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Infections caused by methicillin-resistant Staphylococcus aureus (MRSA) are increasingly a main health
concern worldwide for hospitalized patients. In addition, the prevalence of community-acquired infection has
risen continuously during the last few years. Some MRSA clones spread easier than others within the hospital
environment and therefore are frequently implicated in outbreaks. Thus, the spread of a unique epidemic
multiresistant clone, the so-called South American clone, is the main cause of nosocomial infections produced
by this bacterium in Brazil and in some regions of Argentina, Chile, and Uruguay. In the present work we
describe the identification of a novel clone of MRSA that is involved in nosocomial infections and that shows
a prevalence as high as that for the South American clone. A total of 53 consecutive single-patient MRSA
isolates were recovered during a 3-month period (May to July 1999) from six different hospitals (955 beds) in
Cordoba. The isolates were initially typed according the antibiotic resistance and phage susceptibility patterns,
followed by genotyping using pulsed-field gel electrophoresis (PFGE). PFGE analysis of the 53 MRSA isolates
revealed six major types (A to F) and 25 subtypes. The B-type DNA pattern was indistinguishable from that of
the South American epidemic clone observed in 34% of the isolates. A novel highly prevalent clone, showing the
A-type DNA pattern and representing 38% of the isolates, was also identified. Moreover, the most frequent
subtype of the A clonal family triggered an outbreak in a hospital 2 months later, further confirming its

epidemic feature.

The prevalence of antimicrobial agent-resistant bacteria has
dramatically increased in hospitals worldwide during the last
few years (41).

Staphylococcus aureus remains a major human pathogen,
both in nosocomial and community-acquired infections. The
prevalence of methicillin-resistant S. aureus (MRSA) among
the S. aureus isolates differs widely among different countries
as well as from one hospital to another in the same country (8,
9, 30).

In Argentina, the percentage of MRSA strains causing nos-
ocomial infections during the periods April to May and Octo-
ber to November of 1999 was 52% (n = 919) according to a
report from the Antibiotic Resistance Informatic System, a
national health network composed of 22 hospitals (4). An
extended survey showed that 41% of the 896 S. aureus isolates
recovered from hospitalized patients from April to May of
1998 were methicillin resistant (56).
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It is well documented that several MRSA strains became
endemic within the hospital environment and that, as a general
rule, specific epidemic clones have emerged occasionally on
the endemic background (6).

Genotype and phenotype analyses of MRSA strains con-
firmed the existence of epidemic clones with enhanced ability
to spread within and among hospitals and to cross national
boundaries (6, 9, 22, 30). In this context, it has been shown that
long-term geographic dissemination of this bacterium is asso-
ciated with genetic diversification within a common clonal
background of an epidemic MRSA strain (6). Considering all
of the MRSA epidemic clones described so far, the two that
have spread the most extensively are the so-called Iberian
MRSA and the Brazilian MRSA, renamed as the South Amer-
ican clone. The former is widely dispersed in hospitals in Spain,
Italy, Belgium, Germany, and more recently the United States
(14, 26, 33, 36, 51, 54). The South American clone is broadly
disseminated in hospitals in Brazil (38, 46, 47), Uruguay (9),
Chile (2), and several cities of Argentina such as Buenos Aires,
Tucuman, and Posadas (9), as well as in Portugal (1) and Italy
(13).

The existence of a MRSA strain mainly infecting pediatric
hosts (children and newborn), named the pediatric MRSA
clone, in Portugal was recently reported; this strain was also
identified in international samples from Poland, Argentina,
Colombia, and the United States (New York). Distinctive fea-
tures of this clone are its low-level and heterogeneous methi-
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TABLE 1. MRSA isolates from six hospitals of Cérdoba, Argentina, from May to July 1999

No. of specimens/patients

positive for: % of specimens/patients

Hospital Specialty Type No. of beds positive for MRSA
S. aureus MRSA
H1 Community/university Public 270 57/55 20/18 35/33
H2 Community/university Public 180 26/23 11/8 42/35
H3 Community/university Private 160 27/27 12/12 44/44
H4 Community/university Private 179 26/22 12/8 54/36
HS5 Community/university Public military 100 8/8 4/4 50/50
H6 Community Private 66 8/8 3/3 38/38
Total 955 152/143 62/53 41/37

cillin resistance and a resistance profile limited to B-lactams. In
addition, the pediatric clone was found in areas of low antimi-
crobial pressure and low patient turnover (39).

As an essential step in the epidemiological surveillance of
MRSA infections in Cérdoba, Argentina, the analysis of en-
demic strains of this bacteria was initiated in 1998. Twenty-
three MRSA isolates collected over the first 3 months of 1998
from two hospitals were examined to determine their pheno-
typic features and genetic pattern. Forty-three percent (9) of
these isolates were identified as belonging to subtypes of the
South American clone, which showed the main single clonal
pattern according to the analysis of the DNA restriction pat-
tern by pulsed-field gel electrophoresis (PFGE) (C. Sola and
J. L. Bocco, unpublished data). As expected, these results
confirmed that the South American clone was the most prev-
alent MRSA clone in Cérdoba as it was in other regions of the
country until 1998 (2, 9, 10).

The analysis of MRSA infections carried out during the
period of May to July of the following year (1999) was further
extended to six hospitals in Cérdoba, and this allowed us to
identify a new clone of MRSA genetically unrelated to the
major South American and Iberian epidemic clones known
worldwide. The MRSA clone identified here was able to pro-
voke infectious outbreaks within the hospital environment,
confirming its epidemic nature.

MATERIALS AND METHODS

Participating institutions. Six hospitals of Cérdoba, designated H1 to H6 (to
preserve confidentiality), participated in this collaborative study for 3 months
(May to July) of 1999. The features of the hospitals where the strains were
isolated are summarized in Table 1. As indicated, the total number of beds of the
six hospitals together was 955.

The collaborating health personnel from each hospital included both a mem-
ber of the Clinical Infectious Disease Service and a member of the Clinical
Microbiology Laboratory. Four hospitals were private, and two were public. The
six collaborating hospitals were widely dispersed throughout Cérdoba, which is
the second-most-populous city of Argentina, with more than 1 million people.
Coérdoba is situated at the center of the country, 750 km northwest of Buenos
Aires.

Patient features. Medical records were reviewed for the following clinical data:
age (categories were as follows: newborn, <1 year; child, 1 to 14 years; adult, 14
to 65 years; elderly, >65 years), location (inpatient or outpatient), clinical inpa-
tient service, underlying diseases, associated infection, time of hospitalization,
prior surgery or antibiotic therapy, prior stay in an intensive care unit (ICU),
transfer from another hospital or from another ward service, infection focus,
origin of the infection (community acquired or nosocomial), and whether the
isolates were epidemiologically related to a suspected outbreak.

The Centers for Disease Control and Prevention definitions for nosocomial
infections were used for suspected MRSA infections (16). Infections were con-
sidered nosocomial if they appeared during the 48-h period after hospital ad-

mission. An infection was considered community acquired if a specimen met the
following criteria: (i) it was obtained from nonhospitalized patients, (ii) it was
obtained from patients more than 1 month after their last discharge from the
hospital, or (iii) it was recovered within 48 h of patient admission to the hospital.

Microbiological features and clinical isolates. Consecutive MRSA isolates
were identified at each of the six hospitals involved in the present study from May
to July 1999. After the initial phenotypic identification as S. aureus and deter-
mination of antibiotic susceptibility by classical microbiological procedures the
isolates were received at the Departamento de Bioquiica Clinica, Universidad
Nacional de Coérdoba, for further test analysis by phage typing, PCR for the
mecA gene, and DNA restriction pattern determination by PFGE.

Antibiotic susceptibility test. The susceptibility of these isolates to different
antibiotics was determined by the disk diffusion method according the recom-
mendations of the National Committee for Clinical Laboratory Standards (27).

The following antibiotics were tested: penicillin (10 U), oxacillin (1 pg), min-
ocycline(30 pg), erythromycin (15 pg), clindamycin (2 pg), chloramphenicol (30
pg), gentamicin (10 wg), trimethoprim-sulfamethoxazole (1.25 [trimethoprim]
and 23.75 pg [sulfamethoxazole]), ciprofloxacin (5 pg), rifampin (5 pg), vanco-
mycin (30 ng), teicoplanin (30 pg), and nitrofurantoin (300 pg; isolates collected
in urine).

The phenotypic resistance to oxacillin of each isolate was measured. In addi-
tion, multiplex PCR to detect the mecA gene was performed as described else-
where (17).

To classify the strains as hetero- or homoresistant to methicillin, the pheno-
typic evaluation was carried out by the plating efficiency (EOP) method as
described by Hartman and Tomasz (19). Briefly, petri dishes containing tryptic
soy agar supplemented or not with oxacillin (32 pg/ml) were inoculated in
parallel with roughly 10° CFU of individual isolates/ml or with a control strain
(indicated below) and incubated at 35°C for 96 h. EOP was determined by the
ratio of CFU of isolates with oxacillin/CFU of isolates without oxacillin. The
strains were considered as homo- or heteroresistant when =1 and <1% of cells
showed high-level resistance, respectively (29).

S. aureus ATCC 25912 and S. aureus ATCC 43300 were used as control strains
that were susceptible and resistant to methicillin, respectively.

Phage typing. Phage typing was carried out by the Blair and Williams method
with the group of 23 phages from the Basic International Set of Typing Phages
for S. aureus (group 1, 29, 52, 52A, 79, and 80; group 11, 3A, 3C, 55, 71; group III,
6,42E, 47,53, 54,75,77, 83A, 84, and 85; group V, 94 and 96; group I-I1I, phages
from groups I and III and miscellaneous 81 and 95) (5).

All phages were used at routine test dilution (RTD) and 100 times the RTD.
Isolates not susceptible to RTD or 100 times the RTD were tested at 1,000 times
the RTD and were subjected to heat treatment, as described previously (12, 55).

Individual isolates were considered to belong to different specific phage types
if they were susceptible to lysis produced by at least two different phages (57).

Analysis of DNA restriction pattern by PFGE. Chromosomal DNA was pre-
pared as previously described (11), digested with Smal restriction endonuclease
(Promega), and analyzed by gel electrophoresis in a CHEF-DR II (contour-
clamped homogeneous electric field) apparatus (Bio-Rad) for 22 h in 0.5X TBE
buffer (1xX TBE buffer is 44.5 mM Tris-HCI, 44.5 mM boric acid, and 1 mM
EDTA, pH 8). The running parameters were as follows: initial pulse, 5 s; final
pulse, 50 s; voltage, 6 V/cm; temperature, 12°C.

Gels were stained with ethidium bromide, visualized under UV illumination,
and photographed.

MRSA isolates that have already been described and that are representative of
the two international major clonal families, the South American clone (ARG288
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and ARG114 [9]) and the pediatric clone (ARG164 [9]), were also included as
controls in PFGE analysis (see Fig. 3A, lanes S1, S2, and P, respectively).

The analysis of the Smal high-molecular-weight DNA restriction pattern was
carried out by visual inspection of the bands using the criteria described by
Tenover et al. (48, 49). A dendrogram was created to estimate the similarity
among strains on the basis of the relative genetic distances. To this end, the Dice
similarity coefficient was used and strains were clustered by the minimum-linkage
method (43).

Analysis of reproducibility and similarity. To control the reproducibility of the
restriction patterns obtained, each new pattern that was observed frequently was
included in subsequent PFGE analysis for comparison. High reproducibility in
the DNA patterns obtained from one experiment to another was observed.

Statistical analysis. Data from patients infected with MRSA strains were
analyzed with version 6.04 of the Epi Info 6 software.

RESULTS

Clinical features of the patients. A total of 62 MRSA iso-
lates were recovered from 53 patients; all the isolates were
available for DNA typing, and the medical records from all
patients were reviewed.

Ninety-eight percent (52) of the patients were either adults
(58%) or elderly (40%). Moreover 47 patients (89%) were
hospitalized and 6 (11%) were from an outpatient clinic ser-
vice. For all inpatients the MRSA isolates were from nosoco-
mial infections.

The majority of the inpatients were assisted either at the
surgical service (SS; 32%, 15 of 47 patients) or the ICU (26%,
12 of 47 patients). The percentage of inpatients from SS
showed a variation among different hospitals of between 50
and 75% (mean, 60%); for those from the ICU the variation
was 22 to 57% (mean, 38%).

A significant increase in MRSA infections at hospital HS in
the 2 months following the time period of this study was de-
tected. The patients suffering MRSA infections were hospital-
ized in ICU (four patients) and in a surgical ward (three
patients).

In summary, the patients infected by MRSA strains showed
a broad array of underlying clinical conditions. These included
(i) vascular infections or sepsis (25%, 13 of 52), (ii) surgical
interventions (19%, 10 of 52), of which 70% (7 of 10) resulted
in surgical wound infection, (iii) respiratory disorders (15%, 8
of 52), and (iv) endocrine disorders such as diabetes (11%, 6 of
52). In addition, three of six patients (50%) with MRSA com-
munity-acquired infections had diabetes.

The average time of hospitalization for inpatients from ad-
mission until the first positive culture for MRSA was 17 = 14
days, with a maximum of 60 days.

Microbiological features. The total number of single-patient
S. aureus isolates from the six hospitals was 143, and 53 (37%)
of them were resistant to methicillin. As shown in Table 1, the
percentage of patients with MRSA infection at each hospital
was between 33 and 50%. More than one isolate per patient
was obtained in three hospitals (H1, H2, and H4); however,
only one isolate (the most clinically relevant) per patient was
considered for epidemiological analysis during the present
work. The isolates were recovered from the following sources:
blood and intravascular device (18, 34%); mucocutaneous sites
such as surgical and skin wounds (17, 32%); respiratory sources
such as tracheal aspirate, sputum, and bronchoalveolar lavage
(8, 15%); bone prosthesis (5, 9%); abscess (3, 6%); urine (2,
4%).
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The significant increase in the incidence of MRSA infections
detected in HS during August and September 1999 was con-
firmed as an outbreak (see below). Of the isolates recovered
during this outbreak, 71% (n = 5) were obtained from clini-
cally relevant samples such as blood and/or an intravascular
device and 29% (n = 2) were isolated from surgical wounds.

Phenotypic characterization of the isolates. (i) Antibiotic
resistance patterns. All the strains were resistant to methicillin
according to a standard antibiogram assay. This was confirmed
by the detection of the mecA gene (data not shown). Most
strains (75%) were multiresistant (MR™"), meaning that, in
addition to being resistant to B-lactam antibiotics, they were
resistant to ciprofloxacin, clindamycin, erythromycin, and gen-
tamicin and variably resistant to minocycline (35%), chloram-
phenicol (65%), trimethoprim-sulfamethoxazole (45%), and
rifampin (60%). For these strains more than 1% of cells had
high-level methicillin resistance on the basis of EOP, and
therefore the strains were considered homoresistant (Fig. 1). It
is important that the seven strains that were recovered from
the outbreak that occurred in HS during August and Septem-
ber had the same MR™ pattern and were also homoresistant.

The second group of MRSA isolates (eight strains) did not
shown multiresistance (MR ™) to antibiotics: they were resis-
tant only to B-lactam antibiotics and gentamicin except for two
strains that were also resistant to rifampin. These strains were
classified as heteroresistant because <1% of cells displayed
high-level methicillin resistance on the basis of EOP frequen-
cies of 10~>and 10~ (Fig. 1).

The five remaining MRSA isolates indicated as MR* in
Fig. 1 had small variations of the two main antibiogram pat-
terns. These strains had variable resistance to clindamycin (two
of five, 40%), rifampin (one of five, 20%), ciprofloxacin (two of
five, 40%), and chloramphenicol (two of five, 40%) and were
susceptible to trimethoprim-sulfamethoxazole and minocy-
cline. Four isolates were homoresistant, with >1% of cells
having high-level methicillin resistance in the EOP assay.

Finally, all MRSA isolates analyzed were susceptible to van-
comycin and teicoplanin, at least in the disk-based antibiogram
assay.

(ii) Phage typing. Thirty-six percent (n = 19) of all MRSA
isolates could not be typed by phage susceptibility. Among the
phage-susceptible strains 12 (35%) and 22 (65%) could be
typed at 100 times the RTD or at 1,000 times the RTD com-
bined with heat treatment, respectively. Of these 34 strains, 25
were susceptible to lysis mediated by the lytic group III phages.
The same strains were lysed by phage 85 alone (20 isolates) as
well as by phages 85 and 83A+ (4 isolates) and 85 and 75+ (1
isolate). All these isolates had the same phage susceptibility
pattern, which was named phage type a (Fig. 1).

Four MRSA strains were lysed by phages 29, 52, and 80,
which belong to lytic group I; this clearly distinct susceptibility
pattern was designated phage type c. On the other hand, five
isolates showed a mixed lytic pattern (phage type b); they were
lysed by phages of groups I and III (phages 29, 52, 80, 6, 84, 85,
52A+, and 79+ (Fig. 1).

The seven strains of the outbreak that occurred in H5 belong
to phage type a.

The majority of strains (23, 92%) susceptible to group III
phages were multiresistant and displayed a homogeneous
methicillin resistance phenotype. All strains lysed by group I
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FIG. 1. (Left) Dendrogram of the similarity between Smal-digested DNA patterns obtained by PFGE from representative MRSA strains of
each pulsotype and subtype isolated in Cérdoba, Argentina, and representative South American (S, and S,) and pediatric (P) clones described in
Buenos Aires, Argentina. (Right) Distribution of the lytic groups (LG), phage types (PT), lytic phages (LP), antibiotic resistance pattern (AR),
and phenotypic evaluation of methicillin resistance (EPO) of each subtype of MRSA clinical isolates from Cordoba, Argentina. NT, nontypeable;
N, number of isolates; MR ™, strains resistant to B-lactam antibiotics, ciprofloxacin (CIP), clindamycin (CLI), erythromycin (ERY), and gentamicin
(GEN) and variably resistant to minocycline, chloramphenicol (CHL), trimethoprim-sulfamethoxazole, and rifampin (RIF); MR, strains resistant
only to B-lactam antibiotics and GEN; MR*, strains resistant to 3-lactam antibiotics and GEN and variably resistant to RIF, ERY, CLI, CIP, and

CHL; Ho-R, homoresistant strains; He-R, heteroresistant strains.

phages were only resistant to B-lactam antibiotics and genta-
micin; they showed a heterogeneous methicillin resistance phe-
notype without associated multiresistance.

Genotypic characterization of the isolates and phenotypic
analysis of the different pulsotypes. PFGE analysis of the 53
MRSA isolates revealed six major pulsotypes, A to F, and 25
subtypes (Fig. 2). The main pulsotypes were A, B, and C; 20
(38%), 18 (34%), and 9 (17%) of the 53 isolates, respectively,
belonged to these pulsotypes.

The distribution of the two major DNA pulsotypes and the
related subtypes of the MRSA strains among the six hospitals
is listed in Table 2.

The A major DNA pulsotype was detected in five of the six
hospitals, where it was the predominant clonal family. This
major clonal type is composed of nine subtypes (Al to A9).
The Al subtype was identified in 10 (19%) of the 53 isolates
from five hospitals and was one of the principal clones in three
(H1, H3, and H4) of them (Table 2). Moreover, the Al subtype
was associated with micro-outbreaks observed in these hospi-
tals at the ICU (H3, H4) and in an SS (H1).

Only one strain showing the Al pulsotype was isolated in
hospital H5 from May to July 1999. However seven strains
sharing this subtype were identified at the ICU and in a sur-
gical ward during the next 2 months, indicating the clonal
spreading of the Al subtype in these areas of the hospital
(Table 2 and Fig. 3B).

The A3 and A7 subtypes also produced micro-outbreaks in
the ICUs of hospitals H1 and H4, respectively.

The PFGE-DNA restriction pattern of strains with the A
pulsotype differ from those of strains with the B and C pulso-
types by more than six bands, demonstrating that these strains
are genetically unrelated (Fig. 2). Thus, the Dice coefficient of
similarity among major patterns had a average value of 69%
(Fig. 1).

Among the 20 MRSA isolates that have the A pulsotype, 14
(70%) were classified as phage type a, whereas 6 (30%) were
nontypeable with the Basic International Set of Typing Phages
for S. aureus.

As shown in the Fig. 1, 17 of 20 isolates belonging to the A
pulsotype have a multiresistant phenotype. Moreover, all
members of this most frequent pulsotype were susceptible to
trimethoprim-sulfamethoxazole and minocycline (Fig. 4).

Isolates with the A3 subtype (n = 2) were resistant only to
ciprofloxacin and chloramphenicol, whereas that with the A9
subtype (n = 1) was resistant only to clindamycin and eryth-
romycin in addition to B-lactam antibiotics. All isolates that
have the A pulsotype showing >1% of cells with high-level
methicillin resistance in the EOP assay were considered ho-
moresistant.

The B pulsotype comprised four PFGE DNA subtypes,
which were recovered from 18 patients from all hospitals, ac-
counting for 34% of the total isolates. The B1 subtype was
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FIG. 2. PFGE of the Smal-digested genomic DNA of representa-
tive MRSA strains of each pulsotype and related subtypes. A, B, and
C, DNA patterns of the Cordobes MRSA epidemic clone and the
known South American and pediatric clones, respectively (numbers
indicate subtypes); L, DNA molecular size markers (lambda DNA
ladder; Promega).

identified for 11 isolates distributed in the six hospitals and was
associated with micro-outbreaks in the medical service in two
hospitals (H1 and H6).

The B2 subtype was recovered from five patients, of which
four were inpatients at the SS of HI, suggesting the clonal
spreading of the B2 subtype in this area of the hospital (Table
2).

Isolates with the B pulsotype had a PFGE-DNA pattern
highly similar to that of MRSA isolates representative of the
South American clone already detected in other cities of Ar-
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gentina such as Buenos Aires and Tucuman. Additionally, iso-
lates with the B1 subtype had a PFGE-DNA pattern indistin-
guishable from that of isolates with the more prevalent subtype
identified previously in hospitals from these cities, designated
the B1 pulsotype in that work (9). This isolate was included for
comparative analysis in the present study (Fig. 3A).

More than half (n = 10) of the 18 MRSA isolates having the
B pulsotype were identified as phage type a, whereas 8 (44%)
were nontypeable with the Basic International Set of Typing
Phages.

All isolates with the B pulsotype had a multiresistant phe-
notype and were also resistant to trimethoprim-sulfamethox-
azole (Fig. 1). For all isolates >1% of cells had high-level
methicillin resistance on the EOP essay; thus they were con-
sidered homoresistant.

In addition, a similar investigation of infections due to
MRSA strains carried out recently (April to June 2001) in the
same hospitals revealed prevalences of 45 (n = 30) and 21% (n
= 14) for isolates belonging to major clones A and B, respec-
tively. Moreover, 93% of these isolates were obtained from
nosocomial infections (data not shown).

The third-most-frequent clonal family, the C pulsotype, rep-
resented 17% (nine) of the isolates. They were recovered from
seven patients with nosocomial infections (five patients were
hospitalized in private hospitals) and two patients with com-
munity-acquired infections. This pulsotype comprises seven
subtypes (C1 to C7). The C1 subtype was observed for three
isolates (33%) recovered from three different hospitals.

The C pulsotype showed a high degree of genetic similarity
to a MRSA isolate that is representative of the so-called pe-
diatric clone already detected in two Argentinean cities, Bue-
nos Aires and Tucuman (9). Thus, the C1 subtype has a PFGE
pattern 96% similar to that of a representative strain of the
pediatric clone, used as a control (Fig. 3A, compare lanes C1
and P).

Four isolates (44%) of the C pulsotype were identified as
phage type c, whereas two isolates were nontypeable with the
Basic International Set of Typing Phages. The three remaining
isolates show phage type b (Fig. 1).

Six isolates of the C clonal family were resistant only to
B-lactam antibiotics and gentamicin (MR ™), two strains were
also resistant to rifampin (MR ™), and one was to resistant to
clindamycin and erythromycin (MR*). All isolates were con-
sidered heteroresistant because yielded cells displayed high-
level methicillin resistance in the EOP assay at a frequency
ranging from 107> to 10~7 (Fig. 1).

Dendrogram of PFGE. The genetic relationship of the iso-
lates exhibiting PFGE type A with the representative isolates
of the South American clone (B), as well as with isolates
exhibiting PFGE type C and pediatric clone isolates is shown
as a dendrogram (Fig. 1).

As indicated, the Dice coefficient of similarity among the
major patterns had an average valve of 69%, and the subtype
variants showed similarity values higher than 73%.

DISCUSSION

The emergence of resistant pathogens, particularly gram-
positive pathogens, is an important factor in the morbidity and
mortality of hospitalized patients. In the face of this growing



1432 SOLA ET AL.

J. CLIN. MICROBIOL.

TABLE 2. Distributions of the two most frequent pulsotypes and related subtypes of MRSA strains in six hospitals of Cérdoba“

PFGE major pulsotype PFGE subtype

No. (%) of isolates from hospital®:

(n, %) HT (53) HI1 (18) H2 (8) H3 (12) H4 (8) H5 (4,7) H6 (3)
A (20, 38) Al 10 (19) 2(11) 1* (12.5) 433)  2(25) 1(25, 100)
A2 1(2) 1(6)
A3 2(4) 2(11)
Ad 1(2) 1(6)
AS 1(2) 1(6)
A6 1(2) 1(6)
A7 2(4) 2(25)
A8 1(2) 1(25)
A9 1(2) 1(12.5)
B (18, 34) Bl 11 (21) 3(17) 1* (25) 1(8) 2 (50) 3 (100)
B2 5(9) 4(22) 1(2.5)
B3 1(2) 1(8)
B4 1(2) 1(6)

“ Data in boldface are for MRSA isolates involved in an outbreak that occurred August to September 1999.

® n, number of isolates obtained from May to July 1999.
¢ Asterisks indicate community-acquired infections.

@ HT, all hospitals. Total numbers of isolates from hospitals are in parentheses.

resistance among these organisms, the selection of the correct
antimicrobial and nonpharmacological interventions, based on
correct identification and susceptibility test data, has become
increasingly challenging. MRSA and, more recently, glycopep-
tide-resistant enterococci and staphylococci represent a signif-
icant danger for the patient. As a consequence, earlier and
more precise identification of the pathogens most frequently
associated with nosocomial infection is essential (28).

Molecular typing, complemented by conventional methods,
provides a sensitive and specific approach for outbreak track-
ing, and its usefulness in nosocomial epidemiology is very well
documented (3, 6, 22, 23, 24, 25, 30, 40, 44, 50, 53).

We analyzed the prevalence of MRSA and the phenotypic
and genotypic characteristics of MRSA isolates from patients
assisted in six hospitals of Cérdoba, Argentina, from May to
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FIG. 3. (A) PFGE of the Smal-digested genomic DNA of the Cor-
dobes clone in comparison with the South American and pediatric
MRSA clones. MRSA epidemic clones isolated in Cordoba, Argentina
(Al and B1) were analyzed by PFGE to compare their DNA patterns
with those of the South American (S1 and S2) and the pediatric
(P) MRSA clones already described (9). C1, DNA pattern for local
MRSA isolates that is closely related to that for the pediatric clone (P);
El, sporadic MRSA local isolate included for comparative analysis.
(B) PFGE of Smal-digested genomic DNA of Al and A8 MRSA
subtypes isolated in hospital H5 from May to July 1999. Lanes 1 to 7,
seven strains that produced an outbreak 2 months later in the same
hospital; lane L, DNA molecular size markers (lambda DNA ladder;
Promega).

July 1999. The mean percentage of staphylococcal isolates that
were MRSA was 39%, which is in agreement with previous
national reports (4, 56).

The most frequent MRSA-induced infections were vascular
or septic (25%), infections after surgical treatment (19%), and
respiratory infections (15%). The occurrence of surgical
wound infections and catheter-associated bacteremia has im-
portant infection control implications, as were described in
several analyses (28, 31, 32, 58).

The results obtained in this work demonstrate that two ge-
netically distant major clones of MRSA, designated A (38%)
and B (34%) and showing epidemic characteristics, coexist in
the environment of hospitals in Cdrdoba, the second-most-
populous city of Argentina. The observed distribution is sub-
stantially different from that previously reported in other Ar-
gentinean cities such as Buenos Aires (9, 10), Tucuman (9),
and Posadas (10). In all them the South American clone is the
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FIG. 4. Resistance patterns of the most frequent major clonal
types, A, B, and C. The resistance to the indicated antibiotics was
determined for all isolates, and the resistance profiles for pulsotypes A,
B, and C are shown. The results are percentages of the total number
of strains analyzed. SXT, trimethoprim-sulfamethoxazole; MIN, mino-
cycline; RIF, rifampin; CHL, chloramphenicol; CIP, ciprofloxacin;
ERY, erythromycin; GEN, gentamicin.
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single most frequent clone identified so far. In addition, this
clone was also found in other countries of South America and
Europe (1, 9, 13, 38, 46, 47).

The A pulsotype was isolated from patients hospitalized in
five of the six hospitals, where it was the predominant major
clonal family. The Al, A3, and A7 subtypes were associated
with micro-outbreaks in the ICU and/or SS in three hospitals
(H1, H3, and H4). The Al subtype, which accounted for 50%
of the A clone isolates, was detected in five hospitals. More-
over, the same subtype triggered an outbreak that occurred in
the H5 hospital and that affected the inpatients of the surgical
ward and of the ICU during the 2 months following the period
covered by this study. Thus, the outbreak started, in July, from
an index case of MRSA infection detected in a surgical ward
and rapidly spread to the ICU. Few medical wards were af-
fected, and currently the outbreak has been partially controlled
due to the reinforcement of the appropriate infection control
measures. During these months, no significant increase in the
incidence of MRSA infections in the other hospitals was ob-
served.

The ability to spread observed for the overall A clone (intra-
and interhospital), its easy transmission, and its categorization
as clinically or epidemiologically significant were in complete
agreement with the guidelines used to design strains as epi-
demic (42).

The second major clone in terms of frequency (34%), the B
pulsotype, which showed a PFGE pattern of DNA similar to
that for the South American clone, was detected in all hospi-
tals. The epidemic characteristics of this clone were described
in various studies (1, 9, 10, 30, 38, 46, 47).

A recent investigation carried out in the same hospitals from
April to June 2001 further suggests that clone A has a greater
potential to cause epidemics than the South American clone,
as indicated by a twofold-higher prevalence (45 versus 21%).
These results strongly suggest that clone A is replacing clone B
in the hospital environment.

These epidemic strains had homogeneous methicillin resis-
tance and were typically multiresistant. The majority of the
strains were typeable with the Basic International Set of Typ-
ing Phages for S. aureus and were included in group III. This
phage susceptibility pattern, together with a homogeneous
methicillin resistance phenotype, has been described for many
epidemic strains (42, 52).

The A clone, characterized by greater susceptibility to a
number of antibiotics than the South American clone, is con-
sidered clinically and epidemiologically important, allowing
antibiotic therapy not involving vancomycin. Avoiding the
overuse of glycopeptide antibiotics for treatment of infections
produced by the A clone would contribute to controlling the
emergence of strains with decreased susceptibility to glycopep-
tides. The emergence of vancomycin resistance of both spo-
radic and epidemic MRSA strains in Japan, the United States,
and Europe has already been described (7, 18, 20, 21, 37, 59).

The majority of the patients affected by MRSA nosocomial
infections during this study were hospitalized mainly at the
ICU and SS. Several studies have confirmed the central role of
these wards as a source of intra- and interhospital spread of
epidemic MRSA. Many elements are thought to contribute to
the high occurrence of MRSA infections in patients confined
to these special care units, such as the relatively high antibiotic
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pressure, movement of personnel and/or patients between
wards of one hospital or among different hospitals, and weak
immune system defense (25, 31, 34, 58). However, the obser-
vation that the sporadic MRSA strains neither spread between
patients nor became established in the hospitals strengthens
the hypothesis that epidemic MRSA strains have intrinsic fea-
tures that allow them to disseminate in the hospital environ-
ment (15, 22, 35, 42). Nevertheless, the specific phenotypic and
genetic factors contributing to the epidemic behavior of this
bacterium have not been identified so far. A recent study
concluded that it appears unlikely that a collection of different
epidemic strains will collectively exhibit significant differences
in specific phenotypic traits relative to sporadic MRSA.
Rather, different combinations of phenotypic and genotypic
traits could contribute to the epidemicity of individual strains,
favoring the colonization phase of infection as opposed to
enhanced expression of toxins and tissue-damaging enzymes
(30).

The third clonal family in terms of frequency (17%) de-
scribed here, the C pulsotype or pediatric clone, was not asso-
ciated with a suspected outbreak. In contrast to the epidemic
clones, this pulsotype showed heterogeneous methicillin resis-
tance as already described. All of the isolates were included in
group I or mixed groups I and III, a feature not previously
described for this clone. The existence of homogeneously and
heterogeneously resistant MRSA strains that belong to differ-
ent lytic phage groups as well as to different genetically defined
clusters has been previously reported (1, 45, 52). Seventy-one
percent of nosocomial infections produced by clone C were
isolated from inpatients in private hospitals, where the use of
antibiotics is perhaps more controlled than in the public hos-
pitals and thus a low antimicrobial pressure is established. The
majority of the patients were hospitalized in general wards or
medical services where there is a low patient turnover.

These characteristic are in agreement with the theory pro-
posed in a recent study that the continued high prevalence of
the pediatric clone is seen in epidemiological settings charac-
terized by low antimicrobial pressure and patient turnover
(39).

In conclusion, these results demonstrate that two main epi-
demic MRSA clones coexist in the hospital environment of
Cordoba, Argentina, the South American clone and a clone
not previously described in Argentina, which we named the
Cordobes clone. This clone was not detected in other cities of
Argentine or in Brazil, at least until 1998 (2, 9, 10, 13). It was
not identified in a previous study carried out during the first
trimester of 1998 in the two hospitals that have the highest
number of beds, H1 and H2, suggesting that it emerged re-
cently, at least in our country, and shows a relatively high
dissemination rate. After this work was concluded, a new clone
was described in Chile (2). The PFGE-DNA pattern of the
so-called Chilean clone is similar that of clone A described
here, suggesting that they are closely related at the genetic
level.

Finally, it will be epidemiologically relevant to analyze the
evolution of this clone during the following years in order to
better understand the coexistence and/or the eventual replace-
ment of the South American clone by the Cordobes/Chilean
clone. A detailed knowledge of its epidemic behavior should
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contribute to successful strategies to control the dissemination
of MRSA infections.
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