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Characterization of the Brazilian Endemic Clone of Methicillin-Resistant
Staphylococcus aureus (MRSA) from Hospitals Throughout Brazil
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The objective of this study wasto characterize patter ns of the Brazilian endemic clone of
methicillin-resistant Staphylococcus aureus (MRSA) from hospitals throughout Brazil. We
studied 83 M RSA strainsisolated from patientshospitalized in 27 publicand privatehospitalsin
19citieslocated in 14 Brazilian statesfrom September, 1995, to June, 1997. The MRSA strains
wer etyped using antibiograms, bacter iophagetyping and pulsed field gel eectrophoresis(PFGE).
Theanalysisof genomic DNA by PFGE showed that 65isolatespr esented thesame PFGE pattern.
Thispattern waspresent in all of the hospitalsstudied indicating the presence of an endemic
MRSA clonewidely disseminated thr oughout Brazilian hospitals(BEC). All isolatesbelonging to
the BEC proved to be resistant to ciprofloxacin, erythromyecin, lincomycin, trimethoprim-
sulphamethoxazole, and tetracycline. Variable susceptibility to thesedrugswasfound only in
isolatesbelongingto clonesother than theBEC. Theresultsshow that,among MRSA, theBEC is
common in Brazil. Thebest method for mapping changesin thefrequency of thiscloneamong
MRSA ispulsed field gel electrophoresis. Use of molecular mapping isan important tool for

monitoring the spread of potentially danger ousmicr obes.
Key Words: Staphylococusaureus, MRSA, epidemiology, Brazilian endemicclone.

Methicillin-res stant Saphylococcusaureus(MRSA)
has become one of the most important nosocomial
pathogensthroughout theworld, cgpableof causingawide
range of hospital infections [1-3]. In order to better
understand theepidemiology of thesemicroorganisms, a
number of systemshavebeen usedfor typing S aureus.
Theseindudeantibiograms becteriophagetyping, plaamid
typing, ribotyping, techniquesbased on PCR and Pulsed
Field Gel Electrophoresis (PFGE). Dueto the genetic
smilarities presented by these microorganisms, the
association of more than 1 typing method has been
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indicated [4-6]. In this study, we used antibiograms,
bacteriophagetyping, and PFGE; thelatter till remains
asthegold standard for typing MRSA [4-6].

In Brazil, Staphylococcus aureus is the
microorganismmost frequently i solated from nosocomid
infections, and the preva enceof theisolation of MRSA
strains varies from 40% to 80% in most Brazilian
hospitals[7-9]. Theseisolatesaregenerally resistant
to aminoglycosides, chloramphenicol, lincosamides,
macrolides, quinolones, sulphamethoxazole-
trimethoprim, and tetracycline, with greater
susceptibility only torifampin [10-12].

Thedissemination of the Brazilianendemic MRSA
clone (BEC) in several hospitals in Brazil, South
America, and Europe has been described [ 3, 12-21],
but astudy of national scope had not been carried out
inBrazil prior to our study. The purpose of thisstudy
was establish the extent of the spread of the BECin
Brazilian hospital's, and to el ucidate the epidemiol ogy
of infectionscaused by MRSA in Brazil.
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Materialsand M ethods

|solates

Becausetheobjectiveof thisstudy wasto evaluate
thedissemmination of the BEC within Brazil, samples
of MRSA isolateswere not collected consecutively
or selected randomly. In this study, 83 of 238
MRSA strains that had been collected from a
multicenter study carried out in several Brazilian
citieswere selected. The 83 selected strainswere
obtained from 27 public and private hospitalswith
morethan 250 bedseach, located in 19 citiessituated
in 14 different Brazilian states. When selecting
participant hospital's, the need to represent all of the
Brazilian territory, in accordance with the data
obtained from the Brazilian State Department of
Health was carefully considered. On average, we
selected three MRSA isolates from each hospital.
The 83 strains were chosen based on previously
obtained bacteriophage typing and antibiogram
results. Most sel ected strains presented similar phage
typesand different antibiogram profiles.

These isolates were recovered from patients
hospitalized from September, 1995, to June, 1997,
fromhumandlinica samplessuchasblood, pleurd fluid,
cerebrospinal fluid, dialysis fluids, burn wounds,
abscesses, surgical wounds, and catheter tips.

Bacterial Identification

The Saphylococcusaureusstrainswereidentified
by Gram’sstaining, catal asetest, coagulasetest [22],
and biochemical tests performed by the automated
MicroScan-Baxter System making use of the Pos
Combo Type 6 Panel (Dade Behring Inc., MicroScan
Divison, West Sacramento, California).

Antimicrobial Susceptibility Testing

Microdilution susceptibility testing was carried out
using theautomated MicroScan-Baxter SystemInc.
(Pos Combo Type 6 Panel), according to the
manufacturer’srecommendations. Thedisk diffusion
test was carrried out according to the standards of the
National Committeefor Clinical Laboratory Standards
- NCCLS[23].

The antimicrobial drugs tested by the disk
diffusion method were: ampicillin-sulbactam 10-10
ny, clindamycin 2 ng, chloramphenicol 30 ny,
ciprofloxacin 5 ng, erythromycin 15 ng, gentamycin
10 myg, rifampin 5 ng, sulphamethoxazole-
trimethoprim 1.25-23.75 ny, and vancomycin 30
mg. Screening for oxacillin resistance was
performed according to the NCCLS
recommendations[23].

Bacteriophage typing

Bacteriophagetyping was performed asprevioudy
described using theinternational bacteriophagetyping
set of 23 phages (group I, 29, 52, 52A, 79 and 80;
group 11, 3A, 3C,55and 71; group 11, 6, 42E, 47,
53,54, 75, 77, 83A, 84 and 85; group V, 94 and 96;
not classified, 81 and 95). Six additional experimental
phages (89, 90, HK 2, D11, 83C and 932) were also
tested. I solates were typed both at the routine test
dilution (RTD) and 100x RTD. Phage types that
differed by the presence or absence of 1 phagewere
considered related. Differences by the presence or
absence of 2 or more phageswere considered to be
unrelated strains[24].

Pulsed Field Gel Electrophoresis (PFGE)

The use of PFGE as the ‘gold standard’ in
molecular epidemiology has been previously
described by other authors[4-6]. Preparation of
cells and restriction enzyme digestion of their
genomic DNA with Smal was carried out as
previously described [25]. Electrophoresis was
performed using the CHEF DRI electrophoresis
system (Bio-Rad, Melville, N.Y.). In order to
improve the analysis of similarity, 2 different
switch times were used. One pulse time with 2
consecutive ramps of 12h each, thefirst with a
pulseincreasefrom 1sto 5s, the second from 15s
to 30s, and another was ramped from 10sto 90s
by 24h. The voltage was 6 volts/cm, the angl e of
120°, and the temperature of 14° C. Thegelswere
stained with ethidium bromide and photographed.
I nterpretation was done according to previously
determined standards [26].

www.infecto.org.br/bjid.ntm



BJID 2001; 5 (August)

Characterization of the BEC in Brazilian Hospitals 165

Results

Theanayssof genomic DNA by PFGE performed
in 83 MRSA isolates showed that 65 (78.3%)
presented the same PFGE pattern (genotypeA). This
pattern was present in all hospitalsstudied indicating
the presence of an endemic MRSA clone widely
disseminated in Brazilian hospitals(Brazilian Endemic
Clone—BEC). PFGE demonstrated the presence of
13different profiles, identifiedfrom A toM (Figurel).
Among theMRSA strainsbelonging tothe BEC, 12
(18.5%) were susceptible exclusively to vancomycin
and 43 (66.2%) were susceptible to only 2 drugs,
including vancomycin. Theseisol ates demonstrated
variablesusceptibility tochloramphenicoal, netilmicinand
rifampin (Table 1). Susceptibility to ciprofloxacin,
l[incomycin, sulfamethoxazole-trimethoprim and
tetracycdinwasfound only inisolatesbel onging to clones
different from BEC (genotypesB to M).

Among the 65 isolatesbelongingto BEC, 21 were
characterized as “non- typeable” by bacteriophage
typing, and 39 werelysed exclusively by groupliticlll
and experimental phages. Oneisolate waslysed by
groupliticlll and NC; 2 by EP and NC; 1 by group
liticIll, EPand NC; and 1 waslysed exclusively by
group litic1l. Theresults of bacteriophagetyping of
the PFGE patterns named from B to M showed that
13isolateswerelysed by phagesof groupliticlll and
EP, 2werenon typeable, 1isolatewas|ysed by group
liticll, 1 by groupliticl and ER, 1 lysed by grouplitics
[, 11, 111, EPand NC.

The 65 isolates belonging to the BEC genotype
showed morethan 20 distinct phagetypesand 8 different
susceptibility profilestoantibiotics. Inaddition, theBEC
identified inthe present study showed the same PFGE
pattern as other Brazilian epidemic MRSA clones
previously described [12-16].

Discussion

Thelargevariety of virulencefactorsproduced by
Saphyl ococcus aureus associ ated with its enhanced
capacity to acquireresi stanceto antibiotics, hasmade
it oneof themicroorganismsresponsiblefor higher rates

of morbidity and mortality in hospitals. In Brazil, S
aureusisthemost commonly isolated microorganism
fromnosocomial infections[7-9, 11].

Previous studies have documented the appearance
of 2widely disseminated multiresstant MRSA clones
[17-21]. Oneof themisknown asthelberian MRSA
clone[18], andthecther, known astheBrazilianMRSA
clone, has been shown to be disseminated in some
Brazilian cities[12-16]. However, astudy of national
scope involving many medical centers had not been
carried out until thisstudy. Our study showsthewide
dissemination of theBEC throughout Brazilian hospitals,
having beenisolated in 19 citiesstuatedin 14 different
Brazilian states. The genotype A proved to be
indistinguishablefrom the Brazilian epidemic MRSA
clonepreviously described [12-16]. A comparison of
our resultswith thoseof other sudiesled usto consider
that the BEC might bewidely disseminatedin 24 of the
main urban centersin Brazil (Figure2). Another factor
that supportsthistheory istheabsent reporting of another
MRSA epidemiccloneinBrazil.

Withthe current use of PFGE, bacteriophagetyping
isnolonger considered to be thereference method for
typing Saphylococcus aureus [4, 5]. Phagetypes
represent phenotypica characteristicsthat areusually
accompanied by low stability and reproducibility.
Neverthdess, bacteriophagetypingistill invaluablein
the characterization of alarge number of samples
because of itslow cost when compared to PFGE [4,
5]. Inthiswork, using bacteriophagetyping, wewere
ableto subdividethe genotype”A” into morethan 20
different phagetypes. Thus, the use of bacteriophage
typing allowed for the differentiation of non-related
endemic strainsisolated from different regions, that
would have been indistinguishable by PFGE. Among
the strains characterized as non-typeable by
bacteriophagetyping, 91.3% (21 of 23) presented the
same PFGE pattern, suggesting an elevated genetic
smilarity betweenthesesrains. Themgority of Srains
belonging to the BEC werelysed by groupIyticlll and
experimental phages[27, 28].

Wefound that bacteriophagetypingwasasenstive
method that all owed di scrimination between unrelated
strains. However, phagetype variantswere observed
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Figure 1. Resultsof PFGE showing genotypesidentified from A to M using the pulsetimeramped from 1sto 30s
by 24h. Line 1:genotypeA (BEC), lines2-14: genotypes B to M, and line 15: molecular size standard (48,5 Kb)
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Figure2. Map of Brazil showingthecitiesinwhichthe BEC isdisseminated

+ = citiesin which the BEC was found to be disseminated in this study.
[0 = citiesin which the BEC was found to be disseminated in other studies[12-16].
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Table 1. Percentage of different susceptibility profilesand results of bacteriophagetyping based ongrouplitic

presented by Genotype A (BEC)

Antibiotics Per centage of susceptibility profiles Phagegroups
(Number of strains)

VAN 18,5% (12) I, [, ER, NC, NT
CHL, VAN 3,1%(2) I, EP,NT
NET, VAN 1,5% (1) NT
RIF, VAN 43,1% (28) [11,V, ERP,NC, NT
CHL, NET, VAN 3,1% (2) I, NT
NET, RIF, VAN 16,9% (11) I, EP,NT
CHL, RIF, VAN 9,2% (6) [, NT
CHL, NET, RIF, VAN 4,6% (3) 1, EP
CHL: chloramphenicol, NET: netilmicin, RIF: rifampinand VAN: vancomycin. I1: groupliticll, I11: groupliticlll,

V: group litic V, EP: experimental phages, NC: not classified and NT: non typeable.

among MRSA strainsbel onging to asingle genotype.
On other occasions, typeable MRSA strainstend to
react with similar group 111 and experimental phages,
irrespectiveof their epidemiological origins. Here, the
guestion arises whether this differentiation into
subtypes represents true strain differences.
Nevertheless, it should be pointed out that
phenotypical methods can be helpful when used
properly inasmall-scale epidemiol ogical study, such
asaurvelllanceof MRSA strainswithin ahospita over
arelatively short span of time[29]. Consequently,
when analyzing our results, it isimportant to consider
thelong length of timeand large areaover whichthe
bacterial isolated were collected. Therefore, these
findings suggest that in vivo or in vitro phenotypic
instability may occasionally hamper reproducibility,
rather than increase the discriminatory power of the
bacteriophage typing [ 28], and that the phenotypic
subtypes found within genotypes did not appear to
beepidemiologically relevant [4, 27, 28].

Of the 83 strains analyzed by PFGE, 78% (65)
bel onged to the BEC, and another 12 different clones
were found. Because the present study was not
designed to evaluate the overall epidemiology of all
MRSA clones, thisapproach could not be adequately
evaluated. For the genotype study, we selected MRSA

strains that had presented similar phagetypes,
representing probably the epidemic or endemic clone
for each hospitd.

TheBEC multires stant profile hasbeen emphasized
by several authors[12-16]. Our study demonstrated
that al strains belonging to the BEC proved to be
resistant to ciprofloxacin, erythromycin, lincomycin,
tetracycline and trimethoprim-sulphamethoxazole
(Table 1). Ontheother hand, susceptibility to some of
these antibioticswasfound only among clones other
thanthe BEC. Asthe overuse of antibioticsfacilitates
the emergence of resistance, the accumulation of
additiona resistanceand, consequently, the selection
of multires stant strains[8, 30, it could beinferred that
theuseof theseaforementioned antibioticsmight have
promoted the dow selection of amultiresistant MRSA
clonein Brazilian hospitals over theyears[30, 31].
Although evidence has been found to support the
existence of a relationship between MRSA and
antimicrobial use[30-34], we could not confirm that
theuse of theantibioticsistheuniquefactor that favors
the spread of MRSA and even more of the BEC in
Brazilianhospitds.

MRSA infectionsareagrowing problem, especidly
in regions where the rates of resistance to anti-
staphylococcal antibioticsarehigh[35], asin Brazil
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[7-11]. Resistanceto multipleantibioticsincreasesthe
ability of bacteriato survivetheantimicrobia sdective
pressurein hospitals[35]. We can anticipate that the
largescaleuseof antibioticsin someBrazilianhospitals
[8] couldincrease even morethe prevaenceof MRSA
infections and the spread of the BEC. Therefore,
interventions aimed at promoting more rational
prescribing patterns and the control of antimicrobial
use should be supported for preventing and controlling
MRSA infections. However, there aionshipsbetween
antimicrobial useand MRSA are complex [30, 31],
and the role of antimicrobial selective pressure in
Brazilian hospita srequiresmoreinvestigation.

Other factors, such as the capacity to colonize,
multiply, andinvadethemucoid and epithdlid surfaceof
thehogt, and theability tosurvivein hospita environments
couldaso contributeto thewi despread col onization and
dissemination of theseendemic bacteria[36-42)]. Inthe
sameway, severa other conditionsfacilitatethespread
of the BEC or other multidrug-resistant bacteriafrom
one hospital to another and between citiesor statesin
Brazil. Among theseare 1) overcrowding in hospitds;
2) trandferring pati ents between hospital s, sometimesin
different cities, and 3) alack of effectivehospitd infection
control committees and control of the use of broad-
spectrum antibiotics[7, 8, 10].

Theisolation of theBEC in other Latin American
countries such as Argentinaand Uruguay, has been
reported[17, 19, 21]. Invarioushospitalsin Argentina,
about 50% to 60% of isolated MRSA belonged to the
BEC [19, 21]. In Europe, Souza, et a. [20], have
al so described the dissemination of the BEC in many
Portuguese hospitals. Theisolation and dissemination
of the BEC has also been reported in the Czech
Republic [2]. These data suggest the potential for
increased spread of the BEC, evenin hospitalswhere
other MRSA epidemic clones aready existed. If
mesasuresto control the dissemination of thiscloneare
not taken [1], other countriesor continents may also
experiencethewide dissemination of thismultidrug-
resistant MRSA clone.

In Brazil, the emergence of heterogeneous
resistance to vancomycin [43] and vancomycin-
intermediate Staphylococcus aureus (VISA) [44]

amongisolatesbe onging to the BEC hasbeen reported.
Onecould, thus, anticipatethat theemergenceof VISA
srainsamong the BEC could bring about avery serious
problem. Theoveruseor incorrect useof vancomycinin
some Brazilian hospitalsincreasesthe potential risk for
theemergenceof VI1SA [45]. Whether the BEC presents
a higher probability of developing resistance to
vancomycin, isstill unclear. Withthisinmind, Brazilian
hospital sshould test nasocomia staphylococcd isolates
for vancomycin susceptibility and must encouragemore
prudent useof vancomycin.
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