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Abstract

This study was carried out to determine the types of Methicillin-Resistant Staphylococcus aureus (MRSA) by

two typing systems, Coagulase typing and spa typing and to identify relationship between types of MRSA strains

isolated from patients and hospital staff carriers. A total of 40 MRSA strains, 33 from cases of wound infection

and 7 from anterior nares of hospital staffs were investigated. Coagulase typing showed that all the MRSA

strains isolated from patients were coagulase type VI and all the strains isolated from carriers were coagulase

type VII. In spa typing, seven spa types were detected such as S4, S6, S7, S8, S9, S10 and S11. Predominant spa
type in patients was S7 detected in 15 (45.45%) MRSA isolates, followed by S4 in 8 (24.24%) strains and S6 in 5
(15.15%) strains. Other spa types detected in patients in small numbers were S8 (3.03%), S9 (3.03%), S10
(6.06%) and S11 (3.03%). While in strains of MRSA isolated from carriers, only two types S4 and S9 were
detected. Both the spa types identified from carriers were also detected in a total of 9 (27.2%) of MRSA strains

isolated from patients.

Key words: MRSA, Carriers of MRSA, Coagulase typing, spa typing

Introduction

Methicillin-Resistant Staphylococcus aureus (MRSA) is a
major nosocomial pathogen worldwide and is potentially a
great threat to medical therapy.! Infected and colonized
patients provide the primary reservoir and transmission occurs
mainly through hospital staffs.2 Typing of MRSA strains is
recognized to be important in understanding the epidemiology,
transmission route of the organism, evaluating the
effectiveness of infection control and antimicrobial therapy.? A
number of typing methods based on biological properties and

genomic polymorphisms have been designed and applied for
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typing of MRSA strains.# Typing methods include chemical

resistograms, phage typing, ribotyping, biotyping,
antibiograms, pulsed-field gel electrophoresis (PFGE) and

PCR- based methods.s

Coagulase typing method has been used successfully in
epidemiological investigations of Staphylococcal infections.
This method is based on the difference in eight antigenic types
(I to VIII) of coagulase produced by S. aureus. It is a simple,

rapid, easy to perform and reproducible typing system.6

Genotyping methods based on DNA analysis has become the
most trusted marker for MRSA typing. The sequencing of the
polymorphic Xr region of the Protein A gene (spa), containing
a variable number of 24-bp repeat regions, flanked by well-
conserved regions and is the spa typing.” This sequence-based

typing method detects the nucleotide and amino acid sequence




Coagulase Typing and spa Typing of Methicillin Resistant Staphylococcus aureus

diversity of the Xr region of protein A. The spa typing
combines a number of technical advantages such as rapidity,
reproducibility, portability and higher discriminatory power,
enabling its use for typing MRSA strains.?

The aim of this study was to investigate and compare the types
of MRSA by coagulase and spa typing to identify source and
transmission of MRSA and to differentiate genetic origin of

strains from patients and nasal carriers.

Methods

The study was a cross-sectional study carried out in the
department of Microbiology, Dhaka Medical College from
January to December, 2004.

A total of 40 MRSA isolates, 33 from cases of wound
infection and 7 from anterior nares of hospital staffs were
investigated. Identification of MRSA was done by Oxacillin
disc diffusion method using lpg disc and MRSA latex
agglutination test (Denka Seiken, Japan) following
manufacturer's instructions. Coagulase typing of MRSA was
done in the department of Microbiology, Mymensing Medical
College. The identified MRSA strains were preserved at -
20°C and finally sent to Sapporo Medical University, Japan
for spa typing.

Coagulase type was determined by a neutralization test using
Coagulase type specific antisera (I-VIII) (Staphylococcal
Coagulase antiserum kit, Denka Seiken, Inc., Tokyo, Japan). A
0.1 ml amount of each antiserum and normal rabbit serum (as a
control) was added to 0.1ml of the suspension obtained from an
overnight culture of each test isolate. This solution was
incubated at 37°C for 1 hour, after which 0.2 ml of rabbit plasma
was added. Inhibition of coagulation after further incubation at
37°C for at least 1 hour indicated the Coagulase type.°

For spa typing, bacterial DNA was extracted using
achromopeptidase. DNA sequence including that of the Xr-
region in the S. aureus gene was amplified by PCR using a
pair of primers spa-2 and spa-5. (Table I)

The size of the PCR product was determined by using
appropriate molecular weight markers in Electrophoresis in
2% NuSieve 3:1 Agarose stained with Ethidium bromide
(FMC BioProducts) at 100 Volts for 1+5 hours. The PCR
product contained additional 72 and 37 nucleotides at the 5'
and 3' ends of the repeat region, respectively. Consequently,
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the relation of the repeat number of 24-base units to the size
of the PCR product is expressed by the following formula:
size (bp) of PCR product = (repeat no.) x 24+109.10

Table I: Sequence of oligonucleotide primers and their
locations in protein-A gene

Primer  Nucleotide sequence (5'-3") Location*

name (nucleotide nos.)
spa-1 +CAAGCACCAAAAGAGGAA 1153-1170

spa-2 -CACCAGGTTTAACGACAT 1475-1492
spa-3 +GCTAAAAAGCTAAACGAT 1132-1149

spa-4 +CCTTCGGTGAGCAAAGAA 1102-1119

spa-5 +GACGATCCTTCGGTGAGC 1096-1113
spa-6 -TCAGCAGTAGTGCCGTTTGC 1516-1535

* Nucleotide number is described according to the protein-A gene sequence
of S. aureus strain 8325-4.

Direct DNA sequencing of the PCR product from
representative strains was performed by dideoxynucleotide
chain termination method using Sequenase PCR product
sequencing kit (United States Biochemical, Cleveland, Ohio,
US), employing the primers listed in Table I. In addition to
the DNA amplified with primers spa-2 and spa-5, PCR
products generated with primers spa-5 and spa-6 were also
used as templates for sequencing of all the strains. The spa
types expressed by arrangement of repeat unit genotypes, was

assigned to each isolated bacterial strain.10

Result

Out of the 40 MRSA strains investigated, 33 (82.5%) were
isolated from patients with wound infection and 7 (17.5%)
from hospital staff carriers. Among these strains, two
coagulase types were detected: Coagulase type VI and
Coagulase type VII. All MRSA strains isolated from cases of
wound infections were Coagulase type VI and those from
carriers were Coagulase type VII. (Table II).

Table II: Coagulase type of MRSA strains isolated from
patients and carriers

MRSA isolates' Number Coagulase type
source of isolates of the isolates
From patients 33 (82.5%) Type- VI
From carrier 7 (17.5%) Type- VII
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The spa type of all the MRSA strains examined was
expressed as series of repeat units, each of which represented

24 nucleotides. (Figure 1)

7 8 9 10 11 12 13 14 15 16 17

Repeatnos 7 7 9 7 4 11 6 4 7 7 10 4 4 7

Figure 1: PCR products containing the whole Xr region of representative
MRSA strains. Estimated number of repeat is indicated below each lane.
Lane 1- Molecular weight marker (100 bp ladder), Lanes 2 &17- Molecular
weight markers (50 bp ladder).

Consequently, 7 spa types were identified among the 40
strains isolated. The MRSA strains from wound infection
cases belonged to the spa types S4, S6, S7, S8, S9, S10 and
S11, and MRSA strains from carriers were spa types S4 and
S9. In MRSA from patients, 7 repeat type (S7) was the
predominant type. The highest number of spa types was S7
and was detected in 15 (45.45%) of MRSA strains, followed
by S4 in 8 (24.24%), and S6 type in 5 (15.15%) strains. S10
was detected in 2 (6.06%) strains, while each of spa types S8,
S9 and S11 was found in 1 (3.03%) strain. In carriers, S4
type was detected from 4 (57.14%) and S9 type from 3
(42.85%) of the isolated strains. (Table III)

Table III: spa types of the MRSA strains isolated from

patients and carriers

Number of isolates from-

spa type wound infection (n=33) Carrier (n=7)
S4 8 (24.24) 4(57.14)

S6 5(15.15) 0(0)

S7 15 (45.45) 0(0)

S8 1(3.03) 0(0)

S9 1 (3.03) 3 (42.85)
S10 2 (6.06) 0(0)

S11 1(3.03) 0(0)

Total 33 (100) 7 (100)

Figures within parentheses indicate percentages

Discussion

The Methicillin-Resistant S. aureus (MRSA) is one of the
most significant healthcare-associated pathogens responsible
for a wide range of hospital infections and is widely prevalent
in Bangladesh.!l.12 Hospital staffs play an important role in
transmission of MRSA to patients. Several studies has
reported that nasal carriage of the hospital staffs act as a
significant source of MRSA for new nasal acquisition by
patients and contribute to development of infection.!? Typing
of MRSA strains is important for epidemiological monitoring
and specially identification of the strains responsible for
outbreaks. Typing is used to delineate the pattern of spread,
identify source and vehicle of transmission and to monitor

the reservoir of epidemic strains.!4

In the present study, Coagulase types VI and VII were
detected from the strains isolated from patients and carriers
respectively. This finding differ from other reports on
coagulase typing. This typing system was widely used in
Japan, where predominant coagulase types were type Il and
type IV.15.16 This difference in predominant coagulase types

might be due to geographical variation.

In this study, coagulase types of the MRSA strains isolated
from patients and carriers were different. It suggests that the
infections were endogenous in origin. However, coagulase
typing, being a phenotypic method have lower discriminatory
power and can not differentiate genetic relatedness of MRSA
isolates from different sources.!” So, possibility of infection
from exogenous sources can not be excluded. In spa typing
of the MRSA strains, seven different genetic types, spa types
S4, S6, S7, S8, S9, S10, S11 were identified. Strains
showing different spa types can be regarded as different
clones. Although coagulase types of the strains were
identical, they might belong to different genetic types.
Predominant spa types in Bangladesh (S7 and S4) was
different from those reported from other countries. Studies
has shown that dominant spa type varies in different
countries. In Germany predominant spa type detected was

S30, in Japan S10 and in Paraguay it was S5.10.18.19

The spa types from carriers (S4 and S9) were different from
predominant spa type from the patients (S7) in this study.
This suggests that majority of MRSA infections was
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endogenous in origin or transmitted from patient to patient. In
case of wound infection, high rate of endogenous source is
well documented, which is explained by the fact that the
normal colonizing flora in a patient changes within 24-48
hours under selective antibiotic pressure. In these patients,
skin is often colonized with the same strain and disinfection
is not effective in deeper layers of skin. So, these endogenous
S. aureus becomes the source of wound infection.20
However, spa types of carrier-strains were also detected in 9
(27.3%) of the patient-strains. This finding shows that there
is a role of hospital staff carriers in transmitting MRSA
infections to patients. Carriage of MRSA in healthcare
provider has been associated with some hospital outbreaks
and considered as a potential risk for MRSA infection among
hospitalized patients.2! Reliable detection and elimination of
MRSA carriage in hospital staffs is, therefore, necessary for

effective infection control intervention in a hospital.

It is apparent from the present study that the predominant
MRSA types in Bangladesh is different from that of other
countries, and hospital staffs, who act as carriers, play an
important role in transmission of MRSA to patients. Regular
screening of hospital staffs and elimination of carriage state
may reduce the rate of MRSA infection in a hospital. Regular
epidemiological monitoring and typing of MRSA to identify
the changing trend of the strains should be carried out on a

large scale for effective control of MRSA infections.
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