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ABSTRACT

Twenty-one isolates of methicillin-resistant Staphylococcus aureus (MRSA) from Malaysia (M-MRSA ) derived from various sources
associated with nosocomial infections were phage-typed and compared with 54 international isolates associated with epidemic and
sporadic episodes of infections. It appeared that the majority of M-MRSA were non-typable by the international basic set of phages.
Two (9.5%) were typed by phage 85. Phage-typing of MRSA revealed that the strains were almost completely restricted to phage groups

HI and a lesser portion to phage groups I and I11.
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INTRODUCTION

Staphylococcus aureus is an important hospital pathogen and
has been known o cause serious hospital-acquired infections,
especially in the surgical, orthopaedic and bumn umits. The emer-
gence of muliiple-antibiotic-resistant Staphylococcus aureus
sirains, which are resistant 1o methicillin, has created new prob-
lems and international spread of these sirains have occurred in
recent decades. Epidemic MRSA infections are common in
hospitals, mostly large referral hospitals, in France, Germany,
Austria, ltaly, the Middle East, Greece, the United States of
America, United Kingdom and Australia®,

Phage-typing has been successful as a method of strain
characterisation in Staphylococcus awreus and it can be ap-
plied when studying the spread of staphylococcal infection
and its origin in an outbreak™, “Reverse-typing™ has also been
used for strain discrimination after induction of phages from
lysogenic strains of Staphylococcus aureus by mitomycin C*¥,

This paper describes the phage-types of 21 isolates of
MRSA from Malaysia, and 54 international isolates.

MATERIALS AND METHODS

Sources of MRSA isolates

All 75 isolates had been identified as MRSA by coagulase
testing, biochemical tests and methicillin disc sensitivity tests.
They were grouped into 4 groups A, B, C and D.

Group A {M-MRSA) comprised of 21 isolates from Ma-
laysia at the University Hospital, Kuala Lumpur. Ten isolates
were from infected patients, one was from a nasal carrier and
10 isolates were from the hospital environment. The other 54
isolates were obtained from the Ceniral Public Health Labora-
tory Service, Colindale, London, England, and they were
grouped under groups B, C and D. Group B (IE-MRSA) con-
sisted of 20 epidemic sirains referred to as the International
Epidemic MRSA. Group C (IS-MRSA) consisted of 21 iso-
lates causing sporadic infections and they were referred to as
the International Sporadic MRS A.
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The 41 international MRS A isolates in Group B and Group
C were obtained from the following countries : Denmark 2,
Canada 2, Yugoslavia 2, Austria 1, United States of America
18, Saudi Arabia 1, Iraq 1, Norway 2, haly 4, Hungary 1,
China 2, Hong Kong 4 and Singapore 1.

Group D (UK-MRSA) had 13 isolates of epidemic MRSA
in the United Kingdom. A standard MRSA ST84/5518, an
isolate of the Thames Epidemic MRSA was used as a control
organism.

Media

Staph typing agar consisting of Oxford nuirient broth no. 2,
sodium chloride, Oxoid agar no. 1 with the addition of cal-
cium chloride had been used. These plates were dried for 60
minutes at 37°C before use.

Phage and phage-typing
The international basic set of 23 typing phages were used.

Group | 29 52 52A 79 80

Group II JA 3C 55 71

Group 11T : 6 42E 47 53 54
75 77 83A 84 8

Miscellanecus : 81 94 95 96

(This set has remained unchanged since 1974)

In addition, 4 experimental phages were included: 88A,
90, 83C and 932. The phage-typing was performed by the
standard method of Parker®, The phages had been propagated
by the soft-agar layer method of Swansirom and Adams®. The
phages were applied using a Lidwell typing machine, in a
standard arrangement at the rouwtine test dilution (RTD),
100RTD and 1000RTD on to plates of Staph typing agar lawned
with the test strain of Staphylococcus aureus which had been
suspended in nutrient broth and incubated for 4 hours at 37°C.
The routine test dilution is defined as the highest dilution of a
phage which just fails to give confluent lysis on the homolo-
gous propagating strains,

Experimental phages were used at 100RTD and 1000RTD
only. The phage drops were allowed to dry and the plates were
incubated at 30°C for 18 hours. Phage reactions (lysis) were
read with the aid of X10 hand lens and were recorded as

follows:
+ = 1-19 plagues
+ = 20-50plagues
++ = >50plagues
CL = confluent lysis
O = inhibition lysis



Only reactions producing confluent lysis (CL) and weak
lytic reactions {(++ and +) were taken inio account. Any *
reactions were taken as non-typable results. Inhibition reac-
tions, which oceur as thinning of the lawn in the areas of the
phage spot, was not considered as positive reactions.

RESULTS

Forty five (60%) isolates could be typed in this study. Table 1
shows the number of MRSA isolates in each group which
were typable by one or more of the 27 phages used. Of the 75
isolates which formed the four MRSA groups studied, Iytic
groups Il and V (phages 94/96) strains were not represented at
all (Table IT) .The percentages of typable strains lysed by each
phage are shown in Fig. 1.

Table I: Phage-typing of 75 methicillin-resistant
Staphylococcus aureus isolates

Number of isolates (%)

Phage typing | Group A Group B Group C Group D Toul
M-MRSA IE-MRSA i5-MRSA UK-MRSA | p=75
ne2t n=20 n=21 n=13

Nom-typable 90.5) 525.0) 523.8) 171 30{40.0)

Typable (9.5} 15(75.0) 16(76.2) 12(93.3) 45{60.00

Table II: Phage-types of 45 Methicillin-resistant

Staphylococcus aureus Isolates

Number of isolates (%)}
Lytic Group Group A Group B Group C Group I
M-MRSA E-MRSA 15-MRSA UK-MRSA | Towl
n=21 n=l$ n=16 n=l2 n=45
Group | 0 640.00 4(25.0) 3{25.0) 13(28.9)
Group[+111 | 0 213.3) 318.8) 216.7) 1(15.5)
Group H1 2100.0 7(46.7) 14{87.5) 8(66.6) 28(62.2)
Misccllanecus | & 6{d0.0) 4(25.0) 0 10(22.2)
Pphage 81
Experimental | O 9(60.0) 9%56.3) 1(58.3) 24(53.3)
phage

All the 21 M-MRSA isolates were non-typable with the
international set of phages at the routine test dilution (RTD).
However, 2 (9.5%) isolates were typed strongly by phage 85,
one a1 100RTD and the other at 1000RTD. These isolates were
from the Special Care Nursery from an infam with MRSA
seplic arthritis and septicaemia, and the other from the envi-
ronment in a surgical ward. No lysis was seen at all with the
experimental phages 88A, 90, 83C and 932.

Amongst the 20 international epidemic MRS A isolates (1E-
MRSA) in group B, 15 (75%) isolates were typable. Eleven
(55%) were untypable at RTD and 5 (25%) remained non-
typable at 100RTD even to the experimental phages. Six (40%)
were typed by phage Group I especially phage 29 in 5 (33%)
isolates and phage 52 in 4 (26.7%) isolaies. Nine {60%) iso-
lates were typed by experimental phages, particularly phages
90 (33.3% of isolates) and 932 (40% of isolates). Three (20%)
of the isolates were non-typable by the basic set of phages b
could be typed by experimental phages only: There was one
(6.6%) isolate which was typed by group I phage 29 only, 2
(13.3%) isolates typed by group I and phage 81, and 1 (6.6%)
isolate by group I and experimental phages.

The MRSA isolates in group C (JS-MRSA) were mainly
represented by phage group III, that is, in 14 (87.5%) of 16
typable strains, especially by phages 47 (43.7%), 54 (43.7%),

Fig 1 - Percentage of typable strains lysed by each phage
NT, not typable
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77 (43.7%), 85 (31.2%), experimental phages 932 (43.7%) and
phage 90 (18.7%).

Of the 13 Group D (UK-MRSA) isolates, only one was
untypable. Here again, the majority (66.6%) of the typable
isolates were lysed by group IIT phages. Seven (58.3%) typable
isolates reacted with the experimental phages, particularly
phages 932 (58.3%), 90 (33.3%) and phage 88A(25%). Three
(25%) isolates were typed by experimental phages only.

DISCUSSION

Methicillin-resistant Staphylococcus aureus has been an im-
portant pathogen associated with nosocomial infections in many
countries: In 1988, 13% of all Staphylococcus aureus isolated
from patients a1 the University Hospital were found to be
methicillin-resistant, although they were not entirely associ-
ated with clinically significant disease. Ten percent of all
nosocomial infections was associated with MRS A, especially
causing skin and wound infections, particularly in the surgical,
burns and orthopaedic patients. These MRS A strains were mul-
liply-antibioti¢ resistant to five or more antibiotics, namely
penicillin, tetracycline, erythromycin, chloramphenicol, co-
wrimoxazole, gentamicin and other aminoglycosides. Treatment
becomes problematic and drugs presently available against
MRSA are limited. They are usually sensitive 1o vancomycin,
which is costly and also potentially 1oxic.

Strain distinguishability of MRSA isolates is important in
the epidemiological study of nosocomial infectionst**?,

Other typing profiles, namely phage-typing and plasmid
typing are more reliable in sirain differentiation, although these
are technically difficult and costly to be done routinely in a
hespital. In this study, phage-typing of MRSA isolates from
Malaysia was rather unrewarding by the standard set of phages.
Only 2 (9.5%) were typable by phage 85. Methicillin resist-
ance in Staphylococcus aureus is almost completely restricted
to strains of phage groups Il and I + 1L Fifty-three percent of
the MRSA were typed with experimental phages, especially
phage 932. Typing of the international MRSA by group 111
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phages were frequently recorded with phages 47, 54, 77 and
85. Lysis by phage 81 (miscellaneous group) was also fre-
quently seen in the intemnational MRSA strains, but this was
not cbserved in the strains from United Kingdem. In the United
Kingdom, highly transmissible strains of MRSA have been
termed epidemic MRSA (EMRSA) to differentiate them from
other MRSA (OMRSA) strains™. The EMRSA is ofien typed
by phage group 11l especially phage 85, occasicnally by phage
84 and 83A, and also the experimental phages 88A and 932,
but many strains remain untypable.

The epidemic and sporadic strains could not be differenti-
ated by phage-typing alone. For the phage group 1 strains,
lysis by phage 29 was the commonest, followed by phages 52
and 80. In the groups B, C and D studied, 40-50% of the
isolates were typed by experimental phages, which may lyse
non-typable strains. These experimental phages were useful in
typing cutbreak strains which were not lysed by the basic-set
phages.

The 75 MRSA isolates studied did not belong 1o phage
groups IF and V (94/96 phages) as such phage types are rarely
methicillin-resisiant. Non-typability had been reduced by 20-
23% by typing at 100RTD, although this is not normally done
when an adequate result is obtained at RTD.

Phage typing is useful in identifying the existence of a
particular epidemic strain which have spread and caused out-
break. A larger number of MRSA isolates need to be studied
to determine the significance of certain phage-types in relation
10 community or hospital-acquired infections.

440

ACKNOWLEDGEMENT

1 would like to express my thanks to Dr R R Marples of the
Division of Hospital Infection, Central Public Health Labora-
tory Service, Colindale, London, England for supplying the 54
international MRS A isclates and for his invaluable advice and
10 Mrs Fadzidah Faridun for typing this manuscript.

REFERENCES

1. Shanson DC : Anubiotic-resisiant Staphyloccus aureus. ] Hosp
Infect; 1981; 2: 11-36

2. Townsend DE, Ashdown N, Bolton § et &l : The Intemational
spread of Meshicillin-resistam Staphylococcus aurens. J Hosp
Infect; 1987; 9: 60-T1 .

3.  Blair JE, Williams REO : Phage-typing of Staphylococci. Bull
WHO 1961; 24: 771-84

4. Rountree PM ; The serclogical differentiation of siaphylococcal
bacieriophages. J Gen Microbiol 1949; 3: 164-73.

5. Parker MT: Phage-typing of Staphylococcus aureus. In : Norris
IR, Ribbons DW. eds. Methods in Microbiology, London Aca-
demic Press, 1972; 78; 1-28

6.  Swanstrom M, Adams MH : Agar layer method for production
of high titre phage stocks. Proc Soc Exp Biol (NY) 1951; 78:
372-5

7. Cookson BD, Phillips I : Epidemic methicillin-resistani
staphylococcus aureus. J Antimicrob Chemother 1988: 21, Suppl
C: 57-65.



