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Abstract

Methicillin-resistant Staphylococcus aureus (MRSA) is the primary cause of nosocomial and animal,
community-acquired infections. S. aureus is a common inhabitant of the upper respiratory tract. Molecular
typing methods are vital for investigations of MRSA. The MRSA has significantly increased in Irag. This study
aimed to determine the prevalence of this bacteria and know the distribution of Spa type among antibiotics-
resistant local isolates from different sources. A total of 150 samples were collected from three different
sources: humans, animals and the environment. Among all these samples, 55 MRSA isolates were determined
using the phenotypic method and the mecA gene. Antibiotic resistance profiles were screened using the disc
diffusion method. Whereas Spa types were identified by using PCR technique and nucleotide sequencing
analysis. The MRSA presence rates were 67.5%, 80 %, and 31.3% in bovine, human, and environmental
sources, respectively. The highest sensitivity of MRSA was to vancomycin, and the lowest was to penicillin.
Multi-drug resistance was found to be in all isolates. Molecular investigation showed that 100% of the tested
MRSA isolates harboured a Spa gene; Spa gene typing assay reveals that the most repetitive spa type was t304,
8986, and 114870, which were reported in humans and animals, followed by type t 304 t14870 in environmental
isolates. This study's findings could help identify the genetic variants responsible for the emergence and spread
of these bacteria in the region.
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1. Introduction

Staphylococcus aureus is a major pathogen of
increasing importance due to the rise in antibiotic
resistance; in recent decades, with the evolution of
bacteria and the abuse of antibiotics, the infection rate
of MRSA has increased worldwide (1). Recently,
methicillin-resistant S. aureus was disseminated in Iraq
intensively (2, 3). S. aureus has been studied in
Basrahprovince by several researchers (4-7). Hence,
studying these bacteria is important to control their
spread in the community and hospital and determine
their source. In 2005, Livestock-Associated MRSA
(LA-MRSA) CC398 was detected for the first time in
pigs and pig farmers. The pig population was a

reservoir for LAMRSA, but LA-MRSA was also found
in a wide range of animals such as chickens, horses,
sheep, goats, calves, and dairy cattle (8).

Several laboratory techniques have been followed to
detect and identify these bacteria. The most popular
technique was related to the molecular characterization
of bacterial genes. The molecular genetic identification
of S. aureus strain types can be achieved by applying
the Spa gene nucleotide sequence genotyping
technique. The Spa genotyping is based on the
polymorphism of the Spa gene, which encodes protein
A. Protein A consider one of the essential virulence
factors of Staphylococcus aureus. This protein consists
of five IgG binding sites (A, B, C, D, E) and a cell wall
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attachment portion (C-terminal) (9). The Spa gene,
approximately 1350bp in length, is composed of 3
distinct regions. Their names in sequence order are Fc
protein section, x region, and ¢ terminal section. Spa
molecular genotyping is related to the nucleotide
sequencing of protein A's polymorphism x section. The
X section comprises a flexible number of 24bp
nucleotide repeats that might differ due to spontaneous
mutation, deletion, or duplication. It can be used as a
good tool to describe the natural bacterial population of
S. aureus strains and investigate its outbreaks (10). The
spa gene is variable in length among various strains of
this species due to the diversity of the Xr region, which
arises from deletion, duplication of the repetitive units,
or point mutation. Spa typing has been proposed as a
rapid sequence-based approach to characterize MRSA.
It is a DNA nucleotide sequence-based technique that
has become a gradually popular method in many
laboratories worldwide (11).

Several studies established many spa gene types
among MRSA isolates from animal and human patients
worldwide. Spa typing depending on PCR and DNA
sequencing, has some advantages like the speed of
analysis, the convenience of setting up huge databases,
and the easy use along with the high data clarity.
Additionally, for exploring the initial origin region and
the evolutionary history of the S. aureus strains. That is
based on DNA sequencing, which has proven
exceptional type ability and repeatability.

This study aimed to determine the prevalence of this
bacteria and know the distribution of Spa type among
antibiotics-resistant local isolates from different
sources.

2. Materials and Methods

2.1. Samples Collection

One hundred fifty samples were collected from three
different groups, including animals, humans and the
environment. Fifty samples from each group were
selected as nasal swabs from animals, humans
(veterinarians and animal owners), and swabs from the
environment in Basra Governoratefrom September

2020 to January 2021. Sterile cotton swabs were used
for nasal swabs samples by inserting them into the
bottom of the nostril and then rotating the swab. Sterile
cotton swabs were rotated on the surfaces, instruments
and hands for the environmental samples. The swabs
were then inoculated in a brain—heart infusion (BHI)
medium and transported immediately to the
microbiological laboratory.
2.2. Bacterial Isolation

After samples had been transported to the laboratory,
they were inoculated on a selective medium (mannitol
salt agar) and incubated for 24 h. Morphology and
colony characteristics were observed. Gram stain was
used to identify the colonies. Furthermore, the isolates
were differentiated by performing biochemical tests
such as catalase and tube coagulase. After that, Pure
growth was stored in Soyabean Casein Digest Medium
containing 40% glycerol as stock at -20 °C.
2.3. Antibiotic Resistance Profile and MRSA
Detection

Several antibiotics, such as ampicillin, oxacillin,
cefoxitin, tetracycline, vancomycin and erythromycin,
were used to identify the bacterial antibiotic resistance
profile. MRSA strains were primarily detected by
identifying the oxacillin resistance ability. For this
purpose, Mueller-Hinton agar plates were inoculated
with bacterial suspension equivalent to 0.5 McFarland.
Then a commercial disk containing oxacillin was put
on the medium surface. The resulting inhibition zone
around the disk was interpreted according to Clinical
and Laboratory Standards Institute (CLSI) guidelines.
2.4. Genomic DNA Extraction

Genomic DNA was extracted from all bacterial
isolates using a commercially available kit (Promega,
USA). Each isolate grew a single pure colony on 5 ml
nutrient broth overnight at 37 °C. The producing
bacterial biomass was collected by centrifugation of the
overnight incubated tube at 4000 rpm for 4 mins. The
pellets were washed twice with sterile distal water.
Then all the extraction steps were done as
recommended by the manufacturing protocol. The
concentration and purity of extracted DNA were



Abdulah et al / Archives of Razi Institute, Vol. 77, No. 6 (2022) 2423-2430

estimated by the
technique (Quawell, USA).
2.5. Polymerase Chain Reactions (PCR)

The PCR technique detected three genes of interest
during the current study. A specific pair of primers was
used to amplify each target gene. Staphlococcus aureus
genus-specific forward and reverse primers were used
to confirm the bacterial genus. Furthermore, a pair of
primers was used to amplify the spa gene's X region,
and the last pair was applied to detect the mecA gene.
All these primers were provided by the Macrogen
company, Soul/ South Korea (Table 1). Every

Nanodropspectrophotometry
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individual PCR reaction tube contains 12.5 pl master
mix (Taq Green Master Mix 2x, Promega, USA), 1l
of 10 pmol forward primer (F), 1l of 10 pmol reverse
primers (R) and approximately 3pl of gDNA (regards
its concentration). The final volume of each reaction
mixture was made up to 25ul with Nuclease—free
water.

As mentioned in table 2, the thermocycling conditions
were accomplished by (BioNeer, Korea) thermocycler.
Then, agarose gel (1%) containing Safe Dye was used to
electrophorese the PCR products, and the gels were
visualized under UV light to detect the expected band sizes.

Table 1. PCR primers used during this study

Primer sequence

Primers name . > 5 Product size Reference
F: AACTCTGTTATTAGGGAAGAACA
16SrRNA R: CCACCTTCCTCCGGTTTGTCACC 756 bp (12)
Voo qene F: AAAATCGATGGTAAAGGTTGGC s33 13
g R: AGTTCTGGAGTACCGGATTTGC P
Spa gene F: AGACGATCCTTCGGTGAGC 33009 a4

R: GCTTTTGCAATGTCATTTACTG

Table 2. Polymerase Chain Reaction amplification programmes used in this study

Step Ter_rllp():. c Tlee OP Cycles  Reference
16SrRNA
| De 95 5 min 1
De 95 30 sec
An 55 30 sec 35 (12)
Ex 72 1 min
F Ex 72 5 min 1
mecA
| De 95 3 min 1
De 94 *30 sec 1 min
An 53 30 sec 30 (13)
Ex 72 1 min
F EX 72 5 min 1
Spa
| De 94 3 min 1
De 94 30 sec
An 50 30 sec
Ex 72 1 min 35 (14)
F Ex 72 5 min 1

* Modified parameters; | De: initial denaturation; De: denaturation; OP: original
program An: annealing; Ex: extension; F Ex: final extension
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2.6. DNA Sequencing and Analysis

The DNA nucleotide sequences of the amplified X
region of the spa gene were performed by Macrogene
company, South Korea. The amplicons were extracted
from the agarose gel after being analyzed and
electrophoresed. The same PCR primers were used for
sequences. Primer concentrations were sent for
sequencing following Macrogene's instructions.

An automatic computer software-based assignment
method was followed to translate the obtained
nucleotide sequences into spa types. The resulting
DNA sequences were initially analyzed using
Snapgene software. The X region FASTA type
sequence located between the conserved SL and SR
sequences was submitted to the spa typer website
(http://spatyper.fortinbras.us/). This region is assessed
as consensus nucleotide sequence repeats consisting of
24 bp, called the repeated ID (r) region. There are more
than 830 identified repeats. Regarding the r types and
numbers forming the X region, the result would be
either an existing spa type or a newly detected type (for
example, see figure 1).

PCR and sequencing

AAAGAAGACAACAACAAGCCTGGC 21

AAAGAAGACAATAACAAGCCTGGT rl0

rl1r10r21r17r34r24r34r22r25= 1304

Figure 1. The spa types nomenclature system

3. Results

Only 86 isolates of the tested bacteria were identified
as S. aureus regarding their  phenotypic
characterization. These results were confirmed by the
presence of the spa gene in all S aureus isolates.
Whereas MRSA isolates were confirmed for 55 isolates
of the total isolated aureus.

Among the 86 test isolates, the highest resistance
percentage was documented with ampicillin (97%),
followed by cefoxitin (86%), penicillin G (83.72%),
oxacillin, erythromycin (63.95%), while resistance to
vancomycin was found to be very low at 1% (Table 3).

All MRSA isolates were assessed for the presence
of the mecA gene using a specific pair of primers in the
PCR technique (Table 1). The results revealed that
58.2% (31/55 ) of the tested isolates harboured the
mecA gene (Figure 2).

The Staphylococcus aureus protein A (spa) gene
detection method relied on the partial amplification of
the spa gene by using specific primers in the PCR
technique. Interestingly, the spa gene was detected in
all the tested S. aureus isolates. The band of the
amplified gene characterized by approximately 330 bp
was determined using a standard molecular DNA
ladder of 1500 bp. Positive and negative amplified
samples were shown with a right-size band and no band
on the agarose gel, respectively (Figure 3).

Spa gene type patterns were identified by sequence
analysis of the amplified part of the spa gene. Each spa
typically consists of multi-repetitive DNA sequences (r
regions). They are specific categorized DNA sequences
made up of 24 nucleotides. Regarding the r types,
located between the LS and RS conserved spa
nucleotide sequence and their repeats, Several spa
types were determined in this study by using the spa
typer server (Table 4).

A range of spa gene types was obtained regarding the
bacterial sources (human, animal and environment).
Moreover, each source of the isolated bacteria showed
diversity in spa gene types. The most repetitive type
was t304 and t8986, reported in humans and animals,
followed by type t14870 in environment isolates.
Interestingly, some isolates from all three sources or the
same source shared the same spa type, such as t304
(Table 4). Whereas approximately half of them
harboured different types. Furthermore, some spa types
were reported only once, such as t1543 in animal
isolates.
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Table 3. The effectiveness of the antibiotics used in this study against the isolated Staphylococcus aureus

Antibiotics Resistance % Intermediate % Susceptible %
Ampicillin 97.68 1.16 1.16
Cefoxitin 86 9.3 4.7
Oxacillin 63.95 0 36.05
Tetracycline 6.98 90.7 2.32
Vancomycin 1 0 99
Penicillin G 83.72 0 16.28
Erythromycin 63.95 23.25 12.8
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Figure 2. An agarose gel electrophoresis image displayed the
amplified mecA gene. The image shows the presence of the
mecA gene by amplifying 533 bp of the target gene. Lane L:
1500 bp DNA ladder, lanes 1-10: positive results

Figure 3. An agarose gel electrophoresis image shows a
partially amplified spa gene pattern. The detected band
corresponds to approximately 330 bp. Lane L: 1500 bp DNA
ladder (Promega, USA); Lanes 1,2,3,4,5,6,7,8: spa gene bands
of bacterial isolates; lane 9: negative control and lane 10:
positive control

Table 4. Repetitive of the identified spa gene types among the isolated MRSA, regarding their sources

Spa type Source t304 18986  t14870 19121 t1534  t3576 118052 114061 Total
Human 8 8 6 - - - 1 1 24
Animal 14 7 - 1 1 2 - - 25

environment 3 - 3 - - - - - 6
Total 25 13 8 1 1 2 1 1 55

4, Discussion

S. aureus is a frequent microbe inhabitant of the
upper part of the respiratory tract. These bacteria, from
the nasal cavities, were observed to be related to
hospital and community-associated infections. In the
last decade, numerous antimicrobial agents have been
documented to be less efficient in S. aureus infections
therapy, which led to drug treatment failure.
Methicillin-resistant S. aureus is an important microbial
pathogen that is presently receiving considerable
attention in animal and public health.

The present study reveals that S. aureus was widely
distributed in different host types. It showed that 60%
(30/50) of human samples contained S. aureus isolates.
These results notice increases in S. aureus presence
when compared to a previous study, which identified S.
aureus bacteria from humans and animals; the studied
bacteria (S. aureus) were detected in 55% of human
samples (15). These findings agree with another
researcher, Mezban, Khudor (6), who found that
59.83% of human nasal samples were carried S. aureus
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isolates. Meanwhile, animal nasal samples (bovine
nasal swabs) were 63.33%. The current study showed
that S. aureus was detected in 74% (37/50) of animal
nasals, which is a bit higher than the S. aureus presence
percentage (65%) in a previous lIragi study reports 65%
of isolates from cow nasal swabs (6). Generally, most
similar studies showed that animal samples contained
more S. aureus than human samples. These differences
might be related to personal human care and body
hygiene.

In contrast, the rate of Staphylococcus aureus isolated
from the different environmental samples (during this
study) was 38% (19/50), which was higher than what
Khudaier, Abbas (15) found in 2013, who reported that
S. aureus presence in 12.5% of the environmental
samples. This highness may be explained by the fact
that the environment, including hospital tools from
which the bacteria were isolated, was not subject to
similar strict sterilization in different organizations. On
the other hand, the environmental samples were curried
much less S. aureus isolates. The presence of S. aureus
in the environment is low compared to other sources
that the bacteria isolated from; these results are
attributed to a lack of nutrients and appropriate and
viable conditions for proliferation and growth. The
expected reasons for this high distribution of S. aureus
bacteria in several hosts (particularly the live host)
could be related to owning several virulence elements
that help these microbes to invade, colonize and infect
diverse hosts (15). Moreover, it might be attributed to
exposure to antibiotics and gaining the genes for
resistance are much lower in the environment.

The highest MRSA presence rate was recorded in
Human samples at 80% of the isolated S. aureus. This
result is higher than what Khudaier, Abbas (15), and his
colleagues found in 2013 in the same city and Alkhafaji
in 2020 reported MRSA isolates rate as 65.28% and
53%, respectively. In contrast, the lowest MRSA
presence percentage was recorded in the environmental
samples at 31.58% (6/19), followed by the bovine
nasal samples at 67.57% (25/37). Generally, the

incidence of MRSA has substantially increased over
time in Iraq.

The mecA gene was molecularly detected in the
isolated MRSA using the PCR technique. Interestingly,
it was detected in 31 of 55 isolates only. Even though
all the tested isolates showed a clear inhibition zone as
positive results in the antibiotic resistance phenotypic
method (Oxacillin and Cefoxitin disc diffusion), these
results were in line with those of, who reported only
51.7% of the MRSA isolates were carrying the mecA
gene. This finding might be related to the presence of a
mecA homolog gene such as the mecC. Several
researchers from different countries suggested that
mecC mediated resistance to the penicillinase-stable
penicillin (oxacillin, nafcillin, cloxacillin, dicloxacillin,
and flucloxacillin) Furthermore, the mecB gene (which
is a plasmid curried gene) was detected in S. aureus as
a responsible gene for methicillin resistance ability. In
addition to the possibility of the mecD gene being
detected in some bacteria as a methicillin resistance
encoding gene from canine and bovine sources.

Staphylococcus aureus protein A gene (spa) is a
nucleotide sequence encoding for an S protein A
formation, which is mainly located in all S. aureus
isolates. Protein A is a cell wall component that
prevents neutrophils from phagocytosing. It has a
distinguished region called the X-segment. The XR-
region, which is a small part of the X-segment of the
spa gene sequence, frequently undergoes repetition
(approximately 24 nucleotide repeats) which is variable
among different strains with no effect on the gene
expression (16). Regarding the Xr-region nucleotide
sequence variation among S. aureus strains, the spa
gene typing analysis has been applied worldwide as a
valuable tool for the molecular genetic characterization
of S. aureus isolates (17). Last few years, the molecular
spa gene analysis was the most utilized method for the
S. aureus genotyping technique, which is a
hypervariable repeat-based method of the X region in
the spa nucleotides sequence (18). The present study
showed that all the identified MRSA isolates (100%)
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harboured spa genes. A direct method (Xr-region-
specific primers and PCR amplification) was used to
scan the presence of the gene of interest. Meanwhile,
each of these spa genes was recognized and classified
in a previously identified category (typable) based on
the Ridom® spa server website database, which
currently contains more than 20300 novel spa types
supplied from approximately 70 countries around the
world  (http://www.spaserver.ridom.de, 2022). Even
though several studies reported non-typeable-spa S.
aureus strains (14, 19, 20), we have not detected
anyone during this study.

Eight spa types were reported among the three
bacterial sources (Table 3). The dominant spa type, in
this work, was t304. Which has the highest prevalence
among humans (33.33 %) and animals (56 %) in
addition to 50% of isolated environmental MRSA. Our
results are in line with several previous researchers (21,
22), who reported that spa type t304 was the dominant
type among MRSA isolated from human and animal
samples from different countries such as Norway,
Denmark, France, Sweden and the UK. On the other
hand, many studies conducted in Europe, Asia,
America, Africa and Australia (including France and
the UK) stated that spa type t304 was rare among the
studied MRSA (23). These results suggest that the
sample type and collection time are important factors
for identifying style distribution for spa-type MRSA.
Furthermore, they could be used to study the presence
and epidemiology of bacterial infection.

Interestingly, the environmental MRSA isolates were
identified as t304 (50%) and t14870 (50%) only. Both
these spa types were detected in the human samples,
and only t14870 was shared with animal samples. That
would suggest the ability of a human to contaminate
the surrounding environment more than animals. This
might be related to the limited movement and access of
animals to specific places compared to humans and
human control over the number and existence of
domestic animals such as cows. Another reason could
be due to the origin of environmental samples used in

this study (door handles, chairs and surgical
instruments).

No clear relationship between spa type and antibiotic
resistance was detected. Even though, the majority of
spa type t304 was found to be multidrug-resistant
including  cefoxitin  and  penicillin. ~ Whereas
erythromycin divided the t304 strains into three groups;
antibiotic sensitive, resistant and intermediate within
16, 6 and 3isolates respectively.

Authors' Contribution

Study concept and design: N. S. A.and M. Y. A.
Acquisition of data: N. S. A.

Analysis and interpretation of data: M. Y. A.

Drafting of the manuscript: M. Y. A.

Critical revision of the manuscript for important
intellectual content: N. S. A.and M. Y. A.

Statistical analysis: N. S. A.

Administrative, technical, and material support: N. S.
A.and M. Y. A,

Ethics

All ethical procedures were approved by the ethics
committee of the University of Basrah, Basrah, Irag.

Conflict of Interest

The authors declare that they have no conflict of
interest.

References

1. Guo Y, Song G, Sun M, Wang J, Wang Y.

Prevalence and therapies of antibiotic-resistance in
Staphylococcus aureus. Front Cell Infect Microbiol.
2020;10:107.

2. Al-kaabi KT, Al-Kashwan TAJ, Al-Fahham HR.
Molecular Study of Methicillin Resistant Staphylococcus
aureus lIsolated from Different Hospitals in Najaf-Iraqg.
Hospital. 2016;35(8):22.

3. Gadban TH, Al-Amara SS, Jasim HA. Screening
the frequency of panton-valentine leukocidin (pvl) gene
between methicillin resistant Staphylococcus aureus
isolated from diabetic foot patients in Al-Basrah



2430 Abdulah et al / Archives of Razi Institute, Vol. 77, No. 6 (2022) 2423-2430

governorate, south of Irag. Sys Rev Pharm.
2020;11(11):285-90.

4. Hattab SO, Al-Amara SS. Panton-valentine
leukocidin (pvl) gene prevalence among methicillin-
resistant Staphylococcus aureus isolated from oral infection
in Basrah Governoratel-Basrah, Iraq. J Basrah Res.
2021;47(2).

5. Mazaal MA, Ibrahim HK, Mater AD. Molecular
detection of nuc and sea genes of staphylococcus aureus
isolated from cow and sheep meat in basrah city. Basrah J
Vet Res. 2021;20(1).

6. Mezban JM, Khudor MH, Abbas BA. Multiplex pcr
detection of erythromycin resistance genes in coagulase
negative staphylococci isolated from cows in basrah, Irag.
Basrah J Vet Res. 2018;17(1).

7. Sheehan AAA, Khudor MH, Isihak FA. Some
immunological responses in rats injected with prepared
bacterin toxoid of local methicillin resistant Staphylococcus
aureus. Iragi J Vet Med. 2022;36(2):401-6.

8. Cikman A, Aydin M, Gulhan B, Karakecili F,
Kurtoglu MG, Yuksekkaya S, et al. Absence of the mecC
gene in methicillin-resistant Staphylococcus aureus isolated
from various clinical samples: The first multi-centered
study in Turkey. J Infect Public Health. 2019;12(4):528-33.

9. Bien J, Sokolova O, Bozko P. Characterization of
virulence factors of Staphylococcus aureus: novel function
of known virulence factors that are implicated in activation
of airway epithelial proinflammatory response. J Pathog.
2011;2011.

10. Strommenger B, Braulke C, Heuck D, Schmidt C,
Pasemann B, Nubel U, et al. spa typing of Staphylococcus
aureus as a frontline tool in epidemiological typing. J Clin
Microbiol. 2008;46(2):574-81.

11. Arakere G, Nadig S, Swedberg Gt, Macaden R,
Amarnath SK, Raghunath D. Genotyping of methicillin-
resistant Staphylococcus aureus strains from two hospitals
in Bangalore, South India. J Clin  Microbiol.
2005;43(7):3198-202.

12. McClure J-A, Conly JM, Lau V, Elsayed S, Louie
T, Hutchins W, et al. Novel multiplex PCR assay for
detection of the staphylococcal virulence marker Panton-
Valentine  leukocidin ~ genes and  simultaneous
discrimination of methicillin-susceptible from-resistant
staphylococci. J Clin Microbiol. 2006;44(3):1141-4.

13. Havaei SA, Moghim S, Bardebari AM, Narimani T,
Azimian A, Akbari M. The comparison of Staphylococcus

aureus types 5 and 8 with respect to methicillin resistance
in patients admitted to Al-Zahra Hospital by PCR. Adv
Biomed Res. 2013;2(1):13.

14. Votintseva AA, Fung R, Miller RR, Knox K,
Godwin H, Wyllie DH, et al. Prevalence of Staphylococcus
aureus protein A (spa) mutants in the community and
hospitals in Oxfordshire. BMC Microbiol. 2014;14(1):1-11.

15. Khudaier BY, Abbas BA, Khudaier AM. Detection
of Methicillin Resistant Staphylococcus aureus Isolated
from Human and Animals in Basrah Province/lrag.
MRVSA2013. 2013;2:12-21.

16. Enany ME, Algammal AM, Shagar GIl, Hanora
AM, Elfeil WK, Elshaffy NM. Molecular typing and
evaluation of Sidr honey inhibitory effect on virulence
genes of MRSA strains isolated from catfish in Egypt. Pak
J Pharm Sci. 2018;31(5).

17. Singh G, Broor S, Agarwal P. Molecular
characterisation of Staphylococcus aureus using spa typing
as a diagnostic tool in Haryana, India. Indian J Med
Microbiol. 2018;36(1):26-31.

18. Karthik L, Kumar G, Keswani T, Bhattacharyya A,
Chandar SS, Bhaskara Rao K. Protease inhibitors from
marine actinobacteria as a potential source for antimalarial
compound. PloS One. 2014;9(3):e90972.

19. Baum C, Haslinger-Loffler B, Westh H, Boye K,
Peters G, Neumann C, et al. Non-spa-typeable clinical
Staphylococcus aureus strains are naturally occurring
protein A mutants. J Clin Microbiol.
2009;47(11):3624-9.

20. Haggag MG, Aboelnour AE, Al-Kaffas M. MRSA
screening and spa gene detection in isolates from
healthcare workers at ophthalmology hospital in Egypt.
Bull Natl Res Cent. 2019;43(1):1-7.

21. Bartels M, Worning P, Andersen L, Bes M, Enger
H, As C, et al. Repeated introduction and spread of the
MRSA clone t304/ST6 in northern Europe. Clin Microbiol
Infect. 2021;27(2):284. el-. 5.

22. Enger H, Larssen KW, Damés ES, Aamot HV,
Blomfeldt A, Elstram P, et al. A tale of two STs: molecular
and clinical epidemiology of MRSA t304 in Norway 2008—
2016. Eur J Clin Microbiol Infect Dis. 2022;41(2):209-18.

23. Asadollahi P, Farahani NN, Mirzaii M, Khoramrooz
SS, Van Belkum A, Asadollahi K, et al. Distribution of the
most prevalent spa types among clinical isolates of
methicillin-resistant and-susceptible Staphylococcus aureus
around the world: a review. Front Microbiol. 2018;9:163.



