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Introduction

The incidence of hospital-acquired methicillin-resistant
Staphylococcus aureus (MRSA) infection is rising worldwide,
although this varies between countries, partly depending on
the approach to detection.1 The United Kingdom is reported
to have one of the highest rates of MRSA infection in
Europe,2 where 31% of S. aureus isolates causing invasive
infection are methicillin-resistant;3 however, a decrease in
rates first observed in 2006 appears to be ongoing.3

Active surveillance with screening to identify MRSA
carriers and treating them by isolation and eradication to
reduce the risk of transmission is of great importance to the
continued decline in rates of MRSA infection.4 Owing to the
risk of transmission of MRSA from infected patients, it is
important to obtain rapid results on patients in identified
risk groups.5 Any delay could result in cross-infection from
MRSA-positive patients and facilitate the spread of MRSA
through a hospital.6

Various methods are available for use in the diagnostic
laboratory which can improve turnaround time for MRSA
identification.7,8 Culture methods are used widely and are
recommended in the most recent guidelines for laboratory
diagnosis of MRSA.7 The development of chromogenic agars
for the detection of MRSA has provided laboratories with
the ability to identify presumptive positive MRSA colonies
after incubation for 24 hours.8

In recent years, attention has turned to the development
of molecular techniques for the detection of MRSA, which
offer much more rapid results than conventional culture.9

There are many reports of ‘in house’ molecular methods for
the detection of various MRSA genes, such as mecA, nuc or
orfX,10,11 or multiplex assays for the detection of the most
common SCCmec types.12 Commercial real-time assays are
also available that identify MRSA from clinical samples.13,14

The problems with these methods include higher cost and
greater technical complexity.

Current practice in the authors’ laboratory is to perform
further confirmatory tests of presumptive MRSA colonies

from chromogenic agar, with a presumptive report at 48 hours
and final report at 72 hours. This delay in producing a
confirmed result prompted the authors to seek another
method to improve turnaround time on MRSA screening
samples. Almost all MRSAs have an additional penicillin-
binding protein, PBP2’, mediated by the mecA gene,15 and
commercially available rapid latex agglutination tests have
been described, based on the detection of PBP2’.16–18

The aim of this study is to adapt one of these kits
(Mastalex-MRSA, Mast Diagnostics, Bootle, UK) for use on
presumptive MRSA colonies from screening samples, and
assess whether or not this technically simple test could
provide same-day results in patients with unknown MRSA
status.

Materials and methods

The study was undertaken at Raigmore Hospital in
Inverness, Scotland, which is a 577-bed district general
hospital that provides services to a population of some
299,000 residents covering the north of Scotland. Specimens
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for MRSA identification were received from patients whose
MRSA status was unknown, as well as from patients who
were previously known carriers. The former were taken
either from the community, upon emergency admission to
hospital, at pre-operative clinics, or admission to the
intensive therapy unit (ITU). Specimens received were site-
specific swabs such as nose, axillae or perineum, together
with some endotracheal aspirates and urine. The swabs
were collected into Amies medium and were transported
and processed within six to 48 hours of collection.

Data collection from current practice
The MRSA requests for the year were examined. From April
to August 2009, all consecutive unselected swabs requesting
MRSA were processed using current practice. Briefly,
individual swabs from patients previously known to have
MRSA were incubated overnight at 37˚C in nutrient broth
with 7.5% salt (Oxoid, Basingstoke, UK), then subcultured
on Brilliance MRSA agar (Oxoid) for a further overnight
incubation at 37ºC. Swabs received from patients of
unknown MRSA status were pooled and directly plated on
Brilliance MRSA agar and incubated overnight at 37˚C.
Possible MRSA colonies with distinct denim blue colour on
Brilliance MRSA agar following 18–24 h incubation were
recorded as follows: mixed growth; 1–9 colonies of
presumptive MRSA; and >10 colonies of presumptive
MRSA. Isolates were then processed for identification by
standard procedures including Prolex StaphXtra test (Prolab,
Cheshire, UK) and inoculation for DNase and a Methi
Test–cefoxitin strip (Medical Wire & Equipment, Wiltshire,
UK) as well as identification and sensitivity testing by Vitek2
(bioMérieux, Basingstoke, UK). Final results were reported
and recorded along with data collected on growth
characteristics.

Latex kit modification
The Mastalex-MRSA latex agglutination kit recommends the
use of approximately 10 medium colonies (1 mm diameter).
Frequently, fewer than five colonies are isolated from MRSA
screening samples. In order to determine if this kit could 
be adapted for use on these samples, two dominant UK
epidemic strains of MRSA, EMRSA 15 and EMRSA 16,19

and two common local strains of MRSA, SMRSA 111 and
SMRSA 106 (typing by Scottish MRSA Reference Laboratory)
were used. These strains were processed in duplicate, using
a 1 µL loopful, or 20, 10, 8, 6, 4, 2 and 1 colonies. Each
reaction was observed for agglutination after 3 min and
strength of reaction was scored according to the
manufacturer’s instructions. Organisms other than MRSA
isolated from nasal swabs and with the ability to grow on
Brilliance MRSA agar were tested in duplicate. These were
methicillin-sensitive S. aureus, Enterococcus faecalis, Bacillus
spp., methicillin-sensitive coagulase-negative strains 
of staphylococci, S. warneri and S. cohnii, and methicillin-
resistant coagulase-negative strains of staphylococci, 
S. haemolyticus and S. epidermidis. A 1 µL loopful or 20, 10 and
5 colonies were observed for agglutination and the strength
of reaction recorded. Reaction mixes of EMRSA 15 and
individual organisms, identified above, were tested in
varying quantities in duplicate. As a control, a single
suspension of the organism was used to check the
agglutination result of that organism alone. In order to
perform MRSA confirmation with Mastalex-MRSA in

samples with less than five colonies after 24 h incubation, one
EMRSA 15 colony was picked from a Brilliance MRSA agar
plate and subcultured on a blood agar plate. Growth was
recorded following incubation at 37˚C for 4 h, 5 h and 6 h.
Where sufficient growth was detected, the Mastalex-MRSA
test was carried out along with the standard identification
procedures.

Financial considerations
The cost for the current routine method for patients of
unknown MRSA status was determined. This included the
cost of a transport swab, a Brilliance MRSA agar plate and a
plastic loop for all specimens. This was the total cost if a
specimen was negative. Specimens producing blue colonies
required further processing and the additional cost of
confirmatory tests, as detailed above. The cost of performing
a Mastalex-MRSA agglutination test was calculated,
although the figures do not take into consideration the
additional labour cost associated with this work.

Proposed protocol
Using the results from the above methods, a protocol was
developed for the routine use of the Mastalex-MRSA kit in
the diagnostic laboratory service in order to achieve a faster
turnaround time for positive patients.

Statistical analysis
The results for patients of unknown MRSA status from 
the test period were compared to the results obtained
between November 2008 and October 2009 using an
unpaired t-test.

Results

Current practice 
During the 20-week period of data collection, samples from
a total of 4034 distinct patients were processed (Table 1). Of
these, 984 were previously known to harbour MRSA and not
considered further in the context of this study. The
remaining 3050 patients were of unknown MRSA status.
When compared with the entire year, there was no statistical
difference with specimen numbers during this period
(P=0.48). Breakdown by source showed that 60% of
specimens were from nasal swabs alone, 29% from pooled
sites, 8% from urine and 1.6% from endotracheal aspirates.
The remaining 1.4% were from miscellaneous individual
sites or sputum samples. Samples from 73 patients produced
blue colonies on Brilliance agar following overnight

Known MRSA Patients with Total
patients (%) unknown MRSA (%)

status (%)

Negative 460 (46.7) 2977 (97.6) 3437 (85.2)

Presumptive positive 524 (53.3) 73 (2.4) 597 (14.8)

Total 984 3050 4034

Confirmed positive 444 (45.1) 47 (1.5) 491 (12.2)

Table 1. Breakdown of patient status and results for specimens
received in the microbiology department at Raigmore Hospital 
for identification of MRSA.



incubation and were further processed overnight for
preliminary MRSA identification. Of these, 47 (64%) were
confirmed as MRSA on final report. 

Latex kit modification
All EMRSA and SMRSA strains produced denim blue
colonies on Brilliance MRSA agar and a positive result with as
few as two colonies. When examining Brilliance agar plates
there is often mixed growth present that may affect the
interpretation of the result. Blue colonies produced by 
a methicillin-sensitive S. aureus (MSSA) clinical isolate, 
E. faecalis, Bacillus spp., and mixed-colour colonies of
methicillin-sensitive coagulase-negative staphylococci did
not produce any reaction with the Mastalex-MRSA kit. 
Two strains of methicillin-resistant coagulase-negative
staphylococci (CNS) produced a positive reaction with the
Mastalex-MRSA kit; however, more that 10 colonies were
required for a strong reaction. The same organisms were
used to identify interference with the kit, but none was
observed. Following 4 h incubation of one MRSA colony on
blood agar at 37˚C, it was possible to obtain sufficient
growth to perform a Mastalex-MRSA latex agglutination.
This also provided sufficient growth for standard S. aureus
identification and further MRSA confirmatory tests, as
described above. 

Proposed protocol
Using the results from current practice, a protocol was
developed for earlier confirmation of MRSA in specimens
from patients with unknown MRSA status (Fig 1). Only 
70 patients could be evaluated because the original Brilliance
plates from three were not seen by the assessors to record
growth details. Using this protocol, 32 (45.7%) of the 
70 presumptive positive patients evaluated whose
specimens produced >5 colonies and no mixed growth
could have been identified using the kit. For the 38 (54.3%)
patients with <5 colonies or a mixed growth, an additional
incubation step could have provided enough growth to
perform the latex agglutination test.

Financial considerations
In the authors’ laboratory, the cost of processing a negative
sample is €0.77, and a presumptive positive costs €9.29. The
cost of performing the current protocol during the study
period was €2970.46. The additional cost of running the
Mastalex-MRSA kit would have been €5.86 per isolate,
including a positive control, making the cost of processing a
positive MRSA patient €15.15. The cost of processing the
samples during the study period using the Mastalex-MRSA
kit in addition to the current method would have been
€3398.24.

Discussion

A rapid result on patients with unknown MRSA status is
important for the management of this organism among
vulnerable patients in hospitals.20 Currently, in the authors’
laboratory, swabs are cultured from patients with unknown
MRSA status directly on chromogenic agar, with a negative
result available after 24 h. Other studies have evaluated the
use of chromogenic agars to produce a faster result, with
favourable outcomes.21,22 However, in the authors’ laboratory,

a presumptive positive is not reported until 48 hours as
further testing requires overnight incubation, with final
confirmation at 72 hours.

The ability of the epidemic strains, EMRSA 15 and 16, and
SMRSA strains used in this study to produce a strong
reaction with as few as two colonies using the Mastalex-
MRSA kit confirms induction of the mecA gene23 and
increased production of PBP2’ with the surrogate marker in
Brilliance agar. Five colonies were chosen as the cut-off value
to provide sufficient colonies for further confirmatory tests
as well as the Mastalex-MRSA test. Positive results with CNS
are expected as some methicillin-resistant CNS also carry the
mecA gene.24 However, a greater number of colonies (>10)
were required to produce a strong reaction, and this agrees
with the findings of Cavassini and colleagues.25

Distinct colony morphology (mostly white colonies) also
permits the differentiation from MRSA. Where methicillin-
resistant CNS produce blue colonies, a negative Prolex
StaphXtra test confirmed the identification. Utilising a latex
agglutination test for PBP2’ and implementing the proposed
protocol, even specimens that produce fewer than five
colonies on the Brilliance plate can be processed and a
presumptive report issued on the same working day. 

Plans for a national rollout of MRSA screening26 will put an
extra burden on laboratories to provide a rapid result on a
greater number of specimens. Therefore, the ability of this
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Fig. 1. Prospective algorithm for processing presumptive MRSA
specimens through routine laboratory practice.
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protocol to provide a presumptive result within 24 h and a
final report in 48 h is of critical importance.

Molecular techniques have been introduced in some
laboratories, with sensitivity and specificity increased by
linking the polymerase chain reaction (PCR) to an end-stage
hybridisation/enzyme-linked immunosorbent assay (ELISA)
or real-time detection step.13,14 Although the result is more
rapid than culture techniques, this is at a higher financial
and technical cost.27 Indeed, this laboratory has reported on
the use of the commercial IDI-MRSA assay and found it to be
workable and able to achieve same-day results.28 However,
under current financial restrictions, this PCR system could
not be sustained within the authors’ laboratory. 

Other studies have determined that MRSA screening
reduces the burden on the healthcare system and that
culture-based29,30 and PCR-based techniques31 can be cost-
effective. Studies using PCR-based methods vary in respect
of the associated costs reported. Schulz and colleagues31 view
PCR as cost-effective, with a cost per test of €35 using BD
Gene Ohm (IDI-MRSA). In the present study, the cost of
performing the Mastalex-MRSA test was lower, and this can
be performed only on the specimens that are presumptive
positive.

In summary, the Mastalex-MRSA kit is a rapid and easy-to-
use test that can be performed on as few as five presumptive
MRSA colonies from Brilliance agar. In cases that produce
insufficient colonies, a 4 h incubation on blood agar can be
used. Thus, a presumptive positive result can be issued on
patients after 24 h (not the current 48 h). This provides a
better service for the patients and clinical staff within the
authors’ district general hospital. It may also be possible to
use other commercial latex kits in a similar manner.

The authors would like to thank staff at the Scottish MRSA
Reference Laboratory for typing the MRSA isolates, and the
biomedical scientists in the bacteriology department of Raigmore
Hospital, in particular Andrea Hull and Julius Msangi, for their
assistance with data collection. 
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