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Abstract

Prevalence of methicillin-resistant Staphylococcus aureus (MRSA) is increasing in Saudi Arabia. MRSA
average rate in the country is considered as high as 38%. This review aims to elucidate the present
status of MRSA in Saudi Arabia that may serve as a basis for policy development in controlling the
pathogen from spreading among healthcare providers as well as the Saudi community. The literature
was systematically reviewed in this study using the PRISMA methodology. Eighteen studies with direct
relevance were identified and synthesized for the findings. The incidence of MRSA in Saudi Arabia was
fond to be varying considerably from one region to another. The rate of MRSA prevalence of all S. aureus
strains in the Western, Central, and Eastern regions was 42%, 32%, 27%, respectively. High incidence
in the Western region may be attributed to the presence of the holy Islamic sites which are visited
by millions of people annually from all over the world. The nasal carriage of MRSA in Saudi Arabia
is projected to be around 25% among all isolated S. aureus strains. MRSA colonization ranged from
18%-76% among healthcare workers in Saudi Arabia. The clonal diversity of isolated MRSA strains was
indeed varied. However, it seems that specific genotypes of MRSA are more frequently encountered.
Type ST239-11l is common with hospital-acquired MRSA whereas types CC80-1V (ST80) and to a lesser
extent CC22-1V are prevalent among community-acquired MRSA isolates in Saudi Arabia.
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INTRODUCTION

Methicillin-resistant Staphylococcus
aureus(MRSA) was first described in the early
1960s'. At that time, it was limited mainly to
hospitals (hospital-acquired MRSA, HA-MRSA) or
in the context of healthcare. MRSA can result in
disastrous clinical outcomes with high mortality
and morbidity rates. In the United States alone,
the annual death toll caused by MRSA is estimated
to be 20,000 cases?.

Limited studies in Saudi Arabia have
endeavored to explore risk factors connected
with HA-MRSA3#, Moreover, a diversity of cloned
MRSA is starting to proliferate among hospitals in
the country. Sustained gathering and molecular
descriptions of these strains are vital for full
treatment and prevention.®> The appearance of
MRSA among previously healthy people in the
community, even those not having been exposed
to healthcare services, was identified in the 1990s°.
Community-acquired MRSA (CA-MRSA) appeared
first to be limited to skin, soft tissues and bone
infections’. The prevalence of MRSA in Saudi
Arabia was noted 10 years ago and unembellished
community-acquired infection; was confirmed that
the general occurrence is indefinite and diverges
among geographical areas in the Kingdom*21°,

Resistance among microbes is an
unavoidable complication of the use of antibiotics,
adding serious challenges to the prevention and
treatment of infectious diseases. It emphasizes
the need to develop more effective approaches to
treating MRSA rather than relying solely on current
traditional techniques. The term “methicillin-
resistant Staphylococcus aureus” (MRSA) specifies
the variants of S. aureus that are resistant to
many antibiotics, either in the hospital or a
community setting; for example, medications like
imipenem, oxacillin, methicillin, cephalosporins,
nafcillin, and/or drugs classified as beta-lactamase
inhibitors. S.aureus is now resistant to methicillin
via the acquisition of an exogenous mobile gene
that integrates into its chromosomal DNA. [
This results in enormous decreased affinity to
beta-lactam drugs by changing the binding site
of the penicillin-binding protein PBP2a*. Since
prevalence of MRSA and their clonal variants have
been recorded in scattered studies, this study aims
to review the literature that will elucidate the
present status of MRSA in Saudi Arabia. It is hoped

that the findings from the literature will serve as a
helpful tool for policy development to control the
spread of the pathogen in any setting in different
Saudi regions.

METHODS

A systematic review of the literature
was conducted to synthesize the prevalence of
MRSA in Saudi Arabia. The study used the search
terms “MRSA”, “Saudi Arabia”, “Community-
acquired MRSA”, Hospital-acquired MRSA”,
“genotypes”, and “Staphylococcus aureus”among
several databases. All searched databases such
as Google Scholar (n=23,500), Cochrane Library
(n=2), ScienceDirect (n=684), and PubMed (n=268)
were housed via PRISMA diagram [Figure 1]. All
duplicated copies were then removed (n=23102).
All relevant records were retained for another
screening (n=1350) and irrelevant abstract and
title, hybrid literature, not written in English,
and studies not conducted in Saudi Arabia were
removed (n=1147). Likewise, relevant studies were
retained (n=203). Another screening was done to
include those studies written in full text (n=53). All
paper articles were carefully re-read for relevance.
Finally, 18 full-text articles that fit the topic directly
were chosen to synthesize the results.

RESULTS AND DISCUSSIONS
Prevalence of MRSA in Saudi Arabia

The incidence of MRSA in Saudi Arabia
varies considerably from region to region. The rate
of MRSA prevalence in the Western, Central, and
Eastern regions is 42%, 32%, 27%, respectively.*314
Previously, it was estimated the overall MRSA
prevalence rate in the entire country was nearly
30%, representing the second highest incidence
among neighboring Gulf countries.'® However,
Adam and Abomughaid (2018) recently reported
the MRSA rate in the country is considerably
higher at 38%.°In general, it is not definitive what
the rates are and it does diverge among different
areas. Results from a single study of Riyadh
hospitals showed MRSA incidence of entirely S.
aureus strains fluctuated between 12% and 49%."

Massive movements by people to
Saudi Arabia (for pilgrimages or migration) are
accountable for the widespread distribution of
newly developing infections and the appearance
of previously undescribed clonal complexes of
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MRSA. Annually, millions of Muslim people from
all over the world visit the country’s holy mosques
in Mecca and Medina. This activity certainly
contributes to the distribution of MRSA strains
throughout the region and even internationally.
The main portal of entry to these holy mosques
is Jeddah City which probably harbors a wider
variety of MRSA clones and species than any other
area of the country. A recent meta-analysis-based
study showed the highest prevalence of MRSA in
the Western region of Saudi Arabia (where the
Islamic holy sites are located), with lesser rates

in other parts of the country.***However, there is
no nationwide analysis of the impact visitors have
on the clonality and epidemiology of clinically
significant S. aureus strains.

The epidemiological cycle of MRSA is
vigorously changing as the incidence of CA-MRSA
infections are more reported. S. aureus normally
resides on the skin and inside the anterior nares
of healthy humans as a commensal microbe,
from where it can disseminate into other parts
of the body or into the environment causing
diverse infections. It is worthwhile to mention
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that prevalence of MRSA nasal carriage varies
greatly from one geographical place to another. For
example, reports from India showed nasal MRSA
colonization was 3.9% of all nasal staphylococcal
strains'®, where as it was only 1.5% in the United
States.' The nasal carriage of MRSA in Saudi Arabia
is projected to be around 25% among all isolated
S. aureus strains.’®?' This increased percentage
among community people might be connected
to the misuse and overconsumption of antibiotics
in the country, in particular beta-lactam drugs.?%
Saudi studies on CA-MRSA are indeed scarce and
scattered. Historically, CA-MRSA in Saudi Arabia
was first reported in 2001 in the Eastern region
of the country?. It was found that CA-MRSA in
children was 23.2%-29.8%.2"* The vast majority
of these CA-MRSA pediatric infections were of
skin and soft tissues while only 9% represented
invasive infections.?®* An outbreak of CA-MRSA was
reported in 2009 in a neonate nursery without
any previous predisposing hospital-associated
risk factors in a tertiary clinical facility in Riyadh?.
Infected neonates had some features in common
like pre-term delivery and underweight; and
all** CA-MRSA infected babies showed mild to
moderate skin and soft tissues manifestations?.

CA-MRSA can result in severe invasive
infections such as septicemia, necrotizing
pneumonia and necrotizing fasciitis*. Clinical
conditions like osteomyelitis, deep-seated abscess,
pyomyositis, and invasive CNS involvement in a
Saudi tertiary hospital were reported?. As stated,
investigations on CA-MRSA in Saudi Arabia are
limited. More studies need to be conducted as
many international reports have confirmed that
CA-MRSA is now more prevalent than HA-MRSA
infections.Predisposing factors for CA-MRSA
infection include direct contact with CA-infected
or colonized individuals, crowded living conditions,
poor hygiene, sharing of intimate items and
contact physical activities®.

Like the incidence of MRSA colonization
among people of the community, the incidence in
healthcare workers (HCWs) varies from one area
to another, whether nationally or internationally.
Previous studies showed MRSA colonization
among HCWs in Saudi Arabia ranged from
18%-76%?"2°.Needless to say, colonized HCWs
and hospitalized patients might be implicated
in outbreaks of MRSA infections in different

wards of any clinical setting. MRSA infections
within hospitals spread due to many factors,
including undermined infection control policies,
prolonged and repeated hospitalization, antibiotics
abuse, chronic diseases, poor-sterility surgical
procedures, presence of indwelling devices and
extreme age. Surgical site infections are among
the most common forms of HA-MRSA. Nosocomial
MRSA infections are mainly associated with
coronary artery bypass graft (CABG) procedures
and joint replacement surgery primarily in elderly
patients®*. The highest global incidence of HA-
MRSA were observed in nursery (35.8%), intensive
care (19.8%), gynaecological (16.2%) and surgical
(11.7%) patients?’. A previous study conducted
in a Saudi tertiary hospital in Riyadh showed that
surgical-associated infections were nearly 7%, and
these infections were more pronounced in patients
with diabetes and emergency operations.?! HA-
MRSA surgical infections represented 50% of
all isolated S. aureus strains®'. A study released
by investigators in the Saudi Security Forces
Hospital reported that around 70% of all HA-
MRSA infections were of wound, skin and soft
tissue origin; septicemia and tracheal infections
represented nearly 13% and 18%, respectively®2.
In a multi-centered retrospective medical chart
investigation carried out in Lebanon and Saudi
Arabia, the incidence of MRSA skin and soft tissue
infections in hospitalized patients was substantially
higher than in Lebanon®.HA-MRSA pneumonia
was found to be 55% of all MRSA cases, with a
prevalence among Lebanese patients < 18years
old in contrast to Saudi subjects, where the
incidence of HA-MRSA pneumonia was higher
in the > 55 years age group®3. The mortality rate
owing to MRSA pneumonias in Saudi hospitals
is between 30-35%3*%. In the south-western
area of Saudi Arabia, specifically in Asir Province,
HA-MRSA represents 54% of all nosocomial
infections caused by S. aureus clinical isolates
of which 85% are strikingly multi-drug resistant
MRSA strains.?> A study conducted in Taif (west in
Mecca Province) found that nosocomial infections
accounted for 48% of all infections of hospitalized
patients whereas community associated infections
were about 52%3%. Amongst these infections,
investigators noticed the incidence of nosocomial
infections in Taif region was 2 per 1000 with HA-
MRSA representing 10% of them. The highest
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incidence of HA-MRSA was observed in wound
infections (33.3%) followed by skin and soft tissues
at 18.6 % 3°. In contrast to Sabra and Abdel-Fattah,
Eed et al. noticed that HA-MRSA cases in Taif were
69%, which far outnumbered CA-MRSA (31%)35%7.
Most HA-MRSA clinical cases were manifested as
sepsis (38%), followed by wound (33%) and lower
tract (19%) infections®. HA-MRSA is still a major
clinical concern worldwide and, for example, in
Europe it causes around 44% of antibiotic-resistant
nosocomial infections with a death toll of 22%?.

Some chronic clinical conditions such as
diabetes mellitus and haemodialysis (HD) may
escalate the prevalence of MRSA colonization and
infections®. In diabetic patients, MRSA represents
23% of isolated clinical microbes in wounds
pertaining to diabetic foot infections. In the
Northern region of Saudi Arabia, 31% of all positive
MRSA isolates were taken from diabetic patients;*
keeping in mind that the incidence of foot ulcers
in patients with diabetes mellitus is estimated at
6.3% globally.**** Hyperglycaemia, impaired nerve
function and poor peripheral blood flow in patients
with diabetes mellitus complicate the healing of
wounds and ulcers and may lead to catastrophic
clinical consequences. Both MRSA and MSSA
in end-stage renal disease Saudi patients older
than 75 years were frequently identified as the
nasal variety*’. This report rings an alarm for
infection control implementers in Saudi Arabia
to pay more attention to the elderly undergoing
HD as they might be more vulnerable for MRSA-
linked vascular access-related septicaemia. MRSA
infections in HD patients lead to significantly longer
hospitalizations, increased healthcare costs, and
higher death rates®.

In the United States, prevalence of MRSA
infections in patients with cystic fibrosis (CF) has
risen from 12% in 2003 to nearly 26% in 2013, with
serious lung function impairment and subsequent
mortality . In a recent retrospective chart review,
MRSA incidence among CF patients in Saudi Arabia
was reported to be 11%*. Due to serious MRSA
complications in CF patients, its eradication must
be considered and it was found that a combination
of oral rifampicin and nebulized vancomycin
remained one of the successful eradication
regimens®,

Circulating MRSA genotypes in Saudi Arabia

MRSA resistance to beta-lactam

antibiotics is due to the acquisition of mec genes
within a mobile genetic cassette (SCCmec) in the
staphylococcal chromosomal DNA, leading to
altered penicillin-binding proteins #. Genetically,
SCCmecis classified into eight different genotypes
(I-V1Il) with some divided further into subtypes*-°.
Genotyping of the SCCmec provides a strong
marker to discriminate HA-MRSA fromCA-MRSA
isolates®’. It is well established that CA-MRSA
strains have SCCmec type IV or V, whereas HA-
MRSA strains have SCCmec type |, Il or IlIl).5%%3
Moreover, the presence of Panton-Valentine
leukocidin (PVL), an exotoxin that is lethal to
leukocytes, is thought to be highly associated with
CA-MRSA while it is absent in HA-MRSA strains.??
Multilocus sequence typing (MLST) is increasingly
becoming a valuable epidemiological tool in
identifying microbial infections, and it is based
on the sequencing of seven normal housekeeping
genes of each microbe. Accordingly, the generated
sequences allow each strain a specific designation
named sequence type (ST) which help in domestic
and global epidemiological studies®. Regarding
MRSA strains, the New York/Japan (ST5/SCCmec )
and Brazilian/Hungarian (ST239/SCCmec Ill) clones
are widespread globally and connected to HA-
MRSA isolates while the Taiwanese (ST59/SCCmec
IV orV), USA300 (ST8/SCCmec V), European (ST80/
SCCmec IV), and USA400 (ST1) clones are always
connected to CA-MRSA.*>Additionally, MRSA
can be further categorized into different clonal
complexes (CC). Each distinct CCis comprised of a
group of STs in which every ST shares at least five
of seven identical alleles with at least one other
ST in the group®.

In the Central region of Saudi Arabia
(specifically in Riyadh), many CCs of MRSA strains
have been reported. One of the earliest studies
conducted found that four CCs were abundant
among MRSA isolates in Riyadh®’. The most
predominant strains were CC8/ST239-Ill (Brazilian/
Hungarian Strain), CC22-1V (UK-EMRSA-15/Barnim
Epidemic Strain), ST30-1V (Southwest Pacific Clone)
and the European CA-MRSA clone CC80-1V*7.
ST239-1ll is a pandemic HA-MRSA strain widely
reported in many parts of the world including many
countries in the Middle East such as Saudi Arabia.®®
HA-MRSA strains isolated from hospitalized cancer
patients in Riyadh were all found to be SCCmec
type lll with a predominance of ST239 (58%) and

Journal of Pure and Applied Microbiology

41

www.microbiologyjournal.org



Aljeldah, J. Pure Appl. Microbiol., 14(1), 37-46 | March 2020 | https://doi.org/10.22207/JPAM.14.1.07

ST80 (22%).>° It was found that HA-MRSA collected
from cancer patients were more multiple-resistant
to antibiotics than those isolated from non-cancer
hospitalized patients.*®* However, Senok et al.
found 14 different clones of all tested HA-MRSA
strains with the most common being CC80, CC6,
CC5, and CC22, respectively.®°Only 9 strains of 117
isolates were ST239 MRSA-IIl whereas all others
were of CA- MRSA lineages as they harboured
SCCmec IV and V. This finding strongly suggests
a shift has occurred in the epidemiological cycle
of MRSA, offering a serious evidence that CA-
MRSA clones are now predominately implicated
within healthcare settings and in hospital-acquired
infections. Types of MRSA nasal carriage in Qassim
(Central Saudi Arabia) were found to be SCCmec
type V (42%) and SCCmec type IVa (23%), while 35%
of isolates were non-typeable.?® As for the clonal
complexes, CC5, CC8, CC15, CC22, CC25, CC80,
and CC188 were characterized. The prevalence
of PVL among these CA-MRSA isolates was only
11.5%.% The latter finding may indicate that PVL
detection is currently of little diagnostic value as
far as CA-MRSA is concerned. The first documented
glycopeptide intermediately susceptible S. aureus
(GISA) case was announced in 2009 in Riyadh with
a 69-year-old Saudi male patient presenting with
severe MRSA sepsis.®* Subsequent investigation
of this case demonstrated that the MRSA involved
was a genotype of SCCmec type Il and was of
sequence type ST241, a variant of the notoriously
known nosocomial multi-resistant clone ST239.5*

In the Western region of Saudi Arabia,
five tertiary hospitals in Makkah were screened
for MRSA genotypes prevalence.®®* Out of 114
MRSA isolates collected, 3% were SCCmec type |;
9% were type Il; 47% were type lll, and 29% were
type IV with only 19% of the isolates harboring the
PVL toxin.>*This finding shows that SCCmec type
Il is still by far the commonest MRSA genotype
associated with healthcare settings in Saudi Arabia,
similar to many places worldwide. Abulreesh and
co-investigators reported that clinical isolates of
MRSA collected from different clinical laboratories
in Makkah were 100% positive for mecA gene while
the strains showed 0% positivity for PVL encoding
genes.® In Taif, HA-MRSA strains were genotyped
as SCCmec type | (45%), SCCmec type Il (37.5%),
and 17.5% as type I, whereas CA-MRSA were
61% type IV and 33% type V.¥” Amplification of

the coagulase gene and application of restriction
fragment length polymorphism (RFLP) showed
seven distinct patterns among HA-MRSA; five
patterns in CA-MRSA isolates.?” Moussa and
co-workers showed MRSA isolates from Jeddah
had 42.5%, 38.6%, 15.8% and 2.9% incidence of
isolates belonging to SCCmec types V, lll, Iva, and
Ivc, respectively.®> The prevalence of PVL genes
was nearly 38% among all strains tested, mainly
associated with soft tissues and wound infections
(39.1%) followed by pneumonia and respiratory
infections (25%).%

In the Eastern Province of Saudi Arabia,
molecular investigations were performed on
MRSA isolates from carriers and active infections.®*
Strains of MRSA studied were all positive for the
genes of mecA, femA, and sa442; SCCmec-1V
genotype was by far the most abundant type at
77% among all isolates. Prevalence of SCCmec-V
and Il was 13% and 9%, respectively.®* Alkharsah
and co-workers found that CC80 (ST80, ST1440)
lineage was the most commonly encountered
strain (35%) followed by the clonal lineage of
CC22 (ST22), which was 10% among all MRSA
isolates.®*Incidence of PVL showed an overall rate
of 59% of all MRSA isolates tested and was more
frequently associated with active infections (71%)
compared to carrier colonization isolates (47%). In
another study conducted in the same province,
high clonal diversity was reported among MRSA
isolates collected from community members,
clinical students and healthcare workers.®> In an
agreement with previous studies, EI-Mahdy and
co-workers stated that SCCmec-IV genotype of
collected MRSA was the most common at 45%.5°
The most predominant MRSA clonal lineages
detected were CC1t128, CC88 t1339, and CC80.%
Very recently, Alkharsah and colleagues genotyped
MRSA strains collected from the Eastern Province
using staphylococcal protein A (spa) and pulsed
field gel electrophoresis (PFGE) typing methods.
€ Again, the clonal diversity of strains examined
was pronounced with 35 spa types and 34 PFGE
groups. The most prevalent spa types were t044
(30%), t127 and t304 (6% each), t363 (5%), and
11200 and t002 (4% each).%® It is noteworthy that
spa genotype t044 is the CC80 (ST80),a common
strain circulating in Saudi Arabia according to the
various studies mentioned above.

Based on the data inferred from
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investigations conducted in different geographical
parts of Saudi Arabia, the clonal diversity of
isolated MRSA strains is indeed found to be
varied. However, it seems that specific genotypes
of MRSA such as ST239-1ll, CC22-IV, and CC80-
IV (ST80) are more frequently encountered.
ST239-1ll, carrying the staphylococcal cassette
chromosome type Il (SCCmeclll), is considered
the most successful pandemic HA-MRSA clone
associated with healthcare-based infections in
all populated global regions.®” This clone with
extensive resistance to many antibiotics and
hetero-resistant to vancomycin (hVISA) has been
reported in isolates from Australia.®® ST239-Il has
previously been identified in many Middle Eastern
countries including United Arab Emirates, Iraq,
Saudi Arabia and Turkey.>” CC80-IV MRSA clone
represents the European CA-MRSA clone and is
observed throughout the Middle East including the
Gulf region.® The widespread prevalence of CC80-
IVin the region and in Saudi Arabia probably makes
it the most isolated MRSA associated with carrier
colonization and infections of community origin.
MRSA type CC22-1V (also known as UK-EMRSA-15/
Barnim EMRSA) is becoming a pandemic strain in
many parts in the world.®° Although this genotype
of MRSA is considered a community associated
pathogen, its molecular dissection showed
presence of antibiotic resistance markers (such
as aaca-aphd gene encodes for aminoglycosides
resistance), that were previously limited to HA-
MRSA isolates. >’ This finding implies that caution
should be applied as the antibiogram picture
of MRSA isolates has classically been used to
differentiate between HA-MRSA and CA-MRSA.

CONCLUSION

MRSA and its associated infections
remain a clinically distressing issue in Saudi
Arabia. This microbe is region-sensitive in the
country as there are geographical variations of its
prevalence in different Saudi provinces. Makkah
Province (with the major cities of Makkah, Jeddah
and Taif) shows the highest rate (above 40%) of
MRSA isolates whereas prevalence in the Eastern
Province is estimated at 27%. The most common
HA-MRSA strain circulating in Saudi Arabia is
SCCmec type Il with the sequence type of ST239,
while that of frequently encountered CA-MRSA
isolates encompass clonal complexes of CC80,

CC22, and CC5, which are descendants of genetic
lineages having either SCCmec-IV or SCCmec-V
chromosomal cassettes. An annual nationwide
surveillance report on MRSA prevalence, infections
and antibiograms is a necessity to contain its
clinical consequences and subsequent economic
burden.
Limitation of this study

The main scope of this review is to infer
the current epidemiological status of MRSA in Saudi
Arabia and the fact susceptibility of the pathogen
to antibiotics has not been addressed. Therefore,
it would be highly sensible to investigate the
antibiotic resistance of MRSA to drugs of choice,
whether via original researches on a countrywide
scale or by generating a review utilizing already,
although, scanty available data. This will certainly
add a value particularly in empiric treatment of
life-threating MRSA infections.
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