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Abstract

Background: Methicillin-resistant Staphylococcus aureus (MRSA) is an established pathogen responsible
for hospital-acquired infections (HAIs). Accurate MRSA diagnosis is of paramount importance to facilitate
early and effective treatment and to manage its transmission effectively. The primary objective of our
study was to determine the precise prevalence of hospital-acquired MRSA (HA-MRSA) in select teaching
hospitals in Damascus by detecting the presence of the mecA gene.

Methods: One hundred Staphylococcus aureus isolates were collected from various clinical specimens
obtained from inpatients admitted to three major teaching hospitals in Damascus, Syria, including Al-
Moussat, Al-Assad, and Tishreen Military Hospitals. These patients met the established criteria for HAIs.
The isolates were collected between December 2021 and August 2022. Genus and species confirmation
were conducted via polymerase chain reaction (PCR), employing the 165rDNA gene specific to the
Staphylococcus genus and the nuc gene specific to S. aureus. Methicillin resistance was assessed using
cefoxitin disc diffusion (CDD) in accordance with Clinical and Laboratory Standards Institute (CLSI)
recommendations. The presence of the mecA gene was also detected through PCR.

Results: Out of the collected isolates, 67% exhibited resistance to cefoxitin, as determined by the CDD,
while 66% were found to be positive for the mecA gene. CDD demonstrated a sensitivity of 100% and
a specificity of 97%.

Conclusion: This investigation revealed a notably high incidence of HA-MRSA infections within the
teaching hospitals under scrutiny. The CDD method displayed significant sensitivity and specificity,
making it a dependable alternative to the mecA PCR for MRSA detection. This finding holds substantial
importance for the effective implementation of infection control initiatives and strategies aimed at
eradicating MRSA and curtailing its spread within our hospital facilities.
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Introduction
Staphylococcus aureus is one of the most prevalent
pathogens found in healthcare facilities, causing a wide
spectrum of infections in humans. Commonly affected
areasinclude the skin and soft tissues, leading to conditions
such as folliculitis, furuncles, and impetigo. Some of the
diseases caused by this bacterium can be life-threatening,
including bacteremia, endocarditis, pneumonia, and
osteomyelitis, resulting in high rates of morbidity and
mortality and a substantial economic burden (1).

The primary challenge posed by S. aureus is its
remarkable resistance to various classes of antibiotics
through various mechanisms. Within two years of the

introduction of penicillin for the treatment of S. aureus
infections, penicillin-resistant strains emerged due to the
production of the beta-lactamase enzyme. However, just
two years after the introduction of methicillin (which is a
beta-lactamase-stable drug), methicillin-resistant S. aureus
(MRSA) was first reported by the British scientist Jevons
in 1961 (2). Currently, MRSA is regarded as a significant
threat to human health, particularly in healthcare settings,
as it exhibits resistance to all beta-lactam antibiotics
and their derivatives, except for the latest generation.
Moreover, some strains are resistant to other classes
of antibiotics, such as quinolones, aminoglycosides,
macrolides, and the like (3).
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In accordance with the 2022 report from the Centers for
Disease Control and Prevention (CDC), there has been a
7% increase in the incidence of MRSA infections within
hospitals in the United States (4). Reports from Europe,
Asia, and Africa have also substantiated the emergence
of this resistant bacterium and underscored the pressing
need for global intervention (5).

Methicillin resistance is primarily mediated by the mecA
gene, which encodes novel penicillin-binding proteins
(PBP2a, also known as PBP2'). There are additional, albeit
less significant, mechanisms involving the overproduction
of penicillinase or mutations causing alterations in natural
PBPs (6). PBP2a exhibits low affinity for all beta-lactam
drugs, rendering strains that express PBP2a resistant to
penicillins, cephalosporins, monobactams, carbapenems,
and beta-lactam drugs in conjunction with beta-lactamase
inhibitors (6). MSSA strains, in contrast, possess natural
PBPs and lack the mecA gene.

The CDC defines healthcare-associated infections as
localized or systemic conditions resulting from an adverse
reaction to the presence of infectious agents or their toxins
that were not present upon admission to the healthcare
facility. Conventionally, a 48-hour time threshold after
admission is employed to distinguish between hospital-
acquired and community-acquired infections (7).

The prevalence of hospital-acquired infections (HAIs)
in developed nations stands at approximately 5%-10%,
which is rising to 20%-25% in developing countries (8).
The incidence of HA-MRSA strains varies from one
country to another due to various factors, including
antibiotic treatment policies, the implementation of
infection control programs, and the rate of nasal carriers.
Additionally, this prevalence is on the rise worldwide,
owing to the emergence of new evolutionary MRSA strains
that demonstrate greater adaptability to the hospital
environment (9).

Similar to many developing countries, Syria is grappling
with a shortage of medical capabilities and a decline
in infection control and epidemiological investigation
protocols, exacerbated by the conditions of conflict and
war. The formulation of an effective policy to mitigate the
incidence of nosocomial infections caused by HA-MRSA
hinges on acquiring precise insights into their prevalence
and epidemiology.

To date, there have been no local studies conducted
in Syrian hospitals that establish the exact frequency of
MRSA, except for studies targeting specific groups, such
as medical staft (10), febrile neutropenic patients (11),
or Syrian refugees (12). However, these studies have
predominantly relied on conventional diagnostic methods
for identifying MRSA.

To the best of our knowledge, this study marks the first
instance of employing molecular techniques, specifically
the polymerase chain reaction (PCR) method, to ascertain
the precise prevalence of MRSA. The detection of MRSA
is facilitated through the examination of the mecA
gene, a widely acknowledged gold standard in MRSA
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identification.

Materials and Methods

Clinical Sampling and Laboratory Identification
Overall, 100 non-duplicative clinical samples were
collected from the microbiology laboratories of three
teaching hospitals in Damascus (Al-Mouassat Hospital,
Al-Assad Hospital, and Tishreen Military Hospitals)
between December 2021 and August 2022. After reviewing
the medical file of each patient, only isolates that meet
the criteria for HAIs according to the definition of the
CDC were chosen for the study. The practical part of the
study was conducted in the laboratory of the Department
of Molecular Biology and Biotechnology in the Atomic
Energy Commission of Syria (AECS). Standard strains of
MRSA (ATCC 43300) and MSSA (ATCC' 25923) were
used as control samples in this study.

Laboratory Identification

Gram-positive cocciappeared in clusters, catalase-positive,
mannitol fermenter, and coagulase-positive bacteria, were
initially identified as S. aureus; then, the identification was
confirmed based on the presence of the 16S rDAN and nuc
genes, specific to the Staphylococcus genus and S. aureus,
respectively, using the PCR technique. Primers were
designed for the studied genes using specialized software
(Geneious). The specific sequences of the primers utilized
in the molecular identification are provided in Table I.
Bacterial DNA was extracted using the cetyl trimethyl
ammonium bromide (CTAB) method (13) and then
stored at -20 'C.

The PCR mixture included 1 pL extracted DNA
(100 ng), 1 pL of each primer (10 uM), 1 pL (10 uM) of
dNTPs (Fermentas, USA), 5 uL of 10 x buffer (Fermentas,
USA), 3 pL of MgSO4 (50 mg/mL), and 1 pL (5U) taq
polymerase (Vivantis, Malaysia), and the final volume was
completed to 50 uL with nuclease-free water. The PCR was
performed in the PCR Thermal Cycler (TECHNE, USA).
The conditions of the reaction are presented in Table 2.
PCR products were electrophoretically separated in 1%
agarose gel (Sigma, USA) containing 1 pg/uL ethidium
bromide and visualized under a UV transilluminator (UV
tec, Korea).

Cefoxitin Sensitivity Test
In general, 100 isolates were tested for their sensitivity to
cefoxitin disc 30 pug (Condalab, Spain) by the disc diffusion
method CDD according to the recommendation of the
Clinical and Laboratory Standards Institute (CLSI) (14).
In brief, a colony from an overnight Luria-Bertani (LB)
agar plate was transferred to a tube of 5 mL of LB broth. The
turbidity was adjusted to 0.5 McFarland equal to 1.5x 10°
CFU/mL, and the bacterial suspension was inoculated on
a Muller-Hinton agar plate of 9 cm in diameter. The plates
were left to dry for 10-15 minutes. The disc of cefoxitin
(30 ug) was put in the middle of each inoculated plate. The
plates were then incubated at 30 °C for 16-18 hours.
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Table 1. Sequence of Primers
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Table 2. The PCR Program

Recognized

: 1_91
Gene Sequence of Primer 5'-3

Size (bp)

GGAATTCAAAKGAATTGACGGGGGC
165 rDNA 993
CGGGATCCCAGGCCCGGGAACGTATTCAC

GCGATTGATGGTGATACGGTT
nuc 270
AGCCAAGCCTTGACGAACTAAAGC

TGCTATCCACCCTCAAACAGG
mecA 286
AACGTTGTAACCACCCCAAGA

The results were read by measuring the diameter of the
inhibition halo around the disc. The isolate was classified
as resistant (R) if the diameter of the inhibition zone
was<21 mm and sensitive (S) if the diameter was>22
mm, according to CLSI guidelines (14).

mecA Polymerase Chain Reaction

The extracted bacterial DNA according to the CTAB
method was used (13). Primers (Table 1) were designed
for the mecA gene using specialized software (Geneious).

PCR was performed in the final volume of 25 pL.
The master mix composition was 2.5 puL of 10x buffer
(Fermentas, USA), 1.5 uL (50 mg/mL) of MgSo4, 1 uL (10
uM) of dANTPs (Fermentas, USA), 2 pL of each primer (10
uM), 0.5 uL (5 U) Taq polymerase (Vivantis, Malaysia),
and 2 pL (100 ng) of extracted DNA. The volume was
completed to 25 pL with sterile nuclease-free distilled
water. The positive controls were obtained from AECS,
and a PCR master mix without a DNA template was used
as a negative control. PCR was conducted using a thermal
cycler (TECHNE, USA), and the amplification cycle
conditions are summarized in Table 2.

PCR products were electrophoretically separated in 1%
agarose gel (Sigma, USA) containing 1 pg/pL ethidium
bromide and visualized under a UV transilluminator (UV
tec, Korea).

Statistical Analysis

Descriptive statistical analysis, including percentages to
characterize data, was performed using Microsoft Excel
2010 (Microsoft Corp; Redmond, WA, USA).

The sensitivity and specificity of the cefoxitin disc
diffusion method (CDD) were calculated using mecA gene
PCR as the gold standard.

Results

Characterization of Samples According to Gender and
Age

Age of the patients (62 males and 38 females) included in
the study ranged between 2 and 88 years, with an average
age of 47 years.

Results of Molecular Identification Using 16S rDAN and
nuc Genes

One hundred isolates were confirmed to be S. aureus
using 16S rDAN and nuc gene PCR. A part of the results is
illustrated in Figures 1 and 2.

Steps Temperature Time Cycles
Initial denaturation 95 ° 5 min
Denaturation 95 ° 30s
Annealing 58° 45 35 cycles
Elongation 72° 1 min
Final extension 72°
10 min
Hold 4°

Note. PCR: Polymerase chain reaction.

Results of Cefoxitin Disc Diffusion Test

By the disc-diffusion method (Kirby-Bauer), 100 S. aureus
isolates were tested for their sensitivity to cefoxitin (30
ug), and 67 (67%) and 33 (33%) isolates showed resistance
to and were sensitive to cefoxitin, respectively.

Results of mecA Polymerase Chain Reaction
Sixty-six isolates were positive for the mecA gene according
to PCR, with a rate of 66%, and were classified as MRSA,
and thirty-four (34%) were negative for this gene and
classified as methicillin-susceptible S. aureus (MSSA). All
isolates that were resistant to cefoxitin by the disc diffusion
test possessed the mecA gene, except for one isolate, which
was negative for the mecA gene. A part of the results of
mecA PCR is depicted in Figure 3. The percentages of
MRSA and MSSA are illustrated in Figure 4.

Depending on the fact that mecA gene positivity is the
gold standard in diagnosing MRSA, the sensitivity and
specificity of CDD were calculated as follows:

The sensitivity of CDD = True positive (66) / True positive
(66) + False negative (0) =100%

The specificity of CDD=True negative (34) / True
negative (34) + False positive (1) =97%

Distribution of Samples According to Type

Among fifty-seven samples of pus, forty samples (70.2%)
were positive for the mecA gene and classified as MRSA.
MRSA consisted of 57.1% (8/14) of blood samples, 70%
(7/10) of sputum samples, 57.1% (8/14) of urine samples,
and 60% (3/5) of other types of samples. The highest
percentage of MRSA was from pus and sputum (Table 3).

Distribution of Samples According to the Ward

Out of nine isolates taken from the burn unit, eight
isolates (8/9, 88.9%) were positive for the mecA gene and
considered MRSA. MRSA consisted of 76.9% (10/13),
69.1% (38/55), and 34.5% (10/23) of isolates taken from
the intensive care unit (ICU), surgery wards, and internal
wards, respectively (Table 4).

Discussion

The findings demonstrated a significant prevalence of
methicillin resistance in the strains of S. aureus responsible
for HAIs (HA-MRSA) in our teaching hospitals, with a
recorded rate of 66% (Figure 4). This percentage exceeds
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Figure 1. Results of 76S rDNA Polymerase Chain Reaction. Note. PCR:
Polymerase chain reaction; MW: DNA leader -Lane (1) Control positive-
Lane (9) Control negative- Lanes (2-8) isolates carry the 16S rDNA gene.
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Figure 2. Results of nuc Polymerase Chain Reaction. Note. PCR: Polymerase
chain reaction; MW: DNA leader —Lane (1) Control positive- Lane (9)
Control negative- Lanes (2,3,4,5,6,7,8) isolates carry the nuc gene

Table 3. Types of MRSA Samples

No. of Staphylococcus

Sample Type aureus No. of MRSA MRSA (%)
Pus 57 40 70.2
Blood 14 8 57.1
Sputum 10 7 70
Urine 14 8 57.1
others 5 3 60

Note. MRSA: Methicillin-resistant Staphylococcus aureus.

the findings of a previous local study, which reported
a rate of 33.3% (15). However, it is worth noting that
the aforementioned study did not distinguish between
hospital-acquired and community-acquired infections. In
another local study, MRSA was found at a rate of 9.4%,
albeit in a study group consisting of nasal carriers among
medical staff (10). A recent study at Al-Mouassat hospital
reported a 5.4% incidence of MRSA, but this study was
confined to patients with febrile neutropenia (11).

Our study is pioneering in its investigation of HA-
MRSA infections using molecular techniques for detecting
the mecA gene, widely recognized as the gold standard for
MRSA diagnosis. In comparison to international studies,
our percentage aligns with Iranian studies, which reported
rates ranging from 40% to 57% (16). An Indian study
recorded a 70% prevalence in this regard (17). Even in a
study in the United States, the percentage of methicillin-
resistant strains among S. aureus causing septicemia was
48.5% (18).

These elevated rates continue to be causes of concern
for health authorities worldwide. They impose additional
burdens on medical staff and patients, leading to extended
hospitalization periods and heightened demand for
supplementary treatments, ultimately contributing to
increased morbidity and mortality rates.

The substantial percentage of HA-MRSA in our study
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Figure 3. Results of mecA Gene Screening by Polymerase Chain Reaction.
Note. Isolates (M13-M31-M43-T40-T43) are mecA gene positive

Figure 4. MRSA Percentage According to mecA Polymerase Chain Reaction.
Note. MRSA: Methicillin-resistant Staphylococcus aureus; PCR: Polymerase
chain reaction

Table 4. Distribution of MRSA in the Hospital Wards

No. of Staphylococcus

Ward aureus No. of MRSA MRSA (%)
Surgery wards 55 38 69.1
Internal wards 23 10 34.5
ICU 13 10 76.9
Burn unit 9 8 88.9

Note. MRSA: Methicillin-resistant Staphylococcus aureus; ICU: Intensive care unit.

may be attributed to various factors, including insufficient
adherence to prevention and infection control programs,
the inappropriate use and overuse of antibiotics, and the
absence of surveillance programs to monitor asymptomatic
carriers, whether among medical staff or admitted patients.
Multiple studies affirm that the rigorous implementation
of prophylactic hygiene standards and comprehensive
staff training play pivotal roles in controlling the spread of
MRSA in hospital settings (19).

The highest rates of MRSA were found in pus and
sputum (70.2% and 70%, Table 3). It is important to note
that S. aureus, including MRSA, is part of the normal
microbiome of the skin and pharynx in some individuals
(20), with global studies estimating that approximately
30% of the population are permanent asymptomatic
carriers. In such cases, due to the immunodeficient
state associated with hospitalization, these bacteria can
trigger endogenous infections in their respective niches
(21,22). Consequently, several international studies
have recommended swabbing the nose or pharynx of
newly admitted patients to investigate whether they are
asymptomatic carriers of MRSA (23,24).

In our study, MRSA was prevalent in the burn unit
at a high rate of 88.9%, followed by the ICU at 76.9%,
surgical wards at 69.1%, and the lowest incidence at
34.5% was observed in various internal wards (Table 4).

Avicenna ] Clin Microbiol Infect, 2023, Volume 10, Issue 3 | 91



These findings align with results from numerous studies
conducted in other countries (22,25). This can be
attributed to burn patients having lost their natural skin
barrier, which serves as the first line of defense against
infections, rendering them susceptible to skin infections
by bacteria such as MRSA. Patients in surgical wards are
exposed to a range of surgical procedures, including the
use of intravenous and urinary catheters or implants (26).
ICU patients, given their immunocompromised status and
the use of mechanical ventilation and invasive procedures,
are particularly at risk of HAIs (27,28).

Invasive medical procedures and the use of implants
increase susceptibility to HAIs (9). Some MRSA strains
exhibit a strong ability to colonize surfaces and form
biofilms, particularly on intravenous and urinary catheters
or bone implants (29). Biofilms allow bacteria to resist
antibiotic treatment at conventional doses and provide
protection against the immune system. These biofilm-
coated tools become a source of bacterial contamination.
Periodic monitoring and replacement of catheters are
recommended in line with international guidelines (30).

Our findings demonstrated a strong correlation between
sensitivity to cefoxitin using the disc-diffusion method
and the detection of the mecA gene through PCR. The
sensitivity and specificity were 100% and 97%, respectively,
in line with several studies, suggesting that resistance to
cefoxitin serves as a robust indicator of the presence of the
mecA gene (31). However, it is important to note that this
method may fail to distinguish certain strains that possess
mecA but still exhibit sensitivity to cefoxitin using the
disc-diffusion technique. This phenomenon is attributed
to the instability of the gene (32), although such isolates
were not observed in this study. On the contrary, an
isolate was detected that displayed resistance to cefoxitin
using the disc-diffusion method, but mecA detection was
negative, which is a scenario reported in various studies
(33,34). This discrepancy can be attributed to factors
such as hyperproduction of penicillinase, mutations in
normal penicillin-binding proteins, or the presence of
other resistance-mediating genes such as mecC, mecB, or
mecD, encoding alternative penicillin-binding proteins
sharing amino acid sequences with PBP2a ranging from
51% to 63% (2). In such cases, the disc diffusion method
is preferred over molecular techniques, as it classifies
such isolates as MRSA. To address this gap in molecular
methodes, it is advisable to incorporate primers for mecC,
mecB, or mecD into PCR, particularly since these strains
are often associated with animal sources and are known
as livestock-associated MRSA, with a noticeable increase
in prevalence (2).

The laboratories of the teaching hospitals in Damascus,
included in this study, opt for the disc-diffusion method
for MRSA detection due to the lack of reagents for
automated devices and the high workload that does not
align with the application of molecular methods. It is
important to note that international recommendations
favor the use of cefoxitin over oxacillin due to its greater
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stability against penicillinase. Therefore, it is imperative
to disseminate and publish unified and regularly updated
protocols in accordance with the latest international
guidelines to enhance the accuracy of MRSA diagnosis
in our laboratories. The disc diffusion method, being
straightforward, cost-effective, and not reliant on complex
conditions, is preferred by numerous studies over other
methods (35).

Conclusion

The findings of this study revealed a high frequency of
HA-MRSA among the clinical S. aureus isolates from
the inpatients of Syrian teaching hospitals. This situation
requires the development of strict programs to track
these bacteria, identify their reservoirs, and emphasize
applying strict measures to control their infections and
prevent their spread, especially in units with a high
frequency of MRSA infections, such as burn units and
ICUs. The CDD method displays a reliable alternative to
mecA PCR to detect MRSA and can be used routinely in
resource-limited settings. The emphasis must be placed
on hygienic handwashing and all necessary sterilization
and disinfection procedures before and after dealing
with patients. Such procedures have succeeded in many
countries in reducing the rate of HAIs caused by MRSA,
and this reduces the moral and financial burden that these
infections cause to patients and health authorities.
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