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Abstract

Methicillin-resistant Staphylococcus aureus (MRSA) infection has been endemic in the University
Hospital, Kuala Lumpur since the late 1970s. Fifty isolates of MRSA abtained from clinical
specimensof patientswith nosocomial infections associated with this organism have been studied by
pulsed-field gel electrophoresis (PFGE) of its chromosomal DNA fragments to discrimate between
strains and to identify the predominant strain. Twenty-one chromosomal patterns were observed
which could be further grouped into nine types. The predominant strain was Type 9-b (40% of
isolates) found mainly in the Orthopaedic and Surgical Units. Outbreak strains found in the Special
CareNursery wereof Type1, entirely different from those of the surgical ward S2, whichwereof Type
9-b. Type 8 strains were found mainly at one end of the hospital building where the maternity,
paediatric and orthopaedic units were situated. Genomic DNA fingerprinting by PFGE is recom-
mended as a useful and effectivetool for the purpose of epidemiological studiesof MSRA infections,
particularly for nosocomial infections.
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INTRODUCTION

Methicillin-resistant Staphylococcus aureus
(MRSA) is an important pathogen associated
with nosocomial infections in the past three
decades. Theinternational spread of thisorgan-
ism has led to many clinical problemsdue toits
multiple antibiotic resistance.!?

In the University Hospital Kuala Lumpur,
MRSA has been isolated since 1978. This
organism has established itself in the hospital
environment and have caused increasing
problems therapeutically and economically to
the patients and hospital.

Outbresk strains have been suspected on the
basisof antibiogramsby antibioticdisc diffusion
sensitivity and minimum inhibitory concentra-
tiontesting. This method hasbeen proven unsat-
isfactory for differentiatingisol atesasthe current
MRSA are aready resistant to numerous other
antibiotics besides beta-lactams, namely
chloramphenicol, tetracycline, erythromycinand
gentamicin.

Various other techniques, such as capsular
typing, phagetyping, coagulase typing, plasmid
typing and ribotyping have been used for epide-
miological studies.**> Phage typing has some

limitations such asinstability of the phages over
a period of time leading to poor reproducibility
and theneed to performnumerousstandardisation
tests. Plasmid typing has been reported to be
useful®® but this method also hasits limitations,
especially in relation to isolates with one or no
plasmids.

This study describes the usefulness of ge-
nomic DNA fingerprinting of fifty MRSA iso-
lates by pulsed-field gel electrophoresis (PFGE)
as one of the epidemiological markersin study-
ing the characteristics of MRSA causing
nosocomia infections. These isolates had ear-
lier been characterised by coagul ase, phage and
plasmid typing.’ PFGE is more specific and
enables us to analyse patterns produced by large
chromosomal DNA fragments, and is particu-
larly useful for discrimination of isolatesin out-
break situations.>6789

MATERIALS AND METHODS
Bacterial isolates

Fifty isolates of MRSA, numbered chronologi-
cally, wereabtained randomly fromclinical speci-
mensof infected patientsin the University Hos-
pital over a two-year period from 1987 to 1989
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with the inclusion of some isolates from out-
breaksin the SCN and surgical Ward S2.

The clinical sources of the infecting strains
were from wound, blood, tracheal secretions,
throat, nose, umbilical, ear, urethral and skin
swabs. The first five isolates were isolated in
1987 from the Special Care Nursery (SCN) and
the last strain (number 50) was isolated in No-
vember 1989. They had beenidentifiedasMRSA
by gram stain, a positive tube coagul ase test and
antibiotic disc sensitivity testing to methicillin
(10 ug disc — Mast Laboratories Ltd, UK) with
incubation at 30°C overnight on Mueller-Hinton
agar. An inhibition zone of less than 9 mm
diameter was considered to indicate resistanceto
methicillin. Their minimum inhibitory concen-
trations to methicillin were later performed.

Determination of minimum inhibitory concen-
tration to methicillin

The minimum inhibitory concentration (MIC)
values to methicillin were determined by the
recommended method of the Japanese Society of
Chemotherapy by the plate agar dilution method
with Mueller-Hinton agar (Difco Laboratories).
Antibiotic concentrations of 0.013-100 mg/ml
and a 1:100 dilution of an overnight culture of
the isolate (about 10¢ cfu/ml) were used. The
antibiotic plates were incubated at 37°C for 24
hours before being read.

Chromosomal DNA analysis by PGFE

All the 50 isolates were subjected to chromo-
somal DNA analyses. The DNA waspreparedin
agarose blocks as described by Wada et al'® as
follows: MRSA cells wereembedded in 30 ul of
0.5% low temperature melting agarose blocks
(SeaPlaque, FMC) measuring4.5 x 5 x 1.2 mm.
Thesampleswereincubatedin 0.5M EDTA, 1%
lauroylsarcosine and 100 ugiml lysostaphin
(Sigma) with gentle shaking at 37°C for 24
hours, after which they wereincubated in 1 mg/
ml proteinase K (sigma), 1% lauroylsarcosine
and 0.5M EDTA for another 48 hours at 50°C.
The agarose blockswererinsed with TE (10mM
Tris-Cl, pH8.0, 1mM EDTA) with ImM
phenylmethyl sulfonyl fluoride (Sigma) for 30
minutesat 50°C. The blocks were washed three
times with TE buffer (10mM Tris-Cl, pH 8.0,
1mM EDTA), and digested with 40 unitsof Smal
(Toyoba) at 25°C for 18 hours. 100 uglmi
proteinase K in TE was added and incubated at
37°Cfor 1 hour. The agaroseblockswererinsed
three times in TE buffer. The samples were
subjected to PFGE in 1.2% agarose gel (BioRad
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High Strength Analytical Grade Agarose) in 0.5
x TBE running buffer at 10°C using CHEF DRI
(Bio-Rad). The conditions for electrophoresis
were 200V with switching time of 20 seconds.
Lambda DNA concatamers were used as mo-
lecular weight markers for the size standards.
Thegel wasfinally stained with 1 uglml ethidium
bromide, washed with distilled water and photo-
graphed.

Restriction enzyme

Smal was chosen for digestion of chromosomal
DNA to differentiate these isolates as it pro-
duced a reasonable number of fragments.

RESULTS

Allisolates, except for three (numbers 10, 14 and
19), were methicillin-resistant by minimum in-
hibitory concentration testing. Smal restriction
enzyme cut the chromosomal DNA into 12-15
bands ranging from 30kb to 500kb.

Twenty-one distinguishable restriction pat-
ternswereidentified from the50isolates. Based
on close resemblance of some of the patterns,
differing dlightly in their migration rates or the
presence or absence of one band, these twenty-
one strains could further be grouped into nine
types, Types 1-9, of which Type 9 was the
commonest, comprising of 26 (52%) isolates of
all thosetested (Table 1). Twenty (40%) of these
were classified as Type 9-B (chromosomal pat-
tern 18). This strain 9-B was found in the
Orthopaedic (8 isolates), Surgical (8 isolates),
Medical (| isolate), Intensive Care Unit (1 iso-
late) and Paediatric (1 isolate) units.

Two isolates from the ICU were found to be
different. Both these isolates were associated
with respiratory tract infections. |solate number
6 was chlorampheni col sensitivebut i solate num-
ber 40 was chloramphenicol resistant.

Isolate number 6 was Type 3-a, isolated in
February 1988 and the other, isolate number 40
was Type 9-b, isolated in August 1989.

There were 15 isolates from patients of the
Orthopaedic Unit. Ten (67%) isolates were of
Type 9, of which Type 9-b was commonest,
occurring in 8 (53%) isolates. Types 8, 3and 6
were also seen occasionally.

Type 9 was also commonly seen in the Surgi-
cal Unit. Of sixteenisolatestested, therewere11
(69%) Type 9 isolates, Type 9-b (9 isolates)
being commonest. There were five burns pa-
tients(isolate numbers33, 34, 35, 36 and 37) and
four of these patientswereinfected intheir burns
wounds by MRSA Type 9-b (isolates numbers



TABLE 1. Characterisation of MRSA strains
by methicillin resistance, chromo-
somal patternand type

Isolate  Ward* MIC = Chromosoma Type
number (ug/ml) pattern
SCN l-a
SCN I-b
SCN 2
SCN l-a
SCN l-a
ICU 3a
01 8a
01 3b
G 3b
Sl 9-a
3 4-a
M1 9-e
S3 5
03 6
S3 7-a
SCN 8b
A 8-C
SCN 8C
P3 9-b
02 9-b
M3 4-b
03 9-b
03 9b
03 9-b
03 9-b
P3 8-C
SCN 8C
Mat 8-e
03 9-b
P4 9-c
03 8C
M1 7-b
S1 9b
S1 9-b
S3 8-d
A 9-b
BURN 9b
S 9d
B 9-e
ICU 9-b
01 9-b
M2 9-b
o1 9-b
2 9-b
2 9b
2 9-b
04 9-e
2 9-b
S1 9b
04 8-c

* Spedid Care Nursay (SCN); Intensive Care Unit
(ICV); Surgery wards S1, 2, S3, 4 ad Bumns,
OrthopeedicwardsO1, 02, 03 ad 04; MeddneWards
M1, M2 and M3; Peediiatric wards F3 and P4; Obgtetric
& Gyneedogy wards G and Mat; B, Orthopaedicdinic.

+ Srains thet hed logt methidillin resistance phenotype

PULSED-FIELD GEL ELECTROPHORESIS

33, 34, 36 and 37). Although the 150kb band of
isolates number 34 was very faint, the chromo-
somal pattern was similar (Figure 1).

Four of fiveisolates obtained from one surgi-
cal Ward S2 (isolate numbers44, 45, 46 and 48)
over a 3-month period from September till No-
vember 1989 were all Type 9-B MRSA. In
comparison, four isolates from another surgical
Ward S3, over an eight-month period from July
1988 to March 1989, were all non-identical.

It wasinteresting to notethe contrasting types
found amongst the 11isolatesfrom the Paediatric
Unit, which were Types |-a (3isolates), Type 1-
b (1 isolate), Type 2 (1 isolate), Type 8-b (1
isolate), Type 8-c (3 isolates), Type 9-B (1 iso-
late) and Type 9-c (1 isolate).

Thefirst five isolates obtained were from an
outbreak of infectionin the Special Care Nursery
and they consisted of three types, Type |-a (3
isolates), Type |I-b (1 isolate) and Type 2 (1
isolate). MRSA isolate number 3, which was
Type 2, showed avery similar patternto Type 1-
a but gave dightly different migration rates and
the absence of one 150kb band (Figure1). These
four Type 1 isolates were all obtained from the
respiratory tract of babiesin the SCN. The other
three isolates of MRSA from the SCN obtained
morethan ayear after thisoutbreak wereof Type
8 (isolate numbers 16, 18 and 27). The six
isolates from the Medical and Obstetric and
Gynaecology Units showed varying types. One
isolate number 28 from a maternity ward from a
patient with post-caesarian section wound infec-
tion was very similar to isolate numbers 26 and
27 from the paediatric wards, although it pro-
duced only adight difference in migration rates
in two of its bands (bands 4 and 5). However,
these were classified as Type B as they were
related.

DISCUSSION

Three isolates, which were methicillin-resistant
by disc-diffusion sensitivity testing, werefound
to have lost their methicillin resistance pheno-
typeonMICtesting. Thislossof resistancefrom
isolates numbers 10, 14 and 19 could be ex-
plained by theloss of the resistance gene, mecA,
during propagation in antibiotic-free medium,
and this was confirmed by polymerase chain
reaction and by Southern hybridisation using
clonal mecA gene, pMR111, as aprobe.*!! The
techniqueof pulse-field gel electropohoresis has
been recently used to separate chromosomes of
bacteria, yeast and also parasites, which was not
possiblebeforewith conventional el ectrophoretic
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AG 1 (a, () and (c) shows

chromosomal DNA pat-
terns of some isolates
of methicillin-resistant
Staphylococcus aureus
numbered 1-10, 21-30
and 31-40. Therewere
12-15 bands produced
by Smal digestion
ranging from 30 kb to
500kb. Molecular
weight markers (M)
were lambda DNA
concatamersin wells 1,
7 and 13. The size of
thelambdaladder starts
at 48.5kbandincreases
48.5 kb with each
successively larger
band, as shown by
arrows.  The isolate
numbers 1-5 as shown
in (@) were from the
SCN. Isolates1,4 and
S5wereTypel-a. Isolate
numbers22, 23, 24, 25,
29, 33, 36, 37 and 40
were Type9-b. Type8
isrepresentedby isolate
numbers 7, 26, 27, 28,
31 and 35.



methods due to their large DNA size."?

In this study, we applied this method to
distinguish the strainsisol ated from various units
and wards of the University Hospital. Twenty-
one chromosomal restriction patterns were ob-
served from the 50 isol ates studied, which could
further be grouped into nine types based on
similaririesintheir patterns, which suggest clonal
relationships. Type 9-b was shown to bethe most
common type of MRSA and they were found
mainly in the Orthopaedic and Surgical Units,
which often showed high incidence of MRSA
infections and freguent outbreaks of infections
inwounds, particularly post-operativeand bums
wounds. The predominant strain found in an
outbreak of infectioninthe surgical ward S2 was
Type 9-b, indicating that cross-infection had
occurred amongst the patients. These patients,
being in a neuro-surgical ward, tend to be long-
staying and those who are infected become po-
tential sources of infections to other patients, if
control measures become ineffective.

In comparison, MRSA infectionsrarely occur
in the Special Care Nursery where the
handwashing requirement is very strict. How-
ever, occasional outbreaks of MRSA infections
have been reported and from this period we
studied five isolates, which were noted to be
mainly Type 1. Further isolates from the SCN
more than ayear after the outbreak did not reveal
any Type 1 MRSA, but were Type 8 instead.

There were altogether ten isolates of Type 8,
found in Orthopaedic (3 isolates), paediatric (4
isolates), maternity (1 isolate) and surgical (2
isolates) wards. Except for two of the four
surgical wards, it is of interest to note here that
this Type 8 MRSA appeared to cluster around
the orthopaedic, paediatric (including the SCN)
and the maternity wards, which were all closely
situated at oneend of the hospital, away from the
fourteen-floor tower block consisting of other
units.

Types 3,4,5,6 and 7 werefound intermittently
throughout the hospital but on a smaller scale.
These varied strains of MRSA may be tran-
siently transmitted by the movement of hospital
staff, patients, nursing and medical students be-
tween wards leading to cross-infections.

Epidemiological surveillance of nosocomial
infectionsby MRSA isimportant and the method
of pulsed-field gel electrophoresis on the chro-
mosome DNA of this bacteriahas been shown to
be a useful and effective tool in strain discrimi-
nation, particularly in an outbreak of infections
within a limited area in the hospital. DNA
fingerprinting by PFGE have been demonstrated

PULSED-FIELD GEL ELECTROPHORESIS

to be stable and reproducible even after repeated
subcultures of the isolates and this method has
been highly recommended by many authors for
epidemiological studies of MRSA infections.” 7%
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