
Survival of Methicillin-Resistant Staphylococcus aureus and
Vancomycin-Resistant Enterococcus spp. for an Extended Period of
Transport

Gwen L. Robinson,a Anthony D. Harris,b,c Daniel J. Morgan,b,c Lisa Pineles,b Beverly M. Belton,d J. Kristie Johnson,a,b and
the Benefits of Universal Gloving and Gowning (BUGG) Study Group

University of Maryland, Department of Pathology,a and Department of Epidemiology and Public Health,b Maryland Veterans Administration Medical Center,c Baltimore,
Maryland, USA, and Yale New Haven Health System, New Haven, Connecticut, USAd

This study determined the survivability of methicillin-resistant Staphylococcus aureus (MRSA) and vancomycin-resistant en-
terococci (VRE) for extended periods of time and temperatures using a standard swab for assessment. Our study showed that
transportation in Liquid Amies medium could be performed at room temperature or 4°C for up to 14 days without a decrease in
recovery of MRSA or VRE.

Consolidation of laboratories is a cost-containment measure
that has made available to physicians a wider variety of labo-

ratory tests (9). However, with consolidation, the time of trans-
port of microbiological specimens to clinical laboratories within
the institution or to other institutions has increased. It is essential
to transport these specimens in a fashion that does not adversely
affect the number of viable organisms or their morphology.

Appropriate collection and optimal transportation of speci-
mens are important to achieving accurate clinical laboratory re-
sults. Swab transport systems have often filled this need when
specimens are not expected to be processed quickly (6, 14). The
swab transport system must be able to keep organisms viable as
well as maintain organisms at a relatively high proportion of what
was initially obtained (8, 10, 11, 13, 14). Optimal time and the
method of transportation differ for each organism due to the dif-
ferences in survivability of each bacterial species.

The objective of this study was to determine the survivability
of clinical strains of methicillin-resistant Staphylococcus aureus
(MRSA) and vancomycin-resistant enterococci (VRE) for vari-
able periods of time and temperatures that might be encountered
during transport using a standard microbiological specimen swab
and Clinical Laboratory and Standards Institute (CLSI) guidelines
for assessment.

This study was approved by the University of Maryland, Balti-
more Institutional Review Board. Isolates were collected from the
nares (MRSA) and perirectal area (VRE) of patients in intensive
care units at the University of Maryland Center and Kernan Hos-
pital. Isolates were identified using standard laboratory protocol,
and susceptibilities were determined using CLSI guidelines (1).
Pulsed-field gel electrophoresis (PFGE) was performed to identify
clinically unique isolates of MRSA (5) and VRE (2). Isolates were
characterized as unique if PFGE patterns of isolates had a band
difference greater than 2 (see Fig. 1) (12). In this study, 10 unique
isolates of MRSA and 10 unique isolates of VRE were used to
inoculate swabs for assessment of survivability.

The swab elution method described in the M40-A NCCLS
guidelines (7) was used to inoculate BD BBL CultureSwab Liquid
Amies, Single Swab (Becton, Dickinson, Sparks, MD). Swabs were
inoculated with 100 �l of a 1:10 dilution of a 0.5 MacFarland
inoculum made for each organism, giving a total of 45 samples for
each isolate. The 45 samples included 3 for baseline culture as well

as 3 cultures for each of the 2 temperatures (room temperature
and 4°C) on days 2, 4, 6, 8, 10, 12, and 14. The swabs were then
stored at either room temperature or 4°C for up to 14 days to
mimic conditions encountered during transport.

Swabs were vortexed in 1 ml of 0.85% saline before succes-
sive 10-fold dilutions were made, and 100 �l was plated in
duplicate onto tryptic soy agar (Sigma-Aldrich, Switzerland).
Colony counts were performed on each plate after overnight in-
cubation. Growth at each temperature and time point was com-
pared to the baseline performance of the swab for that particular
organism to assess whether there was an increase or decrease in
CFU. According to CLSI guidelines, there should be no more
than a 3 log10 decrease or a 1 log10 increase in CFU between
baseline counts and counts of the swabs stored at different
temperatures (7).

At baseline, 2.29 � 105 CFU/ml for MRSA and 1.87 � 105

CFU/ml for VRE were extracted from the swabs. The swabs con-
taining unique strains of MRSA and VRE remained stable, as dem-
onstrated by a change of less than 3 log10 compared to baseline
counts (see Fig. 2). At the day 14 endpoint, MRSA swabs held at
room temperature had a mean of 2.02 � 104 CFU/ml for MRSA
recovered and swabs held at 4°C had a mean of 1.04 � 105 CFU/ml
for MRSA recovered. VRE swabs held at room temperature had a
recovery of 6.73 � 104 CFU/ml on average for VRE, and swabs
held at 4°C on average had a recovery of 8.96 � 104 CFU/ml for
VRE. There was no relevant change in organism recovery in swabs
stored from day 0 to day 14.

This was the first study to examine extended transport time
past 7 days for MRSA and VRE specimens. Morosini et al. assessed
transport times at room temperature for Staphylococcus aureus
ATCC 44330 and Enterococcus faecium for up to 7 days using 4
different Amies transport swabs (6). Their results were consistent
with our study. However, our study used multiple clinical strains
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and assessed recovery of strains up to day 14 at 4°C and at room
temperature. Surveillance cultures for MRSA or VRE are stan-
dard, high-volume samples that are often grown for all patients in
a unit or an entire hospital. For example, in Department of Vet-
erans Affairs hospitals, all patients are swabbed at admission,
transfer, and discharge at a significant cost (4). These cultures are
often the outcome measure in large multicenter trials in which

surveillance cultures have been processed at a reference laboratory
(3). Our finding that culture results are stable under different
conditions validates the use of a central laboratory and could po-
tentially lead to decreased costs for hospital systems.

A limitation to this study was that it did not assess multiple
organisms on one swab. The CLSI guidelines do not address the
overgrowth of bacteria such as Gram-negative organisms and the

FIG 1 Pulsed-field gel electrophoresis to confirm that the strains of MRSA and VRE selected for the study were unique (all had a �2-band difference by Tenover
criteria).

FIG 2 Comparison of average colonies recovered per day for swabs inoculated with MRSA and VRE at different temperatures. A significantly different result was
defined by CLSI guidelines as a difference of 3 log.

Survival of MRSA and VRE during Extended Transport

July 2012 Volume 50 Number 7 jcm.asm.org 2467

http://jcm.asm.org


loss of fastidious organisms in a polymicrobial environment (11).
The organisms selected for this study were chosen because they are
often cultured with swab transport systems for the purposes of
surveillance. These organisms are also less demanding compared
to the more fastidious bacteria such as Haemophilus influenzae
and Streptococcus pneumoniae.

Our study showed that MRSA and VRE can survive in Amies
transport media refrigerated or at room temperature for up to 14
days. We found that commonly collected infection control sur-
veillance samples can be shipped using standard swabs without a
significant decrease in yield of MRSA or VRE. Extended transit
time of this swab transport system does not adversely affect the
number of viable organisms or their morphology and may be a
cost-saving mechanism for research and clinical laboratories.
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