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Abstract

Methicillin-resistant Staphylococcus aureus (MRSA) is notorious as a hospital superbug and a problematic pathogen among communities.
The incidence of MRSA has substantially increased over time in Iraq. The aim of this study was to determine the prevalence and spa types of
MRSA isolates from outpatients or patients upon admission into hospitals. Various biochemical tests identified S. aureus isolates, and then
this identification was confirmed by PCR using species-specific 16S rRNA primer pairs. Antibiotic susceptibility was determined against
methicillin, oxacillin, and vancomycin using the disk diffusion method. Vancomycin MIC was detected by VITEK 2 compact system. All
the identified isolates were screened for the presence of mecA and lukS-PV-lukF-PV genes; 36 of them were subjected to spa typing-based
PCR. Out of 290 clinical samples, 65 (22.4%) were S. aureus, of which 62 (95.4%) strains were resistant to oxacillin and methicillin. Except
for two isolates, all MRSA isolates were mecA positive. One of the three MSSA isolates was mecA positive. Five strains were resistant to
vancomycin. Fourteen (21.5%) isolates were positive for the presence of lukS-PV-lukF-PV genes. Spa typing of 36 S. aureus isolates revealed
eleven different spa types, t304 (30.3%), t307 (19.4%), t346 (8.3%), t044 (8.3%), t15595 (8.3%), t386 (5.5%), t5475 (5.5%), t17928 (2.8%),
114870 (2.8%), t021 (2.8%), and t024 (2.8%). These findings could be useful for assessing the genetic relatedness of strains in the region for

epidemiological and monitoring purposes, which would be essential to limiting the spread of MRSA.
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Introduction

Staphylococcus aureus is the most common cause of
nosocomial and community-acquired infections world-
wide (Lakhundi and Zhang 2018; Kourtis etal. 2019).
Since the late 1970s, the importance of S.aureus
increased due to the emergence and spread of their resist-
ance to methicillin and vancomycin (Parker and Hewitt
1970; Bendary etal. 2016; Abd El-Aziz etal. 2018).

Recent studies have shown marked dissemination
of methicillin-resistant S. aureus in Iraq (Kareem etal.
2015; Kareem etal. 2020). Hence, epidemiological
studies of these bacteria are significantly important to
determine their source and to control their spread in
the community and hospital settings. Different methods
such as bacteriophage typing, antibiotyping, genotyp-
ing, spa typing-based PCR, and DNA sequencing have
been used to investigate the hospital and community-

onset S.aureus infections (Locatcher-Khorazo and
Gutierrez 1960; Frénay etal. 1996; van Leeuwen etal.
1999; Yadav et al. 2018). Spa typing is based on the
polymorphism of the gene encoding protein A (spa).
Protein A is an essential virulence factor of S. aureus
consisting of five IgG binding sites (A, B, C, D, E) and
C-terminal cell wall attachment portion. The gene
encoding this protein (spa) consists of two regions, one
encodes the Fc-binding domain, and the other encodes
X region (Harmsen etal. 2003). The X region includes
the Xr region and the Xc region, which encodes the cell
wall attachment sequence. The Xr region consists of
avariable number of 24 bp repeats and is located imme-
diately upstream of the region encoding the C-terminal
cell wall attachment sequence (Guss etal 1984; Uhlén
etal. 1984; Schneewind etal. 1992). The Xr region’s
diversity may arise from deletion, duplication of the
repetitive units, or point mutation (Brigido etal. 1991).
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Therefore, the spa gene is variable in length in various
strains of this species because of its X region diversity.
Spa typing method is based on the number of tandem
repeats and the sequence variation in region X of the
protein A gene. Numerous studies demonstrated dif-
ferent spa gene patterns among MRSA strains isolated
from patients in different geographic locations in the
world (Furuya etal. 2010). The main advantages of spa
typing-based PCR and DNA sequencing is the speed,
the simplicity of large database establishment and the
ease of use as well as the clarity of data. Furthermore,
DNA sequencing has demonstrated outstanding type
ability and reproducibility for studying the origin and
evolution of S. aureus strains (Stefani et al. 2012).

In the light of the above, typing of methicillin-
resistant S. aureus isolates is a useful tool for studying
the genetic diversity of the pathogens, clonal related-
ness and tracking the spread of MRSA infections. Cur-
rently, there is not adequate information about typing
of community-associated methicillin-resistant S. aureus
in Iraq. This study aimed to determine the spa types
among clinical isolates of S. aureus obtained from out-
patients in the South of Iraq.

Experimental
Materials and Methods

Bacterial strains and susceptibility test. A total of
65 8. aureus strains isolated from 290 clinical specimens
were obtained from outpatients or patients upon admis-
sion into hospitals in Basrah and Thi-Qar city, South of
Iraq. The following patients were excluded: recent admis-
sion to hospitals, patients on hemodialysis, recent surgi-
cal operation, or an intravenous cannula at the time of
swab taking. S. aureus isolates were collected from urine
samples, tonsil swabs, nasal swabs, wound swabs, burn
swabs, blood samples, and sputum (Table I). All strains

were identified as S.aureus according to the stand-
ard microbiological techniques (Merlino etal. 2000).

Antibiotic susceptibility testing to methicillin
(10 pg), oxacillin (1 ug), and vancomycin (30 ug) were
carried out on Mueller-Hinton agar (Oxoid Limited,
Hampshire, England) using the Kirby-Bauer disk diffu-
sion method, according to the recommendations by the
Clinical and Laboratory Standard Institute (CLSI 2019).
Vancomycin MIC was detected by VITEK 2 compact
system (bioMérieux, Inc., Durham, NC, software ver-
sion 8.01 and AST-GP580).

DNA isolation and PCR conditions. DNA extrac-
tion was carried out with a mercantile DNA isolation
kit (Promega, USA) according to the manufacturer’s
instructions.

Molecular identification of S.aureus. PCR was
used to amplify 228 bp region of 16S rRNA gene frag-
ment of S. aureus, which is highly conserved at a spe-
cies level, using specific primers F 5-GTAGGTGG-
CAAGCGTTATCC-3 and R 5’-CGCACATCAGCGT-
CAG-3’ (Monday and Bohach 1999).

Detection of mecA gene. All identified S. aureus
isolates were tested for the presence of the 310 base
pair bp PCR product of the mecA gene using the fol-
lowing primers: F 5’-GTAGAAATGACTGAACGTC-
CGATAA-3 and (R5-CCAATTCCACATTGTTTCG-
GTCTAA-3’ (Geha etal. 1994).

Detection of lukS-PV-lukF-PV. All isolates were
tested for the presence of the [ukS-PV-IukF-PV genes,
which encode for Panton-Valentine leucocidin (PVL);
in PCR assays using previously described primers and
protocols (Lina etal. 1999).

Spa typing. Primers spal (F 5-ATCTGGTG-
GCGTAACACCTG-3’) and spa 2 (R 5-CGCTGCAC-
CTAACGCTAATG-3’) were used to amplify a portion
of the spa gene (products Variable: 1,150-1,500 bp) of
the 65 isolates (Wichelhaus etal. 2001).

PCR mix reaction. The PCR reaction mix had
a final volume of 25 pl consisting of 2 pl (50-100 ng)

Table I
Prevalence and characterization of S. aureus isolates in different clinical samples.
Sample Strain Vancomycin test anévf)ite}llclicllllilrllntest The mecA gene The spa gene The pvl
No gene
VSSA VRSA MRSA MSSA mecA+ mecA- spa+ spa—

1 | Urine 34 32 2 32 2 31 3 23 11 5
2 | Nasal swab 7 4 3 7 0 7 0 7 0 2
3 | Wound 9 9 0 9 0 9 0 9 0 3
4 | Burn 5 5 0 5 0 5 0 5 0 2
5 | Tonsil 6 6 0 6 0 5 1 6 0 2
6 | Blood 2 2 0 1 1 2 0 2 0
7 | Sputum/pleural 2 2 0 2 0 2 0 2 0

Total 65 60 5 62 3 61 4 54 11 14
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DNA, 1l (20 pmol) of each primer, 12.5 ul of master
mix (Taqg DNA polymerase, dNTPs, MgCl, and reac-
tion buffers; Promega) and 8.5 ul of nuclease-free water,
under the following conditions: initial denaturation at
94°C for 4 min; followed by 35 cycles of denaturation at
95°C for 305, annealing at 56°C for 30 s, and extension
at 72°C for 90s, followed by a final extension at 72°C
for 5min. The mecA and 16S rRNA genes were ampli-
fied under similar conditions except that the extension
was 1 min. PCR amplification products were separated
on 1-2% agarose gels and visualized by staining with
ethidium bromide using a UV light transilluminator.

DNA sequencing. According to the Macrogen
Company requirement (Seoul, South Korea), 20 pl of spa
gene PCR products of selected 36 S. aureus isolates were
sent for DNA sequencing for both strands. The primers
used for DNA sequencing of the X region of the spa
gene were as follows: spa-1113f (5-TAAAGACGATC-
CTTCGGTGAGC-3’) and spa-1514r (5-CAGCAG-
TAGTGCCGTTTGCTT-3’) (Kahl etal. 2005).

DNA sequence analysis. The sequences obtained
were analyzed and aligned using the Bio Edit program
(Hall 1999). The spa typing and evaluation of spa types
of S. aureus strains were performed using the spa data-
base http://spatyper.fortinbras.us/) and (http://www.
ridom.de/spaserver). The spa types’ phylogenetic tree
was drawn using the Molecular Evolutionary Genetics
Analysis (MEGA 7.0) (Kumar et al. 2016).

GenBank accession numbers. The DNA sequences
of the partial spa gene from the representative iso-
lates have been deposited in the GenBank database
under accession numbers LC577038-LC577073 for iso-
lates KAZ1-KAZ37, respectively, and LC586070.1 for
KAZ7.1 isolate.

Results

A total of 65 (22.4%) S. aureus strains were isolated
from 290 clinical specimens. S.aureus isolates were
identified according to the standard microbiological
techniques. All 65 S. aureus (100%) samples exhibited
positive results for the 16S rRNA gene.

Differentiation was based on sensitivity testing using
oxacillin, methicillin, and vancomycin discs, confirmed
by detecting the amplified 310 bp mecA gene using PCR
in MRSA strains.

Among the 65 S. aureus isolates, the highest number
of isolates were from urine samples (n= 34, 52.3%) fol-
lowed by wound swabs (n=9, 13.8%) nasal swabs (n=7,
10.8%), tonsils (n=6, 9.2%), burns (n=5, 7.7%), blood
(n=2, 3.1%) and sputum and tracheal aspirates 2 (3.1%)
as shown in Table L.

Antimicrobial susceptibility testing of MRSA
isolates. Out of 65 isolates, 62 (95.4%) strains were

resistant to oxacillin and methicillin. The mecA gene
was detected in 60 (96.8%) MRSA strains, whereas
2 (3.2%) MRSA strains lacked the mecA gene (Table I).
Out of the four mecA-negative S. aureus, two strains
were resistant to oxacillin and methicillin. On the other
hand, a single strain was mecA-positive but sensitive
to oxacillin and methicillin. Five (7.7%) strains were
resistant to vancomycin in addition to resistance to oxa-
cillin and methicillin, as shown in Table I.

The IukS-PV-lukF-PV genes detection. All 65
S. aureus isolates were screened for the presence of
the lukS-PV-lukF-PV genes, which encode for Panton-
Valentine leucocidin (PVL). Fourteen (21.5%) isolates
were positive for the presence of the lukS-PV-lukF-PV
genes, these isolates were isolated from burns, tonsil
swabs, and urine samples (Table I).

Spa typing. Out of 65 strains, 54 (83.1%) showed the
spa gene PCR products with different sizes, reflecting
the number of 24 bp repeat units within the spa gene
(Fig. 1, Table I). These PCR products generated two dif-
ferent spa types, 52 strains (96.3%) showed a single PCR
band, and only two strains (3.7%) showed two PCR
bands. The spa gene PCR products were not detected
in eleven strains, which were all isolated from urine
samples (Table I). The absence of the spa gene could be
due to mutations in the primer-binding region or true
deficiency of the spa gene in these isolates; however,
this finding needs further study to be confirmed. PCR
products of the spa gene of representative 36 isolates
were sequenced and typed.

Spa typing of 36 S. aureus isolates revealed eleven
different spa types, t304 (12 isolates, 30.3%), t307 (7 iso-
lates, 19.4%), t346 (3 isolates, 8.3%), t044 (3 isolates,
8.3%), t15595 (3 isolates, 8.3%), t386 (2 isolates, 5.5%),
t5475 (2 isolates, 5.5%), t17928 (1 isolate, 2.8%), t14870
(1 isolate, 2.8%), t021 (1 isolate, 2.8%), and t024 (1 iso-
late, 2.8%).

Based on phylogenetic relationships, S. aureus strains
were classified into two main clades (Fig. 2). Except for
t14870 and t386, all other spa types were included in

Fig. 1. The variable PCR product of the spa gene; lanes 2-8.
Lanes 1 and 9, 100-bp DNA ladder.
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Fig. 2. Phylogenetic tree based on specimens, strain types, spa types, vancomycin and methicillin resistance, the mecA gene,
geographical location, and spa repeats.

clade A. Thirty-three (91.7%) isolates were included in
clade A, whereas only 3 (8.3%) isolates were included
in clade B. Within clade A, the isolates were further
clustered into four different groups and three single
types based on the variation in tandem repeats of the
spa gene, methicillin resistance, specimen source, and
geographical location (Fig. 2). Cluster 1 consists of 13
out of 36 (36.1%) isolates, including spa type 304, t024,
and t11595. Cluster 2 consists of nine out of 36 (25%)
isolates, including type t044 and t037. Cluster 3 consists
of three out of 36 (8.3%) isolates, including t5475 and
t044. Cluster 4 consists of two out of 36 (5.5%) isolates,
including t17928 and t021. The spa types t346, t14870,
and t386 showed a single type.

Discussion

The high prevalence of MRSA is becoming a great
public health concern. The resistance of S.aureus to
multiple drugs restricts therapeutic options and causes
severe morbidity and mortality in hospitalized patients
and among communities (Gajdacs 2019). The rate of
methicillin resistance in our study was 95.4%, which is
comparable with the findings of previous local studies
(Al-kadmy 2013; Ibed and Hamim 2014; Kareem et al.

2015; Kareem et al. 2020) and higher than other studies
in different geographic regions of the world (Wang et al.
2012; Cirkovic etal. 2015; Akanbi et al. 2017; Gitau etal.
2018). Many factors could contribute to the variation
in the rate of resistance, such as the population studied,
type of isolates, and prescription of certain antibiotics
in different geographic areas. Two MRSA isolates were
negative for the mecA gene; this could indicate that these
MRSA isolates have a different mechanism for methi-
cillin resistance than through the mecA gene (Ba etal.
2014). On the other hand, a single MSSA isolate was
mecA-positive. It could be due to an effective mutation
leading to an inactivate mecA gene (Kuwahara-Arai etal.
1996). Our findings show that the presence or absence of
the mecA gene may not be sufficient for the confirmed
characterization of MRSA and MSSA isolates. However,
further study is needed to understand the mechanism
behind such a phenomenon of these isolates (MRSA
mecA-negative and MSSA mecA-positive).

In Iraq, as indicated in this study and other recent
studies (Kareem etal. 2015; Kareem etal. 2020), the
prevalence of MRSA has significantly increased. There-
fore, rapid and efficient typing of MRSA isolates is essen-
tial for epidemiological survey and infection control.

In the present study, spa typing based PCR and
DNA sequencing were used to determine MRSA types
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isolated from clinical samples. A selected number of
clinical isolates (33 MRSA and three MSSA) as rep-
resentative isolates collected from two regions in the
south of Iraq were subjected to spa typing. Since it has
several advantages such as simplicity, high discrimina-
tory power, ease of interpretation, and reproducibility.

Our results revealed 11 different spa types, which
were clustered into different groups (Fig. 2). This high-
lights the relationship between spa types and the poten-
tial application of spa typing in assessing phylogenetic
and clonal relationships among clinical isolates. For epi-
demiological purposes, the clinical isolates were classi-
fied into two clades (Fig. 2). Out of 36 isolate, 33 strains
belonged to t304, t037, t024, t044, t346, t021, t15595,
and t5475, t17928 were clustered in clade A, indicating
that 91.7% of the tested isolates were clonally related in
the south of Iraq. Only three out of 36 strains (8.3%)
belonging to two spa types (t386, t14700) were included
in clade B, which could be explained by patient mobility
from a different region in Iraq.

The spa types obtained in the present study varied
in length between 10 (t346, t15595) and three (t386)
repeats. The majority of the tested isolates belonged to
t304 (30.3%) followed by t037 (19.4%). To our knowl-
edge, this is the first time that these spa types have been
found in Iraq. The phylogenetic tree (Fig.2) showed
that t037 is the predominant spa type in Basrah prov-
ince, and all isolates included in this type are methi-
cillin resistance. Spa type t037 was widely reported as
the second common spa type in many Asian countries
(Korea, Taiwan, Malaysia, Iran) and African countries
(Kim etal. 2011; Asadollahi etal. 2018; Zarizal etal.
2018; Lee etal. 2019). The situation was quite different
in Turkey (Giiven Gokmen et al. 2018), where t030 was
the predominant type, and t037 was detected as a low
percentage (8%). Shakeri and Ghaemi (2014) found that
the spa type t037 was the most predominant and the
most common type among MRSA isolates in Iran. The
regional clusters of spa type t037 found in both coun-
tries (Iran and Iraq) could be explained by cross-border
patient mobility between Iraq and Iran. Accordingly,
the cross-border transfer of patients may have a vital
influence on the spreading and prevalence of MRSA in
a certain clone (t037).

The present study showed that spa type t304 was
the predominant type in the Thi-Qar province, and
most of the strains of this type were methicillin-
resistant. Few strains of this type were isolated from
patients in Basrah province. Spa type t304 has been
reported previously in Oman as the predominant type
(Udo etal. 2014) but were not detected in Saudi Arabia
(Monecke etal. 2012), Qatar (El-Mahdy etal. 2014), and
Kuwait (Udo and Al-Sweih 2013). Generally, spa type
t304 is rare globally and found only in five countries
with a small number (Asadollahi et al. 2018). However,

our results showed a high frequency of t304 (30.6%) as
the dominant type.

Other spa types identified with lower frequency in
this study corresponded to t346, t044, t15595, t386,
t5475, 117928, 114870, t021, and t024. All these spa
types have been recorded for the first time in Iraq.
Two strains belonged to t5475, and were isolated from
patients in Basra. Both of them are methicillin-sensi-
tive. This type (t5475) is very rare in the world; there
are only six isolates with records of spa type t5475 in
the Ridom SpaServer database (http://www3.ridom.
de/spa-server/). The first MSSA isolates with spa type
t5475 was reported from Denmark, but MRSA isola-
tes with the same spa type have been reported from
Sweden (http://www3.ridom.de/spa-server/).

Additionally, the present study showed that only
one MRSA strain belonged to spa type t17928; notice-
ably, there is only one MSSA strain with records of
this spa type that was reported from Sweden (http://
www3.ridom.de/spa-server/). Furthermore, our results
showed three MRSA strains belonged to t044, and one
MRSA strain belonged to each of t021 and t024. All
of these spa types are frequently reported in Europe
(Asadollahi et al. 2018).

The present study explored distinct spa types
recorded for the first time in Iraq and many of these spa
types were not reported in the local region or neighbor-
ing countries. This could be explained by cross-border
patient mobility or migrations from or to Iraq during
and after the 2003 Iraq invasion. Although these find-
ings provide vital information on the types of MRSA in
Iraq, there were some limitations. The sources and the
number of clinical samples were not enough to general-
ize the entire country’s conclusions. Further studies are
required to investigate more clinical samples, determine
the spa types of the MRSA isolates, and trace the origin
of these isolates.

This study also, revealed that 21.5% of isolates car-
ried genes code for PVL. It was lower than the 44.3%
and 54.2% [ukS-PV-lukF-PV-positive isolates reported
in Oman (Udo etal. 2014) and Saudi Arabia (Monecke
etal. 2012), respectively but higher than the 14.6% posi-
tive rate obtained in Kuwait (AlFouzan et al. 2013) and
the 12.7% positive rate obtained in Turkey (Akoglu
etal. 2010). Our results also showed a lower rate of
the [ukS-PV-lukF-PV-positivity than that obtained in
Egypt (Abd El-Hamid etal. 2019). On the other hand,
the present results are comparable with positive rates
obtained in Iran (Fard-Mousavi et al. 2015), indicating
the MRSA diversity harbored [ukS-PV-lukF-PV genes
in the region.

The rate of the prevalence of the lukS-PV-lukF-PV
genes in MRSA isolated from burn specimens and
other sites, in this study, suggests that PVL protein is
an effective virulence factor of MRSA infections in our
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community. Furthermore, no significant association
was observed between lukS-PV-lukF-PV-positivity and
a particular spa type, as the presence of the lukS-IukF-
PV genes were observed among diverse spa-types.

In conclusion, our study reported a significant
increase in the prevalence of CA-MRSA in Iraq. Based
on spa typing, eleven different MRSA spa types were
identified, with spa t037 and t304 being the predomi-
nant types. The CA-MRSA data could be useful in char-
acterizing MRSA in Iraq and establishing a proper pre-
ventive and curative program. Therefore, further studies
should focus on identifying MRSA and the incidence of
different S. aureus spa types.

ORCID
Khairallah A.S. Mohammed https://orcid.org/0000-0002-1175-0996

Acknowledgment
The authors thank Mr. Ali N. Alsharefi, for providing part of
the clinical specimens.

Conflict of interest

The authors do not report any financial or personal connections
with other persons or organizations, which might negatively affect
the contents of this publication and/or claim authorship rights to
this publication.

Literature

Abd El-Aziz NK, Abd El-Hamid MI, Bendary MM, El-Azazy AA,
Ammar AM. Existence of vancomycin resistance among methicillin
resistant S. aurues recovered from animal and human sources in
Egypt. Slov. Vet. Res. 2018;55:221-230.

Akanbi OE, Njom HA, Fri ], Otigbu AC, Clarke AM. Antimicro-
bial susceptibility of Staphylococcus aureus isolated from recreational
waters and beach sand in Eastern Cape Province of South Africa. Int
J Environ Res Public Health. 2017 Sep 1;14(9):1001.
https://doi.org/10.3390/ijerph14091001

Akoglu, H., P. Zarakolu, B. Altun and S. Unal. [Epidemiological
and molecular characteristics of hospital-acquired methicillin-resis-
tant Staphylococcus aureus strains isolated in Hacettepe University
Adult Hospital in 2004-2005] (in Turkish). Mikrobiyol Bul. 2010
Jul;44(3):343-355.

AlFouzan W, Al-Haddad A, Udo E, Mathew B, Dhar R. Frequency
and clinical association of Panton-Valentine leukocidin-positive
Staphylococcus aureus isolates: a study from Kuwait. Med Princ
Pract. 2013;22(3):245-249. https://doi.org/10.1159/000343906
Al-kadmy IMS. A genetic study to differential HC/AC MRSA iso-
lated from clinical cases in Iraq hospitals. Mintage ] Pharm Med
Sci 2013;2:57-62.

Asadollahi P, Farahani NN, Mirzaii M, Khoramrooz SS, van Bel-
kum A, Asadollahi K, Dadashi M, Darban-Sarokhalil D. Distri-
bution of the most prevalent spa types among clinical isolates of
methicillin-resistant and -susceptible Staphylococcus aureus around
the world: a review. Front Microbiol. 2018 Feb 12;9:163.
https://doi.org/10.3389/fmicb.2018.00163

Ba X, Harrison EM, Edwards GF, Holden MT, Larsen AR,
Petersen A, Skov RL, Peacock SJ, Parkhill J, Paterson GK, etal.
Novel mutations in penicillin-binding protein genes in clinical

Staphylococcus aureus isolates that are methicillin resistant on sus-
ceptibility testing, but lack the mec gene. ] Antimicrob Chemother.
2014 Mar;69(3):594-597.

https://doi.org/10.1093/jac/dkt418

Bendary MM, Solyman SM, Azab MM, Mahmoud NF
Hanora AM. Characterization of Methicillin Resistant Staphylococ-
cus aureus isolated from human and animal samples in Egypt. Cell
Mol Biol (Noisy-le-grand). 2016 Feb 29;62(2):94-100.
https://doi.org/10.14715/cmb/2016.62.2.16

Brigido Mde M, Barardi CR, Bonjardin CA, Santos CL,
Junqueira ML, Brentani RR. Nucleotide sequence of a variant pro-
tein A of Staphylococcus aureus suggests molecular heterogeneity
among strains. ] Basic Microbiol. 1991;31(5):337-45.
https://doi.org/10.1002/jobm.3620310508

Cirkovic I, Stepanovic S, Skov R, Trajkovic J, Grgurevic A,
Larsen AR. Carriage and genetic diversity of methicillin-resistant
Staphylococcus aureus among patients and healthcare workers
in a Serbian University Hospital. PLoS One. 2015 May 20;10(5):
€0127347. https://doi.org/10.1371/journal.pone.0127347

CLSI. M100-S29 performance standards for antimicrobial suscep-
tibility testing. Twenty-ninth informational supplement. Wayne
(USA): Clinical Laboratory and Standards Institute; 2019.
El-Mahdy TS, El-Ahmady M, Goering RV. Molecular charac-
terization of MRSA isolated over a two year period in a Qatari
hospital from multinational patients. Clin Microbiol Infect. 2014
Feb;20(2):169-73.

https://doi.org/10.1111/1469-0691.12240

Fard-Mousavi N, Mosayebi G, Amouzandeh-Nobaveh A, Japouni-
Nejad A, Ghaznavi-Rad E. The dynamic of Staphylococcus aureus
nasal carriage in central Iran. undishapur ] Microbiol. 2015 Jul 25;
8(7):€20760. https://doi.org/10.5812/jjm.20760v2

Frénay HM, Bunschoten AE, Schouls LM, van Leeuwen WJ,
Vandenbroucke-Grauls CM, Verhoef J, Mooi FR. Molecular typ-
ing of methicillin-resistant Staphylococcus aureus on the basis of
protein A gene polymorphism. Eur J Clin Microbiol Infect Dis. 1996
Jan;15(1):60-64. https://doi.org/10.1007/BF01586186

Furuya D, Tsuji N, Kuribayashi K, Tanaka M, Hosono Y, Uehara N,
Watanabe N. Evaluation of spa typing for the classification of clini-
cal methicillin-resistant Staphylococcus aureus isolates. Jpn J Infect
Dis. 2010 Sep;63(5):364-367.

Gajdacs M. The continuing threat of methicillin-resistant Staphylo-
coccus aureus. Antibiotics (Basel). 2019 May 2;8(2):52. https://doi.
org/10.3390/antibiotics8020052

Geha DJ, Uhl JR, Gustaferro CA, Persing DH. Multiplex PCR for
identification of methicillin-resistant staphylococci in the clinical
laboratory. J Clin Microbiol. 1994 Jul;32(7):1768-1772.
https://doi.org/10.1128/JCM.32.7.1768-1772.1994

Gitau W, Masika M, Musyoki M, Museve B, Mutwiri T. Antimicro-
bial susceptibility pattern of Staphylococcus aureus isolates from
clinical specimens at Kenyatta National Hospital. BMC Res Notes.
2018 Apr 3;11(1):226. https://doi.org/10.1186/s13104-018-3337-2
Guss B, Uhlén M, Nilsson B, Lindberg M, Sjoquist J, Sjodahl J.
Region X, the cell-wall-attachment part of staphylococcal protein
A. Eur ] Biochem. 1984 Jan 16;138(2):413-420.
https://doi.org/10.1111/}.1432-1033.1984.tb07931.x

Giiven Gokmen T, Kalayci Y, Yaman A, Koksal F. Molecular char-
acterization of methicillin-resistant Staphylococcus aureus strains
by spa typing and pulsed field gel electrophoresis methods. BMC
Microbiol. 2018 Oct 24;18(1):155.
https://doi.org/10.1186/s12866-018-1305-6

Hall TA. BioEdit: a user-friendly biological sequence alignment edi-
tor and analysis program for Windows 95/98/NT. Nucl Acids Symp
Ser. 1999;41:95-98.

Harmsen D, Claus H, Witte W, Rothginger ], Claus H, Turn-
wald D, Vogel U. Typing of methicillin-resistant Staphylococcus



1 Spa typing of CA-MRSA 85

aureus in a university hospital setting by using novel software for
spa repeat determination and database management. J Clin Micro-
biol. 2003 Dec;41(12):5442-5448.
https://doi.org/10.1128/jcm.41.12.5442-5448.2003
Ibed AN, Hamim SS. Molecular detection of methicillin resistant
Staphylococcus aureus isolated from burns infection in Al-Nasiriyah
city. World ] Pharm Pharmaceut Sci 2014;2:950-954.
Kahl BC, Mellmann A, Deiwick S, Peters G, Harmsen D. Variation
of the polymorphic region X of the protein A gene during persistent
airway infection of cystic fibrosis patients reflects two independent
mechanisms of genetic change in Staphylococcus aureus. ] Clin
Microbiol. 2005 Jan;43(1):502-505.
https://doi.org/10.1128/JCM.43.1.502-505.2005
Kareem SM, Aljubori SS, Ali MR. Novel determination of spa gene
diversity and its molecular typing among Staphylococcus aureus Iraqi
isolates obtained from different clinical samples. New Microbes New
Infect. 2020 Jan 29;34:100653.
https://doi.org/10.1016/j.nmni.2020.100653
Kareem SM, Al-Jubori SS, Ali MR. Prevalence of erm genes among
methicillin resistant Staphylococcus aureus MRSA Iraqi isolates. Int
J Curr Microbiol Appl Sci 2015;4(5):575-585.
Kim T, YiJ, Hong KH, Park JS, Kim EC. Distribution of virulence
genes in spa types of methicillin-resistant Staphylococcus aureus iso-
lated from patients in intensive care units. Korean ] Lab Med. 2011
Jan;31(1):30-36. https://doi.org/10.3343/kjlm.2011.31.1.30
Kourtis AP, Hatfield K, Baggs J, Mu Y, See I, Epson E, Nadle J,
Kainer MA, Dumyati G, Petit S, et al.; Emerging Infections Pro-
gram MRSA author group. Vital Signs: Epidemiology and recent
trends in methicillin-resistant and in methicillin-susceptible Staphy-
lococcus aureus bloodstream infections — United States. MMWR
Morb Mortal Wkly Rep. 2019 Mar 8;68(9):214-219.
https://doi.org/10.15585/mmwr.mmé6809e 1
Kumar S, Stecher G, Tamura K. MEGA7: Molecular Evolutionary
Genetics Analysis version 7.0 for bigger datasets. Mol Biol Evol. 2016
Jul;33(7):1870-4. https://doi.org/10.1093/molbev/msw054
Kuwahara-Arai K, Kondo N, Hori S, Tateda-Suzuki E, Hiramatsu K.
Suppression of methicillin resistance in a mecA-containing pre-
methicillin-resistant Staphylococcus aureus strain is caused by the
mecl-mediated repression of PBP 2’ production. Antimicrob Agents
Chemother. 1996 Dec;40(12):2680-2685.
https://doi.org/10.1128/AAC.40.12.2680
Lakhundi S, Zhang K. Methicillin-resistant Staphylococcus aureus:
molecular characterization, evolution, and epidemiology. Clin
Microbiol Rev. 2018 Sep 12;31(4):e00020-18.
https://doi.org/10.1128/CMR.00020-18
Lee CY, Fang YP, Chang YF, Wu TH, Yang YY, Huang YC. Com-
parison of molecular epidemiology of bloodstream methicillin-
resistant Staphylococcus aureus isolates between a new and an old
hospital in central Taiwan. Int J Infect Dis. 2019 Feb;79:162-168.
https://doi.org/10.1016/j.ijid.2018.12.002
Lina G, Piémont Y, Godail-Gamot F, Bes M, Peter MO,
Gauduchon V, Vandenesch F, Etienne J. Involvement of Panton-
Valentine leukocidin-producing Staphylococcus aureus in primary
skin infections and pneumonia. Clin Infect Dis. 1999 Nov;29(5):
1128-1132. https://doi.org/10.1086/313461
Locatcher-Khorazo D, Gutierrez E. Bacteriophage typing of Sta-
phylococcus aureus. A study of normal, infected eyes and environ-
ment. Arch Ophthalmol. 1960 May;63:774-787.
https://doi.org/10.1001/archopht.1960.00950020776005
Merlino J, Leroi M, Bradbury R, Veal D, Harbour C. New chro-
mogenic identification and detection of Staphylococcus aureus and

methicillin-resistant S. aureus. J Clin Microbiol. 2000 Jun;38(6):
2378-2380. https://doi.org/10.1128/jcm.38.6.2378-2380.2000
Monday SR, Bohach GA. Use of multiplex PCR to detect classical
and newly described pyrogenic toxin genes in staphylococcal iso-
lates. J Clin Microbiol. 1999 Oct;37(10):3411-3414.
https://doi.org/10.1128/JCM.37.10.3411-3414.1999

Monecke S, Skakni L, Hasan R, Ruppelt A, Ghazal SS, Hakawi A,
Slickers P, Ehricht R. Characterisation of MRSA strains isolated
from patients in a hospital in Riyadh, Kingdom of Saudi Arabia.
BMC Microbiol. 2012 Jul 23;12:146.
https://doi.org/10.1186/1471-2180-12-146

Parker MT and Hewitt JH. Methicillin resistance in Staphylococcus
aureus. Lancet. 1970 Apr 18;1(7651):800-804.
https://doi.org/10.1016/s0140-6736(70)92408-6

Schneewind O, Model P, Fischetti VA. Sorting of protein A to the
staphylococcal cell wall. Cell. 1992 Jul 24;70(2):267-281.
https://doi.org/10.1016/0092-8674(92)90101-h

Shakeri F, Ghaemi EA. New spa types among MRSA and MSSA
isolates in north of Iran. Adv Microb 2014;4:899-905.
https://doi.org/10.4236/aim.2014.413100

Stefani S, Chung DR, Lindsay JA, Friedrich AW, Kearns AM,
Westh H, Mackenzie FM. Meticillin-resistant Staphylococcus aureus
(MRSA): global epidemiology and harmonisation of typing meth-
ods. Int ] Antimicrob Agents. 2012 Apr;39(4):273-282.
https://doi.org/10.1016/j.ijjantimicag.2011.09.030

Udo EE, Al-Lawati BA, Al-Muharmi Z, Thukral SS. Genotyping
of methicillin-resistant Staphylococcus aureus in the Sultan Qaboos
University Hospital, Oman reveals the dominance of Panton-Valen-
tine leucocidin-negative ST6-IV/t304 clone. New Microbes New
Infect. 2014 Jul;2(4):100-105. https://doi.org/10.1002/nmi2.47
Udo EE, Al-Sweih N. Emergence of methicillin-resistant Staphylo-
coccus aureus in the Maternity Hospital, Kuwait. Med Princ Pract.
2013;22(6):535-539. https://doi.org/10.1159/000350526

Uhlén M, Guss B, Nilsson B, Gatenbeck S, Philipson L, Lind-
berg M. Complete sequence of the staphylococcal gene encoding
protein A. A gene evolved through multiple duplications. ] Biol
Chem. 1984 Feb 10;259(3):1695-1702.
https://doi.org/10.1016/50021-9258(17)43463-6

van Leeuwen W, Verbrugh H, van der Velden ], van Leeuwen N,
Heck M, van Belkum A. Validation of binary typing for Staphylo-
coccus aureus strains. ] Clin Microbiol. 1999 Mar;37(3):664-674.
https://doi.org/10.1128/JCM.37.3.664-674.1999

Wang WY, Chiueh TS, Sun JR, Tsao SM, Lu JJ. Molecular typing
and phenotype characterization of methicillin-resistant Staphylo-
coccus aureus isolates from blood in Taiwan. PLoS One. 2012;7(1):
ee30394. https://doi.org/10.1371/journal.pone.0030394
Wichelhaus TA, Hunfeld KP, Boddinghaus B, Kraiczy P, Schifer V,
Brade V. Rapid molecular typing of methicillin-resistant Staphylo-
coccus aureus by PCR-RFLP. Infect Control Hosp Epidemiol. 2001
May;22(5):294-298. https://doi.org/10.1086/501903

Yadav R, Kumar A, Singh VK, Jayshree, Yadav SK. Prevalence
and antibiotyping of Staphylococcus aureus and methicillin-resistant
S. aureus (MRSA) in domestic animals in India. ] Glob Antimicrob
Resist. 2018 Dec;15:222-225.
https://doi.org/10.1016/j.jgar.2018.08.001

Zarizal S, Yeo CC, Faizal GM, Chew CH, Zakaria ZA, Jamil
Al-Obaidi MM, Syafinaz Amin N, Mohd Nasir MD. Nasal colo-
nisation, antimicrobial susceptibility and genotypic pattern of
Staphylococcus aureus among agricultural biotechnology students
in Besut, Terengganu, east coast of Malaysia. Trop Med Int Health.
2018 Aug;23(8):905-913. https://doi.org/10.1111/tmi.13090





