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As methicillin -resistant Staphylococcus aureus (MRSA) is a virulent pathogen
responsible for health care-associated onset disease. In the present study, we have
investigated the impact of carriage by health care workers (HCWs) and environment on
patient transmission of MRSA in a Medical Intensive Care Unit (MICU), Fahd hospital,
Al-Madinah Al-Munawarah, KSA. MRSA isolates from 117 patients, 25 HCWs and 12
environmental sites were collected. Antibiotyping and pulsed-field gel electrophoresis
(PFGE) analysis were done to determine the clonal relationship between isolates and
potential routes of transmission.

The average nosocomial infection rate of MRSA was 5.98 % (7/117), the overall
carriage rate of HCWs was 36% (9/25). Two MRSA was isolated from the 12 environmental
sites samples. All MRSA isolates showed multidrug resistance. However, isolates with
reduced susceptibility to vancomycin were not detected. Four major MRSA clusters were
identified based on the PFGE patterns. Several HCWs were carrying MRSA isolates with
the same PFGE patterns (pulsotype A3 and pulsotype C2) as those of isolates from patients
(P2, 3, 7), thereby establishing the transmission of MRSA between patients and HCWs.
Furthermore, the environmental isolates had PFGE pattern (pulsotype A3)
indistinguishable from that of some patients isolates (P2, 7); ensuring that environment
may serve as a reservoir for MRSA. The presence of MRSA among HCWs and environment
has been associated with increased risk of MRSA nosocomial infection.

Key words: Methicillin-resistant Staphylococcus aureus (MRSA); health care workers;
intensive care unit; Saudi hospital;  pulsed-field gel electrophoresis;  environment.

Methicillin-resistant strains of
staphylococci were identified immediately upon
the introduction of methicillin into clinical practice.
Methicillin-resistant S. aureus (MRSA) was initially
identified for the first time in 1961 by Jevons1,2.
Since then MRSA have become one of the most
significant nosocomial pathogens worldwide,
being capable of causing a wide range of hospital



J. Pure & Appl. Microbiol., 5(1), April 2011.

12 EL-AGEERY et al.:  TRANSMISSION OF METHICILLIN–RESISTANT S. aureus

infections and clinical syndromes associated with
severe diseases, including bacteremia, pneumonia,
endocarditis, septic arthritis, osteomyelitis, and
deep abscess formation. As MRSA strains can
disseminate very rapidly, it is necessary to
implement effective monitoring programs for the
identification and control of epidemic strains3.

In the late 1960s and 1970s, the prevalence
of MRSA was less than 5% in most hospital
settings worldwide, but increased in the 1990s to
as high as 40% in several hospitals in the United
States and Europe4,5. In Japan, MRSA comprised
60-70% of S. aureus strains isolated from
inpatients6. In a multicenter surveillance study in
Taiwan, threat of methicillin resistance among S.
aureus collected from inpatients and outpatients
combined was nearly 60%, and was highest in
isolates from the intensive care unit (ICU) (73%)7.
The prevalence of MRSA in Malaysia ranged from
17% in 1986 to 40% in 20008. Not only MRSA has
become a worldwide problem in hospital but also
in community settings9.

MRSA is spread by contact and by air
and may circulate amongst patients, staff and
visitors for several months during an outbreak in
hospitals and long-term care facilities10. Colonized
healthcare providers are generally asymptomatic,
but create a potential reservoir of infection11-12.
Prolonged survival in the hospital environment for
up to 10 months is one of the determinants of the
spread and persistence of MRSA13,14. Furthermore,
the continually rising number of hospital acquired
infections and particularly MRSA colonization
poses a major challenge from both clinical and
epidemiological perspectives15.

Typing plays an important role in
understanding the epidemiology of MRSA and
evaluating the effectiveness of infection control
and antimicrobial prescribing measures. The many
different methods employed for MRSA typing
include antibiograms and chemical resistograms,
phage typing, ribotyping, pulsed-field gel
electrophoresis (PFGE)16, and PCR-based
methods17-19. Regarding molecular typing of
MRSA, pulsed-field gel electrophoresis (PFGE) is
often considered to be the “gold standard” and is
commonly used in clinical, national, and reference
laboratories20. Al-Thawadi et al.21 found that PFGE
is superior to restriction endonuclease analysis of
plasmid deoxyribonucleic acid (REAP) and

randomly amplified polymorphic DNA (RAPD) and
therefore, more suitable for routine and
standardized tracing of nosocomial bacterial
isolates.

Although carriage of MRSA by health
care workers (HCWs) has been a topic of concern
since the 1980s 22,23, the precise role that HCWs
play in initiating and maintaining MRSA outbreaks
in the hospitals is not well defined. Accordingly in
our study, the possible transmission of MRSA
between HCWs, the hospital environment, and
patients were investigated in the Medical Intensive
Care Unit (MICU) of King Fahd Hospital, K.S.A.
Conventional and molecular typing was analyzed
on MRSA isolates obtained from patients, HCWs,
and environmental samples to determine their clonal
relationship and the potential routes of
transmission.

METHODS

Setting and study design
A four-month prospective study on in-

patients, HCWs and environmental sites was done
at the MICU of King Fahd Hospital in Al-Madinah
Al-Monawarah, KSA. We tested for the presence
of S. aureus infection or colonization and if present,
determined methicillin resistant strains.
Surveillance cultures were performed on the HCWs
including the nursing personnel and the
physicians. In addition, environmental cultures
were also performed within the unit at the same
time.
Microbiological analysis

Samples from patients were collected
according to the site of infection. Samples from
HCWs were collected from both nares, right and
left hands. The HCW was considered to have
persistent colonization if MRSA was cultured from
three or more consecutive samples. A single sterile
cotton swab was used to sample both nares, which
was then plated immediately into 5% sheep blood
agar plate, SBA (Oxoid, England). The right and
left hand specimens of HCWs were obtained by
placing their hands into 2 separate SBA plates
directly without washing their hands before
culture.  Environmental samples were collected
before the regular daily cleaning by rolling sterile
cotton swabs moistened with sterile saline several
times over a surface area of approximately 5×5 cm²
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and then inoculated into 5% SBA plates. The
environmental sites cultured included the patients’
charts, bed rails, faucets, monitors, oxygen
adapters, suction switches, and ventilator buttons.
Identification of S. aureus was performed
according to the standard bacteriological
procedures: Gram stain reactions, colony
morphology, catalase and slide coagulase
(Staphaurex; Bio-Rad Laboratories, USA).
Resistance to methicillin was diagnosed using
mannitol salt agar with oxacillin (2 µg/ml) (Oxoid,
England) incubated at 37°C for up to 48 h.
Antibiotypying

Susceptibilities to 11 antimicrobial agents
were determined based on results of   disk diffusion
method in accordance with the guidelines of the
Clinical and Laboratory Standards Institute24. The
antibiotics (Oxoid, England) tested included
chloramphenicol (30 µg), ciprofloxacin (5 µg),
clindamycin (2 µg), erythromycin (15 µg),
gentamicin (10 µg), quinupristin/dalfoprestin,
rifampin (30 µg), tetracycline (30 µg), trimethoprim-
sulfamethoxazole (25 µg), vancomycin (30 µg), and
teicoplanin (30 µg).
Molecular typing

Clonal relationship of all MRSA isolates
was determined by pulsed field gel electrophoresis
(PFGE) which was performed according to the
manufacturer’s instructions of the reagents used
(Bio-Rad Laboratories, U.S.A.). Single colonies of
MRSA were used to inoculate brain heart infusion
medium, and the cultures were incubated at 37°C
overnight. The bacteria were embedded in a plug
with an embedding agarose and treated with
lysostaphin and proteinase K. The chromosomal
DNA in the plug was digested with SmaI (25 units/
plug) at 25°C overnight. The plugs treated with
the restriction enzyme were loaded into 1% agarose
gel and electrophoresed with a CHEF-DR® III
Variable Angle System (BioRad) at a constant 170V,
with switching times ranged from 5 to 80 s, for a
total running time of 30 h. Following the
electrophoresis, the gel was stained with nucleic
acid stain (Takara Shuzo Co. Ltd, Japan) and
photographed under ultraviolet light. Isolates with
≥ 80% similarity were considered to belong to the
same pulsotype and subtypes were assigned to
isolates having ≤3 DNA band differences within
the same pulsotype25.

RESULTS

Nosocomial infection rate of MRSA
 Nosocomial infection rate of MRSA was

defined as the number of infections acquired during
a period by the number of patients discharged
during that period26. MRSA was isolated from 7
patients of the 117 patients. So the average
nosocomial infection rate of MRSA was 5.98%.

Clinical data of the 7 patients are listed in
Table 1. MRSA was isolated from sputum of
patients P1, 2, 3, 5 & 6; from pus of patient P4  and
from blood of patient P7.
MRSA colonisation among HCWs

Of the twenty five HCWs studied, nine
(36%) had MRSA colonized in nares and/or hands
(Table 2).
PFGE & antibiotyping of MRSA isolates

The total MRSA isolates from the
patients7, HCWs9 and the environment2 isolates
were subjected to antibiotyping and molecular
typing by PFGE. All MRSA isolates were
susceptible to quinupristin/dalfoprestin, rifampin,
teicoplanin, and vancomycin. The PFGE results
susceptibility profiles of the other 7 antimicrobials
and of the MRSA isolates are presented in Table 3.
Based on the PFGE patterns, as shown in Fig. 1,
the MRSA isolates could be divided into 4
Pulsotypes (patterns A - D). Pulsotype A isolates
were resistant to erythromycin, tetracycline,
gentamicin, ciprofloxacin, and clindamycin but had
variable susceptibilities to trimethoprim-
sulfamethoxazole, and chloramphenicol.

Isolate obtained from patient (P5) was
designated PFGE pattern A1, isolate obtained from
patient (P6) was designated PFGE pattern A2, while
isolates obtained from patients (P2,P7), HCWs
(H1,H9) and environmental sites (V1&V2) were
designated PFGE pattern A3.

As regard PFGE pattern B (pulsotype B);
isolates were resistant to erythromycin,
gentamicin,and chloramphenicol but had variable
susceptibility patterns to trimethoprim-
sulfamethoxazole, tetracycline, ciprofloxacin and
clindamycin. Pulsotype B had 3 subtypes and
isolated only from HCWs (H2, 3, 6, 8).

Pulsotype C isolates were resistant to
erythromycin, ciprofloxacin, trimethoprim
sulfamethoxazole,and clindamycin but had variable
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Table 1. Clinical data of patients with MRSA infection

Patient Age (Y) Sex Underlying disease Specimen

P1 65 M Myocardial infarction Sputum
P 2 42 F Congestive heart failure Sputum
P 3 45 M Pulmonary embolism Sputum
P 4 79 M Empyema Pus
P 5 48 M Recurrent pneumonia Sputum
P6 76 F Respiratory failure Sputum
P7 82 F Respiratory failure Blood

P= patient, M= male, F= female

Table 3. PFGE & antibiotyping of MRSA isolates.

Isolate Specimen PFGE Antimicrobial susceptibility

pattern ERY SXT TCY GEN CIP CHL CLI

P5 Sputum A1 R S R R R S R
P6 Sputum A2 R R R R R R R
P2 Sputum A3 R R R R R R R
H1 Nose A3 R R R R R S R
P7 Blood A3 R R R R R R R
H9 Right hand A3 R R R R R R R
V1 Monitor A3 R R R R R R R
V2 Ventilator A3 R R R R R R R
H2 Left hand B1 R R R R R R R
H3 Right hand B2 R R S R R R R
H6 Nose B3 R S R R R R R
H8 Nose B3 R S R R S R S
P1 Sputum C1 R R R S R R R
P3 Sputum C2 R R R R R S R
H4 Right hand C2 R R R R R R R
H5 Right hand C2 R R S R R R R
H7 Left hand C2 R R R R R S R
P4 Pus D R S R R R R S

P= patient isolates, H= health care worker isolates, V= environmental isolates, PFGE= pulsed-field gel electrophoresis,
ERY= erythromycin, SXT= trimethoprim-sulfamethoxazole, TCY= tetracycline, GEN= gentamicin, CIP= ciprofloxacin,
CHL= chloramphenicol, CLI= clindamycin, S= sensitive, R= resistant.

Table 2. MRSA colonisation among HCWs

Specimen No. of MRSA isolates (%)

One hand 2 (8)
Both hands 1 (4)
Nares 3 (12)
One hand & Nares 1 (4)
Both hands & Nares 2 (8)
Total 9 (36)

susceptibility patterns to tetracycline, gentamicin
and chloramphenicol. Pulsotype C had 2subtypes;
C1 subtype was isolated from one patient (P1) and
C2 subtype was isolated from one patient (P3) and
three HCWs (H4, H5, H7).

Pulsotype D was isolated from only one
patient (P4) and was resistant to erythromycin,
tetracycline, gentamicin, ciprofloxacin and
chloramphenicol.
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DISCUSSION

The prevalence of MRSA in the hospitals
has been steadily increasing in the past decade27.
A four-fold increase in the annual prevalence of
MRSA causing nosocomial infection was noted
from 1990 to 2000. This is parallel to the increasing
consumption of extended-spectrum
cephalosporins, carbapenems, ciprofloxacin, and
glycopeptides in the hospitals28.

The few studies that have reported the
incidence of MRSA in Saudi Arabia have indicated
that a diverse number of circulating MRSA strains
have been detected in several major hospitals29.
This leads us to examine its epidemiology in an
ICU in a hospital in Al-Madinah Al-Munawarah,
KSA. Our study recorded the nosocomial infection
rate of MRSA; 5.98 %.

MRSA is often resistant to all penicillins,
penems, carbapenems, and cephalosporins.
Antimicrobial agents that are effective against
MRSA vary between hospitals, as each hospital
has its own unique resistance pattern30. Thus,
knowledge of the clonal relationship of MRSA and
its antimicrobial susceptibility patterns can
contribute to hospital infection control efforts in
monitoring and limiting the spread of MRSA in

and between hospitals31. Multidrug-resistant
MRSA, defined as isolates with resistance to three
or more drug classes other than β-lactam
antibiotics, accounted for 95% of all MRSA
isolates27. All MRSA isolates in this study showed
multidrug resistance. However, isolates with
reduced susceptibility to vancomycin (VISA),
quinupristin/dalfoprestin, rifampin and teicoplanin,
were not found in our study. Similarly, no such
isolates have been detected nor have they been
reported by other researchers in Saudi Arabian
hospitals. This is reassuring and indicating that
VISA has not yet set foot in the Saudi hospitals
studied32. Similar results have also been reported
as regard these antibiotics except quinupristin/
dalfopristin; less than 5% of isolates from patients
were non susceptible in National Taiwan University
Hospital27.

Some isolates within the same pulsotype
had varied antibiotic susceptibility pattern,such
as pulsotype A3 had varied susceptibility to
chloramphenicol and pulsotype B3 had varied
susceptibility to ciprofloxacin. Also, there was
varied susceptibilities to chloramphenicol and
tetracycline within patterns C2. The molecular basis
for the varied susceptibilities to these antibiotics
is not clearly uknown at the present time. Horizontal

Fig. 1. PEGE profiles of Smaai macrorestriction fragments of the 18 MRSA isolated Lane 1 & 11:
Standard marker (molecular size in kilobases), Lane 2 to 8: P1-7 respectively,

Lane 9 to 18 (excpet 11): H 1-9 respectively, Lane 19 & 20: V1 -2
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gene transfer may play a role as resistance genes
for these classes of antibiotics are often carried on
transferable genetic elements33,34.

Our data provide support that
colonization by MRSA among  HCWs has been
associated with increased risk of MRSA nosocomial
infection and could potentially facilitate
transmission. Medical staff can be a vehicle in the
spread of MRSA within a hospital, as direct
person-to-person contact contributes to the
transmission of MRSA. It is generally believed that
MRSA may spread from colonized HCWs to
patients and vice versa11,35.

In our study, it was alarming to find
several HCWs whose isolates demonstrated the
same PFGE patterns  (pulsotype A3 and pulsotype
C2) as those  isolates from patients (P2,3,7), thereby
establishing the transmission of MRSA between
patients and HCWs. The fact that several HCWs
also carried MRSA with indistinguishable PFGE
patterns from that of the patients’ isolates is a great
concern, how and when these HCWs and patients
acquired these MRSA strains is not known.
However, this finding further emphasizes the need
for routine surveillance of HCWs and patients at
risk for MRSA carriage. Furthermore, the
antibiograms of patient isolates and the other
MRSA strains carried by HCWs showed that they
might be closer to the community acquired MRSA
reported in other countries33,34. So, further molecular
characterization of the isolates in this study and
circulating strains of community-acquired MRSA
may clarify its origin and identify factors allowing
its persistence in the hospital environment.

Environment may serve as a reservoir for
MRSA, in addition to the person-to-person
transmission observed, as S. aureus can survive
for relatively long survival periods on inanimate
surfaces. S. aureus is stable in dry environments
with a survival time of 12 days (1 to >60 days) on
inanimate surfaces in ICUs. In comparison, the
survival time of other important pathogens, such
as Pseudomonas aeruginosa, is around 1.5 days
in ICU 36,37.

We found that MRSA isolates obtained
from the environmental samples were shared the
same PFGE pattern (pulsotype A3) as that isolated
from two patients (P2,7)  and two HCWs (H1,9).
So, our finding confirmed the role of the
environment in maintaining MRSA and thus

facilitating its transmission. MRSA from patients
can contaminate the environment, being
transmitted back to other patients through HCWs
due to unsatisfactory infection control
measures38,39.

CONCLUSION

In our study, person-to-person and
environment-to-person (or vice versa) transmission
has been documented. The increasing rate of
nosocomial MRSA infections and colonization
indicated that the infection control program needs
much strengthening. Strict hand washing before
and after patient contact must be enforced and
monitored, as it remains the key infection control
measure for controlling the spread of MRSA. To
prevent the emergence of vancomycin-resistant
SA and the transmission of multidrug-resistant
organisms. Implementation of periodic or routine
active surveillance cultures and antibiotic policy
monitoring may also be considered as part of the
infection control measures.
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