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TABLE 2. Clinical data on tst-positive MRSA infections

Patient and
isolate no.*

City of Age

e S
Clinical presentation isolation (yr%)

True TSS¢ 1, HT20020212 Lyon
) 2, HT20020255 Bordeaux 4
3, HT20020256 Bordeaux
4, HT20030603 Lyon 2
5, HT20030159 Geneva
Possible TSSY 6, HT20030119 Marseille
7, HT20030369 Lyon

8, HT20030416 Lyon
9, HT20030618 Lyon
10, HT20030434  Marseille
11, HT20030727 Lyon
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12, HT20030769  Fréjus

13, HT20030695  Lausanne

14, HT20030849  Geneva
Superinfection of varicella 15, HT20020188  Lyon

16, HT20020277  Paris
17, HT20020369  Lyon
18, HT20030228 Lyon
19, HT20030651  Lyon
20, HT20020780 Tours
21, HT20020781  Tours

NTED

Staphylococcal scarlet fever 22, HT20030157  Lille 0
Pneumonia 23, HT20020132  Boulogne 27
24, HT20020417  Annecy 1
25, HT20030216  Lyon 65
26, HT20030639  Lyon 31
27, HT20020459  Rouen 1
Osteoarthritis 28, HT20030749  Bondy 0
29, HT20030095  Lyon 28

30, HT20020665  Marseille 14
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3 . . . T agr  PFGE
Scy! Samples Site of acquisition type type

Skin Community 2 Al
Blood Nosocomial 2 Al
Blood Nosocomial 2 Al
Blood Nosocomial 2 Al
Skin Unknown 2 A3
Skin Nosocomial 2 Al
Skin Unknown 2 D
Skin Community 2 A7
Skin Unknown 2 A2
Blood Unknown 2 Al
Skin Community 2 Al
Skin Unknown 2 A3
Skin Unknown 2 AlD
Skin Community 2 A9
Skin Community 2 Al
Skin Community 2 A8
Skin Community 2 E
Skin Community 2 A3
Skin Community 2 Al2
Umbilicus Nosocomial 2 A3
Umbilicus Nosocomial 2 A3
Skin Unknown 2 Al
Skin Nosocomial 2 AS
Bronchopulmonary secretion Unknown 2 Al2
Blood Nosocomial 2 Al
Blood Nosocomial 2 A7
Bronchopulmonary secretion Nosocomial 3 G2
Blood Unknown 2 Ad
Ligament Nosocomial 2 A3
Prosthesis Nosocomial 3 G3

“ Jsolates 5, 13, and 14 from Switzerland were not among the 27 French fst-positive MRSA.

&M, male; F, female,
 Cases associated with TSS according to the reference criteria,

4 Cases associated with TSS bul that did not ulfill all criteria of TSST-1-mediated syndrome.

“ND, no data.

isolates were of capsular type 5, except for two isolates which
‘could not be typed with this method. All but one were resistant
to penicillin, oxacillin, kanamycin, and tobramycin and had
intermediate resistance to fusidic acid; the remaining isolate
was susceptible to kanamycin and tobramycin (Table 3). Seven
isolates were resistant to other antimicrobial agents such as
erythromycin, lincomycin, or tetracycline. All had an SCCrmec
element type 1V, except for one isolate which had an SCCrzec
element type IVA and two isolates which were nontypeable
(possibly new SCCmec variants). PFGE gave more diverse
results: all but two of the isolates belonged to PFGE type A (14
subtypes), while the remaining isolates were of types D and E
(Fig. 1). The main spa type was spa 2 (21 isolates). The other
isolates had a related spa type that differed by one (spa 10 and
spa 242) or two (spa 568) repeats. These isolates were all of
ST, as determined by MLST. Overall, the 25 tst-positive agr?
MRSA isolates were highly clonally related. This clone was
detected in 12 towns in France, and three isolates from Swit-
zerland had similar characteristics. Five Japanese tst-positive
agr2 MRSA isolates from patients with NTED were related to
this clone (Table 3).

Two tst-positive agr3 MRSA isolates were identified. They
possessed the sea, sem, seo, hlg, clfA-B, cna, and ebpS§ genes and
were of capsular type 8. These two isolates were resistant to
penicillin, oxacillin, kanamycin, tobramycin, and erythromycin

and had intermediate resistance to fusidic acid. One isolate
had the SCCmec IV element, whereas the other had the
SCCmec IVA element. Their PFGE patterns differed by three
bands, and both isolates belonged to PFGE type G (Fig. 1). Their
spa types differed by only four repeats (spa 638 and spa 584),
and both isolates were ST30, as determined by MLST. These
two isolates were considered to be clonally related.

Comparison of the fst-positive agr2 isolates with the New
York/Japan clone and the Pediatric clone. The 23 tst-positive
agr2 MRSA isolates were ST5 and belonged to capsular type 5,
like the New York/Japan and Pediatric clones. The New York/
Japan clone contained the fsf toxin gene, contrary to the Pe-
diatric clone. The New York/Japan clone also did not contain
the toxin gene (sed), contrary to the 25 tst-positive agr2 MRSA
isolates, The 25 tsi-positive agr2 MRSA isolates and the Pedi-
atric clone harbored SCCmec element IV, whereas the New
York/Japan clone harbored SCCmnec element type II. The 25
tst-positive agr2 MRSA isolates and the New York/Japan clone
were spa type 2, while the Pediatric clone was spa type 311
(diverging by only one repeat).

Comparison of fst-positive MRSA isolates with MSSA iso-
lates. The 25 ist-positive agr2 MRSA isolates and the 5 #st-
positive agr2 MSSA isolates had similar virulence determi-
nants, an identical capsular type (type 5) and sequence type
(ST5), and a common PFGE type (A) which differed by a

—177—



J. CLIN, MICROBIOL.

DURAND ET AL.

850

"pIoe dipisny "y tutsexoyed ‘4 ‘uAwe]soy b tsunpioenay ‘g1, umAmoduy v ‘apnfwolpAn g unnnejuss

*£{Uo $31B[0S! OM] U0 pauMLId}aC] ¢

-3jqeordde 1ou “wN
‘pammISlap Jou ‘(N .
“sjqeadfivou ‘1N

‘D) JuAWRIQO) ‘1, Tupureuey <Y fuioexo X0 ‘unporsad g ,

"x31dwoo revop ‘OD
odfy sousnbas '1g ,

anN an YN AN Ay GO 095 ‘uaas “Jas 935 ‘Ao + 8 an 0¢ I3 I
an an ¥N an ASp{ RN o5 “y3S *0as 4y + 8 aN  uolSuis 1 [
QN anN VN an 81y *0s ‘was *pas “vas + 8 aN o¢ o€ 1
|73} an VN aN 31y *0as ‘wias "vas + 8 L1 0€ 0g 8T
an an YN anN 31y “qpy 058 “was ‘yas + g an 0g ¢ €
aN an YN an 5] 038 “13S ‘yas + 3 anN ng ¥E 1
aN anN YN anN 3y ‘qpy ~0as “utas + 8 an o€ 0g 9
aN aN VN an 8y *0as ‘was + 8 an o0 0g ST
(0L = u) sduesy
£450 $37R[0ST WSS
€0 043 LY X0 ‘4 VAL §dqa “vus ‘g-pf> 8y *was “03s ‘vas + 8 8€9 o€ og T
%) N9 L X0 ‘4 Al §dgs oud *g-pf)> 31y “wuas 0as ‘pas + 8 85 0 0 1
(z = u) soueag
£45D $31ROST YSYIA
1y an VN anN A8y “F@ym) “was ‘0as Jas ‘pas + S 8 S S I
304 an VN an a3y ‘Fqyny ‘0as ‘wos + S 0LS 9 < 1
¥V an VN an AJJl ‘GP) oS 05 ‘125 *pas *aa8 + S s S < 1
1487 an VN an A8py “FQPyny “wias *02s \[35 pas *2as + S 83 S < I
€IV an SYN anN AB[y QM) oS *035 ‘Jas “pas “0a8 + < SO1 S < i
(¢ = ) souexy
48D sare[ost YSSIN
Ad ‘d ‘2L )
9y THEDLIX0'd i qf2 ‘oua ‘sdqe ‘q-viP Sy “(IFYN] ‘085 ‘wias ‘pas ‘025 + S z S S suop urdef/{I0x MaN
g H'O'LA'X0d AL qfa ‘ous ‘gdqa “g-yfjo A8py ‘@gymy “0as ‘wias - N 1€ S S 3UOJO I EIPR]
Ad 4
5o} HLTE L M KO d I qfz “ous ‘gdqz ‘g-pifpo aBpy ‘QqFyry ‘038 wias Ias *098 + S an S S 1
e 'aL
jte) “T'ID LN X0d i gfa *ous ‘gdqa *g-17)a- A8Jy ‘qTA 055 ‘wds ‘jas “9a5 + [y an 4 S 1
3d 4 BL
0D D THIDLYKOd i qf2 ‘ouz "sdqa *g-yj> ABJY ‘qAN] ‘09S “1uds 135 935 + S aN < S ( ) ma
G = I) ue ef
01V 6V £V N4°1M'X0 4 AL qf2 ‘oua “gdqa *g-yfo A8JY “qHY 035 ‘WS a5 *pas 355 + S SN 4 S £
(€ = ) puepszyimg
TV 0L M X0 d IN Qfa ~ous “gdqs ‘g-pf)2 A8y QMY 038 “usas ‘Jas “pas "85 + S z s S [
v N4'L N X0 d VAL qfo *ous *gdqa ‘g-pf ASpy QYN ‘025 ‘1438 128 “pas *2as + S 01 S < 1
A" N4 X0 d Al qf2 *ous “§dqa *g-yipo ASpYy QY] ‘038 W3S \as ‘pas “vas + < 01 S S I
€V N4 HLEL M X0 ‘d Al gfa ‘oua *gdga ‘g-yfp> B[y “qFoyn) ‘098 ‘was ‘jas ‘pas 298 + < z < ¢ 1
v N4 ‘AL L ‘X0 4 IN gf2 ‘oun “gdqa g} AaSpY “GFyn] ‘095 *1as ‘jas ‘pas ‘2as + #IN 4 < < 1
8V N3 191 X0 d AL qf2 ous *gdqa “g-f2 ASpy QY] ‘095 “wias “J3s ‘pas <025 + S z S < I
€Y Nnd ‘gL ‘X0 'd Al 9f2 “oud "gdqa ‘g-vjjs 48[y *qopm) ‘095 “wias ‘[as ‘pas 235 + S z < S ¥
Y NI'LAXOd Al qfa ‘ous ‘gdqa ‘g-vi12 A8y Q] “08s ‘was a5 pas as + S e [ < 1
€V N4 LY X0 d Al qfa ‘ous *gdqa ‘g-yfip A3jly ‘M) 035 “uids ‘135 *pas a8 + [ 89 S < I
H LV €V TV TV N1 'X0 4 Al Qf2 ‘ouz ‘gdya *g-yfo Adpap ‘Gpm] ‘028 *wizs 135 ‘pas *2as + S T S < €1
(L7 = ) 2oueig
743p sajejost VSHIN
$272[081 JO "ou
(s)edfs gOAd ,RIURISISAI DIOIQUUY uwMNﬂUm souad wisaypy ssusd wxo] uwuhu,.m o MMMMU ueﬁw\w on) »1S pue ‘Tiduo yo Lnunos

‘dnoid soueisisay

S21B|0S1 $112.11U SHII0303ADIS IATISOA-151 JO SONISLISIIRIRYD [EITOI0IQOIIN '€ FTIV.L

—178—



VoL. 44, 2006

Isolates

Percentage of similarity PFGE types Origin No ST

60 80 190
Al France 9 5
A2 France i 5
n gr\:?t;‘:rlnnd 61 5
Ad France 1 5
AS France 1 5
A6 NY/Japan 1 5
A7 France 2 5
A8 France 1 5
A9 Switzerland 1 5
Al0 Switzerland 1 5
All France 2 5
AlZ France 2 5
Al13 France 2 5
Al4 France 1 5
B Pediatric 1 5
Cl Japan I 5
c2 Japan 1 S
c3 Japan 1 H
Cc4 Japan 1 5
L Lo C5 Japan 1 5
D France 1 5
E France 1 5
Austratia 1 45
Gl France 1 30
I_'E a2 France 1 30
S G3 France 1 30
H France 1 22
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FIG. 1. Unweighted pair group method with averages dendrogram of PFGE results based on the Dice matrix and schematic representation of

the pulsotype (Smal restriction enzyme) of ist-positive MRSA isolates;

S. aureus NCTC 8325 is the reference strain for the size marker (SM),

expressed in kilobases. Isolates differing by more than six fragments were considered to be subtypes of a given clonal type. The agr2 MRSA clone
belonged to the PFGE type A except two isolates of PFGE types D and E. NT®, nontypeable.

single band between the MRSA isolates (192 kb) and the
MSSA isolates (151 kb). We concluded that the #sé-positive
agr2 MRSA and MSSA clones were closely related. The pres-
ence of the SCCrmec 1V element in the 192-kb band of MRSA
isolates was demonstrated after excising this band from the
gel and amplifying mecA and the elements characteristic of
SCCmec type IV. mecA and SCCmec PCR were negative for
the 151-kb band.

The spa types of the MSSA isolates (spa 88, spa 105, spa 548,
spa 570, and spa 572) were very similar to the spa type 2 of the
MRSA isolates, diverging by only one or three repeats.

The two fst-positive agr3 MRSA. isolates shared characteris-
tics with 25 of the 70 tst-positive agr3 MSSA isolates; their
PFGE patterns differed by a single band containing mecA in
MRSA isolates. The spa types of two fst-positive agr3 MSSA
isolates (spa 12 and spa 17) were closely related to spa types
638 and 584 of the sst-positive agr3 MRSA strain,

DISCUSSION

A passive survey of S. aureus infections in France during
2002 and 2003 identified sst-positive MRSA clones. We iden-
tified a major ST5 agr2 clone which included 25 of the 27
tst-positive MRSA isolates, and a minor ST30 agr3 clone ac-
counted for the remaining two isolates. Both clones mainly
caused hospital-acquired infections (12 cases), but the ST5
agr? clone was also sometimes acquired in the community
(8 cases). These infections mainly affected children (overall
median age, 3 years) and corresponded to both TSS and sup-
purative infections. The clones were widely disseminated
throughout France, as fst-positive MRSA isolates were recov-
ered from 12 French towns between 2002 and 2003. In our
database, this clone was also detected in 2000 (one case) and in
2001 (two cases); these three cases were hospital acquired. The
ST5 agr2 clone was also detected in Switzerland.
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The two French sst-positive MRSA clones had similar anti-
biotic resistance profiles: they were usually resistant to oxacil-
lin, kanamycin, and tobramycin and had intermediate resis-
tance to fusidic acid, while resistance to erythromycin was
more variable. This antibiotic resistance profile is uncommon
among French hospital MRSA isolates. Intermediate fusidic
acid resistance is rare in French hospital MRSA clones, which
are usually susceptible to fusidic acid and resistant to quino-
lones (39). It is noteworthy that the antibiotic resistance pro-
files of the two French tst-positive MRSA clones are very
similar to that of the major community-acquired STS0 MRSA
clone harboring the PVL genes, which is currently spreading
throughout Europe (37). For instance, the ST80 clone is also
resistant to oxacillin and kanamycin and has intermediate re-
sistance to fusidic acid, whereas it is susceptible to tobramycin
and resistant to tetracycline. These differences in antibiotic
resistance profiles may help to identify the PVL-positive clone
ST80 and the tst-positive clones STS and ST30 in the clinical
setting. It is surprising that these emerging clones, which are
either tst or PVL positive, share certain genetic determinants
encoding resistance to antibiotics despite their very different
genetic backgrounds. This may reflect a peculiar pattern of
antibiotic usage in France, notably in the community.

Two categories of MRSA had previously been recognized in
France. The first comprises hospital strains (H-MRSA) that
can potentially spread into the community, giving rise to infec-
tions in patients with risk factors such as recent hospitalization
or surgery, chronic underlying diseases, immunosuppression,
or intravenous drug use. The second category corresponds to
MRSA strains arising de novo in the community (C-MRSA),
which infect patients with no established risk factors, H-MRSA
infections differ from C-MRSA infections in their epidemio-
logical, clinical, and microbiological characteristics: C-MRSA
infects younger subjects and mainly causes skin infections,
whereas H-MRGSA is associated with a wider range of infec-
tions (urinary tract, respiratory tract, skin, etc.). C-MRSA usu-

‘ally harbors the PVL genes, which are associated with skin and

soft tissue infections (37), and occasionally the extfoliative toxin
genes (17). The epidemiology of the #st-positive MRSA clones
is atypical. Like C-MRSA, ¢st-positive MRSA generally infects
children in the community, but 12 of our cases were strictly
hospital acquired. However, it is not known whether the pa-
tients with “hospital-acquired” infections were nasal carriers of
tst-positive MRSA or whether they actually acquired the strain
in the hospital. None of the hospital-acquired sst-positive
MRSA infections was associated with hospital outbreaks or
with documented horizontal transmission. The known preva-
lence of H-MRSA in French pediatric units is low (9.8% in our
hospital in Lyon [J. Etienne, personal communication)), as is
the overall prevalence of tst-positive MRSA in France (27
isolates from 12 different hospitals in a 2-year period). This
suggests that these fst-positive MRSA strains are being im-
ported into hospitals from the community. #st-positive MRSA
strains appear to be highly virulent and to cause a variety of
illnesses, ranging from toxic shock syndrome to various suppu-
rative infections.

The two tst-positive MRSA clones, with agr2 or agr3 genetic
backgrounds, seem to be clonally related to their respective
agr2 or agr3 tst-positive MSSA counterparts. A single PFGE
‘band difference, corresponding to an SCCmec 1V element,

J. CLIN. MICROBIOL.

distinguished the MRSA isolates from the MSSA isolates. It is
unclear whether insertion of a mecA element can occur in such
MSSA strains. The fst-positive agr2 MSSA clone has rarely
been detected in France (only 5 isolates in our collection),
contrary to the tst-positive agr3 MSSA clone (70 isolates in our
collection). It is surprising that the major tst-positive MRSA
clone (agr2) should have emerged from an infrequently de-
tected tst-positive MSSA background. We compared our #st-
positive agr2 MRSA clone with the well-described New York/
Japan and Pediatric MRSA clones that have spread worldwide.
Our sst-positive agr2 MRSA clone has the same genetic back-
ground as the New York/Japan clone. Even if SCCinec acqui-
sition by MSSA clones was four times more common than the
replacement of one SCCrec by another, we cannot exclude the
possibility that our clone arose from the New York/Japan
clone through SCCmec II substitution by SCCmec IV (28).
Further phylogenetic studies are needed to determine the pre-
cise origin of our clone, and these studies may help to identify
factors that tend to promote the spread of fst-positive agr2
MRSA rather than tst-positive agr3 MRSA.

Most emerging C-MRSA isolates with heightened virulence
have been found to harbor the PVL genes and, less frequently,
exfoliative toxin genes (17). The emergence and spread of
virulent C-MRSA isolates harboring the sst gene is of major
concern, as they appear to share certain characteristics with
PVL-positive C-MRSA, including a predilection for children.
Prospective studies are needed to determine the incidence of
infections due to these different clones, in order to bolster
measures aimed at limiting the spread of C-MRSA.
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