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ABSTRACT

Background and Aim: Methicillin-resistant Staphylococcus aureus (MRSA) causes
infectious diseases that are clinically problematic. Methicillin resistance is encoded by the
mecA gene on the mobile staphylococcal cassette chromosome mec (SCCmec), with
SCCmec types | to V being the most prevalent. Staphylococcal protein A gene (spa) typing
is a genotyping method designed for S. aureus. This study aimed to use SCCmec and spa
genotyping-based methods to identify the genetic diversity of clinical MRSA isolates.
Methods: Fifty MDR-MRSA isolates from tertiary hospitals in Egypt were subjected to
molecular-based typing using multiplex PCR to identify SCCmec types | to V and detect
spa types via spa DNA sequence analysis. Results: The predominant SCCmec types were
SCCmec V (34%) and SCCmec IV (32%). The spa sequence analysis revealed 13 definite
spa types, with t084 (24.2%) being the most prevalent, followed by t688 (15.1%). Based
on both genotyping methods, 20 diverse MRSA clones were identified, with the most
predominant MRSA clones being CC15-SCCmecV-t084 and CC15-SCCmecIV-t084
(12.1%). Conclusion: MRSA bacteria in Egyptian hospitals are genetically different,
indicating that the strains have diverse origins. Thus, regular surveillance of MRSA
diversity is required to detect emergent clones for precise epidemiological evaluation and
improved procedures to prevent the spread of this superbug.

Introduction

[2]. As early as 1961, the first clinical MRSA

The resistance of Staphylococcus aureus to
methicillin is due to the production of the low-
affinity penicillin-binding protein PBP2a, which is
encoded by the mecA gene positioned on the mobile
genetic element SCCmec, thus leading to resistance
to PB-lactam drugs [1]. Therefore, methicillin-
resistant S. aureus (MRSA) has always been an
obstacle to antimicrobial therapy and has surpassed
the number of drugs developed in the last 60 years
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infection was reported following the use of
methicillin. Since then, MRSA has been spreading
and causing life-threatening conditions worldwide,
particularly hospital-associated infections [3]. In
recent decades, due to horizontal DNA transfer,
MRSA strains have undergone genetic restructuring
by integrating foreign DNA genomic regions and
through mutations. Accordingly, numerous MRSA
clones have evolved and spread globally while
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responding to increasing antibiotic selection
pressure [4].

Currently, the distinction between hospital-
associated MRSA (HA-MRSA) and community-
associated MRSA (CA-MRSA) infections remains
ambiguous, owing mainly to the spread of MRSA
strains between communities and hospitals [5].
However, both types of infections can be
discriminated based on the epidemiological and
genotypic characteristics of the MRSA strains [6].
Hence, molecular-based typing is an essential
approach for assessing the genetic relatedness and
diversity of MRSA strains, their distribution among
different clones, and, consequently, their mode of
transmission. Indeed, this molecular typing scheme
has been essential for developing infection control
protocols to prevent the incidence and/or spread of
prevalent superbug clones in healthcare facilities
and communities [5,7].

Different molecular techniques are
presently used for typing MRSA, including SCCmec
typing, spa typing, multilocus sequence typing
(MLST) and pulsed-field gel electrophoresis
(PFGE) [8]. However, typing methods, such as
MLST and spa, are considerable for indicating the
evolutionary relationship and recognizing the
epidemiological dynamics of MRSA compared to
other approaches [9]. The spa typing method relies
on the presence of a variable number of tandem
repeats within the polymorphic repeat region X of
the protein A gene. Remarkably, the usefulness of
spa sequence-based and SCCmec-based typing for
accurately identifying MRSA clones has been
proven [5]. Accordingly, the objective of the present
study was to utilize spa and SCCmec typing
methods to determine the molecular diversity of
MDR-MRSA isolates from tertiary hospitals in
Egypt.

Materials and Methods

MRSA isolates included in this study

Fifty MDR-MRSA isolates from two
Egyptian tertiary hospitals, Al-Sayed Galal
University Hospital (23/50, 46%) and Al-
Demerdash University Hospital (27/50, 54%), were
investigated in this study. The sample collection and
identification of S. aureus isolates were performed
in the included hospitals by dedicated members for
the regular medical care of patients. Our previous
publications  described the isolation and
identification, antimicrobial susceptibility and
virulence profile of S. aureus bacteria, and

methicillin resistance identification by detecting the
mecA gene and further information about included
MRSA isolates in this study [10,11].

The determination of whether the MDR-
MRSA was from HA-MRSA or CA-MRSA
infection was based on the US Centers for Disease
Control and Prevention (CDC) (Atlanta, GA, USA)
criteria for the definition of both types [12].
Therefore, isolates were considered HA-MRSA
infections if patients had surgery or were on
hemodialysis, were residing for long-term care, had
a permanent catheter or percutaneous device, and
had been hospitalized > 48 hours before MRSA
culture and isolation. If the patient did not meet
these conditions or the culture was obtained within
48 hours of admission, the infection was categorized
as CA-MRSA [12]. Among the 50 studied isolates,
64% (32/50) were HA-MRSA, while 36% (18/50)
were CA-MRSA. The distribution of the tested
MRSA isolates from different clinical specimens
and units/wards in the study hospitals is shown in
table (1).
DNA extraction and PCR oligonucleotide
primers

According to the  manufacturer’s
guidelines, chromosomal DNA was isolated from
the MDR-MRSA isolates using the commercially
available purification kit Gene Jet Genomic DNA
(Thermo Scientific, USA). DNA extracts were
stored in aliquots of 150 pL at —20°C. The
oligonucleotide primers used for PCR were
produced by Willowfort, UK. The lyophilized
primers for the studied genes were reconstituted in
nuclease-free water, and the concentration of each
primer was adjusted to 10 pmole/uL. PCR primer
sequences for detecting SCCmec types (SCCmec I,
SCCmec II, SCCmec IIT, SCCmec IV, SCCmec V)
and the spa gene are listed in table (2).

Multiplex PCR-based SCCmec typing

Multiplex PCR was used to detect the
SCCmec type according to the methods of Maina et
al. [13] and McClure-Warnier et al. [15]. The
reaction mixture contained 12.5 pL of Cosmo PCR
Red Master Mix (Willowfort, UK), 1 uL of template
DNA, and 1 pL of each forward and reverse primer,
and the volume was adjusted to 50 pL with
nuclease-free water. The PCR program was as
follows: initial denaturation at 94°C (5 min); 35
cycles of denaturation at 94°C (45 sec), annealing at
48°C (1 min), and extension at 72°C (1 min); and a
final extension at 72°C (10 min).
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Spa typing

The investigated isolates were subjected to
PCR amplification using spa gene-specific primers
and DNA sequencing of the amplified PCR products
(Table 2). The investigated MDR-MRSA isolates
representing the most common SCCmec genotypes
(n = 33) were subjected to PCR amplification of the
polymorphic repeat region (X region) of the spa
gene as previously described. The PCR mixture was
set up in a total volume of 20 pL containing 10 pL
of Cosmo PCR Red Master Mix (Willowfort, UK),
1 pL of template DNA, 1 pL of each forward and
reverse primer and 7 pL of nuclease-free water. The
PCR program involved initial denaturation (94°C, 5
min), followed by 30 cycles of denaturation (94°C,
30 sec), annealing (52°C, 30 sec) and extension
(72°C, 1 min), and a final extension (72°C, 10 min)
[14,16].

The spa PCR amplicons were purified with
a DNA Purification Kit (Qiagen GmbH, Hilden,
Germany) according to the manufacturer’s
instructions. The purified PCR products were
confirmed by agarose gel electrophoresis. The
purified spa PCR products were sequenced using the
Sanger technique by Macrogen (Seoul, South
Korea). Spa typing was conducted following the
method described by Harmsen et al. [14]. The spa
sequences were assembled, and the spa types were
identified by Ridom SeqSphere+ Software version
7.8.0. (7/2021) (Ridom GmbH, Mdinster, Germany)
depending on repeat succession.

Clustering of the extracted spa types was
conducted by spa typing minimum spanning tree
(MST) based on the BURP (Based Upon Repeat
Pattern) algorithm implemented in Ridom
SeqSphere+. The BURP algorithm characterizes the
long-term evolution of MRSA bacteria based on spa
polymorphisms and the relationships between
different spa types [17]. The data about the extracted
spa types, their geographical spread, relative global
frequency, and the predicted ST and MLST clonal
complexes (MLSTCCs) were collected based on the
Ridom  SpaServer database available at
http://spa.ridom.de/spatypes.shtml and the study of
Monecke et al. [18].

Detection of PCR products by TBE (Tris-borate-
EDTA) agarose gel electrophoresis

Amplified PCR products were detected by
agarose gel electrophoresis according to previously
described procedures [19]. PCR products were
visualized through TBE agarose gel electrophoresis
using molecular biology grade agarose (GIBCO,

USA) containing ethidium bromide (Alliance Bio,
USA) in 1x TBE buffer (Thermo Scientific, USA).
DNA fragments were electrophoresed (at 100 V and
70 mA for 40 minutes) in an electrophoresis
apparatus (Cole Parmer, Germany). For DNA
visualization, the gel was placed on a UV
transilluminator ~ (Biometra, = Germany) and
photographed directly at the end of electrophoresis.
The 100-bp and 1-Kb DNA Mwt markers (Gene
Ruler, Thermo Scientific, USA) were used where
appropriate for sizing DNA fragments.

Distribution of SCCmec types among MRSA
study isolates

In the present study, all MRSA isolates
were SCCmec typeable, and the investigated
SCCmec types from I to V were detected. The
results of multiplex PCR-based typing are shown in
figure (1). The results of the PCR assay revealed
that the most predominant SCCmec types were
SCCmec V (34%, 17/50) and SCCmec IV (32%,
16/50), followed by SCCmec II (22%, 11/50).
SCCmec I and SCCmec III were less frequent types;
each was detected in 3/50 (6%) of the investigated
MRSA isolates, as shown in figure (2).

Concerning the clinical sample source of
the isolates and the SCCmec types of the MRSA
isolates, the most predominant types, SCCmec V
and IV, were detected in high percentages from
wounds rather than from other sources. The next
most prevalent type, SCCmec II, mainly existed in
MRSA isolates from blood specimens. A higher
percentage of SCCmec V was detected among
MRSA isolates from wound swabs (8/17, 47%),
followed by isolates from blood and intravenous
catheters (2/17, 11.8% each). SCCmec type IV was
predominantly detected in MRSA isolated from
wound samples (6/16, 37.5%), followed by sputum
(4/16, 25%) and blood (3/16, 18.7%). SCCmec type
Il was frequently detected in MRSA isolates from
blood (7/11, 63.6%) and eye swabs (2/11, 18.2%).
SCCmec type Ill was detected in MRSA isolates
from wound swabs and blood and abscess
specimens (1/3, 33.3%). SCCmec type I was mainly
detected in MRSA isolates from abscess (2/3,
66.7%) and urine (1/3, 33.3%) (Table 3).

Concerning the hospitals included in this
study, the most predominant SCCmec types in Al-
Demerdash University Hospital were SCCmec IV
and SCCmec V (33.3% each, 9/27), followed by
SCCmec I (26%, 7/27) and SCCmec 1 (7.4%, 2/27).
The most predominant SCCmec type in Al-Sayed
Galal University Hospital was SCCmec V (34.8%,
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8/23), followed by SCCmec IV (30.4%, 7/23),
SCCmec I (17.4%, 4/23), SCCmec I1I (13.1%, 3/23)
and SCCmec I (4.3%, 1/23), as presented in table
(3).

Prevalence of SCCmec types in HA-MRSA and
CA-MRSA isolates

Concerning the type of MRSA infection,
HA-MRSA isolates (64%, 32/50) included all
SCCmec types (I-V). Among these isolates, the
most prevalent SCCmec types were SCCmec II,
SCCmec IV and SCCmec V (28.1%, 9/32 each),
followed by SCCmec III (9.4%, 3/32) and SCCmec
I (6.2%, 2/32). The CA-MRSA isolates (36%,
18/50) comprised four SCCmec types, with the most
frequent being SCCmec V (44.4%, 8/18), followed
by SCCmec 1V (38.9%, 7/18), SCCmec II (11.1%,
2/18) and SCCmec I (5.6%, 1/18). SCCmec Il was
not detected among CA-MRSA isolates (Table 4).

Compared with the hospitals of study, at
Al-Sayed Galal Hospital, four SCCmec types were
detected among the HA-MRSA isolates (n = 23),
where the most prevalent type was SCCmec IV
(6/17, 35.3%), followed by SCCmec V (29.4%,
5/17) and SCCmec Il and SCCmec Il (17.6%, 3/17
each). Four SCCmec types were detected among
CA-MRSA isolates from the same hospital (n = 23),
with percentages of 50% (3/6) for SCCmec V and
16.7% (1/6) for SCCmec IV, SCCmec II and
SCCmec I (Table 4). On the other hand, at Al-
Demerdash Hospital, for the HA-MRSA isolates (n
= 15), SCCmec 1I (40%, 6/15) was the most
prevalent type, followed by SCCmec V (26.7%,
4/15), SCCmec IV (20%, 3/15) and SCCmec I
(13.3%, 2/15), with the absence of SCCmec III,
while three SCCmec types were detected among the
CA-MRSA isolates (n = 12), with high frequencies
of SCCmec IV (50%, 6/12) and SCCmec V (41.7%,
5/12) (Table 4).

The spa-based typing of MRSA isolates

In this study, spa typing revealed 13
different spa types among the 33 MDR-MRSA
isolates examined, representing the most common
types in SCCmec typing [SCCmec V (17/33, 51.5%)
and SCCmec 1V (16/33, 48.5%)]. Remarkably, all
investigated isolates were typeable according to spa
analysis. The spa type with the highest percentage
of isolates was t084 (24.2%, 8/33), followed by t688
(15.1%, 5/33), t127 (12.1%, 4/33), t037 (9.1%,
3/33), t132, t238, t903 and t1991 (6%, 2/33). The
other spa types were less frequent, with t355, t2253,

13643, t5111 and 5227 representing 3% (1/33) of
each type (Table 5).

Based on the spa phylogeny, the examined
isolates belonged to nine clades: the first included
spa types t084 and t5111, the second comprised spa
types t127 and t2253, the third included spa types
t037 and t238, the fourth involved spa type t688, the
fifth comprised spa types t1991 and t5227, the sixth
included spa type t132, the seventh involved spa
type 1903, the eighth comprised spa type t355, and
the ninth clade included spa type t3643. The
phylogenetic tree of spa types of individual MDR-
MRSA isolates was generated by the neighbour-
joining method implemented in Ridom SeqSphere+
Software (Figure 3).

Concerning clonal characterization, the
predicted MLSTCCs for the identified spa types in
this study revealed that there was clonal diversity,
with seven MLSTCCs identified in the investigated
MRSA isolates, namely, CC15 (1084, 24.2%), CC5
(t688, 15.1%), CC1l (t127, 12.1%), CC8 (037,
9.1%), CC913 (11991, 6%), ST46 (t132, 6%) and
ST152 (355, 3%). MLSTCCs for the other spa
types, including t238, t3643, t903, t5227, t5111 and
12253, have not yet been assigned (Table 5).

The minimum spanning tree (MST)
clustered the resulting spa types according to the
genetic distance between different spa types into
five MST clusters [spa clonal complexes (SpaCCs)]
and one singleton, where the MST cluster distance
threshold equals nine, and the minimum MST
cluster isolate count equals two. These MST clusters
comprised MST Cluster 1 (7 MST nodes, 14 MRSA
isolates, maximum distance of 18), which included
seven spa types (t127, 12253, t5227, 11991, t355,
t037 and t238). MST Cluster 2 (two MST nodes, 9
MRSA isolates, maximum distance of 1) included
spa types t084 and t5111, while MST Cluster 3 (one
MST node, 5 MRSA isolates, maximum distance 0)
included spa type t688. The MST Cluster 4 (one
MST node, 2 MRSA isolates, maximum distance 0)
included spa type t132, and MST Cluster 5 (one
MST node, 2 MRSA isolates, maximum distance 0)
included spa type t903. The BURP algorithm
revealed one singleton, which included spa type
t3643 (one MST node, one MRSA isolate). The
Ridom SeqSphere+ minimum spanning tree was
also constructed based on the BURP genetic
distances between spa types, as shown in figure (4).
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MRSA clones based on combined SCCmec and
spa typing

The genetic grouping of 33 MRSA isolates,
based on the combination of spa and SCCmec types,
revealed 20 identified MRSA clones. The most
common spa-SCCmec MRSA clones were the t084-
SCCmecV and t084-SCCmecIV clones (12.1%,
4/33 each). This was closely followed by each of the
t688-SCCmecV and t127-SCCmecV clones (9.1%,
3/33) and each of the t037-SCCmecV, t688-
SCCmeclV and t903-SCCmeclIV clones (6%, 2/33
each). The other less frequent clones were t127-
SCCmeclV, t037-SCCmeclV, t238-SCCmecV,
t238-SCCmeclV, t1991-SCCmecV, t1991-
SCCmeclV, t132-SCCmecV, t132-SCCmeclV,
t355-SCCmecV, t3643-SCCmecV, t5227-
SCCmeclV, t5111-SCCmeclV, and t2253-
SCCmeclV (3%, 1/33 for each clone) (Table 5).

Based on the global description of MRSA
clones obtained by combining their MLSTCCs with
SCCmec-spa, 20 different MRSA clones were
observed among the investigated isolates. The most
predominant MRSA clones were CC15-SCCmecV-
t084 (12.1%, 4/33) and CC15-SCCmeclV-t084
(12.1%, 4/33). This was followed by CC5-
SCCmecV-t688 and CC1-SCCmecV-t127 (9.1%,
3/33), and CC8-SCCmecV-t037, CC5-SCCmeclV-
t688 and SCCmecIV-t903 (6.1%, 2/33). Other
MRSA clones were less frequently distributed,
including CC1-SCCmeclIV-t127, CC8-SCCmeclIV-
t037, ST46-SCCmecV-t132, ST46-SCCmeclV-
t132, ST152-SCCmecV-t355, CC913-SCCmecV-
11991, CC913-SCCmeclV-t1991, SCCmecV-t238,
SCCmeclIV-t238, SCCmeclV-t5227, SCCmeclV-
15111, SCCmecIV-t2253 and SCCmecV-t3643 (3%,
1/33)

Table 1. MRSA isolates, clinical specimens and units/wards in the study hospitals.

Type of MRSA . . . .
MRSA infection Hospitals Wards/Units of isolation
Specimens isolates HA- CA-
No. (%) MRSA MRSA (S;J:)' EZ/U,;' Type No. (%**)
No. (%) | No. (%) 0 0
Wound Outpatients 9 (60%)
swabs 15 (30%) | 6 (40%) | 9(60%) | 5(10%) | 10(20%) | Surgery 4 (26.7%)
ICU 2 (13.3%)
13 ICU 12 (92.3%)
0, _ 0, 0,
Blood 13 (26%) (100%) 7 (14%) | 6 (12%) Surgery 10.7%)
| %
Sputum 5 (10%) 3(60%) | 2(40%) | 3(6%) 2 (4%) CCh:Jst 2 2280/0 ;
0
i 75%
Urine 48%) |- 4(100%) | 1 (2%) | 3 (6%) 8?;';’2;';% i E 2: ()/";
0
Abscess 4 (8%) 4 (100%) 2 (4%) 2 (4%) Surgery 4 (100%)
Ophthalmol 2 (66.7%
Eyeswabs | 3(6%) |- 3(100%) | 2(4%) | 1(2%) OEtpa;er:::s ooy - E = 0/3
IV catheters | 3 (6%) 3 (100%) | — 2 (4%) 1 (2%) ICU 3 (100%)
Urinary 0 0 0 0
catheters 1 (2%) 1 (100%) | — - 1 (2%) ICU 1 (100%)
Endotracheal
0 0, _ 0, 0, 0,
aspirates 2 (4%) 2 (100%) 1 (2%) 1 (2%) ICU 2 (100%)
Total 50 (100%) | 32 (64%) | 18 (36%) | 23 (46%) | 27 (54%) | — 50 (100%)

*Percentage was correlated to the total number of MDR-MRSA isolates (n = 50)
**Percentage was correlated to the total number of the corresponding type of clinical source
SUH: AL-Sayed Galal University Hospital; DUH: Al-Demerdash University Hospital
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Table 2. The PCR oligonucleotide primers and amplicon size.

Target gene Primer sequence (5'—3') g;gp(ltl);c)m Reference
scemee | Fw: GCTTTAAAGAGTGTCGTTACAGG 613
Rv: GTTCTCTCATAGTATGACGTCC
Fw: CGTTGAAGATGATGAAGCG
SCCmecll | o CGAAATCAATGGTTAATGGACC 398
Fw: CCATATTGTGTACGATGCG
SCCmeclll | oy CCTTAGTTGTCGTAACAGATCG 280 [13]
Fw: GCCTTATTCGAAGAAACCG
SCCmec IV | By CTACTCTTCTGAAAAGCGTCG 776
SCCmec V Fw: GAACATTGTTACTTAAATGAGCG 325
Rv: TGAAAGTTGTACCCTTGACACC
spa 1113 Fw: TAAAGACGATCCTTCGGTGAGC Variable [14]
1514 Rv: CAGCAGTAGTGCCGTTTGCTT (180-670)
Table 3. Frequency of SCCmec types among MRSA isolates from different clinical sources
MRSA MRSA Hospitals
isolates in Source isolates from
Group SCCmec type . source SUH DUH
SCCmec type | specimen . . 0/\*
No. (%)° speumeg No. (%) No. (%)
No. (%)
Wound 8 (47%) 3(17.6%) | 5(29.4%)
Blood 2 (11.8%) 2 (11.8%) -
Sputum 1 (5.9%) - 1 (5.9%)
Urine 1 (5.9%) - 1 (5.9%)
A SCCmec V 17 (34%) Abscess 1 (5.9%) 1 (5.9%) —
Eye swab 1 (5.9%) 1 (5.9%) —
IV catheter | 2 (11.1%) 1 (5.9%) 1 (5.9%)
oy 1w |- 1(5.9%)
Wound 6 (37.5%) 1 (6.25%) 5 (31.25%)
Blood 3 (18.75%) 2 (12.5%) 1 (6.25%)
B SCCmec IV 16 (32%) Sputum 4 (25%) 3(18.75%) 1 (6.25%)
Urine 2 (12.5%) - 2 (12.5%)
ETAs 1 (6.25%) 1 (6.25%) —
Blood 7 (63.6%) 2 (18.2%) 5 (45.5%)
ETAs 1(9.1%) - 1(9.1%)
C | SCCmecIl ) 11(22%) Eyeswab | 2 (18.2%) 1(9.1%) 1(9.1%)
IV catheter | 1 (9.1%) 1(9.1%) -
Wound 1(33.3%) 1(33.3%) -
D SCCmec Il | 3 (6%) Blood 1 (33.3%) 1(333%) |-
Abscess 1 (33.3%) 1 (33.3%) -
Abscess 2 (66.7%) - 2 (66.7%)
B | SCCmecl | 3(6%) Urine 1(333%) | 1(333%) |-
Total 50 (100%) 50 (100%) 23 (46%) 27 (54%)

* Percentage calculated to the number of MDR-MRSA isolates (n = 50)
** Percentage calculated to the number of isolates in each group

ETAs: endotracheal aspirates
SUH: AL-Sayed Galal University Hospital; DUH: Al-Demerdash University Hospital
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Table 4. The frequencies of SCCmec types in HA-MRSA and CA-MRSA regarding the clinical source and the

study hospitals.

HA-MRSA CA-MRSA
Total No. of Hospital Total No. of Hospital
isolates SUH DUH isolates SUH DUH

Clinical n=232 n=17 n=15 n=18 n==6 n=12
specimens No. (%) No. (%) | No. (%) | No. (%) No. (%) No. (%)
Wounds 6 (18.8) 2(11.8) | 4(26.6) | 9(50) 3(50) 6 (50)
Blood 13 (40.6) 7(41.2) | 6(40) - - -
Sputum 3(9.4) 3(17.6) |- 2 (11.1) - 2 (16.7)
Urine — — - 4 (18%) 1(16.7) | 3(25)
Abscess 4 (12.5) 2(11.8) [2(133) |- — -
Eye swabs - - - 3(16.7) 2 (33.3) 1(8.3)
IV catheters 3(9.4) 2(11.8) |1(6.7) - - -
Urinary 1(3.1) - 1(6.7) - - -
catheters
ETAs 2(6.2) 1(5.8) 16.7) |- - -
Total 32 (64) 17 (53.1) | 15(46.9) | 18 (36) 6 (33.3) 12 (66.7)
SCCmec types SCCmec type No. (%) | No. (%) | SCCmec type | No. (%) No. (%)
in each hospital | SCCmec V 5(29.4) |4(26.7) | SCCmecV 3 (50) 5 (41.7)

SCCmec IV 6 (35.3) | 3(20) SCCmec IV 1(16.7) 6 (50)

SCCmec III 3(17.6) |- SCCmec III - -

SCCmec 11 3(17.6) | 6(40) SCCmec 11 1(16.7) | 1(8.3)

SCCmec 1 - 2 (13.3) SCCmec 1 1(16.7) -
SCCmec types SCCmec type No. (%%*) SCCmec type | No. (%**)
collectively SCCmec V 9 (28.1%) SCCmec V 8 (44.4%)
in both hospitals | SCCmec IV 9 (28.1%) SCCmec IV 7 (38.9%)

SCCmec 111 3 (9.4%) SCCmec 111 -

SCCmec 11 9 (28.1%) SCCmec 11 2 (11.1%)

SCCmec 1 2 (6.2%) SCCmec 1 1 (5.6%)

* Percentage calculated to the number of HA-MRSA (n = 32 isolates).
** Percentage calculated to the number of CA-MRSA (n = 18 isolates).
SUH: Al-Sayed Galal University Hospital; DUH: Al-Demerdash University Hospital; ETAs: endotracheal aspirates.
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Table 5. The frequencies of spa types of the tested MRSA isolates from different clinical samples.

.. - t
spa MLST | Isolate | Clinical | Type of | SCCmec spa-SCCmec spatype
Group type* | CCs No Source infection | type type repeats
P ' yp (n=20) Succession*
25 Wound | CA
27 Blood HA
100 Blood HA v t084-SCCmec IV 17251900
1 |t084 |ccis ége 3:':2 22 34-12-12-23-
96 Sp:Jtum CA 02-12-23
106 Wound CA VvV t084-SCCmec V
170 Blood HA
76 Abscess | HA
1 W A 1688-
58 ound | C V 688-SCCmec V 26-23-17-34-
2 1688 CC5 159 Wound CA 17-16
109 ETAs HA
153 Wound 7y v t688-SCCmec IV
24 Wound HA
145 Wound CA \Y t127-SCCmec V 07-23-21-16-
3 1127 CC1
168 Blood HA 34-33-13
74 Blood HA v t127-SCCmec IV
1 Wound CA
4 [w037 [cc8 [71 | Wound | HA v | rseEmeey | Tl to
36 Sputum | HA v t037-SCCmec IV
U. 15-21-12-16-
5 |38 |- 165 | catheter | HA V.| 1238-SCCmec Vo 16-02-25-
161 Sputum | HA v t238-SCCmec IV | 17-24-24
54 Sputum | HA v t1991-
SCCmeclV
6 11991 | CC913 11991-SCCmec 08-17
61 Wound HA \% v
23 v HA A% t132-SCCmec V
7 1132 ST46 catheter 09-34-16-34
146 Wound CA v t132-SCCmec IV
85 Urine CA 26-22-19-17-
8 1903 | — 122 Wound CA v t903-SCCmec IV 17-20-17-12
Eve 07-56-12-17-
9 t355 | ST152 | 43 y CA A% t355-SCCmec V| 16-16-33-31-
swab
57-12
v t3643-SCCmec 04-17-34-17-
10| 13643 | - 117 catheter | A v \% 32-23-24-24-24
11 15227 164 Wound CA v t5227- 07-56-21-12
SCCmeclV
5111 186-23-12-34-
12 t5111 | — 44 Sputum | CA I\Y SCCmeclV 34-12-12-23-
02-12-23
t2253- 07-12-21-17-
13 t2253 | — 12 Wound HA v SCCmeclV 34-34-33-34

* Spa typing based on Ridom SeqSphere+ software; MLSTCCs: multilocus sequence typing clonal complexes; A minus sign (—) indicates
the absence of data from Ridom spa Server database. ETAs: endotracheal aspirates.
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Figure 1. Agarose gel electrophoresis of multiplex PCR assay identifying SCCmec types from | — V and mecA
gene in MDR-MRSA isolates. Lane M: 100-bp ladder size marker and other lanes are SCCmec type and mecA
results of MDR-MRSA isolates
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Figure 2. The frequency of SCCmec types of MDR-MRSA isolates.
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Figure 3. Phylogenetic tree of spa types of individual MDR-MRSA isolates generated with Ridom SeqSphere+

Software Neighbor-Joining method; within each column, the individual MDR-MRSA isolate No., and its specific
spa type. Clustering distance: 24
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Figure 4. Minimum spanning tree demonstrating the diversity of identified spa types (constructed by the spa
typing MST based upon BURP algorithm implemented in Ridom SeqSphere+ Software). The number on the

edges between the nodes indicates the distance between two spa types, which is calculated based on the BURP
algorithm.
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Discussion

Detecting MRSA strain outbreaks and
identifying transferred clones are necessary for the
molecular epidemiological evaluation of MRSA
infections and adequate infection control measures.
Furthermore, identifying circulating MRSA clones
is critical for preventing the transmission of
common clones inside hospitals, the community, or
from the community to hospitals and back. This
study utilized SCCmec and spa genotyping-based
methods to characterize MRSA isolates from
Egyptian hospitals and studied their genetic
relatedness and diversity. It is believed that SCCmec
IV and SCCmec V are likely more mobile than other
SCCmec types [20]. This assumption could be
supported by the high rates of SCCmec IV and
SCCmec V recorded in the current study. The
present study's findings agree with those of a
previous study from Egypt, which reported that
SCCmec V and SCCmec IV are more frequent
among MRSA isolates from Egyptian hospitals [7].
In addition, the findings of this study are consistent
with many studies from different countries, which
reported that MRSA isolates commonly belong to
the SCCmec IV and SCCmec V types, while other
types are less frequent [5,21-26]. A previous study
from Pakistan indicated that the most common type
was SCCmec IV (43%), followed by SCCmec Il
(25%) and SCCmec Il (22%), but SCCmec V
accounted for only 10% of the isolates [27]. In
contrast, the results of the present study are
inconsistent with those of a previous study from
Egypt, which reported that 57%, 22%, and 11% of
MRSA isolates harboured SCCmec IIl, SCCmec IV
and SCCmec V, respectively [9]. The variation in
the frequency of diverse SCCmec types could be
attributed to the horizontal transmission of the
mobile genetic element among strains in the
community or healthcare settings affected by the
social status difference of communities in different
developing and developed countries or the infection
control measures implemented in various hospitals.

This study explored the prevalence of
SCCmec types among MRSA isolates concerning
the clinical sample source of the isolates. The most
predominant types, SCCmec V and IV, were
detected in high percentages among MRSA isolates
from wound swabs rather than other sources. The
next most prevalent type, SCCmec II, mainly existed
in MRSA blood isolates. This result is consistent
with previous studies that reported similar findings
[23,24]. Concerning the hospitals in this study, the

most predominant SCCmec type in Al-Demerdash
University Hospital was SCCmec IV. However, the
most predominant SCCmec type in Al-Sayed Galal
University Hospital was SCCmec V. This finding
indicates the variable distribution of SCCmec-
harbouring  MRSA isolates among healthcare
settings in the same country or even in the same
geographic region.

SCCmec I, Il and IlI are related to HA-
MRSA strains, while SCCmec types IV and V are
common among CA-MRSA strains [5]. However, as
noted in the current study, HA-MRSA isolates
harboured all SCCmec types, and CA-MRSA
isolates carried four of the five SCCmec types. This
finding is consistent with the findings reported by
Hadyeh et al. [20]. In addition, this finding is
supported by the fact that the relationship between
SCCmec type and community- or hospital-onset
infection is less clear, possibly due to the transfer of
MRSA strains from healthcare settings to the
community and vice versa [9]. Several MRSA
clones have emerged worldwide and in the Middle
East region [28]. The predominance of the SCCmec
IV and SCCmec V types in the current study agrees
with studies on CA-MRSA and HA-MRSA isolates
conducted in neighbouring geographical areas such
as Jordan [29] and Gaza [30]. Therefore, in Egypt
and possibly neighbouring countries, the population
structure of MRSA in the community is starting to
mirror that found in the healthcare settings, making
the boundaries between these two groups of
infections unclear.

Significantly, CA-MRSA could be present
among the bacterial species of the normal flora of
various body regions, including the skin, hands,
groin and nasal cavity of healthy individuals and
healthcare staff. Normal flora containing MRSA can
cause infections when individuals become
immunocompromised due to hospitalization, have
an open wound or surgery, or have other diseases.
Therefore, strict infection control activities must be
implemented in hospitals because this interface
allows the cross-infection of HA-MRSA and CA-
MRSA. This perspective is reinforced by Bartels et
al.’s study, which indicated a rapid shift to CA-
MRSA, where SCCmec type IV was found in 86%
of MRSA isolates [31], and Djoudi et al.’s study,
which attributed this observation to increasing CA-
MRSA colonization rates [32].

The spa typing method is a good option for
MRSA typing for epidemiological purposes. It is
quick and straightforward to perform and interpret
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and has excellent reproducibility [9]. In this study,
the spa typing of the 33 MDR-MRSA isolates
representing the most common SCCmec types
[SCCmec V (17/33, 51.5%) and SCCmec IV (16/33,
48.5%)] revealed 13 distinct spa types. The most
frequent spa types were t084, t688, t127 and t037.
The less frequent spa types included t132, t238,
t903, t1991, t355, 12253, t3643, t5111 and 5227.
These results are consistent with those of previous
studies [7,26] reporting several spa types among
MRSA isolates, with spa type t084 being the
predominant type. However, another study revealed
29 different spa types, where the most prevalent
types were t386, t044, t008 and t223 [20].

According to the spa phylogeny, the
examined isolates belonged to nine spa clades. This
finding is inconsistent with a previous study from
Egypt, which reported that MRSA isolates were
grouped into three different clades: clade 1 included
t044, t267, t786 and t127; clade 2 included t304,
t037 and t1622; and clade 3 comprised t688, 1223
and t6978 [9]. The spa type t127 had the highest
global frequency among all spa types detected in
this study, followed by t084, t037, t355, t688, 1238,
11991, t132, t903 and t2235. Other spa types,
including t3643, 15227 and t5111, are less frequently
distributed worldwide. In particular, spa types t688,
t127 and t037 have been distributed worldwide and
disseminated in Egypt, Arab countries in the Middle
East and some African countries. The spa types
1084, 1132, 1903, t355, t1991 and t2253 disseminated
and originated from countries in the Middle East and
Africa. This may explain why spa type t084 was
more prevalent than other types. Moreover, spa
types, including t3643, t5227 and t5111, are mainly
disseminated in Europe [33].

Regarding clonal characterization, the
predicted MLSTCCs for the identified spa types in
this study revealed seven MLSTCCs identified in
the investigated MRSA isolates, namely, CC15
(t084, 24.2%), CC5 (1688, 15.1%), CC1l (t127,
12.1%), CC8 (1037, 9.1%), CC913 (11991, 6%),
ST46 (1132, 6%) and ST152 (t355, 3%). This
finding is consistent with the Udo et al. study [26]
in Kuwait, which revealed that CC15 was the
predominant MRSA clonal complex among the
studied MRSA isolates and indicated that CC15
clones emerged at a greater percentage than other
clones. The present study's findings also agree with
those of a study conducted in Saudi Arabia and
Egypt, which recorded six clonal complexes,
namely, CC5, CC8, CC22, CC30, CC80, and CC88,

while one spa type was not assigned [7]. However,
the study by Hadyeh et al. [20] from Palestine
reported a wide range of CCs, with 12 MLSTCCs
identified. The 12 identified MLSTCCs were CC22,
CC1, CC8, CC80, CC8/239, CC30, CC5, CCI13,
CC6, CC121, CC126 and CC15. Additionally, an
Alseqgely et al. [9] study from Egypt reported nine
MLST profiles (ST-22, ST-1, ST-5, ST-6, ST-80,
ST-97, ST-239, ST-241, and ST-1502) among the
investigated MRSA isolates.

In the present study, based on the global
description of MRSA clones by MLSTCCs-
SCCmec-spa, 20 different MRSA clones were
observed among the investigated MRSA isolates.
This indicates that various sources of MRSA
infections and dissemination sources differed. The
present study showed that CC15-SCCmecV-t084
(12.1%) and CC15-SCCmeclV-t084 (12.1%)
MRSA clones were the most predominant among
the investigated MRSA isolates. This finding
follows the study of Udo et al. [26], which revealed
that the CC15-SCCmecV-t084 clone was
predominant among the studied MRSA isolates.
However, Goudarzi et al. [5] showed that ST22-
SCCmeclV-t790 was the dominant MRSA clone,
and Alsegely et al. [9] revealed five MRSA clones,
namely, ST-239-SCCmecl1-t304, ST-1502-
SCCmeclV-t044, ST-4808-SCCmeclV-t267, ST-
22-SCCmeclV-1223, and ST-22- SCCmeclV-t6978.
Conclusion

This study revealed that molecular and/or
sequence-based typing methods are reliable tools for
the epidemiological tracking of MRSA strains in
hospital environments and can provide essential
insights into controlling the spread of MRSA
infections. In addition, the present study
demonstrated the high prevalence of MRSA
SCCmec V and SCCmec IV types, and diverse spa
types were identified where spa type t084 was more
predominant. Given the detected MRSA diversity,
the SCCmec and spa typing techniques could be
preferable  for  molecular  epidemiological
investigations of MRSA infections. The identified
MRSA clones in the present study were genetically
diverse or polyclonal, with the CC15-SCCmecV-
t084 and CC15-SCCmecIV-t084 MRSA clones
being prevalent. Future observational studies on
MRSA should aim to understand its epidemiology
better and detect the emergence of new MRSA
strains for effective infection control measures and
better healthcare management.
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