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H23E HANEREERE 7 +—F 205

ERESFEOEEE —LEER
1 V7T YRIE C B %

FLBEH SRR RS B Rl

» &

TR 64 (19944F) 12HICHEBR L 72 4 B IRICEIE L7z A ¥ 7 VT Y IE % 13 U8 TH27IH H A/ B kG
e (PEC74E, MELT) ICHE Lz BANTIEEOH K & O E 217225, PP THASE S 5121
HREHICHFET 5 EPREH SN 2o TBEREREIMILTBY, H205010ANO2FT 5, £F
KEREPHEBRCHELTWAETHE, EREEEBETNI0/ETE EEETORERL LS. A7+ —F AT
FABERD A ¥ 7V YFRRE & T 7 F B KB O/NRE M RER A O FIERT £ M4 L CHRREFFIEROE

TR L7z,

F—T—R 14TV PRE, A M A A=A, MERNEMEES, MEEREL ey s T o

& U &I

e B X E B AT LT B ) £E 02050 1 D
ANOEEDTWD, Lz ThLEHIZH AN
ZETHELZFELTWA ET A E, LIBETHSR
FEERB 2 T2/ T 5 2 L IC L o TEEOREH
RHET LI ENUEEE 2 b, AR TIHILHEED S5
L7cA VI VLU YHEDFLEORE L, 7rF &
T wi DA E O M A IR DO FERI 2B L CH
REFFLEOEEE L MR T 5o

1. 427V E

TR 64 (19944F) 4 A 1 BN CEHILILKRESE
AN BEEZ BT LALBR BN BRI B L2, £
DEDENDIZA29B HEEIZL > THHEOEHH
PPolze TRNETEL BEIREL TV A4B0EE
PETH12B 280 i S 5386C DEE L & 1122
~3GDEFEELR L. FHFRIIZEFTD/A
WBRBEF iR (BT vhA] LBE s Tk
BT TIRE L7z B29H 400 0 B304, 40T o 53
EEDICHESTERE L EREE YR L, T 3K

Takehiro Togashi (FLIRTT 17 K25 )
T060-0011 JbMEFLIRTH R R X117 13T B

H/ANE&#H (2012)

EETHUZARREOR SR S Nz, IR
HHERUETE S, 9 B30 CCT ISR B IS U Lk,
AEDTH#RAE SN2 HI11IRE355 38T L 720 58 BE
LI E TEFEBLT 02 TH o7z WHE
2o 7o ERIICTE ICREIF O R oL IR 12 E
BLIZDLITTH S, FETITEHEINEIZERET
HoHCTHIZ (R1) 9 B30I I SRR, 18R
OGN FROKREMESE kO HEROFEE L 72/
BAMEEEMEOCTHRIC—F) (K2). E£E 0l
FNBRERIE R IS 20 &) REH» HEEITHK
BONEIT L CIBOER Y LD E V) EMETRER L2
LD o,

EE X OEOE D S IALER b/ NRE R % 5
NLEHEETH/NRORIFER T THE 2 BRI L T
Wize AV A DG HER EATEER % AL E R AT
i bR ENT W20 TH b, ZORERIZRERL
RI2BE A v 7 vy A4 v AA (HINL) 25458
FE I CORBRTHY, ZOEFAPA 7L
CHTANVANEELTRELZDDLERK L. B
T HITRESMF Y P TWBLEL L V7 VT A
DFZWHTEETH 572 TIHH 9o URFILIEEITIZ/NE
BEFEEL TB ) /NERDO ARy FE2EOHRED
SO FETH b, 1994/954 ¥ TNV UL =X DD
DIz o OFRBED/NERHRR IR ER OB %
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OlEREFFEOBERE—IEESR A/ ¥ 7V ¥ FiINE & MRk

1 4%BEORCTE (ZIZEHR), 12H29H5 0 3
52

iz, SOFBZDY -2 =2 VI2BIDOFR
fE (6 BIFET, 3 BIOMBEFRERE) HEREI N,
FLTEFOREO Y — 2 LALBEBENIFT T »
TNVIVFI A NVAOREEY — 7, JbilED A 7
IVHEBROREY — 7 PSZ&I 8 L. Thb
LIDEBEA Y TINIUFT LV AORGEICEE L
THRIET B I EWNEFRWICHEEN-DITTHE (B
3)o

Z OFEFTFFIEIRIBF CTEREBD /2R 0
W x tho 7z db RILH M EZEHE R ALE Rt B
FEEHIRIRE SN, ROWHEPE REE, R
PRes, HLEROTEE=ZBEIRICZ TN
KED T A NWAERFEORFEL R THIOTH o7,
COIBETRE LAY 7V FEEREERDR
Mz, 74 (19954F) 11FFI#kILT TR Sz
E27H HANBRIEFS (SR/Mb#ERHE) T
EL 7o TP 8E (19964F) ICHRBEIEMILEIH
FNRRIEAMERICY, PR IE (19974) ICEED
AAREERIC [4 Y 7V T Eo/NEEEEa N
% - BOE] & LTEEERE LY. WALo/MER DK
BFIIERAED B2 VIEBEORR Y A WV AIZA YTV
I TANVADFEREINTEV 00, SRS
D& RBELRRE & B VTV FEEREN
£5T 5 L OFHII—FB TR Dol TDDIC
COEEPIEEICDOIFLT HHFTHE TR VL
DEMPEINZ, T EEEL OBETILE
BCTRELZA IV I LTCT ALY V24
FBLTWw2OhE0BEMIEINT: (BKRTALEY
VOBRIZERETH o). L LRAS 24, 34
EEFIEERL TV ) BICHARESEIZ D FEEORE
B, EREETHEGGD L PO THEET S I WD
o T&E, BEEE (4K ODEETCH 7B &

H2 FRCTE FHi 0 : S0, HEOEENHOE
T,

Stk HIEWHOT FNNAF =T A FEE) b
B ZOEBOERMIIKIHPNY, 2O TF
B8 4E (19964F) BEAERFAWIZEA ¥ 70V I o HFHRERT
eIl (ERABEBERARLAZHERE) b EFon
BIZE 072, EIBAYIZIZ19984 #2200 EIR/NERM 24
(Amsterdam), 20004E454[E A > 7 Vv b
U— ) 73 a4 (Crete), 20014E523H EIBR/N
BRI 4 (Beijing), 20028 1HEI -0 v /8 7
VT o 4EE (St-Julians, Malta) WCHIE, HELT
COEBOGFEEERSLEF L0 0ITEHS L
WHETH o7z, ZEFEDEMRIENORE PEKD A
VI NI VR EANO ) BWHES R E LT,
&9 R {2002 OMaltaD &ED Y HH A 7L
YHBEERESL LTROLNAIZES T2,

B EDEFICOES VTNV VY- DR
DY IZEERE T KD, 1994/95% 52003/043 — X v
DI0Y — X v OBICERE S N/ERIT1036] (SEFH
103%1) &rodz, BIRIZRRE L (Behl3: 1),
FHEERAS £ 205%, BE—MREREHRE Tl6£17
HTH Y, FHRIZIET34.0%, HEFEL94% TH o 72 (F
1, 4), EE—BIIBELTWELHET L E—
SEIFH00OFFEEL 2D, WEBEORED I
—H L7,

LR TR ISV RBIEER A L BTV EE
BT HREORH Y BROHEBICL o TEONLEER 2
FEFOH BT, LREEIUREERESIICE 5Nk
FRFET B IREZN, 74V AERE T BEV
L7z 2ERIOFIMAIE, 77U 7HIBEIG 248 &
BHFEE NEBEOMTFENE EEEsoRE
ANEAE R A & LB ORI ET AR sz (K5,
6)% S 5ITHE, NE, BB &4 B HERLSC DR
BHRA Tz ESLESERFSAT (A1) I2B85h

H/NES# No 44

—259—



OHEBEBANERESRE7 2 —F A
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b4
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H3N2
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1994/85 VXV DINEE, T WABRKR, > INTo RS
FRA TR

at M7 T - YPRREBRER (tE

bAoA TNI YA NARER (BB

o Rk - BE (s

3 1994/953 — X ¥ OREE, 7 A4 NV AGEERR, £ v
T IV R

2EAUINI PR REBRERE
TEEREREROEE

o 96/97~112/03
25
a4 B
B o
i}
g o1 5 R = 0.7983
R = 0.6373
it b =
?& 10
% a
s s
#® w
e )
3 200600 400000 H0000D 400000 1000000 1200000 1400000
A
SEAV NI FREBRESREY
REHBRBMRRERREE
RLBROVRHSOEREE 4

B4 JEHEECRELRA VIV UFREESEOL »
TV YRR BROHE

Te BRI L YV REZ LFICA Y 7 VT VA
7 A N ADONPHURAFER 2 L7245, HiEh» o
AN AFURIE—EFEE & N oz, TR EOFTR D
& [ - BE]l LTV b 0% [BEl LiE—

H/MES#R (2012)

1 LBETRELZA Y7V HFREE, 10—

DELD
S s
A2 IVI U E
(L8 1994/95~2003/04 10y—R"V)

"94/95 *95/96 *96/97 '97/98 '98/99 '99/00 °00/01 °01/02 02/03 °03/04] &t
JeAEdiicEsHs | Al Al A3 A3 A3 A3 B Al A3 A3
AVINISHF | A3 A3 B B Al Al A3 B B
DFAT B A3 B
&= M 12 14 5 22 11 7 3 15 2 2 103
#(B %) 93 95 32 15/7 65 34 12 510 US 02| 5845

[§:3:3] 1.3:1)
EHER 31 39 50 45 25 39 49 51 50 651 45%29
() (1-9) (1-10)  (0-12) (1-11) (1-4) (-8 (-7 (19 (19 (1-12
BR-WBER 25 29 32 1.2 08 L1 1.0 16 05 00 |16%L7
(H) 1-6) (1-10) (2-5) (0-3) (0-1) (0-4) (0-2) (0-5) (0-1) (O0)
L
RC 6 7 3 7 5 1 0 4 2 0 |35(34.0%)|
il 3 2 1 6 1 1 0 3 3 0 120(19.4%)
Bk 3 5 1 9 5 5 3 8 7 2 |48(46.6%)

M5 FloHREES MR, RSOl
WINRH, MR

£2 REFOIL-6, TNF-o, AFLBBEE & - TRE
L7-BITEDLDTEES & 277

R BEGO IL-6, TNF-a
ik FWEFE  1L-6 pg/mL  TNF-q pg/mL

fra Bl CSF" 98.27 62,250 159
k] 98.2.7 >700,000 1,059
fEM2  CSF 98.3.14 104,300 801
jik ] 98.3.14 415,400 916
fEfI3  CSF 96.2.26 134 10.2
B 96.3.3 1,058 114
bk ] 96.3.3 86.9 51.3
fEfl4  CSF 98.1.30 855.2 <7.5
R
fEfi 5" CSF 96.1.30 26.9 28.5
fEfl6®  CSF 97.82 10.2 <75
fEfI 7% CSF 98.2.10 16.2 <75

*1: cerebrospinat fluid

*2; 4 R, g hA

1 R B, RERERE

5B, BV A, BELGEBE L TRETLAHT,
BEHTEMEEE S L.

L7zo BAEBEMR OIL-6, TNF-a % %SEEILA/N B
WA, e BREICHEL T L7z
ZAH, AERETTRE L 2HATED TEMETH-
72 (£2)%% ZOZEHOIORABIEFDOMEN
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OBREFFROBEEE—ILEER A 7V ¥ FRIE B R

3 ALiEE TRE LW E R R OR R RIS AEL L
T, P19 234

HMEMRER: T&, EERE

ﬁiﬁ%@mﬁ%ﬁim%ﬂﬂﬁﬁ

0 RSB
68 2F 14

PCVT (11/17,64.7%)

PCV13 (14/17, 82.4%)
BB P10 265

7 BSEREARO ME R

FHIASBEEINTHA VI VA M=o ERBEIN
THRIET A DO EE SN BRI T AW S
%\,

20054 D New England J. Medicine {2 2003 - 2004
V= RAVORETA Y7V UFICEELTET L
I8 R IE3FI O ME A H - 727, 9661 (63%) 785
AR TH Y, 4361 (31%) IYREEICER%E SN AH]
BT, 4560 (29%) 254 v 7 VI UHEHE 3 HEW
DREEHESIN TS, DEED [4 7V
BFE ] & DILBIRES BRI B o

2. JtEEOHEEREERX

S IHDbT 25> (727 e 7?75k
BEAE T 75 (FLR+-9 oENEBRELE
i LCH7 7 F v ObRE~NOEANIH N L, 3%
MENCIZT T 7 F >~ EARHOHb, AR L 5
BRI OBEET— S PFELTBY, T7F v
MAREHD 2 ENTE, L LbyEICEIR
SDF—F T L ALBEICE L hoTz, 2 TER

x4 MEEREELORRNEBIMEFR

MEEERAX MEFNRERR

© AVINIVYH b 51/52, 98.1%
gBLNAR 30

glowBLNAR 3
EBLPAR it:3
gBLPACR- I 3%

gBLPACR-IU 5
gBLNAS 18

¢ MRIE PCV7(11/17) PCV13(14/17)
6A(gPISP,PCV13&H) 1

6B(gPRSP,PCV7EH) 4tk
6C(gPISP) 2%
14(gPISP,PCV7 &) 28
19F (gPISP,PCV7EH) 24
19A(gPISP,PCV13&7H) 24%
23F (gPRSP,PCVTEH) 3tk
34(gPSSP) 1#%

¢ GBS
IV, V

LA ME R FR19—23%

g5 HAEBEARILIE OFERIER

TR PEREIR 2 - i R BRI ME B 4R I FEAE B

XER2BEMAIRE T V7 2 BB RGN LSS nHE . 6C |
| BirEMA23E1A27E | FR23ESA 12A%E |

LEEERRES. FH10-23

1BFEENICS ¥ 7V PRRESEREICH /272
V7z, JbiEE O/NRRERE O /NBRHER B R R

DFERMEEREOEEL BBV Lz, HEL
ﬂﬁwmﬁ%mﬁ FILERFOA FATFRAICBHE
w7z,

Z OGS 5 FEHOMBE BRI FR19E21460, 20
1861, 21461961, 22481861, 234E18B1 DA FT4BI (B
48, 46, EFIGI8SBI) FAE L7z L OW|EE ZT
72 (E3)o TOHIBLA Y INIUVFHEIZES S DI
KEZNF N1, 13, 12, 13, 116 (&EH606I, 4
FIg12061), FIAEREIC L 5D DOPREFNENG,
1, 4, 4, 561 (&5206, £FHL06)) ThHo7.
FOMGBS6 B, KIBHE 66, VATUTHE 146, #
BEAE LB THole ZOLEMETLET S & 5k
BOANOWF NS0 4 v 7V FEIC L 2 HEL
157N, MRFREICIBZBERIZITIANE o720 A
VI NVI YT EHORBER I HRE S N 254k ho3kk
& (981%) HbETHY, Tr¥I ) VYEZHETH
T 5 L 468kR458k (97.8%) HTHEARTDH b Bt

H/NESH No 44
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Bz LBRICT X h o 7o MFERE O MBI
L7THTHRZE S NIMER 6 A (gPISP, PCVI3E&AE) 1
¥k, 6B (gPRSP, PCV7&#) 4% 6C (gPISP)
2%k, 14 (gPISP, PCV7 &%) 2%, 19A (gPISP,
PCVI3&H) 2%k 19F (gPISP, PCV7&HE) 2,
23F (gPRSP, PCV7&4A) 3%, 34 (gPSSP) 1tk
Thot: (F4), o TTMEAEMAIREY 2 F
v (PCV7) EAEBKRIZIIEE (647%) THolz. B
EINIRER P O 134 &R K 3kW 7 7~ (PCV13)
EHEKRIZIAE (824%) Thorz (BT7)o BELS
B O NI M RIKERDOFEREE TR L72H (F5),
Y R224E IC19ADS 28k, 234E1C 6 CAS 1 BRIBE S 7o
ZOMMBEE T I F UREEE P O OBIRARES
EIMER 6 CIC & B M ARERERD 1 BIOATH o
720 Hib7 7 F VI FR204E 128, 7 fHifs & B 42k
B 7 F VIidTP22FE 2 Ao WRI NN, BEE
HCRB SNz oBEEERL Tz, LAL%
PSS ER234E 4 B S W T 7 F v DRBBED G T o
TEEFEFRRIH I VHATICE-> TS (FHR23E
ROALIETH O 5 KM R CHibY 2 F > 448%, PCV7
T2 F UB42% DR, THARBRTERER
945, 1% DEBHETH 5), JLiRE TIZFR234E10
A25H ZREDOHbREIE A5, 5 H29H ZSHE DR 43k
HRERAIBLIE, 4 v 7V o FH, ARE 2R
KE & 2 MEEREAOFERE ITE (P44
1073 84E) .

EbYIC
JMEED SIRE L7z ¥ 7 VT 2 FRE & D 4w

H/AES#H (2012)

OHEBMAANEBESRE T+ —F 4

&AbHERE THRE L /oM B R A 5 SE R DR & #it
EFLT, BRBREFEOEERZEHAL .

COMXDEEITPHR4E6 A9 H (1) F23E A AN
: 7oA =T ATREHEE LTHE L7,

L) el Amdm, EBRRMe 1 ¥ 7V Y FETH
AR LN Rd BEDSE. BA/NERMEAHEREI00(7):
1258-1259, 1996

2) BEBRIA REFEE AE#WEwe: 1 X7V Y FRUE.
A VTNV FRATHRONBIARAE - WA,  H AR S5
(10) : 2699-2705, 1997

3) Kasai T, Togashi T, Morishima T : Encephalopathy

associated with influenza epidemics. Lancet 355 :

1558-1559, 2000

BIRRGL, REEG, BB, EESEET  NEEA

TNI YRS - HRED 2FRE. BA/NER AR

106 (1) : 76-80, 2002

5) BRI KEER WE B BREkE: Iz
FRATHI AR B D /NEEIRN A - BE OB B FIL-6,
TNF-a. HANRRZEEHEEL3 (1) @ 16-19, 1999

6) Bhat N, Wright JG, Broder KR, et al : Influenza-associated
deaths among children in the United States, 2003-2004.
New Eng J Med 353 : 2559-2567, 2005

7) BRI A IV FREDE Y 2 F Y HbY 7 F Y,

DF-098) % 3 AHER AR B — 0 B O i —. /ANERK

GetpgEld (3) : 241-245, 2002

EREREL, BH 8 HFEEE, Willam Gruber © 7 flifl

REREREEDT 7 F  OBEREHF—IEEES L OB

BOGERE L ReE— BREIEFHEIES (1) 1 42-48
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~
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TFHEEER

HibT & F

Hib vaccine

= & & 3k
Takehiro ToGASHI
ALIRTT SR A

Key
two¥d :

HibDoF 2, NSRS, BERDIFY, EiEE

20084E 12 A, Hib(A ¥ 7 Vv HFEbE) 7 &
FUDBHRE N, 7TV A %) T 48RV —
NEDT7 7 b e 7P(ActHIB®) ThH 2. ZD7 7
F v SEHERICE D A s 4 Tl Hib i
X B HEERIER PEIR L T3, bPETIHE
AL SAEFER L SN2 Lo, BEERy
kL Tz, LaL, 2010 EfCEIz L ) “F
EEER SV 7T o EERAERE (LY
)L LTHPV(E P ¥R — YA LR)T 7 F
v, PCVT (TR REM ATy 7 F ) L L bl
Hib 7 7 F ¥ S RNEBIOXNR & 7o TR
LZWICER LY. Z0ROADRINICHKIET 5
Hib 12 X 2 IEMHREER 213 0 ® L ¥ 2 2 5 kY
FEDSEGH L T 3,

AT Hib 7 7 F v EARTDHHED Hib I

k2L BBEYE L, Hib 77 F v OBRZ2HET

& S EEER

B EREIE S 12/ NRIC & o TR EIE 72 BYE T
HY, BETSLERIILICES ) BEELRMER
DHBEIEZET. 2L T, ZOREEIZA Y7V
I VYV (Haemophilus influenzae) D355 1 61, %8
2 0% B R ERE (Streptococcus pneumoniae) B35
OTW5, AV I7NVIVIREIEEBEOFGEIZL-
CHRFERL & AR I N, RERE a~f D
6 FEOMER I DEI NG, PERELZ EDRT
BRER B SR TEIEFEFERTH L DITHT L
T, BEEER, Mg, WREEE ARG EWIMEZME D &
ERBRYEZ G SR THRITB b ICRERT, 20

EZ0D&HKpdr Vol 244 No. 1 2013.1.5| 119
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FEAED b EI(Hib) TH B,

FRERREIR I, EEh, UEE, D - UEH, RE
Ao, BB ETH B0, WEIZE 2 £ OfER
ERITE D, RHBZEINEL v,

1996~1997 412 6 ARE TR T EM S 1Lz i
FEICL B LY, AV IANIVTEBELDRE
KIF4E 86 AGEARMAILTI0 FAN, TRL)
Thh, FERBEERIT500 AU LS. £2EE
PIEDSEEICE L CHAIH S X TERDOFE T,
2007 £E 6.4, 2008 4 135, 2009 4F 11.2 L& LY,
FART & 13 2003 5E 2> & 4 M O FHE CTHEEE A 23 30.9
LG LTWRY ) EAENERIENE I & 5 4H
10 R X 2 PERFE (fhey - BIRIE) e &k % &,
2008 4F 8.3, 2009 4E 7.1, 2010 4E 7.8 L HE I NT
BY, AO»SEHEL T2010FE0EE DI %
A12F L BEHLTw3Y,

ALHRE Tl 2007~2011 £ 5 £ERE T 58 Hl D
BB D (5N T1), EFHDORIELIL 5K
RIEAD 10 FAED 57 Lo 7-Y, FFEEHT
1Z 0 iR 26 51 (44.8%), 1 AR 15 41(25.9%)
b, W& A 2 AN 41 61(70.7%) % 5o
72 (1), FHRIZFEC 1H(1.7%), BEREMREE
iE1H1(1.7%), EEEHEE 341(52%) TH > 7223,
EIEERE R (IR L 72, BEE ORI EH

£ 1 2007~2011FE 1> 7 T
CHEMEERORERR
(AbyEaE, 5 Rk

AV INTVUFE | B
2007 £ 11 19
2008 4 12 16
2009 ££ 12 19
2010 £ 12 16
2011 48 11 18
A& 58 88

BICIE b EIAI51/52(981%) % (5o, T EL Y v
B VERRE T3 30/45(66.7%) 03B 5 7 ¥ < —+%
FEET7EVY VINEBLNARKRTH D, 7
YESY R 1/45(2.2%) TH o 7 (K
2).

w Hb DO O F 2 & ZDHR

Hib BEiE O BGfEl 12, Hib 238 D R % bk
(polyribosyl ribitol phosphate : PRP) X9 % L
WS HibV 7 F VIZYH PRP 7 7 F V37
AU ATHES N, 1985 FRAINE, LI
235, PRP BARTIX 18 4 ARMIR T+ R
MrERETCE LD o7, ZITPRPICF ¥ Y THE
AZfEe 37 Hb a7 7 F v shFE SN,

| (A 1B (0=26)

FEBIEL
O - N W A o

FEGIER
o

1 2

3 4

s (%)

1 2007~2011%E 41 > 7 VI > HHEIEER ORER (dLEE)
A BEREL, B EEH.

120 | EZ2D&HKpd+ Vol. 244 No. 1 2013.1.5
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£ 2 2007~2011EA 7N IO VEHBEXEED
S5PEINHEOMBER & EETFE GLEE)

A7V YE b 53/54, 98.1%

gBLNAR 0KE(B T 7 ¥ v — VI EET VY
Y U ER)

glowBLNAR 6#(8 57 ¥ ~—YHEEr vy
) R ER)

gBLPAR 1 (BI 2y —V¥EETYEDY

TR
gBLPACR-1 3¥R(BZ7 V¥ <v—¥EETEFIT
Uyv/r7 575 IR 1)
gBLPACR-II 5#(BF7 7 ¥ ~v—¥EETEFY
Yv/7 575 BRI )

gBLNAS 1R(BI7 7y ~—X¥HEELET VEY

U v EEIERE)

1990 F i 2 A HM E o IR EERgE L Ze o7, &
D77 F DR BEINLGEER, TAV DA
VINI T HEBEEAR OB 1984 £F 240 A
(5 AT IR 10 5 AR 22 & 1991 4 3.7 A~ & 8k
L7, :
Hib &7 7 F 33T 90 A EBL ET/hNE
DEHTFHERE 70 75 LMHAAENR TV S,
WHO 12 1998 12 2 D7 7 F v & EHE PR 7
T A ARAT Z LR HEEEL 72

#3513 2000 4 2 H~2002 £ 6 A DI £ H
19 DFEERD/NERFT, 2~6 4 A fEEANR %2 5
Riz, Hib 7 7 F v OREWE & BHME (G R E)
HEEiT-7729 AurEvrFVIE, 7 VAD
W) 7 4 8AY — )k TRHF - #hE X 17z PRP-
T(Fv V)V 7EHELCHERNFY A FEMHEH,

ActHIB®, HAL7 7 re7®) 975 TH B,

1 /84 7 VHIZ HibPRP &85k 10 ug % & e s
R MREUHIC, HARTAAARI05 mL CHAM L T
TR L 7o, ADEHEERE & LT 3 E(3~8 k),
Z1ERIENEREL 7. #EEES X ONam
BREOZNZNHEED 4 BRI L, $i PRP Hik4
RHEE L7z, BREVEOHER D20, HBREERMIIE
B DUNDOEEERZHEL, HEYHICF#
FICEEATZHFLZFEL ZORARKEL /-
HER 1o 128808 7 B ¥ COMREREBBE A O F kK
EROEE - BEOLAEI S D, RIEERER I
BN L 72,

19 fEg% < 122 Bl B S, PURMmElE & 119
W1 72, 119 B RIEIEEERT O 1 ng/mL M
FRHREL L) DFIBREEREIZNZ N
2.5% (3/119), 924% (110/119)T&H b, 0.15ug/
mL M E(RE L RV) OFEEERIIZNEF R
134% (16/119), 99.2% (118/119) TH > 7=, Hifk
i D BeAm[SEEG M 1%, BERERT 0.06 (g/mL, AR
# 968 ug/mL TH o7, F7z, 116 HlosBINEE
5T L, BN 4 850131 pg/mL BlLED
PR E E23100% (116/116) & 72 D, GMT 28
117 ug/mL TH -7 (H 2).

o BRI
BRBRBECH N Hb 7 7 F 13, 79

A TIE 19924, 7 X U A Tld 1993 FFIC KR I 1,

BAE 100 AEM ETHFEINTWS, TTIRESE

10,000
n=119

1,000
-

E 100
0
=

g 10
:,E
s

o
2

0.15

0.1

0.01

Al SEEER

BhNEEAER BINEEER

2 Hib7 7 F#IE#EE GR) &iBmEE (10) EEERORPRPIHM O

EZ0DHKdFH Vol. 244 No. 1 2013.1.5 121
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M & B RIMIEHT 111,000 410 FRPREER TR & 41
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SUMMARY

During the 10 years preceding the introduction of the Haemophilus influenzae type b

(Hib) vaccine, restriction fragment length polymorphism (RFLP) analysis using pulsed-field

gel electrophoresis was performed on 66 strains (22 sets) of Hib isolated simultancously from

cerebrospinal fluid, blood, and nasopharyngeal samples of 22 patients with meningitis. Strains from

the 3 types of samples showed identical RFLP patterns in 18 of the 22 patients, confirming the pathway

of Hib infection starting from the nasopharynx and leading te meningitis through bacteremia. In

the remaining 4 patients, the RFLP patterns from the 3 sample types were also nearly identical.

However, a single band in the RFLP patterns of strains from 1 of the 3 sample types showed a shift of

about 20 kb. One copy of the cap-b gene had a molecular weight of 18 kb, and the discrepancy in the

band's molecular weight indicated an amplification or loss of a single copy of the cap. These findings

suggest that Hib caused meningitis by changing the number of copies of the cap to evade the host's

immuneological response.

Key words: Haemophilus influenzae type b, PFGE, RFLP, cap

1. Introduction

In 2008, a Haemophilus influenzae type b (Hib)
conjugate vaccine was introduced in Japan, However,
even in 2011, Hib remains the major causative organism
of bacterial meningitis in Japanese children because it

is vaccinated voluntarily. Bacterial meningitis develops

Address correspondence to Dr. Tadashi Hoshino.

Division of Infectious diseases, Chiba Children's Hospital, 579-1
Heta cho, Midori-ku, Chiba-City 266-0007, Japan.

Phone: +81-43-202-2111. Fax: +81-43-202-3815.

E-mail: thshnl2(@pref.chiba.lg jp

when bacteria carried in the nasopharynx spread, causing
bacteremia, and then cross the blood-brain barrier[1].
Therefore, bacterial strains isolated from the nasopharynx,
bleod, and cerebrospinal fluid samples from patients
with meningitis should be identical; however, few studies
have reported the genetic homology between them[2]. In
this study, we confirmed the pathway of development of
bacterial meningitis in children by performing a restriction
fragment length polymorphism (RFLP) analysis using
pulsed-field gel electrophoresis (PFGE) of Hib isolates
from the nasopharynx, blood, and cerebrospinal fluid of

patients with meningitis.
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[I. Materials and Methods

This study was conducted on 38 patients with Hib
meningitis who were admitted to Chiba Children's
Hospital and Chiba University Hospital during the
10-year period before the introduction of the Hib
vaccine from 1998 to 2007. Before initiation of
antimicrobial therapy, cerebrospinal fluid, blood, and/
or nasopharyngeal samples were collected from patients
in order to perform bacterial culture. The 22 patients
from whom Hib was isolated in all 3 sample types
were selected as study participants (Table 1). Other 16
paticnts were excluded because only 2 samples, CSF
and blood, were collected. A slide agglutination test was
performed at the time of isolation, and identification
using an antiserum (DENKA SEIKEN Co., Ltd.)
confirmed that the 66 bacterial strains from the 22 sots of
samples were serotyped as b. The bacterial strains were
stored at — 80T, and subcultures of the strain were kept
to a minimum in order to prevent capsular loss.

RFLP analysis was performed using the PFGE
method (3] . Bacterial genomic DNA was digested using
the restriction enzyme Smal (or Apal for some samples)
and was embedded in 1% agarose gels. Electrophoresis
was then performed in 0.5 X TBE buffer with run
conditions of 170 V for 22 h at 14°C and pulse times of’
5-50 s (for Smal) or 2-25 s (for Apal), ramped linearly
using the CHEF-DR II system (Bio-Rad Laboratories,
Hercules, CA, USA).

. Results

Figure 1 shows the RFLP patterns of the bacterial
strains from the cerebrospinal fluid, blood, and
nasopharynx by Smal digested PFGE. In 18 of the 22
patients (patients 3-9 and 11-21), the RFLP patterns
from the 3 types of samples were identical (Fig. 1-a).
For the remaining 4 patients (paticnts 1, 2, 10, and 22),

bacterial strains from one of the samples showed a shift

(@)

M S b N M

Wb L

S620- [Hmi 582.0-
1850+ 4850+
3395~ 3395~
2425 2425
97.0- 9.8~
550 85

Fig. 1  Examples of RFLP patterns of Smal digested

DNA of H. influenzae type b strains from patients
with purulent meningitis. In 18 patients (patients
3-9 and 11-21), RFLP patterns of the 3 isolates
were identical (Fig. 1-a). In 4 patients {(patients
1, 2, 10, and 22), the patterns were identical
except 1 strain in which a single band shift of
approximately 20 kb was identified (Fig. 1-b).
Lanes: C, isolate from cercbrospinal fluid; B,
from blood: N, from nasopharynx; M, lambda
ladder molecular size marker.

Table | Patient number, year, age, sex, and criteria for RFLP patterns of 22 pediatric patients with
purulent meningitis caused by H. influenzae type b.
Patient No. Year AgeiSex melj fof Rﬂfi) Patient No. Year Age/Sex Cntcn*a fo Rﬂfp
pattern” of 3 strains pattern” of 3 strains
1 1998 2v/M Closely related 12 2002 2miM Indistinguishable
2 1999 3yfF Closely retated 13 2003 Tim/M Indistinguishable
3 2000 8m/M Indistinguishable 14 2003 ly/M Indistinguishable
4 2000 Sm/M Indistinguishable 15 2004 3m/F Indistinguishable
3 2000 9miM Indistinguishable 16 2004 Iy/iM Indistinguishable
6 2001 3y/F Indistinguishable 17 2005 Sm/F Indistinguishable
7 2001 1y/M Indistinguishable 18 2005 Tm/M Indistinguishable
8 2001 lyM Indistinguishable 19 2005 Ly/M Indistinguishable
9 2001 LyM Indistinguishable 20 2006 1y/M Indistinguishable
10 2002 ly/F Closely related 21 2006 Iy/F Indistinguishable
il 2002 3y/F Indistinguishable 22 2007 L lm/M Closely related

*Tenover FC, et al. J. Clin. Microbiol 1995; 33: 2233-9.
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Patient 22
M C BN

Patient 10
M€ BN

Patient 2
WMC B M

Patient |
M C B N

Discrepancy of RFLP patterns of Smal digested
DNA between isolates from cerebrospinal fluid,
blood, and nasopharynx of 4 patients. In all
patients, a difference in the ~ 485 kb fragment
was observed in 1 of 3 strains (arrow). Patient
1, the isolate from the blood showed a single-
baud shift of approximately + 20 kb; patient 2,
the strain from the cerebrospinal fluid showed
a shift of approximately — 20 kb; patients 10
and 22, strains from the nasopharynx showed
a shift of approximately — 20 kb shift. Lanes:
C, isolate from cerebrospinal fluid; B, from
blood; N, from nasopharynx: M, lambda ladder
molecular size marker.

in motecular weight of about 20 kb for 1 band in the
electrophoresis pattern {Fig. 1-b). Figure 2 shows the
electropharesis results of bacterial strains from the 4
patients whose RFLP patterns after Smal digested PFGE
showed differences. In all 4 patients, the band with
the different electrophoretic mobility had a molecular
weight of about 483 kb. For patient 1, this band showed
a shift of +20 kb in the strain isolated from the blood
sample compared to those from the 2 other specimens,
For patient 2, the band showed a shift of —20 kb in
the cerebrospinal fluid isolates, and for patients 10 and
22, a shift of — 20 kb was found in the nasopharyngeal
isolates. The electrophorctic patterns of the straing
isolated from those 4 patients were also compared afier
Apal digestion (Fig. 3). Differences were found in
a band of about 120 kb. As with Smal digestion, the
band showed a shift in molecular weight of + 20 kb in
blood isolates from patient 1, a shift of —20 kb in the
cerebrospinal fluid isolate from patient 2, and a shift of
— 20 kb in the nasopharyngeal isolate from patients 10
and 22.

3880«

2425

Patient 10
M € o8 N

Patient 22
M oC BN

Patient Patient 2

M C R N

Ead

1485~

970

485~

Fig. 3 Discrepancy of RFLP patterns of Apal digested

DNA between iselates from cerebrospinal fluid,
blood, and nasopharynx of 4 patients. In all
patients, a difference in the ~ 120 kb fragment
was observed in 1 of 3 strains {arrow). Patient
1, the isolate from the blood showed a single-
band shift of approximately -+ 20 kb; patient 2,
the strain from the cerebrospinal fluid showed
a shift of approximately — 20 kb; patients 10
and 22, straing from the nasopharynx showed
a shift of approximately — 20 kb shifi. Lanes:
C, isolate from cerebrospinal fluid; B, from
blood; N, from nasopharynx: M, lambda ladder
molccular size marker,

IV, Discuassion

In this study, isolates from cercbrospinal fluid,
blood, and nasopharynx showed identical RFLP patterns
in 18 of the 22 patients with Hib meningitis. For the
remaining 4 patients, onc of the bands had a slight
difference in only 1 of the 3 sample types. The strains
isolated from the 3 types of samples collected from the
18 patients that showed identical RFLP patterns were
classified as “indistinguishable,” and those from the
4 patients that showed a single band shift in the RFLP
patterns were classified as “closely related” interpreted
using the criteria proposed by Tenover ef af[4] (Table
1). As such, in patients whose RFLP patterns showed
differences, the strains from the 3 different specimen
types were also considered identical in nature. These
findings demonstrate a pathway whereby bacterial
strains carried in the nasopharynx led to the development
of meningitis through bacteremia.

In all 4 patients, the size difference between the
bands was about 20 kb. The expression level of the

capsule (cap), which is the main virulence factor in
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capsulated H. influenzae strains, is regulated by the cap
gene, which has a molecular weight of about 18 kb.
Although Hib normally has 2 copies of the cap, this
number of copies can change easily [5]. The difference
in molecular weight was equivalent to the molecular
weight of a single copy of the cap, suggesting that an
amplification or deletion of the cap gene might have
occurred between the isolates from the 3 types of
samples. Similar findings have previously been reported
about H. influenzae type a meningitis[6]. In that report,
the RFLP pattern by PFGE revealed a band with a shift
of 35 kb, that corresponded 2 copies of caps, between
isolates from cerebrospinal fluid and blood. The
quantitative real-time PCR analysis revealed that isolate
from blood lost 2 copies of caps [6].

in 3 of the 4 patients (patients 1, 10, and 22),
band of approximately 485 kb in Smeal digested RFLP
pattern of blood isolates showed a shift of about +20
kb compared to that in nasopharyngeal isolates. A
similar shift was also found in a band of approximately
120 kb in Apal digested RFLP pattern. Thus, it is likely
that a single copy of the cap had been added. Hib has
been reported to increase its resistance to complement-
mediated opsonization by increasing the number of
copies of the capl[7]; likewise, our findings suggest
that the number of copics of the cap in Hib might have
increased upon invading the bloodstream in 3 patients.
[n addition, for 2 patients (patients 1 and 2), a band
of ~485 kb in Smal digested RFLP pattern of the
cerebrospinal fluid isolates and a band of ~120 kb in
Apal digested RFLP pattern showed a shift of about
— 20 kb compared to that of blood isolates, suggesting
a loss of one copy of the cap. In a previous study
conducted on patients with vaceine failure, the number
of copies of the cap was lower in isolates from patients
with meningitis than in those with other systemic
infections [8]. This may be because the thickness of the
capsule impairs the expression of surface factors binding
to cerebrovascular endothelial cells[8]. Accordingly, in
the case of these 2 patients, the loss of the cap oceurred
when the Hib reached the subarachnoid space after
having passed from the blood into the brain.

In this study, the number of copies was not

confirmed by Southern blot[5]or quantitative real-time
PCR[6]. However, the differences in RFLP patterns
suggested that during the development of meningitis,
Hib changed the number of copies of the cap to evade
the host's immunological response. There was no
difference of clinical features between the patients
in whom the RFLP patterns from 3 types of samples
showed identical and those in whom the RFLP patterns
were not same. However, changes in the number of
copies of the cap have suggested to be associated with
vaccine failure. According to previous reports, the
incidence of strains with 3 or more copies of the cap is
significantly higher in patients with vaccine failure, and
the odds ratio of invasive Hib discase increases with the
number of copies[8]. Although it has only been a short
time since the Hib vaccine was introduced in Japan,
Hib strains with more than 3 copies of the cap had been
found in 16.7% of isolates from patients with meningitis
even before the introduction of the vacecine[9]. The
occurrence of vaccine failure will require attention in the

future.
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%8, PCV7 3H%» 5 39 HElicpHgfE %, &
24 R HIC 2 MIBEE%2 T 72, PCVT #[ulBEfER
i 6B MUAF o MIFRL Iz g 2 HLfRifiid A & 221 b
FL7H, 6B IRT aHiMlioAIZ LA E BAZ
RBDleroT (H2).

nm. £ =
PR EROBE L ERIT VDS, —BIYIZIX
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K1 PEEINHRIFFOHNEZRSMEHR, REMBHERER,
multilocus sequence typing EICL B BEEFI—V I X484
B> (ST)
MIC (ug/mil)
£ iR ST
PCG  ABPC  CTX PAPM/BP
%S HE 0.03 <0.03 0.25 <0.008 6B 2983
Mg | 0.06 <0.03 0.5 <0.008 6B 2983
B 0.03 <0.03 0.25 <0.008 6B 2983
BER | WK 0.06 0.06 0.25 <0.008 6B 2983
127 0.06 0.06 0.25 <0.008 6B 2983
SEEI N TN T D ST 13 2983 (aroE 5, gdh 6, ghkil, vecP 2, spi 6, xptl,
ddi 271) TR—TH -7,
£ 2 REBERERR o, 4 — . 1oF
IgA 65 mg/dl | IgG1 381 mg/dl === 6B -~ 23F e
IgM 87 mg/dl | IgG2 124 mg/dl e OV RERBGEIRE e
166 711mg/dl | 1gG3 27.2 mg/dl _ 14 .
C3  1745mg/dl | IgG4 5.0 mg/dl E 10
C4 549 mg/dl | IFPERE AR 3% 2
CH50  83.6 U/ml | iFHpERiEIRE  95% =
®
FRREPEZ 254, L IZHEIEUEREOREE 0.35 ¢~ o
THo 3EEM EREL TwaBe LI,
AIEGICIE, FIEOBELA BT 2> 5 RS CbEaT  48@3  1mE  16mH  somH
%% T 6 EEMFE L Twizhs, MLST @bz k (¥EFAE) (B
DR—RICK 2HERRE AL &, B PCV7(D) (39 1) POV7@ (2475 )

HBIFCHEE T MELZEO -2 L0 5, BfOBRRE
EicksERLEZSN, L, HIH53H
RO FEEE MRI CIZMMEDLKIEIZFED TE ST, 4
FeiE & FIRR IC TR B O MRS & & ML ERE
DHHEN T, Znsz2EE/T 2L, FHE
WHETZHE—BHRICK 2BEFETH - - HREED
B\, Tebruegge 51 & % &, MIBEBEERERD
ERIZMERFMIC L 2HBEOEE, NETF,
BRIE, B 72 & OFSIEI R D 59% TR D
%<, TERSRERERED 36%, THL, B8
K, BRHER T EDBMEBRYYEDN 5% ThH - 79, K
REFIC BTy, SBEBERE, BEHIPHWREIC
B 2 HEZT o7, MRLALRD BEIZHR
DoNoTz,

BRI, 6B OfiRIRE I X 28EEL 2B L,
X 5 IHIEIFRER. & BRBICEN 2 Blo PCVT O

2 PCV7 EHILEEA IgG HiAMO#E

% 4T > Tl 72hs, 6B IS 2 JLifflio L7213
b & Nl ho 7z, Dagan & 13, PCV7 B:HEDIRTIC
6B, 19F, 23F \>§ o DRiJERE 2 EIHEICH
TEL T34, PCV7 % 2 [E], 7\ L 3 [HEE
LE#TYH, BET S MEROMRREICTT 2
Vitkflio EEPE Lo EHEL T
27 AREHICIE, EIEEEOWERED S 6B DRfifEk
BOpME T, MEREZRERTIZIHSD
DDHFHEEDER D & b RREPHEH I T
7o, LledSoT, BEERFEELLIRETL S 6B DffiR
BRE DS BB ICHAE L C O HBEEDH D, 20
728 6B I AHUBMEAZ DB ER L o7k
LM S B, 7z, BN IRERGYE (inva-
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sive pneumococcal disease : IPD) FhE#giz 7 7 F
K BHREEDBREE 2 2 LB REINT
B0, IPD IR LBR LA LIk ik
D LA SN h o TRk EZ o5,

ks, AREFTIE 6B XY 2 TR IZ 0.35
pg/ml & SN B BPETHHEEED 2B A T
2o b 657, 6B DIIRIREIC L 2 BEER % B3
L7z, OBl T, 27 = viEEoRiE
EEEILTCWE, wihcv &, HELAHEEDOR
FICBIL T EZTHERDE-TED, S
MAEMOBEER, 77F v OBIMEELITI R E
HELFEHELYET 5,

PCV7 25 IPD O FBiicERTH 2 Z LIZHH S
DTHBY, BRLEEI) RBIZE 01003,
FRBREICERRE S N B0V, T4b
b, FLIREAERHD & PCVT % BHERIAT 3 WED
b5, Fl, PCV7 OEMERDE FE, IPD H
B9 5L Eblz, ERHREMRIC X 2 REESE
~NDOFRHNR S PRI 30 BZk PCVT O
EHEE I EE NS,

HEE  IRAKA REIEDHRBEITo Tk Z i
M RERZEFEE DT ZERE @R g, Mgk
EHIMEMB LR — 2 2574 ¥V P RIETL
T 7727 B S BEGENTZRAT BRI skE, &
WA, MARBREME R RITRMEZ HE LTz ?
W s RIRRSE MR IR IT 8T KR MES 4 i St
Wiz L,

¥, AEONEE, % 42 BIHA/NRBGES
£ (iiB) BV THREL -,
x M
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