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Coalonization of hospitalized patientswith methicillin-resistant Staphylococcusaureus(MRSA)
isof increasing concer n. To evaluatethisproblemin I ntensive Care Units (I CUs) in Brazil, we
studied 100 patientsadmitted totwo | CUsfrom April to June, 1997. Of the 100 patients, 70 were
male, 53 wereage 60 year sor older, 55wereprevioudy hospitalized, 78 weretransferred tothe
I CU from other hospital units, 49 had received antibiotic therapy, and 66 had under gonerecent
aurgery. Nasal and axillary swab cultureswer eobtained on admisson and every 48 hour sther eafter
until dischar ge. MRSA wer eidentified by platingany cultured S. aureuson M ueller-Hinton agar
containing 6ug/ml of oxacillin. At thetime of admission, 46 (46% ) of the patientswer e colonized
with MRSA. Noassociated risk factor sfor acquiring M RSA (age, previoushospitalization, prior
surgery) could be identified. Of the 54 patients negative for MRSA on admission, 28 (52%)
became colonized whilein thel CU. Sixteen (22%) of the 74 colonized patients(colonized either
on admission or during | CU stay) had associated respiratory or urinary tract infectionsdueto
MRSA, and 9 (56%) died. No correlation with special risk factor s(invasive procedur es, antibiotic
use, age, chronic disease) wasidentified. MRSA occurred frequently, but therewasminimal
evidenceof associated risk factors. Thus, control of MRSA cannot beaccomplished by tar geting
special factor salone, but requir esattention to preventingmicrobial spread in all ar eas. Of special
concernisthehigh frequency of acquiringtheorganisminthel CU (52%). Education concerning
theimportance of hand washing, environmental surfacecleaning, and barrier protection from

infected patientsisneeded.
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Theemergence of multires stant microorganismsis
anincreasing problem that requeires continuos and,
often expengive, precautionsto control the associated
nosocomial infections. A multires stant strain hasbeen
defined as oneresistant to three groups of drugs|[1].
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Followingtheintroduction of penicillin, therewere
reportsasearly as1945[ 2], strainsof S aureuswere
unaffected by penicillin by their production of
penicillinase or betalactamase. Initially, they were
recorded rarely but they soon became reported
worldwide. In spite of the development of semi-
synthetic penicillins, resistant to the betal actamase
activity, other strains appeared that wereresistant to
methicillin. Synthesis of other penicillins, such as
oxacillin, cloxacillinand dicloxacillin, did not delay the
emerging multi-resistant organisms|[3].

Methicillin-resstant S aureus(MRSA) emerged as
anosocomial pathogen inthe early 1960s[4] when
outbresksof infectionwerereportedin British hospitals
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[5] and in other European countries including
Switzerland, Denmark and France[6, 7]. Upto 1976,
only two outbreaks [8] were reported in the United
States. After 1976, according to National Nosocomial
Infections Surveillance System (NNISS) data, strains
of S aureusto oxacillinincreased from 2.4%in 1976,
to 29% in 1991 [9]. Strains of MRSA resistant to
methicillin, as well as strains resistant to newer
penicillins, remained sensitive to glycopeptide
antibioticssuch asvancomycinandteicoplanin.

Two basic mechanisms are responsible for the
resistance of S. aureus to the betalactamic
antimicrobias: betal actamase production that destroys
these agents; and the alteration of proteinslocatedin
thecdlular wal of thebacteria, called penicillinbinding
proteins (PBPs) [10]. All MRSA strains produce
altered PBP (PBP2a or 2') [11, 12]. Thisproteinis
coded by achromosomal gene denominated mec A
[13]. Methicillinresistant S aureus(intring c res stance)
strainscarry themec A geneand PBP 2 [14, 15].

Introduction of MRSA into aheslth care setting may
occur asaresult of aninfected or colonized patient
being admitted, or by the presence of health care
professonascolonizedwiththeorganism [5]. Themain
mechanism of MRSA transmissionwithin the hospital
isviathe handsof health professionalswho become
colonized by direct contact with patients or
contaminated patient materials[11]. Transmissionis
possiblethisway because MRSA can surviveonthe
handsfor hours[16].

Environmental surfacesalso can be asourcefor
MRSA transmission, athough this hypothesis is
controversia [17. Beforetheinfectionisestablished,
patientsgo through phasesthet includestrain acquistion,
followed by varying periods of time to achieve
colonization of contaminated mucosaor skin[18].

Risk factorsfor colonization or infection have been
identified. They include advanced age, masculine sex,
previous hospitalization, length of hospital stay,
admissionto aburn unit or intensive care unit (ICU),
chronic disease, previousantibiotic therapy, exposure
to acolonized or infected patient, exposureto burn
woundsor surgical wounds, and undergoinginvasive
procedures[4, 19].

Surveillance culturescan becollected from severa
anatomica stesincluding wounds, nogtrils, perineum,
anal area, feces, and tracheostomy secretions. The
processof saecting patientsfor inclusoninthiskind of
study iscontroversd. Someauthorsrecommend sarting
the study at the time of patient admission and then
culturing sequentially during the hospital stay. In spite
of logidticd difficultiesand high cost [20], someauthors
recommend tracking the spread of theinfectionfrom
the sentind casewheretheinfection wasdetected. This
approach isnot necessary when the epidemic occurs
inaclosed unit, suchasan ICU [21].

Thelargest reservoirsof organismsarefoundinthe
nostrils of colonized patients. Systematically
administered antibioticsremaininlow levelsinthis
tissue, allowing for persistence of the microbe.

InBrazil, methicillinisnot used. Organismsreferred
to as MRSA are actually oxacillin resistant
Staphylococcus aureus (ORSA). However, as
methicillinand oxacillinaresmilar antibiotics MRSA
isthe usually accepted designation. Asinfections
caused by these strains have become more frequent,
especidly in1CUs[22], establishing the epidemiology
of thesemicroorganismsin our hospital environments
isof great interest.

The objectives of this study wereto evaluate
the frequency of patient colonization and /or
infection by MRSA at the time of admissiontoan
ICU toidentify patientsthat acquired MRSA during
their hospital stay, to describe diseasesrelated to
colonization by MRSA, and to determine risk
factors (previous admission and/or transfer from
another hospital site, advanced age, masculine sex,
chronic disease, previous antibiotic therapy,
surgery, invasive procedures) for col onization and/
or infection by MRSA.

Materialsand Methods

During the 3 month period of April through June,
1997, 100 patientsadmitted totheadult ICU of generd
hospitd swereevauated. Axillary and nasd swabswere
collected from each patient on admission day, and
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Table 1. Distribution of patients by risk factorsand according to whether or not they acquired MRSA while
inthelCU

Acquired MRSA  Didnot acquireMRSA  No. and per centage of risk

(n=28) (n=26) factorsfor MRSA
Risk Factor Yes No daa Yes No daa +MRSA/at risk (%)
(%) mising  (%)** missing
Prior surgery 17 7 4 19 3 4 17/36
(n=36) (61%) (73%) (47%)
Prior hospitdization 16 12 - 14 12 - 16/30
(57%) (54%) (53%)
Transfer from another 24 4 - 19 7 - 24/43
unitinthehospital (86%) (73%) (56%)
Age60or older 20 8 - 10 16 - 20/30
(71%) (39%) (67%)
Mde 22 6 - 17 9 - 22/39
(78%) (65%) (56%)
Chronicdisease 5 19 4 3 19 4 5 8
(18%) (12%) (63%)
Previousantibiotics 13 9 6 10 12 4 13/23
(46%) (39%) (57%)
Invasive procedure 14 10 4 10 12 4 14/24
(50%) (39%) (58%)

* percentage of the total who acquired MRSA.
** percentage of total who did not acquire MRSA.

Table2. Distribution of colonized patientswith or without infection according to risk factors

Colonized (n=74) With infection (n=16) Without infection (n=58)
Risk factor Yes No daamissing Yes No daamissing
Prior surgery 10(63) 6 - 35 (60) 20 3
Prior hospitdization 7(44) 9 - 31 (54) 25 2
Trangfer from other unit 14 (88) 2 - 45 (78) 11 2
Age60yearsor older 7(44) 9 - 36 (62) 22 -
Masculinesex 12 (75) 4 - 41 (71) 17 -
Chronicdisease 7(44) 9 - 10(17) 45 3
Prior antibiotics 10 (63) 5 1 29 (50) 23 6
Invasive procedure 9(56) 7 30 (52) 23 5
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Table 3. Distribution of all patients colonized and not col onized according to therisk factors

Colonized with MRSA Not colonized
(n=74) (n=26)
Risk factor Yes No daamissng Yes No daamissng
Prior surgery 45 (61) 26 3 21 (81) 4 1
Prior hogpitdization 38(51) 34 2 14 (54) 12 -
Transfer from other unit 59 (80) 13 2 19(73) 7 -
Age60yearsor older 43 (78) 31 - 10(39) 16 -
Masculinesex 53(73) 21 - 17 (65) 9 -
Chronicdisease 17 (23) 54 3 03(12) 22 1
Prior antibiotics 39(53) 28 7 10 (39) 15 1
Invasive procedure 39 (53) 30 5 10(39) 15 1

successively at every 48 hoursduring the hospitd stay,
plus an additional sample at the time of transfer to
another unit.

Swabswere done each day between 7:00 and 9:00,
12:00 and 14:00, 16:00 and 18:00 hours to ensure
that thefirgt collectionwas performed ascloseto each
patient’ stime of admission to theunit aspossible. Al
the swabs were plated immediately on Chapman
medium and incubated for 16 hto 18 h at 35°C to
37°C. Attheend of that period, and when the presence
of Saphylococcus aureuswas confirmed, asample
was placed in abroth culture and maintained until a
bacterial concentration of 10°colony forming unitsper
ml (CFU/ml) wasachieved. Screeningfor MRSA was
done asfollows. asample from aS. aureus culture
wasinoculated, with theaid of aswab, onto aplate of
Mudler-Hinton agar supplemented with oxacillinat a
concentration of 6 ug/ml, and containing 4% of NaCl
(Probac of Brazil). An organism was considered
resstant if thestrain grew after incubating the platefor
24 h at 35°C to 37°C.

To evauate the contribution of risk factors in
colonization by MRSA, thefollowing demographic
datawere collected on each patient; previoussurgery,
previoushospitdization, admissionto another hospital
ward and then transfer to the | CU, advanced age (60
yearsof ageor older), gender, the presence of chronic
disease, and previousantibiotic therapy.

Thedatawere processed in Epi-Info using the qui-
Squarefor anadyssof gatigtica sgnificance, consdering
[0 =0.05%.

Results

Demographic data

The 100 adults admitted to the ICU included 70
males and 30 females. They had amean age of 57
yearsdistributed asfollows. 6 under age 21, 12 age
21-40, 29 age 41-60 and 53 over 60 years of age
(3 of those over 60 were in the age range of 81 to
90 years). A total of 880 swab cultures were
obtained, onefromtheaxillary and onefromthe nasal
region, at 440 different time points. The number of
swab cultures collected from each patient was 1 to
5from 82, 6 to 10 from 11, 11 to 15 from 3, and
more than 15 cultures from 4 patients. A chronic
disease wasrecorded in 20 patients. Theseincluded
hypertension, chronic airway disease and diabetes
mellitus. Forty nine had received antibiotic therapy
within the past 6 months. Fifty-five patients had had
aprevious hospitalization, and 78 were transferred
to the |CU from another unit of the hospital. Sixty-
six patients had undergone previous surgery. These
demographic features were used to evaluate risk
factorsfor acquiring MRSA.
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Patientswith MRSA identified or not at thetime of
admissontothelCU

Of the 100 patients, 46 had MRSA isolated at the
time of admission; none of these had evidence of
ongoing infection due to the organism. Of those
colonized, 36/78 (46%) arrived at the ICU from
another areaof the hospital; 26/66 (39%) had previous
surgery; 22/55 (40%) had a previous hospital
admission; 25/49 (51%) had received antibiotics
previously; 23/53 (43%) were older than 60 years;
31/70 (44%) were male; and 12/20 (60%) had a
chronic disease. None of these potential risks for
acquiring MRSA indicated astatistically significant
factor for having the organism. Of particular noteis
that 9 patients, fromwhom MRSA wasisolated at the
timeof admissiontothel CU (20%), had no history of
previoushospitaization, nor werethey trandferred from
another unitinthehospital.

Patientswho acquired MRSA wereinthel CU

Twenty eight of the 54 patientsnot colonized with
MRSA at thetime of admission tothel CU acquired
the organism whilebeing cared for inthe unit (52%).
By examining risk factorsfor acquiring theorganism
whileinthel CU, thefollowing werefound: over age
60 years, 20/30 (66%) became colonized; chronic
disease, 5/8 (63%); invasive procedures 14/24
(58%); previousantibiotics 14/24 (58%); undergoing
prior surgery 17/36 (47%); male gender (56%);
transferred from another unit 24/43 (56%); and
previous hospitalization 16/30 (53%). Thus, for those
over 60 and with chronic disease, thereisasdlightly
greater risk of acquiring MRSA whileintheCU,
athoughthisdid not reach satistical Sgnificance. Table
1 presentsthisdatain tabular form.

Risk factorsfor infection in those colonized by MRSA

Table 2 showsthe distribution according to risk
factors of the 16 patientswho devel oped infections
after isolation of MRSA. Themost frequent risk factor
wasthe presence of an underlying chronic disease 7/

17 (41%). Other risk factors ranged between 16%
and 24%. The types of infections manifest among
those infected included respiratory or urinary tract
infections.

Nine of the 16 patients infected with MRSA
(56%) died from their infections, thusconfirming the
high mortality associated with thisinfection.

Overal summary of risk factorsfor MRSA

Table 3 includes the data on all of the 74/100
patients (74%) who had MRSA at the time of
admissionto the ICU, or acquired it in the unit. Of
those with previous surgery, 45/66 (68%) were
colonized; 59/78 (76%) of those transferred from
other units, 38/52 (73%) with previous
hospitalization, 43/53 (81%) were over the age of
60 years; 39/49 (80%) underwent invasive
procedures; 39/49 (80%) had received prior
antibiotics; and 53/70 (76%) males acquired the
MRSA organism. Thesedataindicatethat no specia
group was protected or more susceptibleto acquiring
the organism. On the other hand, the dataindicated
that acquisition of MRSA isavery common problem
and is associated with the occurrence of infections
resultinginahighmortality rate.

Discussion

S aureushasbeen animportant pathogen for many
decades. Dueto theincreasing number of infections
caused by strains of methicillin-resistant S. aureus
(MRSA), thetherapiesfor these microorganismshave
become progressively moredifficult [23].

Thedatainthiswork led to aseriesof reflections
regarding MRSA.. Dueto the high colonization level
present at thetime of admissionto the |CU (46%), or
during trestment inthel CU (52% of thosethat did not
have MRSA on admission), and knowing that the
presence of the bacteria in those patients can be a
source of contamination in this type of unit, great
emphas smust be placed onindtituting control measures
to prevent itsspread.
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In accordance with the current normsof the CDC
[24], patient carriers of multi-resistant bacteriaare
targeted to receive “Contact Precautions’. These
includethe need for anisolated room or, whenthisis
not possible, the patients can sharearoom with other
carriersof the same bacteria(cohorts).

Many studies have shown advantages in using
antisepticsin the hand washes[ 27, 28], sincethisis
themost important routefor MRSA transmisson. The
useof glovesfor al the peoplethat enter theroomis
recommended, since these patients are generally
colonized at multiple anatomic sitesand the patient’s
environment remainsmassively contaminated [25]. In
contrast, the use of amask and gown has not been
shown to have documented value[26].

Generd messuresof control include: 1) identification
of patientswho are colonized or infected with MRSA
at the time of admission and during the period of
hospitalization; 2) careful attention to the precautions
described above to avoid the dissemination of the
organismtothe health care staff and visitors.

The 22% of colonized patients that devel oped
infection is slightly lower than the 30% to 60%
described intheliterature[29, 30]. The antibiotics
needed to treat them are expensive, and include
drugs such as vancomycin and teicoplanin. There
is further concern regarding observations of
increasing resistance of enterococcus to
vancomycin in some countries, and for the
possibility that this type of resistance could be
transmitted to S. aureus. Recent reportsindicate
isolation of strainsof S. aureuswith intermediary
sensitivity to vancomycin (VISA) [31, 32].

Inthisstudy, no significant factorsassociated with
colonization and/or infection wereidentified. One
interesting finding was that 20% of the patients
colonized at admission did not have a previous
admission or transfer from another unit, even though
these strains are typically from the hospital
environment. In another study inthe USA, 8 cases
of MRSA were considered to be from the
community [33].

Theincreasing frequency of MRSA strainsremains
aproblem which must be solved quickly.
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