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ABSTRACT

Background: Methicillin-resistant Staphylococcus aureus (MRSA) is important nosocomial pathogen. Aim: In this
paper, we determined the prevalence and the antibiotic susceptibility pattern of (MRSA) in a Sudanese surgical ward.
Method: A total of 200 post-operative surgical specimens were collected from patients hospitalized in gastrointestinal
tract (GIT) surgical ward in Ibn Sina hospital, Khartoum, Sudan and were subjected to MRSA screening and sensitivity
test. Key Findings: Out of 35 strains of Staphylococcus aureus isolated from surgical samples, 25 (71.4%) were found
to be MRSA. Almost all MRSA strains were resistant to Methicillin, 96% to Ofloxacin, 92% to Pencillin G, 24% to
Amikacin and 4% to Vancomycin. Cross-resistance was obviously detected. Conclusion: The present study detected
alarming levels of S. aureus (MRSA\) isolates, at the same time presence of high cross-resistance to other antibiotics.
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1. Introduction

Staphylococcus aureus has been reported as a major
cause of community and hospital acquired infections [1].
Methicillin-resistant Staphylococcus aureus (MRSA) are
bacteria resistant to penicillin and cephalosporin classes
of antibiotics and are often resistant to many other
classes of antibiotics [2]. MRSA strains were initially
described in 1961 and emerged in the last decade as one
of the most important noscomial pathogens which was
reported just one year after the launch of methicillin [3].
In MRSA, the horizontally acquired mecA gene encodes
a penicillin-binding protein (PBP2a), which is intrinsi-
cally insensitive to methicillin and all p-lactams that have
been developed, including the isoxazoyl penicillins (e.g.
Oxacillin) that superceded methicillin [4].

MRSA infections are a problem across the whole
health economy, and have been shown to be associated
with a poorer outcome and higher mortality than similar
infections caused by methicllin-sensitive strains of S.
aureus [5,6]. Many of these isolates are becoming mul-
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tidrug resistant and are susceptible only to glycopeptides
antibiotics such as vancomycin [7]. The prolonged hos-
pital stay, poor infection control measures, indiscriminate,
irregular use of antibiotics, lack of awareness, receipt of
antibiotics before coming to hospitals are some of the
possible predisposing factors of MRSA emergence and
transmission [8]. Fighting MRSA involves re-enforce-
ment of infection control measures as well as rational use
of antimicrobials. Therefore, the knowledge of the preva-
lence of MRSA and screening of surgical patients for
MRSA, in addition to identifying their current antimicro-
bial profile become necessary to facilitate appropriate
selection of antibiotic agents for pre and postoperative
prophylaxis [9]. However, robust evidence of which con-
trol measures are most effective remains largely elusive.
Hand hygiene is also believed to be crucial, but it is ef-
fective long-term implementation has proved to be prob-
lematic [10,11]. In the current study, we determined the
prevalence of MRSA from surgical swab samples and
their in-vitro susceptibility pattern to various antimicro-
bial classes, and we also evaluated the effect of infection
control and antibiotic use interventions on MRSA rates
in gastro-intestinal (GIT) surgical ward in lbn Sina hos-
pital.
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2. Methods
2.1. Samples, Setting and Study Period

Patients underwent surgical operation and treated em-
pirically with antibiotics for more than 48 hours then
developed post-operative infections in GIT surgical ward,
in Ibn Sina hospital were consecutively enrolled into
study, and followed prospectively. Ibn Sina hospital is a
132-bed specialized secondary hospital located in Khar-
toum the main city and the capital of Sudan. The GIT
surgical ward is a 52-bed ward. All the microbiological
testing was performed in the hospital laboratory and
laboratory data records were collected and analyzed for
the period from 1 May 2008 to 30 August 2009. Speci-
mens of pus collected from the surgical wounds in sterile
swabs and cultured on conventional media of Nutrient
agar, and Mannitol salt agar. In case of duplicate isolates,
the second isolate was excluded from the antibiogram
reporting. Duplicate isolates are defined as isolates of the
same organism obtained from the same patient within
pre-specified period of time. During this period an ongo-
ing intervention study to investigate the impact of qua-
ternary antimicrobial cycling policy on antimicrobial
resistance and utilization was conducted, and this period
coincide with the baseline and first three cyclic periods
[12,13]. Also during the first cyclic period alcohol-based
hand rub dispensers had been introduced. The study ap-
proval was obtained from hospital administration.

2.2. Susceptibility Testing

The morphotypes were done for all samples based on the
Gram staining method to determine the most likely or-
ganism present. Organisms were identified according to
standard procedures [14]. Susceptibility testing was car-
ried out by disc diffusion method following the National
Committee for Clinical Laboratory Standards (NCCLYS)
guidelines [15]. To differentiate between Staphylococcus
aureus and other staphylococci organisms coagulase test
was done (Coagulase positive confirm S. aureus). All the
confirmed Staphylococcus aureus strains were subse-

quently tested for methicillin resistance by screening for
susceptibility to oxacillin. The isolates were labeled as
MRSA if it was observed to be resistant to oxacillin disc
after incubation at 37°C for 24 hours (Oxacillin-resis-
tance on laboratory susceptibility testing also indicates
methicillin-resistance) [15].

2.3. Cross-Resistance Profile

To carefully characterize the patterns of resistance of
MRSA, cross resistance of isolates to 5 antibiotics with
different mechanisms of action were detected. Those
include Methicillin, Amikicin, Vancomycin, Penicillin G
and Ofloxacin.

2.4. Study Outcomes

The primary outcome was the prevalence and suscepti-
bility pattern of MRSA isolates. Secondary outcome was
the impact of antimicrobial cycling policy and hand hy-
giene infection control on MRSA susceptibility and
cross-resistance.

2.5. Data Processing and Analysis

Data collected was processed and analyzed using
WHONET software. Analysis was performed under the
condition as one isolate per one patient. (WHONET is
data-base software which established and implemented
by World Health Organization as a surveillance tool for
antimicrobial resistant) [16].

3. Results

During study period, surgical swabs samples were ob-
tained from 200 patients. Of those, 104 (52%) were male.
On culture, 35 samples were confirmed to be Staphylo-
coccus aureus strains. All these were tested for methicil-
lin resistance and 25 (71.4%) were found to be MRSA,
whereas 10 (28.6%) were methicillin sensitive S. aureus
(MSSA). The 35 samples were tested for sensitivity to
additional antibiotics as shown in Table 1.

Table 1. Antimicrobial susceptibility patterns of S. aureus (n = 35).

Antibiotic name Antibiotic class

Resistant Frequency (%)

Sensitive Frequency (%) % R 95% C.I

Oxacillin Penicillins 25 (71.4%) 10 (28.6%) 53.4-84.7
Methicillin Penicillins 27 (77%) 8 (23%) 57.6 - 86.1
Penicillin G Penicillins 33 (94%) 2 (6%) 82.4-99.1
Amikacin Aminoglycosides 6 (17%) 29 (83%) 7.1-343
Ofloxacin Quinolones 30 (86%) 5 (14%) 68.9 - 94.6
Vancomycin Glycopeptides 2 (6%) 33 (94%) 1.0-205

% R = Resistance %; 95% C.l = 96% Confidence Intervals.

Copyright © 2012 SciRes.
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Figure 1. Scatterplot which compare sensitivity test for S.
aureus to oxacillin and penicillin antibiotics. OXA: Oxacil-
lin, PEN: Penicillin G, R: resistant, S: sensitive.

The drug resistance patterns of MRSA isolated from
surgical and wound specimens was found to be highly
variable. Almost all of the 25 oxacillin resistant strains
(MRSA) were resistant to Methicillin, 96% to Ofloxacin,
92% to Pencillin, 24% to Amikacin, and 4% to Vanco-
mycin.

Scatterplot figures from 1 - 3 compared oxacillin disc
resistant phenotypes with penicillin, oflaxacin and van-
comycin discs.

As shown in Figure 1, 71.4% of isolates were in the
lower left-hand quarter representing the proportion that
was resistant to both antibiotics, oxacillin and penicillin
G;while 28.6% were in the upper left-hand quarter of the
graph representing the proportion that was resistant to
penicillin but sensitive to oxacillin

In Figure 2, 68.6% of isolates were in the lower left-
hand quarter representing the proportion that was resis-
tant to both antibiotics, oxacillin and ofloxacin; 2.9%
were in the lower right-hand quarter representing the
proportion that was resistant to oxacillin but sensitive to
ofloxacin, 11.4% in the upper right-hand quarter of the
graph (sensitive to both oxacillin and ofloxacin), and
17.1% of the isolates were in the upper-left hand quarter
of the graph (sensitive to oxacillin but resistant to oflox-
acin).

In Figure 3, only 2.9% of isolates were in the lower-
left hand quarter, representing the proportion that was
resistant to both antibiotics, oxacillin and vancomycin;
68.6 % of isolates were in the lower right-hand quarter
(resistant to oxacillin but sensitive to vancomycin), whe-
reas 25.7% of isolates were in the upper left-hand quarter
(sensitive to both antibiotics), and 2.9% of the isolates
were in the upper-left hand quarter of the graph (sensitive
to oxacillin but resistant to vancomycin).

Figure 4 addresses the impact of antimicrobial cycling
policy and hand hygiene infection control measures on
the MRSA %. A pronounced reduction in resistance to
all antibiotics used were observed in cycle 1 (Cepa-
losporins cycle) when compared to baseline period and

Copyright © 2012 SciRes.
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Figure 2. Scatterplot which compare sensitivity test for S.
aureus to oxacillin and ofloxacin antibiotics. OXA: Oxacil-
lin, OFX: Ofloxacin, R: resistant, S: sensitive.
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Figure 3. Scatterplot which compare sensitivity test for S.
aureus to oxacillin and vancomycin antibiotics. OXA: Ox-
acillin, VAN: Vancomycin, R: resistant, S: sensitive.
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Figure 4. Percentage of MRSA resistance to antibiotic per
cyclic periods. (Q2-08 = May-Aug 2008, Q3-08 = Sept-Dec
2008, Q1-09 = Jan-Apr 2009, Q2-09 = May-Aug 2009).

increased to two antibiotics (methicillin and penicillin G)
in cycle 2 (Co-amoxiclaves cycle), while it increased
again for all antibiotics used in cycle 3 (Flouroqui-
nolones cycle).

4. Discussion

This study was designed to determine the prevalence of
MRSA isolates among Staphylococcus aureus isolated
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and screened from GIT surgical ward in Ibn Sina hospital.
Alarming levels of MRSA isolates were detected (12.5%
was the prevalence rate of S. aureus, and 71.4% of them
were MRSA). Similar prevalence rate of MRSA (74%)
was observed in another study conducted in 2007 to de-
termine prevalence of antimicrobial resistance among
pathogenic bacteria isolated from three major hospitals in
Khartoum (Khartoum teaching hospital, Ear Nose &
Throat teaching hospital ,and Omdurman teaching hos-
pital) [17]. Levels reported elsewhere differed substan-
tially ranging from 22% - 65% [18,19]. However, there
are evidences that the prevalence of MRSA has increased
worldwide [20-22].

The majority of the MRSA isolates were resistant to
multiple antimicrobial agents, as previously noted in the
literature [21]. In the present study out of 25 MRSA
strains isolated, average of 63% exhibited high resistance
to additional 5 antibiotics tested. These MRSA were
multi drug resistant Staphylococcus aureus. Hence,
multi-resistance strains might be overwhelmingly domi-
nant in the ward of surgery, as indicated by the persistent
multi-resistance profile among all cyclic periods.

The absence of such a rapid decrease in resistance was,
at least partly, the result of cross-resistance to multiple
antibiotics, where an antibiotic belonging to one class
may become prone to resistance that is commonly known
for drugs belonging to one or more unrelated classes.
This is a result of genetic linkage of resistance determi-
nants that encode resistance to multiple classes of antibi-
otics. This can be clearly explained by scatteplot graphs
which is useful in both description of molecular mecha-
nisms of resistance as well as in detection of the unusual
or impossible phenotypes suggestive of possible errors
(i.e. such comparisons is useful in studying mechanisms
of resistance and quality assurance by finding unusual
resistance phenotype. 28.6% of the isolates were resistant
to penicillin but sensitive to oxacillin. This is classical
phenotype for Beta-lactamase (pencillinase producing)
S.aureus. Fortunately; there is no isolates would have the
phenotype that was penicillin-sensitive and oxacillin-
resistant. Microbiologically such isolates are exceedingly
rare, and most likely attributable to an error in the labo-
ratory (poor quality reagent, test performance, measure-
ments, etc). Although the antibiotics oxacillin and oflox-
acin (similarly ciprofloxacin) are from different classes
of antimicrobials with distinct mechanisms of resistance,
they were subjected to cross resistance between each
other indicating that genetic linkage between classes is
commonly observed. About 70% of isolates were sensi-
tive to vancomycin but resistant to oxacillin and about
3% isolate are resistant to both. Such finding indicates
the emergence of an extended resistance from MRSA to
vancomycin resistance Staphylococcus aureus (VRSA).

Copyright © 2012 SciRes.

From scatterplot graphs, we can conclude that there is
high cross-resistance between antibiotics and also multi-
resistance strains carried by most of the patient admitted
to surgical ward. This makes the empirical use of anti-
bacterial effective against MRSA imperative and left us
with a few alternative choices such as vancomycin and
linezolid. Once introduced, the eradication becomes dif-
ficult as vancomycin is costly and linezolid not available
in our country till now.

During the present study, an antibiotic rotation policy
study implemented and an alcohol-based hand hygiene
introduced as infection control measures in whole hospi-
tal may be a confounding factors for high drop of rate of
prevalence of colonization from baseline to cycle 2, but it
increased in cycle 3. This suggests that infection control
campaign was enforced in the first cyclic periods 1 & 2
but it seems remained not identical and less stringent for
the remainder of the study period as the rate of resistance
increased in cycle 3, especially that poor and inconsistent
compliance had been approved in the same hospital [23].
Also the high use of cephalosporin has been associated
with an increased prevalence of MRSA and vancomy-
cin-resistant enterocooci (VRE), although a direct causal
relationship has not been established [24]. The reduction
in antibiotic resistant organisms and infections may be
due to the antibiotic rotation or other factors. However,
many studies confirmed that altering policy or antibiotic
rotation potentially decreases the incidence of infection
with both antibiotic sensitive and antibiotic resistant
bacteria [25-27].

5. Conclusion

The present study detected alarming levels of S.aureus
(MRSA) isolates, at the same time presence of high
cross-resistance to other antibiotics. Constant monitoring
of these strains is essential in order to control their spread
in the hospital environment and transmission to the
community. In addition, this is essentially important to
facilitate appropriate selection of antibiotic agents by
clinicians. Intervention such as antibiotic prescribing
polices and stringent infection control measures are
needed to be enforced.
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