Table 2). Analysis
of the PCR products was completed on a 2% agarose
gel through Agarose Gel Electrophoresis, and the size
of the amplicons was evaluated against a reference
ladder. The 2% agarose gel was mixed with LabSafe
Nucleic Acid Stain to achieve a final concentration of
0.5 pg/mL. Bands were Vvisualized wusing UV
transilluminator. Images of the gel were captured
using the BIO-RAD GelDoc XR documentation system.

Type I-F GCTTTAAAGAGTGTCGTTACAGG
Type I-R GTTCTCTCATAGTATGACGTCC
Type II-F CGTTGAAGATGATGAAGCG
Type II-R CGAAATCAATGGTTAATGGACC
Type IlI-F CCATATTGTGTACGATGCG
Type IlI-R CCTTAGTTGTCGTAACAGATCG
Type IVa-F GCCTTATTCGAAGAAACCG
Type IVa-R CTACTCTTCTGAAAAGCGTCG
Type IVb-F TCTGGAATTACTTCAGCTGC
Type IVb-R AAACAATATTGCTCTCCCTC
Type IVc-F ACAATATTTGTATTATCGGAGAGC
Type IVc-R TTGGTATGAGGTATTGCTGG
TypelVd-F5 CTCAAAATACGGACCCCAATACA
TypelVd-R6 TGCTCCAGTAATTGCTAAAG
Type V-F GAACATTGTTACTTAAATGAGCG
Type V-R TGAAAGTTGTACCCTTGACACC
MecA147-F GTGAAGATATACCAAGTGATT
MecA147-R ATGCGCTATAGATTGAAAGGAT

Amplicon size Specificity Reference
613 bp SCCmec |
398 bp SCCmec Il
280 bp SCCmec lll
776 bp SCCmec IVa
493 bp SCCmec IVb Zhang et al (17)
200 bp SCCmec IVc
881 bp SCCmec IVd
325 bp SCCmec V
147 bp mecA
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Table 2. Primers specifications for multiplex PCR.

Locus Name Seq (5’-3’) Amplicon size Specificity References
CIF2 F2 TTCGAGTTGCTGATGAAGAAGG
A 495 bp [
CIF2 R2 ATTTACCACAAGGACTACCAGC
KDP F1 AATCATCTGCCATTGGTGATGC
B 284 bp Il
KDP R1 CGAATGAAGTGAAAGAAAGTG
MECI P2 ATCAAGACTTGCATTCAGGC
C 209 bp I, 1
MECI P3 GCGGTTTCAATTCACTTGTC
DCS F2 CATCCTATGATAGCTTGGTC
D 342 bp 1, 1, IV
DCS R1 CTAAATCATAGCCATGACCG
RIF4 F3 GTGATTGTTCGAGATATGTGG Oliveira et
E 243 bp ]
RIF4 RO CGCTTTATCTGTATCTATCGC al (18)
RIF5 F10 TTCTTAAGTACACGCTGAATCG
F 414 bp I
RIF5 R13 GTCACAGTAATTCCATCAATGC
I1S431 P4 CAGGTCTCTTCAGATCTACG
G 381 bp —-*
pUB110 R1 GAGCCATAAACACCAATAGCC
H IS431 P4 CAGGTCTCTTCAGATCTACG
303 bp ----*
pT181 R1 GAAGAATGGGGAAAGCTTCAC
MECA P4 TCCAGATTACAACTTCACCAGG Internal
mecA 162 bp
MECA P7 CCACTTCATATCTTGTAACG control

*Loci G and H added to distinguish variant IA from | and IlIA from Il respectively.

3. Results

All 35 isolates included in the study were confirmed as
MRSA using phenotypic and automated methods. All 35
MRSA were also confirmed by genotypic method using
single-target PCR for the mecA gene. Figures 1 and 2
show the bacterial DNA isolation results and single PCR
results of some isolates, respectively.

Of 35 MRSA isolates, 30 isolates (86%) were from the
admitted patients in the hospital, and 5 (14%) isolates
were from patients attending the outpatient
department. Out of 35 MRSA isolates, the maximum 27
strains (77%) were from pus samples, followed by blood
6 (17%) and sputum 2 (6%). The isolates were classified
as CA-MRSA 26/35 (74%) and HA-MRSA 9/35 (26%)
based on the definition mentioned above. Nine HA-
MRSA isolates were collected from 7 patients, and 26 CA-
MRSA isolates from 24 patients.

SCCmec typing of 35 isolates revealed that SCCmec
type IVd strain 22 (63%) was the most frequently isolated
strain, followed by SCCmec type V: 8 (23%). Five (14%)
isolates did not show positive amplification with Zhang et
al study primers used for SCCmec typing and retested
using Oliveira et al primers, but remained non-typeable.
No isolate proved positive for SCCmecl, II, Ill, IVa, IVb, IVc.
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Figure 3 shows the multiplex PCR results of SCCmec type
IVd, SCCmec type V and notypeable strains.

SCCmec Type IV d strains were isolated from different
types of specimens: Pus culture isolates 15/35 (43%)
followed by blood culture isolates 6/35 (17%), and
sputum samples 1/35 (3%), while the SCCmec type V
strains were only identified from pus samples 8/35
(23%). Of 5 non-typeable isolates, 4 were from pus
samples and 1 from a sputum sample. The frequency of
various SCCmec types in different sample types is also
mentioned in Table 3.

All HA-MRSA and CA-MRSA isolates were identified
with SCCmec IVd and SCCmec V type. Of 9 HA-MRSA
isolates, 7 (78%) carried SCCmec type IVd, 1 (11%)
SCCmec type V, and 1 (11%) was non-typeable. Of 26 CA-
MRSA, 15 (58%) carried SCCmec type IVd, 7 (27%)
SCCmec type V, and 4 (15%) remained non-typeable.
These findings suggest high prevalence of the same
SCCmec type (IVd) in both settings.

Antimicrobial resistance rates among SCCmec-IVd, V
and non-typeable isolates are shown in Table 4. Type IVd
strains showed more than 50% resistance to
erythromycin (64%), gentamicin (59%), clindamycin
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(59%), cotrimoxazole (55%) and type V strains showed
more resistance to gentamicin (88%) and erythromycin
(88%), followed by clindamycin (13%), cotrimoxazole
(13%). Non-typeable strains showed 100% resistance to
gentamicin. All clindamycin-resistant isolates showed

inducible clindamycin resistance. The assessment of the
association between the presence of different
SCCmec types and antibiotic resistance in 35 MRSA
strains showed a significant relationship (P<0.05) with
cotrimoxazole and clindamycin.

Table 3. Frequency distribution of SCCmec types between different sample types.

SCCmec Type

Sample Type

35 (100%) ivd \" Non-typeable

Pus 27 (77.14%) 15 /27 (55.55%) 8/27 (29.62%) 4/27 (14.81%)
Blood 6(17.14%) 6/6 (100%) 0/6 (0%) 0/6 (0%)
Sputum 2 (5.71%) 1/2 (50%) 0/2 (0%) 1/2 (50%)

Table 4. Antimicrobial resistance of S. aureus according to the presence of mecA gene chromosomal cassette type (n =35).

MRSA n = 35(%)

Resistance

SCCmec type IV d SCCmec type V Not-typeable
Penicillin 35 (100%) 22/22 (100%) 8/8 (100%) 5/5 (100%)
Gentamicin 25 (71%) 13/22 (59%) 7/8 (88%) 5/5 (100% )
Erythromycin 23 (66%) 14/22 (64%) 7/8 (88%) 2/5 (40%)
Clindamycin 16 (46%) 13/22 (59%) 1/8 (13%) 2/5 (40%)
methoprim. 14 (40%) 12/22 (55%) 1/8 (13%) 1/5 (20%)
Tetracycline 1(3%) 0/22 (0%) 1/8 (13%) 0/5 (0%)
Rifampin 0 (0%) 0/22 (0%) 0/8 (0%) 0/5 (0%)
Vancomycin 0 (0%) 0/22 (0%) 0/8 (0%) 0/5 (0%)
Linezolid 0 (0%) 0/22 (0%) 0/8 (0%) 0/5 (0%)
Daptomycin 0 (0%) 0/22 (0%) 0/8 (0%) 0/5 (0%)

SM32 SM33 SM34 SM35 SM36 SM37 SM38 SM39

—— Genomic
DNA

Figure 1. Bacterial genomic DNA isolation QC results (Prepared by Authors, 2023-2025).
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M N SM32 SM33 SM34

3.0kb
1.5kb k

1.0 kb
900 bp

800 bp =
700 bp ———

600 bp =

500 bp
400 bp i

300 bp
00bp—"

100 bp/-

SM35  SM36 SM37 SM38 SM39

147 bp
mecA
amplicons

Figure 2. Single-Target PCR image: 2% (W/V) agarose gel electrophoresis: Lane M: 3kb DNA marker; Lane N: negative control;
Lanes SM32-SM39: samples PCR Products (147 bp) (Prepared by Authors, 2023-2025).

M N SM32 SM33 SM34

3.0 kb

1.5kb \
1.0 kb \-

900 bp \
800 bp
700 bp ———

600 bp —_

100 hp/—

SM35 SM36 SM37 SM38  SM39

Figure 3. Multiplex PCR image: 2% (W/V) agarose gel electrophoresis: Lane M: 3kb DNA marker; Lane N: negative control; Lanes
SM32-SM39: Samples PCR Products (881 and 325 bp) (Prepared by Authors, 2023-2025).

4, Discussion

SCCmec typing is a useful tool in any surveillance
system to understand the molecular epidemiology
and evolution of MRSA strains. This study found that
SCCmec type IVd (63%) was the most commonly
identified type, followed by SCCmec type V (23%)
among MRSA strains isolated from the patients of a
tertiary care hospital. Among the SCCmec types, type
IV is difficult to manage because is more mobile and
spreads in the community more quickly than the other
SCCmec types due to its smaller structure, which
carries functional recombinases (17). Kishk et al (21)
from Egypt reported predominantly MRSA strains
carrying SCCmec types IVa (63.7%) and V (23.6%), type
I and Il strains were not detected and type Il (12.7%)
was detected less commonly. In the Present study
also, SCCmec types | to Il were not detected.
Alkharsah et al (22), also identified in their study from
Saudi Arabia, the SCCmec-IV (IVa and IVc) was

Year 19, Issue 4 (July — August 2025)

frequently detected (77.3%), followed by type V
(13.2%) and 111 (9.4%) (22). These studies results match
with our study, but in the present study, IVd type was
comparatively identified as predominant. A study
conducted by Ali et al (10) in Sudan, identified SCCmec
typing results: type | (9.6%), Il (12.8%), IVb (1.61%),
IVc (3.22%), IVd (20.9%) and type V (16.1%), but type
Il and IVa were not identified. In this study, likewise,
the present study IVd type and V were found
predominantly. In the study of Kavitha and Srikumar
(23) from India, SCCmec type V among MRSA was 53%
followed by SCCmec type Il (47%) and SCCmec type IV
(37.6%). In Alfouzan et al study (24) in Kuwait, the
SCCmec type IV (39.5%) was commonly identified,
followed by type lll (34.4%), type V (25.8%), and type
VI (3.8%).

The epidemiology of MRSA strains is ever-evolving,
and it is very well known that even in different
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hospitals within the same nation or wards within the
same hospital may have different prevalence and
features. Therefore, it is critical to type MRSA isolates
and contrast them with the strains acquired from
other medical facilities across the nation (24).

As mentioned in the present study, type IVd
predominance, followed by V and types I-lll, was not
detected. This may be the regional trend, but further
studies with larger sample size are required to explain
the actual prevalence of these SCCmec types. In this
study, all blood sample isolates were identified with
SCCmec type IVd. Nakano et al (25), in their study,
reported that the bloodstream infection rate was
significantly higher with SCCmec type IV MRSA isolates
than in SCCmec type Il MRSA. Recent studies reported
that SCCmec type IV MRSA utilize the fibrin and
fibrinogen brought in by coagulase and result in
bloodstream infections by creating a biofilm structure
in the host blood (25).

In this study, almost all CA-MRSA and HA-MRSA
isolates carried SCCmec 1Vd, followed by SCCmec V.
Various studies showed that in recent vyears,
discrimination of CA-MRSA and HA-MRSA isolates
using SCCmec typing has become more difficult due to
changing epidemiology because community-acquired
MRSA SCCmec types may infiltrate the hospital setting
and vice versa (26). Like this study, various studies
reported that in recent years, SCCmec types IV and V
are taking the place of SCCmec types |, Il and Il in
hospital settings. Davis SL et al. in their study quoted
many studies explaining the presence of SCCmec IV or
IV variants in hospital settings (27). Boye et al (28)
reported SCCmec type IV in 86% of the CA-MRSA and
in 84% of HA-MRSA isolates. In a study of Trindade et
al (29), 95% of nosocomial oxacillin resistant isolates
were identified with SCCmec type IV. Dhawan et al
(30) reported dissemination of SCCmec IV/V genotype
in hospitals. These findings suggest that although
SCCmec typing is a valuable epidemiological tool, it is
not very effective at differentiating between CA-MRSA
and HA-MRSA. In the study of Prakash et al (31) from
India, a high prevalence of SCCmec type IV (20.5%) and
V (12%) reported from device-associated strains
suggests the role of community strains in device-
associated infections. Although many studies showed
the emergence of SCCmec types IV and V in hospitals,
the use of other typing methods in combination with
the SCCmec typing may help further differentiate
various clones circulating in these types.

Five (14%) isolates in this study were non-typeable
by SCCmec typing. These results highlighted that other
or new SCCmec types are also circulating in this region,
although less commonly. The limitations of the
multiplex PCR are known and based on primer
sequence mismatches, the result of point mutation
and the presence of a still not-typed SCCmec. In

Year 19, Issue 4 (July — August 2025)

comparison, whole-genome sequencing is a more
precise epidemiological tool and should be widely
used in clinical settings for identification of SCCmec
types and subtypes, novel SCCmec types, to reveal the
relatedness of the SCCmec elements, which helps
identifying the transmission and outbreaks of
pathogens (4).

SCCmec type IVd strains showed resistance to
erythromycin (64%), gentamicin (59%), clindamycin
(59%), cotrimoxazole (55%), and Type V strains
showed more resistance to gentamicin (88%) and
erythromycin (88%) followed by clindamycin (13%),
cotrimoxazole (13%). Non-typeable strains showed
100% resistance to gentamicin. Japoni et al (32) in
their study reported more antibiotic resistance to
cotrimoxazole, clindamycin, gentamicin erythromycin
cephalexin, ciprofloxacin, and tetracycline, in SCCmec
type IVc strains and the lowest resistance in type V
(32). In the study of Kishk et al (21), SCCmec type IVa
isolates were found with resistance to clindamycin
(60%) and erythromycin (35%) and SCCmec type V
strains showed resistance to aminoglycosides (21).
The present study found clindamycin and
cotrimoxazole resistance significantly associated and
SCCmec type IVd. El-Ashry et al (33) study reported
SCCmec type V was most common with emergence of
SCCmec type Il among CA-MRSA colonizers with high
gentamicin resistance (33). A High rate of gentamicin
resistance in MRSA has been reported in many
studies. Similarly, we also found it with SCCmec type
V. Gentamicin resistance in non-typeable suggests the
presence of novel or recombined SCCmec cassettes
that carry the mecA and aminoglycoside resistance
genes. To reveal any epidemiological and clinical
significance in these strains requires further studies
with a larger sample size, primers for other SCCmec
types and subtypes, and the involvement of other
genotypic methods.

Limitation

This study limitation was that the project included
fewer samples with MRSA strains, making it difficult to
generalize the true prevalence of IVd and V types in
this population, even if it exists. SCCmec was not
identified in five (14%) MRSA isolates with the primers
included in the study. There was a lack of use of WGS
in this study, which was able to characterize non-
typeable isolates.

5. Conclusion

SCCmec types IVd and V are dominant in this
geographical region with no detection of other SCCmec
types |, I, Ill, IVa, IVb, IVc. As the five isolates in this
study were not typed by these multiplex methods,
other types might be missed. SCCmec elements are
described as important gene acquisition vectors that
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serve as a genetic shuttle between Staphylococcus
species, thus continuous and expanded surveillance is
essential in order to understand the epidemiology,
evolution, and mobilization of their variants to control
their spread and infection. The multiplex PCR using
primers for maximum types, with other typing methods
and whole genome sequencing must be included in the
studies to check all rarely identified and novel types, to
know their true prevalence and significance. SCCmec
typing cannot be used as a sole marker for HA-MRSA
and CA-MRSA detection. Therefore, there is a need for
further studies with involvement of other methods to
know various clone complexes circulating in the
different regions.
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