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Abstrad The present study was carried out o determine
how active surveillance for methicillin-resistant Stapivlo-
coccus aurens (MRSA) could be improved by the use of
enrichment broth and the inclusion of extra-nasal sites with
nares cultures, Molecular typing was also pedonned to
identify colonization by single or multiple strains. Surveil-
lance cultures for MRSA were obtained from 650 patients
on admission to a medical and surgeal misnsive care unit
(BCU) in Taiwan. MRSA was detected on directly plated vs,
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broth-ennchment cultures in anv site at 1000% vs, 24.2%,
nares 8.2% vs. 17.5%, throat 48% vs. 13.4%, axilla 1.2%
vs, 9.1%, and perineum 1.8% vs, 9.5%, mespectively. Nares
cultures alone detected only B1.5% and 72.5% of all
colonized patients by direct and broth-gnnched cultures,
respectively. The molecular typing of 68 isolates from 17
patients revealed that multisite isolates were largely
indist inguishable within each patient, but four patients had
multiple subtypes and another three patients had different
clonotypes. The detection of MESA carriers was consider-
ubly enhanced by bmth-enrichment cultres at multiple
anatomic sites and simultansous colonization by multiple
stramns at different sites can occur. Epidemiological studies
are needed o determine the likelihood of subsequent
nosocomial infection among colonized patients detected
via direct nasal vemus broth-enriched cultures from
multiple sites,

Introduction

Methia llin-resistant Staphylococcus aurens (MESA) is an
impontant couse of severs, invasive nosocomial nfections,
The worldwide prevalence of MRSA has increased in
ussociation with the widespread occumence of community-
acquired MRSA, Patients colonized with MRSA are not
only at higher risk of developing subsequent mfection [ 1, 27,
but they may also serve a5 a reservoir for transmitting
MESA to other hospitalized patients and healthcare workers.
Recommended control measures imclude hand hygiene,
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colonized patients may serve as a potential source for
transmitting the organism o others, Therefore, active
surveillance of high-risk patiens to identify asympiomatic
camiers and placing them under contact procautions has been
standard practice and is mandated in ome countries [3, 4].

Although there have been studies comparing the recov-
ary of MRSA from different anatomical sites [5-], most
surveillance testing has focused only upon surveying for
nazal camiage. In addition, altowgh broth enrichment had
been suggestod a5 & means to improve the meovery of S,
mireies [9-12], the wse of enrichment broth in surveillance
testing for MRSA has not boen universally embraced [6, 7,
13, 14].

MRSA accounts for 70 to 75% of & surews infections in
intensive came units {ICUs) and more than 0% of
mowocomial & gurews infections in Taiwan, To beter
understand the camiage of MRSA in high-risk patient, we
conducted an active surveillance project in two hospitals in
Taiwan. Surveillance culwres of the nares, throat or
sputum, axilla, and perincum were performed on ICUJ
patients at admission. This report compares the recovery of
MRSA from the four body sites and determined the effect
of enrichment broth on the culture results. Maolecular
characterization was also performed on isolates from
patients who were colonized on the four zites to determine
if different MRSA strains colonize a patient at different
hody sites simultanoowshy,

Materials and methods
Patients

The study population consisted of patient admitted to the
TCUs at two large (maore than 700 beds) hospitals in Taipei,
Taiwan. The medical BCU {13 beds) of hospital A and the
surgical ICTT (32 beds) of hospital B were included in the
study. The survey was conducted over a period of & months
hetwoen August 2005 and Febneary 2006, Tt was approved
by the Instiutional Review Board (TRB) commitiess of
baoth hospials.

Specimens

Surveillanee cultures wene performed within 24 h of
admission to the T0Us. A sample set of nose, thrmat or
sputum, axilla, and perineum cultunes were obtined wsing
separate EZ Cultrettes {BEL, Becton Dickinson, Sparks,
MDY, The swabs were plated onin a sheep blond agar
(SBA) and a CHROMagar MRSA (direct culture). The
swabs were then inserted into a tube of enrichment broth
contining 5 ml Trypticase oy broth with 7.5% MNall
{broth-cnrichment cultures). The plates and broth culures
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were ransporied to the Mational Health Rescarch Instinnies
(MHRI) for subsequent workup, After overnight incuwhation,
the enrichment bmoth was subcultured on CHROMagar
Staph sureus plates, The plates were incubated at 35°C in
ambient air The media and identification reagents wene
purchased from BD Diagnostics

Tzolation, identification, and enumeration

The plakes were inspected at 24 and 48 h. & merews was
confirmed by coagulase latex agglutinaton. 5 merews
izolates from SBA and CHROMagar Stph aureus plies
were chocked for methicillin resistance using the cefocitin
disk following the Clinical and Laboratory Standards
Instituie (CLST) guidelines [15]. & swras izolates that grew
on CHROMagar MRSA plates were asumed to be MRS A,
All culure results were also emumerated. If MRSA colonies
were observed on direct culture plates, we recorded the
gmwth as few when colonies wene seen in the first quadrant
only. If colonics were seen in up to he second, thind, and
fourth quadrant, we reconded the growth as oocasional
moderate, and numenus, respoctively. I MRSA was found
in subculiure from enrichment broth only, we reconded the
growth as rae. All izolates were subcultured on SBA and
siored at —B0PC for further evalwation.

Muolecular sedies

Muolecular typing of the genomic DNA was performed by
pulsed-field gel clectmophomeszis (PFGE) acconding to
published prodscols [16]. FFGE pattems wene analyzed
using BioMumerics software (Applied Maths NV, Sint
Martens-Latem, Belgium). The pulkotypes were assigned to
clusters of solaies with =6 bands differences from each
other [17]. olakes of te same pulsotype shaned =800 or
hig her similarity from e dendrogram, except for pulsotype
A isplates, which shared =T5% similarity with each other,
Polymerase chain reaction (PCR) was performed to
determine the stphylococcal cassette chromosome mec
(SOCmec) types I to Vand the presence of puw (Panion—
Valentine leukocidin) toxin genes according o published
protocols [18, 19] Multilocus saquence typing (MLST)
was performed on selected isolaes from each pulsotype and
the sequence type (ST) was assigned using twe MLST
database (hitp:iwwwmlstnet) [20].

Statistical analysis

Statistical analysis was performed uwsing Epi Info 604
(CDC, Adanta, (GA). The Fisher exact two-tailed f test
was used i determine sgnificant differences in froquencies
and proportions. A pevalue<0005F was considered i be
significant.
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Risults
Study population

The initial population consisied of 679 patients These
included 235 from hospital A and 444 from hospital B
Twenty-nine patienis were excluded because they beked
culures from one or mone sites. The remaining 650
patient were included in the amabysis. The maes of
MRSA colonization &t the varous anatomical sies st
both hoapitak wene found to be similar (data not shown).
Therefone, the data from the two hospitals wene combined n
the final analysis.

Emumeration of MRESA from different body sites

Among the four anatomical sites, mom MRSA Bolaes were
presient in manes, while the lowest mumber of colonies was
present in axilla (Fig. 1), Shghdy over lalf {51.3%) of the
prisitive mares culivres and 60, P46 of the positive throatSpuium
culiures had rare MRSA as defined by growth from
enrichment broth subeoulure only, wheress this was the case
for T23% of positive pedneun and 82 2% of positive axilla
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culwres. In podtive culwnes from primary plaes, mone
organians were ako found in nares and throstSpanem (Fig. 1).

Detection of MRSA by direct and broth-enrchment
culres

MESA cariage in the nares, throat, axilla, and perineuwm
was B2 4.8 12, and 1.8% by direct cubune, and 175,
134, 9.1, and 95% by both enrichment, respectively
{Table 1). The percentage of MRESA carders overall
(MESA detected in any site) was 10.0% (65 patients) by
direct cultwre and 24 2% {157 patients) by broth entchment
{p<0.001]). Broth endchment deecied all of te MRSA
detected by direct culiure. Although the detection sensitiv-
ity was highesdt in the nanes &t B1.5% (5365) by direct
culure and T26% (114157) by broth enrichment, the
direct eulture of nasal specimens mised MRSA colondzs-
tion in over half (53.5%, 61/114) of patiens detected by
broth enrichment The broth endchment method was
particuberly effeciive in deecting MRSA in the axilla
{7.4fold, 59 va. B patiens) and perineum (5.2-fold, &2 va.
12 patients) (broth va. direct culmne), a reflection on the
low numbers of organiam load in these two sites (Fig 1)
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The highest detection sensitivity was obained when nares
was combined with throat cultures (92 3% by direct culiure
and B5.4% by broth endchment), followed by combining
with perineum (87, 7% by direct culure and 84.1% by broth
enrichment).

The distribution of MRSA according to various combd-
nations of cobnized sies & shown in Table 2. Broth
enrichment, bui not dinect culiures, detected 17 patients
who wene colonized at all four sites Only four patients with
a negative direct nasal culture had a positive direct perineal
culiure. In contrast, 18 petens with a negative broth-
enrichment nasal cubure had a positive broth-culiure
perineal culiure. Similar disparities between nasal and
distani-site culiures wene observed with throat and axillary
culiures.

Maolecular characierization of MRS A strains colonizing
all sites

MESA atrains obtained from 17 patent found to be
colondzed at all fouwr sies wene further characierized by
milecubr methods. A dendrogram of the PFGE pattems,
plus the sequence type (ST), pol, and SOCoer, of the 68
Bolikes i3 shown in Fig 2. The isolstes were gouped into
four main clusders (pubotypes). Loles of the same
pulsotype also shared the same genetic background (ST)
and camied the same SOCmec type. Pubotype A was
ST23%80CCmee I, pulsotype B was STS:SCCmer I1
pulsotype C was STS:S0Cmes V and pol-positive, and
pubotype D was STS9SCCmer IV, The majority of
Bolikes (46/68) belmged i pulsotype A. However, four
patients wene found i carry mubliply subtypes of MRSA

Fig. * Dendrognm of 68 sming of MRSA obtomad from 17 potions B
based on ghe polsedficld gl elesophoresis (PRGE) resals of Swal
digested gemamic DINA. The fwor polsotypes (A-D¥) are shoam with
dasked Bne bongen. [solates fram ghe tao hospinks am identified with
prefiness K (hospital 1) and & dhospital 2). Kolees fiom ghe same
sample sets am identifiad by o specimen momber fllowed by dhe
amsinemical st (N, mose; T, docat; A, axills; P promenm) (0UTE =
culime dates. In isolaies with PRGE patem indistmgoishable fiom aach
wiher, omly the nomal isolute of the sample 5ot wns s acted for muobileoes
seqoeance typing (MIST) Isolses fom the same sample set having
FFGE patien nat idention] io each oher were aleo sohjeced io MLST.
Stphylocowal comete dwomosome mee (300w} type and o
resalis aw abso shown for all soles

simulianeously, including three (K0134, E0154, and
WiOT2Y) carrying more than one subiype of pubotype A
and one (WT68) carrying two subtypes of pulsotype D. In
addition, three patients carried distingt pulatypes of MRSA
on different anatomical sites, nclhding one (WEROT)
camying pulsotypes A and B, one (K0109) carrying
pubotypes A and D, and another (WGA2) simwlisnemsly
carmied three distinet pulsolypes (A, D, and non-A-D).

I¥ise ussdon

The value of active surveillance culures (ASCs) o detect
MESA carriers combined with measunes 1o bock trammis-
sdomn conlinues i generate conslderable controversy. Propo-
nents point o the remarkable success in countries in Northem
Europe and Wesiern Austral t in control ing infections caused
by MESA [21]. Crthers are less enthusiastic [22). Melinigle
et al. recently reviewed the literature on ASCs [23]. They
stmie that, “Exiting evidence may favor the we of ASCs, but
the evidence is of poor quality, and defindtive necommenda-
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tom cannot be made”™ The review genersied vigorous
responses from the poponenis of ASCs [24, 25]

The curreni audy may help clarify some of the echnical
Baues inherent in studies of ASCs for MRSA Moat
epidemiologcal dudies rely on direct nasal culures to
generate prevalence rabes. It i3 clear from the cument
olservations that direct nasal culiure is not a particularly
semdtive marker for colontzation by MRSA. We found that
direct nasal culture detected only 53 MRSA carriers among
850 ICU patients tested {carriage rate §.2%). Broth-endchment
culiures incressed the nasal carrage e o 17.5% (114
patents). The camiage rale rose o 3.2% (157 patieni) by
nchuding the broth-entichment culnes of the throat, axills,
and permeum. Therefore, 662% (104157) of MRSA-
colonized patients would have gone undected if only dinect
culunes of nasal swabs wene used

Prior imvestigstors have also shown that the broth enrich-
ment increates the ability to delect colonization by MRESA
Grmek-Kosnik et al. foamd that the inclusion of broth
enfichment mproved MRSA deection by 26.8% comparned
o direct plating [5]. van Ogtop fomd that both enrchment
rediced the falsenegstive § swews culture rae by 44.6%
and van Loo et al reported that inclsion of the broth
enfichment identified 12% more MBESA isolses in a pda
sty and 30% more in & sulsequent sudy [26, 27]). A mcen
audy by Monhaff et al. found that broth enrichment nesarly
doubled the detection semsitivity of three MRS A chrom ogen-
ik meda (from amund 45% o 85%) [28], while Van
Heirstraeten et al. ako foumd a significant increase in the
number of MRESA-pmitive samples afler ovemnight pre-
enfichment incubation [20]). It remans & be seen whether
rapid deecton methods ach a8 the multiplex PCR ane
equalby or maone semsitive than broth-entdchment cubures [30]

The nares have been long considerad to be the major
ecological niche for 5. meeas. Nasal culres are easy o
obtan and ane considered to be the specimen of chodoe for
aurvelllance culwres [1, 31). An early sudy suggesied that
culiures of the axills and perineuwm had limited value o
detect MESA carriers [8]. This notlon was not supported in a
audy of nurdng home residents in which 39 of MRSA
carriers wene colondzed only af extrs-nassl dies [6]. A recent
review by Acton et al also poinied out that inesinal
{nchuding perineum screen) $. awreaer and MBESA cariage
may be nderetimaied, dnce multiple sudies have found
varkae rates (T7%) of pedneal colonization [32]. The
vatation in the delection rates may be due 1o differences in
the organism load and methods wed. The MRESA organiam
bad was lower i the axilla and perneum in the present
audy. In the smudy by Van Heirarseten et al, the suthors also
foamd the average MRESA colomy count in the groin swabs
be nearly one log lower than that of nesal swabs [29]
Although the nares was the major siie of colondzation by
MESA in the curment smdy, broth-enrichment culwres of

£ Springer

exiramasal dies detecied an additonal 43 patients who would
otherwie have gone undetecied by direct nasal ¢ulure only.

Brmilrenrichment culiunes allowed s i isolate MRSA at
all four s ies {nose, theost, sxilla, and perineumn) n 17 patienis.
Maolecubr sudies confirmed that the same sirain of MRSA
wiand {aplaied from all sibes in most patienis, bul some patienis
carfed mone than one sirain st mubiple sites. Pobotype A
(ST2A%B0Cme 1) solstes predominaied in the WL of
the two hospitals in this smdy. This is consisient with ouwr
previous reporns, in which we found that ST230: 50 Cmee 1M1
pubotype A Bolaes wene the main clonotype (a8 indicated
by pulsotype, MLST, and SCCmer type) of MRESA in
hospitalized patients in Taiwan [19, 33]. Pubotype C (ST59:
SCCmer V) pvilpositive) Bolstes were cmnsidensd o be
community siraime in Taiwan [19, 33). The presence of
these community MESA strains in ICU patients indicaies
that they have essblished in our hoapital environment.
Some patienis were found o simultanecusly camy
muliiple subtypes of MRSA. This phenomenon has also
been described in half of the IO patient n Ausiralia
[14]. Simulaneos carmage of distinet MRESA clonotypes
i3 impornt from the epldemiological perspective and may be
useful in outhreak nvetigations Pooling specimens could
reduce laborstory codts and worldoad n MRSA carrage
survel lance, bl may mis patiens carrying muliple MESA
atraind

In conchsion, the curent sudy provides subsisntial
evidence that the optimal deecton of MRSA-colonized
patients requines the use of broth-enrichment culiums and
inclusion of te nose and exira-nasal sies. To establish that
broth-enrichment ¢uliunes are clindcally meaningful and cot
effective, it will be necessary 1o demomimie that low-level
MESA colondzstion, detectad by broth enrichment, incresses
the Ak of sutogenous infections and the tmmmision of
MESA o other patients and healtheane workens.
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