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LT, AT IABBIZIVERINSY |1 T RICBI B M pneumoniae BB B H DI
8Tk - MERDSHRICHETE T 572012, KT TERE ML DY 4 v A4 v, rEH
U EATRE L—IIC Y AU 7 ) v RS AR frbnw
1T 558, BRENHEBEIITEKMY ¥ 35K Balb/c C57BL/6
B & Dy sv ) YIS DR S L E %fﬁ%‘ﬁw M !
bhe, EARRICTRLLESHEREEICE P00 H !
WTIIITHREAND ) Y SEROBR B H - TH, E BAL*:
Wiz~ o) v RIS % RIS TE A1RED Thl TNF-q 1t t
)Y SHBBET L7720, YAV ) Y RENE INF- v . -
BOZERET S EEL TV, e . :
L OMF yop e ke 3
<9 A % fv e Mp BRI B W, T X e T_T !
DFMIT &L - TEEDOKY LA S % strain L5 - -
BHbrIERMONTWI2, Mycoplasma GM-CSF - -

B2 <7 A Mycoplasma pulmonislli & DORFBLMKSE. a b : Interleukin-2% 45 L, T~
WS — 1S TCAE L2 ICR = 7 AT, HIEAS ST DR B VR~ D ) > 28 BRIZ 145
FHWT, MEREL»OMMENET 707 7 —IURERLTWAS, ¢ d: Cyclosporin A
XL, BRI LAZICR= w7 2T, SAFSBIIRE I R oY) v 7SS i i
S, MR ER L o T 5, (CHk8 4> & T | — e %)

—164—



30 (336) U=
pulomonis & B\ 7o BEGEERTIE, Balb/cv 7 A
TR ENEE CTHRNANDOREPERTH 5
25, C57BL/67 ™ A TRIIFHEITIRE CREX
TEEDARE B EAND ) ¥ R EPEERTH S
Z O E LT, Balb/c~w v A& C57BL/6< ™
A DM REREDEVIILEbDLEEZLN
7=, B, Mp B 4D Balb/c~ v A & C57BL/6
vy ADREEMRERFHFOF 4 Lo 4>, 7
EHA VIOV THRE L, EfE{LT 5 Balb/c~
A TIEThIY A bh4 B ERELTEBY, Th2
F A4 bH A YRGM-CSFD L RVITIEFHE DY
AN Ao T, :h%@#%@ikw%
EAIRT. —F, RAOMpliigicBwT, &
FE CIEIRE & LR L Tl IL- 181E7b=7§i’f LR
L, IHIL-184H & i 405 A% H o RICIZIE DA
HSERD S NNEB), ThiHA b A4 > OELETE

I IL-18 R EEM KIS LT Al agtk
NdhbEEZ NI U_I:Q)CJ:JZ URTEES2MNN]
S @ RS A EIELOE O —D L ER LI
5,

NN EREOZT R 1L, RRREOR
EEZOEEMpIiLT, BT Y FMF ¥ UIE
B LEAZRE L, BEEiCLPosT Y
FRFIUDPHEELTWED TR \/\fb‘é:ﬁi(ﬂﬂ
Twae By FMNF Y VIEOHFE & LT

Vol. 32 No.6

(2005)

TG AERIE DA PAAL UFRLS G
BEEDEBUTGED D, TV F MRV UBEE
BE %58 0 PR~ D FEALiA A (bacterial transloca-
tion) = FF 0 Kupffer ML D EREAL T 2542 = 5 A8
#2b6NTwAh,

Mp BFFRZED XP & « CTH

Mp i £DREXPET RIZHE A ORFELEL,
BHEEEY S E AMRIRERYE TRL, IO
BB EMRERERROECE L T
EEZTWE, bhvbiud, MpliRIiZsiT 20
REOWEUTO3DEFTTRILTVS
1)% 58 S B IR B B PR 21, RS SCRIE B &
UM%T%MMMEEWE-%H%U/Nﬁ,%
s EofmEMRETHy, LV MY

7.1

RTIIREXRONMERE L THD NS, 2)l
ﬁ'ﬁitz'@frﬂ%f"ﬂ{bi, MRS ST~ JeAERN

TR e MAE X E~D~ 707 7 — YV ORM
ﬁiﬁmﬂuﬁ ThHy, WHFELY MU BLIT
CT1ETIE, MEELBEFICERT MY, i

$b&@MRV%kLLmbﬂ% 3\l e Py o
B, S S 0D 2 T 995 25 4 U D S TR L i &
L3 72:‘2%?‘?‘]!‘%%2 ELTHDOLN, MRELB LT

’;\.'frijilﬂﬂ Z (V1@ % bronchiolitis obliter-
ance with or gamzing pneumonia BEFFE)D 720

75A@H%&@ﬁ%@%&mﬁihu,74: BHML Z VR TV ORERTH B, WA
.‘?!-ﬁ R g
mm$ﬁ$? <o i TL-18
57 p A ‘.
600+ (pg/ml)
<0013 600 s=061
5001 — 500 p=0.024
° 21
400 400
: : 2 . : . ] KA A Jil
300+ ’ e e " M3 A4 ITT A<M
. . 1 . o Jisk7 L o
82 2000 ® %2 S A B & M P IL-18
2001 g, °* 100 H BWAKH D i, AT IL-
. : L8R P& R T Y
1001 33 : 0 b IL-18 k& W 44
. . 2 3 4 B e & 13 e
0- e o WERT
Wy = 4ass i i % B OEIET B MO (SRR G & H T —-HPUOL)

—165—



FRE~ 4 275 X< isk

%2 BRE{LOWF O N

sty R PR TR B IR, REMYA b A
4 EThid4 bag4rcEday, Th2H 4 a4

OGP e, Th 0B Ao &, i
Lz,

A s BUSAIH E TV B ERIR AT a4 K
e 5 h DEMIZ B B M. pneumoniae D4 FHATIC
X B EREL.

H A4 b A A 2 OISR O N BEO & BT
(bacterial translocation)iZ & % L # endotoxin & i %
HERELERIT.

Mp i 695 B D CT g% Bl W72 [ Tk, A&
D IR JE R R D375 % DHREBNZFED S,
IR REEEZO L VWHETHRDO LN S Z & 2WF
WThbH, Fi, M, DERLEORIRER G
65% I oM, FIRBBREAEELZED 48
MU ECTIETHETLEBELTWAZ E2h
5, MR CICkMRERERREZEL, |8
BRI E CFEL, BIELOBE ThERHK
& AR E I REVNCFAMCEETSL LD
EHEMLTBY, IhHMHERRABEECKESE

LE % i & ﬁ@ i%wﬁ& s, ZNXH
RREPNIIFHENR O A 7 a4 FRIOKRE 25
HEEZEZD

EAE Mp Jlisk D57

BEE~w s a54 8%, 3420, Za
=X YREEORERHE R T FHIORS
Thb, bhubiud, =9 A0OMplifics T,
A ) ORMGRENE, I f ) v
TV N L AR, TV Ko v HANH R
THRLEZA, 3047y e TL Ry
DPEFBFEREASY 24 20) VHAGAREEL D b
MROWBERN BN o7, T, TP vl
HTREFSHIHALTLES 22 RS, 7
V= o Hilna R ERTHh b, Bty
E®WMﬁu”’%ék%xbhtm ¥, 6
PRI % 1% 55 B A RIS OB A L
ﬁﬂf%é:&ﬁméﬂt.FWGMEnW#ﬂ
LWwZeddhb, HREAREEE) BRI LT
W T 7 SR SO & B A ELINT, BiAEATo

(337) 31

AT CTORMMARER 704 FEDOPHEILE
EBDHLNS.

5 B

Egid MNW COF, BELCERICOWTIHE
SR I TRy, SThETORI T
WRAEDENDOEEL WS X 0id, THEMEERE
UG OBRREIZE 2 b0 LHMshs, F2iC
BRECOWF DO EMEZ B L7, SBELS
METABLEELEb A,

X W

1) Chan ED, Welsh CH : Fulminant Mycoplasma
pneumoniae pneumonia. West | Med 162(2) : 133-
142, 1995.

2 MNK— DA~ 14 375 X<l koK & 8
T A 37T A . R & A 30(1) 1 53
67, 2003

3 M, WG, TIUAL, WEELE <4
a7 A=, WEEH 52(2) : 155-161,2004.

4) Narita M, Tanaka H, Abe S, et al. : Close associa-
tion between the pulmonary disease manifestation
in Mycoplasma pneumoniae infection and the
enhanced local production of IL-18 in the lung,
which is not through the functiog of IFN-g. Clin
Diag Lab Immunol 7(6) ; 909-914, 2000

5) Narita M, Tanaka H, Yamada S, et al. : Significant
role of interleukin-8 in pathogenesis of pulmonary
disease due to Mycoplasma pneumoniae infection.
Clin Diag Lab Immunol 8(5) ; 1028-1030, 2001.

6) Tanaka H, Narita M, Teramoto S, et al © Role of
interleukin-18 and T-helper type 1 cytokines in
the development of Mycolasma pneumoniae pneu-
monia in adults. Chest 121(5) : 1493-1497, 2002.

7 Hp R, NEULZ, RO, x4 27T
A<M EDCT (%, 1 80(9) : 979-986, 1985.

8) Tanaka H, Honma S, Abe S, et al . Effects of
interleukin-2 and cyclosporin A on pathologic fea-
tures in mycoplasma pneumonia. Am J Respir Crit
Care Med ; 154(12) : 1908-1912, 1996.

9) FH i, TEHR %,mw A 1wy A Mycoplas-
ma pulmonisfili #4238 6F B~ 28— T #1402 5
MiAG Mg~ DS, HRASRRE 72(4) @ 342-346,
1998.

10) Tanaka H, Koba H, Honma S, et al : Relationship
between radiological pattern and cell-mediated

—166—



32 (338) JUZAh

immune response in Mycoplasma pneumoniae
pneumonia. Eur Respir J ; 9(4) : 669-672, 1996.

11) Fonseca-Aten M, Rios AM, Chavez-Bueno S, et al ;
Mycoplasma pneumoniae induces host-dependent
pulmonary inflammation and airway obstruction in
mice. Am J Respir Cell Mol Biol 32(3) : 201-210,
2005.

12) WARREME, ATH—, &HHIE, 0 KREILEZ
Bdle< A4 377 A MAEZLRO 2R GIE5E
74(3) : 259-263, 2000.

13) Chan, ED Kalayanamit T ; Lynch DA, et al :

Vol. 32 No6  (2005)

Mycoplasma pneumoniae-associated bronchiolitis
causing severe restrictive lung disease in adults.
Report of three causes and literature review.
Chest 115 1188-1194, 1999,

14) AL, BEEREE, B A~ 4 a7s A<l
RKOWMBZM—AFIZCTHRICOWT, AR~ 27
T AL MEE 24(1) 1 85-87, 1997

15) Mrp#t, WEHFEE, WREHE, W ~fa75 2
<42 B B prednisolone DX 5-HiE—< v AKX
FrFheReT—, BIEEE 32(1) : 42-47,
1994,

—167—



Downloaded from jcp.bmijjournals.com on 2 March 2006

896

Pos

crip

Simplified semiquantitative
culture using woshed sputum
from children with lower
respiratory tract infections

loweer

Microbiologic  diagnosis of  bacterial
respiratory tract injection in children is diflicuh
because invasive diagnostic approaches, such
as bronchoscopy or fung biopsy,' are usially
not available Jor children. Previously, we
showed the uselulness ol a semiquantitative
culiure using spuium obrained Irom children,”
However, this method requires sputum o he
washed three times o reduce bacteria Trom the
upper respiratory  ract, and s wedious 1w
perlorm as routine  laboratory work, The
purpose ol our present study was 1o evaluare
a simplilicd coliure method Jor identilying
causative  pathogens  in - childhood  lower
respiratory tract infection,

We studied 268 children who were admitted
o Saitama Medical  School, Japan  from
February 1999 o August 2001 with the
diagnosis ol Jower resplratory tract indection.
Sputum was obtained by inducing the children
to cough, as described previously” The speci-
mens were classilicd aceording 1o the Geekler
classilication’ and washed in sterile saline by
vigorous stirring using a bacterial loop. The core
part o the sputim was collected and inocu-
lated on o agar plates and incubated, For the
simplilicd method, colonies were identiticd and
bacteria with almost pure growth or with
colony numbers of more than 50% on the plate
were defined as pathogens. For 60 specimens
we used spurim renaining from the simplificd
methad, which was washed in resh saline
twice more and culured. This was the same
methodology used In the original method.”
Results were compared  between the two
wethods. Informed consent was obtained lrom
the parents ol all children,

Most specimens were classiliod into Geekler
5: fewer than 10 squamous ¢pithelial cells and
more than 25 neutrophils Jor cach low power
(#100) licld. The pathogens idenrilicd by the
originalAsimplilicd methods were as [ollows:
Hacrmophilus influcnzae, 17/19; Strepococcus prcu-
mariae, eight/cight; Pseudonionas acrginosa, six/
three; methicillin resistant Staphylococcus aureus,
sixfthree; Streptococcus agalactioe, twojtwo; and
e

NIRRT IR IR Y

. . L aie e, Mo
nificant pathogens were identified in 21 and 24
specimens by the simplilied and  original
methods, respectively. Mixed pathogens were
identilicd in three and oue specimen, respee-
tively. In 56 samples, results were the same
wilh both methods, with an agreement rate ol
93% (56 ol 00).

Pathogens identified by the simplilicd
method in 268 children were as Tollows:
H oinfluenzae 33%, S prewmonioe 16%, and
S aqureus 3%. No significant pathogens were
identified in 123 specimens (46%).

The diagnostic value of sputum in children is
ol clear because expectoraled sputum s
dilficult ty obwin. Wo suceessiully obtained
spricum by inducing the children o cough. In
addition, the simplilicd semiquantitative cnl-
e using washed sputum showed a high
agreanent rate with the origind method,
which involved three washes, We recommend
this simplitied mcthod  as a Jess invasive

www jclinpath.com

method to clarily bacierial pathogens in lower
respiratory tract inlections among children.

Our result showed that H inflienzae was (e
most requent pathogen. Although the patho-
logical roie ol non-typable H influenzae in
respiratory rract infections has not been
highly evalnated in children,” Shann' and
Karppi and colleagues’ reported a pathogenic
role lor non-typable H influcnzae. We think
these discrepancies could be a result of the
diagnostic methods nsed.

K Murayama, T Yamazaki, A lto, S Uehara,
N Sasaki

Department of Paediatrics, Saituma Medical School,
Scitluma, Japan 350-0495;
benyoma@sailama-med.ac.jp
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A Handbook of Anatomical
Pathology
Edited by R A Burnett. Royal Institute of Public

Health and Hygiene, 2004, £15.00 (paper-
back). ISBN 190166 011 7145

Students of the Cerrilicate or Diploma in
Anatomical Pathology Techuology will find
this an excellent source ol operational knowl-
cdge; mortuary managers will want o buy
the editor a drink lor the biblingraphy alone;
pathologists  will be reminded  just how
dillicult it is to operate a mortuary in these
days ol Department of Health reports, Health
and Salety Exccutive guldelines, and CPA
isits. Such big praise lor such a relatively
small book, but then discussion abour the
size and colour of the publication surprisingly
takes ap abuti hall ol e introduction by the
editor; the thene shall be maintained!

It is bigger than the 1991 “Red Book”
which, according ro its intreduction—"in
many mortiarics it takes pride of place on
the bookshell along with the much bigger
lormat Yellow Book...”—well, not in mine it
doesn't, because it was/is such an annoying
litde book to use, with a scanty contents page
and no index, The 2004 Red and White Book
tshoudd have kept to one colour to maintain
the  chromatic How)  has  undoubtedly
expanded in its scope and amount ol text
and, as such, is a beter source of inlorma-
tion.  However,  becanse ol the  barely
improved contents page and  persistently
non-existent indey, it is still diflienlt o use;
the contents page in this handbook takes you
to the counury, then to a region and strands
you there. T don't need the sophistication of
sateltite navigation o Jind my way around a
book, but even the cheapest road atlas has an
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index to take you straight to the town. It
troubles me that the introduction prides itsell
in the Jact that cach “part” is designed to he
complete initsell, with minimal cross reler-
encing and, therefore, some duplication and
repetition is inevitable; who really wangs to
read the whole book over and over again to
spot the duplications—hat s, lacts pertain-
ing to the same subject arca? 1 don’t, and
neither [ osuspect does any busy AP or
pathologist. This is a shame becanse there is
a veritable mine of information here, The
price ol £15 (including post and pachaging) is
casily allordable for the most cash strapped
ol organisations {cven UK NHS hospital
trusts). Having said that, on publishing the
second edition, please will the Royal [nstituie
ol Public Health as publishers invest in a
better word processing package with an index
lacility {even Microsolt Word will do it on a
desk top) and pass the fow pence on w the
reader; it will be money well spent.

S C Biddolph

Biology and Management of
Multiple Myeloma

Edited by J R Berenson. Humana Press, 2004,
$125.00 (hardback), pp 376. ISBN O 89603
706 1

This multiautbor book  provides a  usclul
comprehensive account of our current stale ol
knowledge of multiple mycloma, encompass-
ing cpidemiology and actiology, diagnosis,
cytogenetic and molecutar genetic abnormal-
iries, prognosis, and weatment. There are
chapters on renal tesions, bone Jesions, and
anaciia and  monoclonal  ganunopathy ol
undetermined significance has also been dis-
cussed, The authors have been drawn from
Europe,”North America, and Ausiralia and the
approach taken is therelore generally applic-
able. The text has been woll edited (or perhaps
the book was well planned) so that there is not
a great deal of duplication; some duplication
could have been avoided between the chaprer
on cytogenetic and molecular genctic analysis
and that on prognosis. The book will probably
be of use w clinicians because it not only gives
an account ol relevant scientilic advances but
also provides an up to date review of current
and future treatment options. [t should also be
usclul w pathologists, providing an update of
the clinical convest in which they are reporting.
Fhe standard ol production is high—acid lree
paper and a good clear font that imakes Jor casy
reading.

Full details of events 1o be included should be sent fo
Magate Butler, Technical Editor JCP, The Cedars, 36
Queen Street, Castle Hedingham, Essex CO9 3HA,
VI conail: magaic.butler2@ bropenworkd comt

Breast Diagnostic Histopathology
Update

22-23  September 2005, Hammersmith
Hospital and tmperial College, London, UK

Further derails: Wollson Conference Centre,
Hammersmith - Hospital, D Cane  Road,
London W12 ONN, UK. (Tel +44 (0)20 8383
3117/3227/3245; Fax +44 (0)20 8383 2424;
¢-mail wee ic.ac.ak)



PEDIATRICS

Epidemiology of Community-Acquired Pneumonia in Children
Tsutomu Yamazaki, Kei Murayama, Atsuko Ito, Suzuko Uehara and Nozomu Sasaki
Pediatrics 2005;115;517-

DOI: 10.1542/peds.2004-2055

This information is current as of March 2, 2006

The online version of this article, along with updated information and services, is
located on the World Wide Web at:
http://www.pediatrics.org/cgi/content/full/115/2/517

PEDIATRICS is the official journal of the American Academy of Pediatrics. A monthly
publication, it has been published continuously since 1948. PEDIATRICS is owned, published,
and trademarked by the American Academy of Pediatrics, 141 Northwest Point Boulevard, Elk
Grove Village, Illinois, 60007. Copyright © 2005 by the American Academy of Pediatrics. All
rights reserved. Print ISSN: 0031-4005. Online ISSN: 1098-4275.

American Academy of Pediatrics

DEDICATED TO THE HEALTH OF ALL CHILDREN"®

Downloaded from www .pediatrics.org by on March 2, 2006

—169—




- Steinhausen FIC, Dorr HG, Kannenberg R, Malin Z. The behavior pro-
file of children and adolescents with short stature. | Dee Behwe Pedialr.
2000;21:423-428

12. Rubin KH, Bukmvski WM, Parker |GG, The peer system: interactions,

relationships and groups. In: Eisenberg N, ed. The Handbook of Chilid

Psychology. New York, NY: Wiley; 1998

doiz10.1542/ peds. 2004-2625

Epidemiology of Community-Acquired
Pneumonia in Children

To the Editor.—

We read the recent article by Michelow et al,} “Epidemiology
and Clinical Characteristics of Community-Acquired Pneumonia
in Hospitalized Children,” with great interest. One hundred, fifty-
four children were enrolled in this study, and blood or pleural
fluid cultures, pneumolysin-based polymerase chain reaction as-
says, and serologic tests were used to clarify the epidemiology.
The study indicated that Streptococcus puenmoniae, Mycoplasma
pneumoniae, Chlanydia pnenmoniae, and respiratory viruses were
the major pathogens involved in community-acquired pneumonia
(CAP). Although these results are informative for pediatricians, it
does not seem appropriate that Haemophilus influenzae was not
found to be a causative pathogen of CAP in this study. In the
guidelines® published by the American Thoracic Society, H influ-
enzae is recognized as an etiologic pathogen that causes CAP.
There may be some discrepancy between adults and children over
whether I influenzae is a respiratory pathogen of CAP. As it is
stated by the authors in their discussion, however, such a discrep-
ancy in the epidemiology might be the result of a lack of specific
tests for H influenzae (and Moraxelln catarrhalis). Because most
respiratory infections of H influenzae are caused by nontypeable
strains, analysis by serologic methods should be improved to
include antigens made by local strains of H influenzac. We have
been using a semiquantitative culture method of detection on
washed sputum samples for a couple of decades and have found
that H influenzae is one of the most frequent causative pathogens
found in lower respiratory tract infections in children. This
method is not difficult for pediatricians and is less invasive for
children. Although expectorated sputum is difficult to obtain from
younger children, it can be obtained successfully from children
repeatedly by inducing cough. In this method, the sputum ob-
tained is washed in sterile saline three times to reduce the effect of
microorganisms from the upper respiratory tract that are usually
present on the outside of the specimens. Using this method, Ue-
hara™ emphasized the significant etiologic role of H influenzae in
children with CAP, and our recent data also indicate that nearly
30% of lower respiratory infections in children are related to H
influenzae (unpublished data). We would suggest that this semi-
quantitative culture analysis of washed sputum be compared with
an improved serologic method for H influenzae in the future,

TsuToOMU YAMAZAKL, MD, PuD

Ker Murayama, MD

Arsuxo ro, MD

Suzuko UenAra, MD, PuD

Nozomu Sasaks, MD, PuD

Department of Pediatrics

Saitama Medical School

Moroyama, [ruma, Saitama 350-0495, Japan
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In Reply.—

The incidence of Huemaphilus influenzae infection was not spe-
cifieally stuclied in our recent publication! Although non-type b
and nontypeable H iufluenzae have been confirmed as causes of
pneumonia in children, the frequency of infection in the United
States is poorly definecl. Since the introduction of the conjugated
polysaccharide H influenzae type b vaccine in 1990, the incidence of
invasive discase by that pathogen has declined dramatically. A
limited number of publications have demonstrated lower frequen-
cies of non-type b and nontypeable H influenzae pneumonia in
children compared with adults and in developed countries com-
pared with developing countries. These strains have also heen
isolated from patients with underlying respiratory disorders in-
cluding acute exacerbations of chronic bronchitis, bronchiectasis,
and cystic fibrosis.?

H influenzae commonly colonizes the upper yespiratory tract of
children. These commensal organisms can gain access to the lungs
by contiguous spread or aspiration but are less likely to invade the
blood stream than H influenzae type b. Therefore, to confirm in-
fection with non-type b or nontypeable H influenzae, culture of
percutaneous lung aspirates are necessary.*S Because these mnva-
sive procedures are rarely undertaken in children, the incidence of
pneumonia caused by these strains presumably is underestimated.

Other diagnostic approaches have not been adequately vali-
dated in children. Specifically, acute and convalescent serology
may indicate acute infection with H influenzue, but serologic assays
may also reflect a nonspecific anamnestic response to a previous
infection or a response to colonizing organisms during a viral
infection.® Sputum collection in young children is unreliable, and
semiquantitative cultures of sputum samples to diagnose causes
of pneumonia in children have not been adequately validated by
other investigators. Because H influenzae frequently colonizes the
nasopharynx of children, there is a substantial risk of overestimat-
ing H influenzae pneumonia based on nasopharyngeal cultures®

Ian C. MicHerow, MBBCH, DTM&H
Department of Pediatrics
Massachusetts General Hospital
Boston, MA 02114 )

Georce H. McCRACKEN, Jr, MD

Department of Pediatrics

University of Texas Southwestern Medical Center
Dallas, TX 75390
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Clinical Evaluation of Macrolide-Resistant Mycoplasma pneumoniae
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Macrolide-resistant Mycoplasma pneumoniae (MR M. preurnoniae) has been isolated from clinical specimens
in Japan since 2000. A comparative study was carried out to determine whether or not macrolides are effective
in treating patients infected with MR M. preumoniae. The clinical courses of 11 patients with ‘MR M.
preumoniae infection (MR patients) treated with macrolides were compared with those of 26 patients with
macrolide-susceptible M. pneumoniae infection (MS$ patients). The total febrile days and the number of febrile
days during macrolide administration were longer in the MR patients than in the MS patients (median of 8
days versus median of 5 days [P = 0.019] and 3 days versus 1 day [P = 0.002], respectively). In addition, the
MR patients were more likely than the MS patients to have had a change of the initially prescribed macrolide
to another antimicrobial agent (63.6% versus 3.8%; odds ratio, 43.8; P < 0.001), which might reflect the
pediatrician’s judgment that the initially prescribed macrolide was not sufficiently effective in these patients.
Despite the fact that the febrile period was prolonged in MR patients given macrolides, the fever resolved even
when the initial prescription was not changed. These resulis show that macrolides are certainly less effective

in MR patients.

Myveoplasima pneumoniae is a common pathogen causing
community-acguired respiratory tract infection mainly in chil-
dren and young adults, Macrolides are generally considered to
be the first-choice agents for treatment of M. pneumoniae in-
fection. Although tetracyelines and fluoroguinclones are effec-
tive against M. pneumoniae, these agents are not recom-
mended for children because of their toxicity. Tetracyclines
can cause depression of bone growth, permanent gray-brown
discoloration of the teeth. and enamel hypoplasia when given
during tooth development. Although the clinical importance of
fluoroquinolones has not been demonstrated, they produce
cartilage crosion in young animals. Thus, these agents should
be given only when there is no alternative (15),

As reported by Lucier et al. (9) and Okazaki et al. (14), an
A-10-G transition or A-to-C transversion at position 2063 or
2064 of domain V of the M. pnewmoniae 235 TRNA gene
results in resistance to macrolide antibiotics. We have previ-
ously reported the isolation of macrolide-resistant (MR) M.
prieumontiae [rom ca. 20% of clinical specimens collected from
pediatric patients in Japan (11). Most of those isolates were
highly resistant to 14-membered ring macrolides (MIC, >256
pe/ml) and moderately resistant to 15- and 16-membered ring
macrolides,

Even in the cases of patients infected with MR M. prieu-
moniae, some pediatricians had the impression that there was
a good response to macrolide therapy (11). There is a similar
debate about the management of infection due to pneumo-
coccl. As noted in The Infectious Diseases Society of America

# Corresponding author. Mailing address: Department of Bactenial
Puthogenesis and Tnfection Control, National Institute of Infectious
Diseases, 4-7-1 Gakuven. Musashimurayama-shi, Tokyo 208-0011, Japan.
Phone: (81) 425610771, Fax: (81) 425653313, E-mail: sasaki@nih.gojp.
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(IDSA) guidelines for community-acquired pneumonia man-
agement (10). despite the increase of resistant isolates, a cor-
responding increase has not been seen in the number of clin-
ical treatment failures,

One possible explanation for this is the nonantimicrobial
effects of macrolides. Tt is known that macrolides have bene-
ficial immunomodulating effects (1, 4, 6. 20), and they are
clinically effective in hypersecretory conditions such as diffuse
panbronchiolitis (7, 8) and cystic fibrosis (16). Thus, macro-
lides could be clinically effective even in MR M. pnewmoniace
infections.

Tt is important to know the clinical significance of MR M.
pneumeniae infection, because in vitro susceptibility testing for
M. pneumoniae is not available for daily management of pa-
tients. If macrolides are clinically effective against MR M.
prewmoniage infection, pediatricians do not need to consider
the use of tetracyclines or fluoroquinolones, cven if the prev-
alence of MR M. pnewmoniae vises in the future. Thercfore, we
performed a comparative study o determine whether or not
MR M. pneumoniae influences the clinical outcome in patients
treated with macrolides.

MATERIALS AND METHODS

Study population and sample collection, Three pediatric clinics in three dif-
ferent areas in Japan participated in this study. Sera and throat swabs or sputa
taken from inpatients or outpatients suspected of A pnewmoniae infection were
subjected to the laboratory tests.

Tsolation. Isolalion and identilication of M. preumonive was carried out as
deseribed in o previous report (11).

PCR detection of M. preumoniae, Sputa were obtained from patients, sus-
pended in a small amount of saline, mixed well, and centrifuged at 2,000 rpm for
15 min. and then DNA was extracted from the supernatant with a QlAamp DNA
Mini kit (QIAGEN K. K., Tokyo, Japan) according (o the manufacturer’s in-
structions. M. prieumoniae DNA was detected by the nested PCR method with
primer sets for amplitication of the P1 gene as previously described (17). The first
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TABLE 1. Prevalence of macrolide-resistant M. pnewmoniae in Japan

ANTIMICROB. AGENTS CHEMOTHER.

TABLE 2. Characteristics of enrolled patients

Isolation method DNA detection method

No. of specimens
with positive
M. pnenmoniae
DNA (no. of

No. of specimens
with macrolide
resistance
mutation in

/e To ]
Year N, of vr\_(.\ of
jeolates resistant
s0l4 . o
isolates (%)

examined M. pnermoniae

specimens) DNA (%)
1999 296 (] 12 (630) 0
2000 10 I (10.0) 9(92) 4 (44.4)
2001 6 2(33.3) 25 (384) 3(10.7)
2002 12 3(25.0 44 (352) 5(11.4)
2003 34 7(13.0) 10 (236) 1 (10.0)
2004 6 1(16.7) 5 (183) 2(250)
S-year total 8% 14 {13.9) 99 (1247) 15(15.2)

{2000--2004)

primer set was ADHIF (5-GGC AGT GGC AGT CAA CAA ACC ACG
TAT-3") and ADH2R (5-GAA CTT AGC GCC AGC AACTGC CAT-3'). The
second primer set was ADH3F (5'-GAA CCG AAG CGG CTT TGA CCG
CAT-3") und ADHIR (5'-GTT GAC CAT GCC TGA GAA CAG TAA-3').

Serological diagnosis. Pardcle agglutination (PA) antibody titers for M. preu-
moniae were assayed by using Serodia-MYCO 1T (Fuji Rebio Ltd,, Tokyo, Ja-
pan), which is manufactured using artificial gelatin particles, sensitized with cell
membrane components of AL prenmioniae, according to the manufacturer’s instruc-
tians.

Detection of resistance point mutations in domain V of 238 rRNA. MR M.
prerinoniae isolates were screened on the basis of MI1C of ervthromycin (ERY),
and identification of point mutations in domain V of 238 rRNA for ERY-
resistant M. prewmonive was performed according to our previously reported
mcethads (11). For PCR-positive samples of M. pneumoniae DNA, the detection
of a point mutation is indicative of a resistant phenotype because there is only a
single fRNA operon in the genome (2). Neither plasmids with enm genes to
mediate vibosomal modification nor any enzymes that inactivate macrolides have
been found in M. pnewmonive. Thus, the prevalence of MR M. pnaimoniae
deteeted by the PCR methodology should reflect the trac incidence of resistani
steains,

Patient extraction for comparison of clinical courses. Clinical information was
collected for the patients from whom M. pneumoniae had been isolated or its
DNA detected. Patienls who tulfitled the following criteria were extracted: (i) M.
pnenmondae indection was laboratory confirmed. (i) macralides were prescribed
during the ilness, and (iii) complete information about prescribed antimicrobial
agents and febrile days was available from the medical record. Laboratory-
confirmed M. prermonine infection was defined as (f-a) isolation of M. pueu-
moniae from throat swabs or (1-b) detection of M. prewnoniae DNA from the
sputum by PCR methods and serologically positive results, ie., fourfold or
greater rixe of antibody titer in paired serum samples or titer higher than 1:640
in a single-serum sample by PA assay.

Patierus infected with M. pnerimoniue showing i point mutation in domain V
of the 238 rRNA gene were defined as MR M. pnetononiae-infected patients
(MR patients), and those infected with M. pretrmoniae without the mutation
were defined as macrolide-susceptible M. prewmonive-infected patients (MS
potients). MS patients were selected from the same study population as MR
patients, and there were approximately twice as many of them as MR patients.

Measurement of clinical cfficacy, To compare the clinical courses of MR and
MS patients, we adopted the number of febrile days as a main outcome mea-
surement. A febrile day was defined as a day during which the body temperature
exceeded IN.0°C at least once. Total febrile days and the number of febrile days
during macrolide administration were assessed. As these parameters would be
affected by the time of commencement of macrolide administration, the number
of febrile days before macrolide administration was also assessed. Other clinical
symploms and signs. such as cough and chest roenigenogram findings. were not
taken into account in this study on account of the difficulty of objective and
unificd assessient through a retrospective review of medical records,

The numbers of patients whose preseribed antibiotic was changed were also
compared. We speculated that a change in preseribed antimicrobial agent might
reflect the pediatrician’s clinical decision that the initial therapy had insufiicient
cificacy based on the general clinical condition of the patients. The pediatvicians
had no information about the susceptibility of M. pncumoniae at the time of
clinical decision-making.

MR MS
Characteristic patients patients P
(n = 11) (n = 26)

Age (y1)

Median (range) 9.0 (0-13) 3.5 (1-14) (.30
Mean 7.6 h.5
Sex, male/female 4/7 14/12 0.33
No. of patients prescribed §(72.7) 7(26.9) 0.025

14-membered ring
macrolides (%)

Statistical analysis was performed using SPSS sofiware, version 9.05 for Win-
dows (SPSS, Inc., Chicago). Differences in categorical variables were assessed
with the two-tailed Fisher's test, and for the comparison of medians the exact
Wilcoxon rank-sum test was used. £ values of less than 0.05 were considered to
indicale statistical significunce.

RESULTS

Prevalence of MR M. prenmoniae. The prevalence of MR M.
preumoniae among clinical isolates and specimens with posi-
tive M. pneumoniae DNA is shown in Table 1. Before 1999, no
MR M. pneuinoniae was found among 296 clinical isolates, In
2000, however, MR M. pnewmoniae appeared in 10% of iso-
lates, and its prevalence rose to 33.3% in 2001. The overall
prevalence of MR M. pneumoniae during 2000 to 2004 was
15.9%. All MR M. pretmoniae isolates had a resistance point
mutation in domain V of 23S rRNA. A similar trend was seen
in specimens with PCR-positive M. prewmoniae. Although the
number of positive specimens before 1999 was limited (2 =
12). no MR M. pneumoniae was detected. The prevalence of MR
M. pneurnoniae during 2000 to 2004. based on PCR-positive spec-
imens, was 15.2%.

Comparison of the clinical courses between MR and MS$
patients. Eleven MR patients were selected for the analysis
according to the criteria given above, and 26 MS patients were
used as controls.

The patients’ characteristics are summarized in Table 2. All
patients were outpatients at the time of onset and had no
severe underlying disease that might have influenced the clin-
ical course. MR patients tended to be older and had a lower
male/female ratio than MS patients, but the differences lacked
statistical significance. Most patients were first prescribed
B-lactam antimicrobial agents by primary physicians, followed
by prescription of macrolides after attendance at a hospital,
The prescribed macrolides differed among MR and MS pa-
tients, Significantly more MR patients than MS patients were
prescribed  14-membered ring macrolides (72.7%  versus
26.9%; P = 0.025). The majority of MS patients (19 out of 26
[73.1%]) were prescribed only 15-membered ring macrolides
(azithromycin [AZM]).

The clinical courses in the MR and MS patients are sum-
marized in Table 3. The total febrile days and the number of
febrile days during macrolide administration were significantly
greater in MR patients than in MS patients (inedian of 8 days
versus 5 days [P = 0.019] and 3 days versus 1 day [P = 0.002],
respectively). Febrile periods before macrolide administration,
which consist of antimicrobial-free and mostly B-lactam-ad-
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TABLE 3. Comparison of clinical courses in MR patients
and MS patients

CLINICAL IMPACT OF MACROLIDE-RESISTANT M. PNEUMONIAE 711

TABLE 4. Comparison of patients prescribed 14-membered
ring macrolides

MR MS MR MS
Characteristic patients patients P Characteristic patients patients P
(o= 11)  (n = 20) (n=28) =1
Febrile days Total febrile days
Median (range) 8(4-19)  5(2-9 0.019 Median (range) 10.0(4-19) 6.0 (4-9) 0152
Meun 9.3 5.5 Mean 104 0.6
Febrile days during macrolide Febrile days during macrolide
administration administration
Median (range) 3(1-11)  1(1-5) 0.002 Median (range) 35 (111 1L0(1-2) 0004
Meun 4.3 1.4 Mean 4.9 1.1
Febrile days before macrolide Febrile days before macrolide
administration administration
Median (range) 3(1-10) 4 (1-8) (0.402 Median (range) 30 (1-10) 5.03-8) 0152
Mean 3.8 4.1 Mean 4.0 5.4
No. of patients with a febrile period 8 (72.7)  5(19.2) 0.006 No. of patients with a febrile period  7(87.5) 1(14.3)  0.01
exceeding 48 b after macrolide exceeding 48 h after macrolide
administration (%) administration (%)
No. of patients with a change of 7(63.6)  1(3.8) <(.001 No. of patients with a change of 6 (75.0) 0 0.007

prescription after macrolide
administration (%)

prescription after macrolide
administration (%)

ministered days, showed no statistically significant difference
(median of 3 days versus 4 days, P = 0.402).

The MR patients were more likely to have had the initially
preseribed macrolide changed to another antimicrobial agent
by their pediatricians (63.6% versus 3.8%: odds ratio, 43.8: P <
0.001). Among seven MR patients whose prescriptions were
changed, all but one were changed to minocycline,

The resulis were similar for patients to whom 14-membered
ring macrolides were administered (Table 4). Among these 15
patients (8§ MR patients and 7 M$ patients), 9 paticnts were
prescribed clarithromycin, while the remaining 6 were pre-
scribed ERY. Presumably due to the fact that the number of
febrile days during macrolide administration was greater in
MR patients than in MS patients (median of 3.5 days versus 1.0

sienificance, there was a prolongation of total febrile days for
MR patients (median of 10 days versus 6 days, P = 0.152).

When we focused on patients given 15-membered ring mac-
rolides. 2 MR patients and 19 MS patients, the differences
were not clear. Although there were only two MR patients in
this group, their total febrile days and number of febrile days
during macrolide administration were not different from those
of MS patients (medians of 4.5 days versus 5.0 days and 1.0 day
versus LU day, respectively).

DISCUSSION

There are few reports on the isolation of MR M. pnewmoniae
from clinical specimens, and most of the isolates were obtained
following ERY treatment (13, 19). In our survey, MR M. preu-
maonine was not Tound in any of 296 clinical isolates or 12 M.
pucumoniae PCR-positive specimens collected between 1983
and 1999, but it has been found in 15% to 20% of clinical

isolates or PCR-positive specimens since 2000. MR M. preu-
moniae first appeared in 2000 and rapidly spread throughout
Japan (11, 12). Thus, it is important to evaluate the clinical
significance of MR M. prnewnoniace.

In our study, when patients infected with MR M. pneu-
moniae were treated with macrolides. the total febrile period
was 3 days longer than that of patients with MS M. pneu-
moniae. Although we did not assess other clinical outcome
variables, such as chest roentgenogram findings, a higher fre-
quency of changes in prescription was observed in MR patients
than in MS patients. This might reflect the pediatrician’s judg-
ment. based on the patient’s clinical condition, that the initially
prescribed macrolide was not sufficiently effective, even though
the pediatricians had no information about the susceptibility of
isolates at the time of clinical management. This tendency was
also seen in patients who were treated only with 14-membered
ring macrolides. '

It was difficult to assess the immunomodulatory effects of
macrolides in patients with M. prenmoniae infection in this
study, because all the patients enrolled were prescribed mac-
rolides according to the inclusion criteria. To evaluate the
immunomodulatory effects of macrolides, it will be necessary
Lo compare the clinical outcomes among MR patients treated
with and without macrolides. An alternative is to compare the
number of febrile days of MR patients with that of patients
without antimicrobial agent therapy in the literature. Accord-
ing to review articles, fever might persist for about a week in
the natural course of M. pneumoniae infection (3, 18). King-
ston et al. (5) evaluated the effect of demethylchlortetracycline
in a double-blind study, and the mean duration of fever in
the treated group was 2.13 days. while it was 8.14 days in the
placebo group. They started to count the number of febrile
days not at the point of onset but only after entry into the
study. In our study. the mean number of febrile days of MR
patients was 9.2, which is similar to that of the placebo group
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in Kingston's study. This implies that the antimicrobial effect is
dominant over immunomodulatory effects in macrolide ther-
apy, at least as far as duration of fever in M. pneumoniae
imfection is concerned. On the other hand, we did not assess
the duration of other symptoms, such as malaise, sore throat,
and cough, and it is possible that the immunomodulatory cf-
fects of macrolides can shorten these symptoms even in MR
M. preumonioe infection,

A difference of three febrile days in MR patients might not
have & great impact in the management of M. pnewmnoniae
infection, because it is often a mild and self-limiting disease,
and the fever resolved even when the initially prescribed macro-
lide was not changed. However, it is reasonable to consider the
use of alternative antimicrobial agents, such as minocycline,
when macrolides are less effective than expected in patients
more than § years old with possible M. preumoniae infection.

The criteria for M. pnewmoniae infection used in this study
were stringent enough to confirm acute M. pneumoniae infec-
tion. This was a retrospective study based on a review of med-
ical records. and patients with incomplete records were ex-
chuded. In general, clinical records of patients showing mild
illness with M. pnewmoniae infection were incomplete. and
their clinical evaluation was excluded from this study.

In conclusion, we compared clinical outcomes in 11 MR
patients and 26 MS paticnts given macrolide therapy. The MR
patients showed more [ebrile days (by a median of 2 days)
during the initial macrolide therapy than MS patients. On the
other hand. no apparent treatment failure or serious illness
was reported for MR patients. The influence of the emergence
of MR M. prneumoniae on the treatment for M. preumoniae
infection deserves further study.
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Methicillin-resistant Staphylococcus aureus (MRSA) clones harboring the toxic shock syndrome toxin 1 (tst)
gene have been detected in France and in Switzerland since 2002. During a passive survey conducted between
2002 and 2003, we collected 103 fst-positive S. aureus isolates from 42 towns in France, of which 27 were
resistant to methicillin. The fst-positive MRSA belonged to two clones: a major clone comprising 25 isolates of
sequence type (ST) 5 and agr group 2 and a minor clone comprising two isolates of ST30 and agr3. The
tst-positive MIRSA clones were associated with both hospital-acquired (12 cases) and community-acquired (8
cases) infections. The MRSA clones were mainly isolated from children (overall median age, 3 years). They
caused a variety of clinical syndromes, including toxic shock syndrome and suppurative infections. Both clones
were found to harbor a type IV staphylococcal chromosomal cassette mec (SCCmec) and to have similar
antibiotic resistance profiles (usually resistant to oxacillin, kanamycin, and tobramycin and with intermediate
resistance to fusidic acid). The origin of these clones is unclear. The tsi-positive agr2 MRSA clone has the same
sequence type (ST5) of two pandemic nosocomial MRSA clones, namely, the Pediatric clone and the New
York/Japan clone. These findings suggest that all these clones are phylogenetically related. The pulsotype of the
tst-positive MRSA clones differed from that of methicillin-sensitive S. aureus (MSSA) clones by a single band
involving the SCCrec element. These findings suggest that the tst-positive MRSA clones may have emerged

from their respective M(SSA counterparts.

Staphylococcus aureus is an important human pathogen in
both hospitals and the community. The first methicillin-resis-
tant . aureus (MRSA) isolates were detected in the hospital
setting in the early 1960s. A number of pandemic nosocomial
clones have been characterized by molecular methods (3, 24,
25, 34). These epidemic MRSA strains of hospital origin have
also been detected in the community, infecting patients with
risk factors associated with hospital-acquired MRSA infection
(H-MRSA), such as recent hospitalization. The epidemiology
of MRSA has changed radically since 1999; in particular, true
community-acquired MRSA (C-MRSA) infections have been
reported in patients with no clear risk factors (2). These C-
MRSA clones predominantly infect young and previously
healthy patients and have now spread throughout the world
(29). They produce Panton-Valentine leucocidin (PVL) and
harbor a type IV staphylococcal chromosomal cassette mec
(SCCimnec) element (1, 4, 5, 13, 22, 37).

Toxic shock syndrome toxin 1 (TSST-1) is a superantigenic
toxin secreted by some S. awreus isolates. TSST-1, encoded by
the fst gene, is a major virulence factor int toxic shock syndrome

* Corresponding author. Mailing address: Centre National de Réf-
érence des Staphylocoques, Faculté Laennec, INSERM E0230, IFR62,
7 Rue Guillaume Paradin, 69372 Lyon cedex 08, France. Phone: 33 478
77 86 57. Fax: 33 478 77 86 58. E-mail: jetienne@univ-lyon1.fr.
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(TSS), staphylococcal scarlet fever, and neonatal toxic shock-
like exanthematous diseases (NTED) recently described in
Japan and France (11, 16, 38). TSS was first described in 1978
by Todd et al. as a multisystem disease characterized by rapid
onset of fever, hypotension, erythematous rash, and mucosal
hyperemia, followed by desquamation and multiorgan involve-
ment. TSS was initially linked to tampon use by young women,
but non-menstruation-associated TSS now predominates, oc-
curring both in the community and in hospitals secondary to
tocal S. aureus infection (10). Musser et al. showed that ¢st-
positive S. aureus strains were clonal by comparing their isoen-
zymatic profiles (21), and studics bascd on multilocus scquence
typing (MLST) have recently shown that these strains belong to
sequence type (ST) 30 (27). Jarraud et al. reported that most st-
positive S. aureus strains are genetically related and have a type
3 accessory gene regulator (agr) allele (15). The isolates in
these studies were associated with community- and hospital-
acquired diseases and were all methicillin-sensitive S. aureus
(MSSA). There have been few reports of MRSA isolates pro-
ducing TSST-1 in Japan or Germany (12, 30). In 2003, we
observed the first French case of NTED duc to TSST-1-pro-
ducing methicillin-resistant . aureus (16, 38).

In order to characterize TSST-1-producing S. aureus isolates
in France, we retrospectively typed all ts¢-positive isolates sent
to the French National Reference Center for Staphylococci in
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2002 and 2003 and collected relevant epidemiological and clin-
ical data. We observed the presence of new fst-positive MRSA
clones responsible for both hospital- and community-acquired
infections.

MATERIALS AND METHODS

Buacterial isolates. Among the 1,550 unconstrained strains sent to the French
National Reference Center for Staphylococei during 2002 and 2003, 103 isolates
from 42 towns were fs¢ positive. As controls we used nine fsf-positive MRSA
isolates from Auwstralia (one isolate, provided by Graeme Nimmo), Switzerland
(three isolates), and Japan (five isolates causing neonatal toxic shock-like exan-
thematous discascs, TWCC3812, TWCC390861, TWCC4082, TWCC4382, and
TWCC4410) (16). We also used an isolate representative ‘of the Pediatric clone
and an isolate representative of the New York/Japan clone.

Data collection. For cach S. aqureus strain we collected relevant clinical infor-
mation (age, sex, type, and site of infection) by using a standard form provided
by the French National Reference Center for Staphylococci. TSS, staphylococcal
scarlet fever, and nconatal toxic shock syndrome-like NTED were diagnosed by
using published criteria (11, 21, 30, 32). For this study, MRSA infection was
considered to be community acquired if the specimen was obtained outside the
hospital setting or less than 2 days after hospital admission of a patient with no
dircct or indirect exposure to the healthcarc system in the previous year (2).

DNA extraction. Strains were grown on brain heart infusion agar or in brain
heart infusion broth at 37°C overnight. Genomic DNA was extracted with a
standard procedure, and its concentration was estimated spectrophotometrically
(18). Amplification of gyr4 was used to confirm the quality of each DNA extract
and the abscnce of PCR inhibitors. All PCR products were analyzed by electro-
phoresis on cthidium bromide-stained 1% agarose gels (Sigma, France).

Identification of agr alleles, The agr group (agr to -4) was determined by PCR
as previously described (15).

Detection of the mecd gene and SCCmec typing. The mecd gene coding for
methicillin resistance was detected by PCR as described by Murakami ct al. (20).
The staphylococcal chromosomal cassette mec (SCCriec 1 to 1V) was detected by
using the method of Oliveira ct al. (23). The following reference strains, kindly
provided by Herminia de Lencastre and Alexander Tomasz, were used as con-
trols: COL (SCCinec 1), BK2464 (SCCmec 1I), HUL06 (SCCmec 111), and
BK2529 (SCCmec 1V).

Detection of toxin and adhesin genes. Sequences specific for staphylococcal
enterotoxin genes (sea-¢ and seg-0), the toxic shock syndrome toxin gene (1),
cxfoliative toxin genes (eta and eth), PVL genes (kS-PV-lukF-PV), the LukE-
lukD leukocidin gencs (lukE-lukD), the class F lukM leukocidin gene (fukM), and
‘hemolysin genes (gamma [Ailg], gamma variant {/2/gv], and beta [4/b]) and for ninc
MSCRAMM genes (microbial surface components recognizing adhesive matrix
molecules), bone sialoprotein binding protein (bsp), clumping factors A and B
(cif4 and -B), collagen binding protein (cna), elastin binding protein (¢hpS),
laminin binding protcin (eno), fibronectin binding proteins A and B (b4 and
-B), and extraceliular fibrinogen binding protein (¢/b), were detected by PCR as
described elsewhere (15, 23, 26, 27, 35, 37).

Antimicrobial susceptibility testing, Susceptibility tests were performed with
the ATB System (bioMérieux, France).

Capsular typing. Capsular scrotyping was performed for all MRSA strains and
for randomly sclected MSSA strains, The strains were grown for 24 h at 37°C on
Columbia agar plates containing 2% MgCl, and 0.5% CaCl,, Several colonies of
each strain were suspended in 0.9% saline and tested by slide agglutination with
rabbit polyclonal antibodies specific for capsular polysaccharide types 5 and 8 (8, 9).

Fingerprinting by PFGE, Smal macrorestriction patterns were obtained by
using a contour-clamped homogeneous electric field DR-TT apparatus (Bio-Rad),
as described clsewhere (19). Strain NCTC 8325 was uscd as a pulsed-field gel
clectrophoresis (PFGE) control. Resolved macrorestriction patterns were com-
pared as recommended by Tenover et al. (33). Isolates were assigned to a single
clonal group if they differed by less than six bands. PEGE patterns with more
than six band differences (<75% similarity) were considered to correspond to
different types.

The mecA gene was tested for in one of the PFGE bands, as follows: the
fragment was cut out from the aparose gel, DNA was extracted by using the
MinElute gel extraction kit protocol (QIAGEN), and PCR with the mecA prim-
ers and multiplex PCR for SCCmec typing were performed on the extract as
described above.

spa typing. spa typing was performed on MRSA isolates and on agr2 MSSA
isolates, as previously described (14). The x region of the spa gene was amplified
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TABLE 1. Distribution of the mecA gene and agr alleles among
103 French S. aureus isolates containing the fst gene
collected between 2002 and 2003

No. (%) of isolatcs

agr allele y oo
t meeAd™* meed deficient ]
ype o= 27) (n = 76) Total
i 0 1(1) 1
2 25(93) 5(7) 30
3 2(7) 70 (92) 72
4 0(0) 0(0) 0

by PCR. spa types were determined with Ridom Staph Type software (Ridom
GmbH, Germany), which automatically detects spa repeats and assigns a spa type.
MLST. MLST was performed on strains representative of each clonal group,
s described elsewhere (6, 36). The allelic profile ol each strain was obtained by
sequencing intcrnal fragments of seven housckeeping gencs (areC, arok, glpF,
gmk, pta, (pi, and ygiL) and cntering them on the MLST home page (http:
//saureus.mist.net), where seven numbers depicting the allelic profile were as-
signed which defined an ST (6). To determine genetic relationships, MLST dala
were examined with BURST software (bascd upon rclated sequence fypes; details
are available from http:/www.mist.net/BURST/urst.htm). The algorithm places
STs that sharc five out of scven MLST allcles in a common clonal complex (7).

RESULTS

Distribution of isolates according to methicillin resistance
and agr group. Among the 103 tst-positive S. qureus isolates,
27 were methicillin resistant (mecA™), and 76 were methi-
cillin susceptible (mecA deficient) (Table 1). Twenty-five
tst-positive MRSA isolates had agr allele type 2, and two had
agr allele type 3. Seventy tst-positive MSSA isolates had agr
allele type 3, five isolates had agr allele type 2, and one isolate had
agr allele type 1.

Clinical characteristics of fst-positive MRSA infections. The
median age of the 27 patients with #st-positive MRSA infec-
tions was 3 years (range, <1 month to 84 years), and the sex
ratio was 1. Five patients had toxic shock syndrome, two had
NTED (31), and one had staphylococcal scarlet fever; nine
patients had toxic shock syndrome but did not fulfill all the
criteria of a TSST-1-mediated syndrome (i.e., fever and rash
without shock) (Table 2). Five skin infections occurred in pa-
tients with varicella. Eight patients had deep-seated infections
{(pneumonia or osteoarthritis), and no clinical information was
available for two other patients. Two deaths occurred. The
isolates were recovered from skin and soft tissues (14 isolates),
blood (7 isolates), the umbilicus (2 isolates from cases of
NTED), bronchopulmonary secretions (2 isolates), a prosthe-
sis (1 isolate), and a ligament (1 isolate).

Information on the hospital or community acquisition of the
infection was available for 20 MRSA infections and 51 MSSA
infections. The origin of MRSA infection was unknown in
seven cases. Eight of the 27 patients with tsi-positive MRSA
isolates had no known link to healthcare facilities and no
known risk factors for MRSA acquisition; these cases were
considered to be community acquired. Twelve cases were hos-
pital acquired.

Microbiological characteristics of tst-positive MRSA iso-
lates. The 25 fst-positive agr2 MRSA strains all harbored the
sec, sed, sel, sem, seo, lukDE, and hlgv toxin genes and the
clfA-B, ebpS, eno, and efb adhesin genes (Table 3). These
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