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GENE ANALYSIS OF STREPTOCOCCUS PNEUMONIAE AND
HAEMOPHILUS INFLUENZAE ISOLATED FROM CHILDREN
IN KASHIWA CITY IN THE PAST 5 YEARS
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We studied mutations of penicillin-binding protein (PBP) genes and susceptibility to
antibiotics in 345 isolates of Streptococcus pneuwmoniae and 334 isolates of Haemophilus influen-
zae. The isolates were obtained from various clinical materials from children treated at
Kashiwa Hospital, The Jikei University School of Medicine, from June 2001 through June 2003.
Based on the analysis of mutations of PBP genes in S. pneumoniae, 47.19% of isolates were
penicillin-resistant (3 mutations) and 30.19 were moderately penicillin-resistant (1 or 2
mutations). Although penicillin-susceptible isolates had no mutations, some had high minimal
inhibitory concentrations. Consequently, only 23.8% of isolates had no mutation of macrolide-
resistance genes. According to an analysis of PBP genes in H. influenzae, 66.59% of isolates
were non-gG-lactamase-producing, ampicillin-resistant or non-g-lactamase-producing, low-
level ampicillin-resistant, and a level of minimal inhibitory concentration of ampicillin mostly
depended on the number of mutations of PBPs. Both S. pneumoniae and H. influenzae were
detected at high rates in younger patients, and the resistance rate was also high. Because the
percentage of B-lactamase-nonproducing, ampicillin-resistant H. influenzae isolates is increas-
ing significantly, periodic monitoring in each region is necessary for effective treatment. We
should consider a treatment strategy that includes vaccination against S. pneumoniae and H.
influenzae for younger children.

(Tokyo Jikeikai Medical Journal 2008 ; 123: 27-35)
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BT B IEIEDOHERRIS KRS T 5 EHfE
HIEh, TREREIE O T b MR o HER T 053
XEETH S, SEEL IHEAEESERKY
W B AR BE/NERF TR 5 AR S LT Bl
BKEE, A > 7T YRR U CitisE s T O fF
&2 ATV, IS O T iR RS 2 3 A L, 5%
INFEBEFHE#EE (MIC : minimal inhibitory con-
centration) & MEEGETEROBRIZOW TR
AR,
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2001 526 H» 5 2006 6 HIcHEEESER
RFEWEAREENER 2 Z2 L BIR X D R
NI IR IKE 345 ¥k SR & U7z IR O F i
2174254 5%, B3 1:0.77), A 7 oW
334Kk (R L7 BIR Ol 2.33+£3.22
W, BREF1:0.72) #HWT, MHEEETFOMK
i & T, FE O MIC HIE 217 5 72, MefEprkhd
ZWEIC & (76.8%), WWEE (21.0%) T, =0
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BiHbCES#E U 7z colony 2Rk X LT, MiREKE
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MEZHET Oy ) VY HEEEN
(PBPs: penicillin binding proteins) %» I — N3
% pbpla, pbp2x, pbp2b ERT, S~ ra 7
A N REFIM M 2 HE 3 5 72 O I FEHIPE A
WZBA5 3 % mefA BIET B L UFERINEIcES
T2 ermB BT IZOWTPCRIFEICTHREL
7299, PCR IHLIZFEFREORMNSCEF I, WIS
-tk % Tth DNA polymerase (BRFERGEH)
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TN I FRER RS (EAREE) 2w,
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LT PBPs #2— K32 pbp3-1, pbp3-2 BInF
WZDWT, PCRIFEWTHE L7z, PCR KX [FEF
OISR, R S BT % iR Bk
L EIRRICHHEE L 72 PCRmix IC@nL, ¥ —~< vy
4277 —%2RAWTI4SCI5#, 53°C15H#, 72°C15
T30 %A 70k, 72°C2 00 RIG%ETTH> 1214,
3% 7 Ha—AT NV CEIKE RIT o 7.

Fili R ER B O e D 4348 1% Ubukata K, et al.
O PCRIC & 2 HEHHE 2 I, pbpla, 2x, 2b D
3TED pbp BIRTFICEROFD & e Wik z iz
MM BE (PSSP : penicillin-susceptible Strep-
tococcus pneumoniae), 1~2 BLEFICLEEDH %
RE~R=y ) ViEEmRE (PISP : penicillin inter-
mediately resistant S. pneumoniae), 3BT
ZEL k2= ) Vit (PRSP @ penicillin-
resistant S. pneuwmoniae) EH|E LTz,

A7V YREOMED SIS Rk
Ubukata K, et al. ® PCR i X 2| EEH#E A H
W, BT S WM EEFEEOVWT AL
AR = (BLNAS: p-lactamase non-
producing ampicillin susceptible Haemophilus
influenzae), TEM-18lp-5 7 ¥ ~— Y ELH
(BLPAR : p-lactamase producing ampicillin
resistant H. influenzae), -7 7 ¥ ~—X 24k
9 php3-2 45 e b O EE (BLNAR: 8-
lactamase nonproducing and ampicillin resis-
tant H. influenzae), -7 7 % ~—XR2ELYT
POP3-1 B Z R 2 b O B E i B (low-
BLNAR : g-lactamase nonproducing and low-
level ampicillin resistant H. influenzae), HIZ
BT 5~ —VELEKTpop3-1 EMER % b
Ot B (B-lactamase producing and low-level
amoxicillin-clavulanate resisitant H. nfluen-
zae, possessing TEM-1 and low-BLNAR resis-
tant genes: BLPACR-I), -7 7 ¥ ~— XYL
T pbp3-2 % % b D E BLPACR-II &
HEL 729,

SEEE Bt d 3 MIC #HIE 1%, penicillin
G (PCG), ampicillin (ABPC), cefditoren
(CDTR), cefotaxime (CTX), clarithromycin
(CAM), clindamycin (CLDM) % #ERZE &l &
L, PEWRARARE (MIC 2000) 2 AW TiTo 72,
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Clinical and Laboratory Standards Institute ([H
National Committee for Clinical Laboratory
Standards: NCCLS) i EEEEICHES &,
fiti 2Bk Tlix PCG iz Xt 9% MIC 28 0.06 g/mL
LIF% PSSP, 0.12~1.0 ug/mL % PISP, 2.0 ug/
mL Pl E% PRSP &L, /24 7NV VU YHET
i3 ABPC iz 5 9 %2 MIC 28 1.0 ug/mL A T %
BLNAS, 2.0 ug/mL XV &EfED b D% BLNAR
ELTHY, SEOMMEETIC & 258 & MIC
ZEHBEL, WFEIZOWTHIERS 21T 7.
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1. EAIER EERHRR

1) EEER

JHRERE & A >~ 7 VT PR AL 72 2RO
FENERIE, FZERE TR 117 41 (33.9%) 3
% THY, ROTRELR 7241(209%), JE
TR 37 B (10.7%) TH -7z, HEERFYYEIZE
JEMERERE S 161 (0.3%) Thole. {1~ 7Nz
PR T d %o IR BIEIR 99 #1 (29.6%) T,
RNTREZL TP (23.7%), KB 36 4
(10.8%) TH Y, FREBGE ILIRIEREER 2§
(06%) Th-otz, fREKEE A > 7V PRI
[ElfE IR B TR & vz,

2)  AEHE & PEREER

JEABRET & 4 > 7V T > P OEE I &
LMEREE % Fig. 1 1R d, FiREREDO~=vY

1. Streptococcus pneumoniae (n=345)

Fig.1 Isolation of Streptococcus pneumoniae and Haemophilus influenzae.

Tt PEEE 1%, PRSP #3160 1 (47.2%), PISP #8
102 511 (30.1%) T, PISP @1 Tld pbp2x Z5Fkkns
Aotz £, 7074 RiitElL mefA &
FRKR 113 1 (32.89%) , ermB 2554k 131 #1(38.09%)
L mefAEBIRE ermB ZRBKRIZIZIZFEET A
Sz, w7 uZ A NRIEFNC T 2 B R IE
824 (23.8%) TH Y -7 7 ¥ ARFEHNHT 2
Bz MR PSSP 831 (24.4%) & IZIZHEBEET
bHoiz.

A 7NV YEOmEREIX, BLNAR 2% 164
B (49.1%) L¥# % 5®, low-BLNAR @ 58
(17.4%) & ® ¥ T pbp BILFE I 66.5%
ZE®O T, B892 % ~—YEAEKIZ BLPAR
741(2.1%), BLPACR 10 1 (3.0%) L &R TH -
7z, B2 ME BLNAS 12 95 1 (28.4%) TH D,
it 4 BR TR D A2 M DBl E FEBLL Tz,

FEHOA & B FRTOMMER R % Fig. 2 12w
I, BEERE X 1% (34.8%) WCHEFIE O E— 7 8
Ao, ROTILEKRM (241%), 25% (13.2%)
£, 2IRETTERED 721% 2 Hd Tz,
PRSP 0EI& 3 &ERBTIZIZT4EULEZ 5, 1
AT, 4-51%, 7RI LETIIPERULETHh 5 7,
A 7NV YEIT AR (30.6%) W% TH
D, ROT1Ek (282%), 28 (12.1%) &%&0,
2R E TTEED 70.9% % 5 Twiz, BLNAR
DEEIZ 4T TIEH0-56% LFHUAEICAHS
1, BRI FEIRR AR T O R R I &

2. Haemophilus influenzae (n=334)

low-BLNAR

B BLVAR

E mefA BLPAR
B ermB BLPACR- I
B8 rmefd+ermB [[IT] BLPACR- 1
[] Negative [] BLNAS

These isolates were

distributed by PCR results for resistant genes.

PRSP : penicillin-resistant S. pneumoniae, PSSP : penicillin-susceptible S. pneumoniae,
BLNAR: g-lactamase nonproducing and ampicillin resistant H. influenzae, BLPAR : g~
lactamase producing ampicillin resistant H. influenzae, BLPACR-1: B-lactamase produc-
ing and low-level amoxicillin-clavulanate resisitant H. influenzae, possessing TEM-1 and
low-BLNAR resistant genes, BLPACR-II: g-lactamase producing and amoxicillin-
clavulanate resisitant H. influenzae, possessing TEM-1 and low-BLNAR resistant genes.
BLNAS: p-lactamase nonproducing ampicillin susceptible H. influenzae.
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Fig. 2 Isolation frequency of Streptococcus pneu-
moniae and Haemophilus influenzae by
patient age. These isolates were distribut-
ed by PCR results for resistant genes.
PSSP : penicillin-susceptible S. pneumo-
niae, PRSP : penicillin-resistant S. pneumo-
niae, BLNAS : p-lactamase nonproducing
ampicillin susceptible H. influenzae,
BLNAR: g-lactamase nonproducing and
ampicillin resistant H. influenzae,
BLPACR-II: B-lactamase producing and
amoxicillin-clavulanate resisitant H. in-
fluenzae, possessing TEM-1 and low-
BLNAR resistant genes, BLPACR-1: 8-
lactamase producing and low-level amox-
icillin-clavulanate resisitant H. influenzae,
possessing TEM-1 and low-BLNAR resis-
tant genes, BLPAR: g-lactamase produc-
ing ampicillin resistant H. influenzae.

sz,

3) TR D ERHER

Jili ¢ BR & oD it P B 38 oD 224k 4%, 2002 4E Tk
PRSP #351.1%, PSSP #317.0% T&®# 1, 2005 &
Tix PRSP 78 46.5%, PSSP 73 21.6% ZH»THE
D, SEOFHERR T1d PRSP & 5 ERi &
REEHTA SN IS T2,

—H, 47V FEONEERDZEIL,
2002 &£ T 12 BLNAS 23 33.3%, BLNAR 28
35.99, 2005 £ Tix BLNAS 28 20.0%, BLNAR

1EH

258.0% %5 THE Y, BLNAR OAMS A S
Jo. 72, 2002 £ CRERD 5Nk ol
BLPACR-II %3, 2005 £E12 1% 4.5% 12780 STz,
2. BIREFERCEXKZMOLER
1) BHRERE B 2B TR & BRI
O Hig

i RRERTRNC 36 1 2 PUBd SR S2 1 & it n+ &
DOBR % Fig. 3 1CRd . pbp BIRFAS & PR
B2 & OB R # 5 &, PCG TIBEFERK
W% & 7 B ITREWTIE L NV L, AEEE L
» % PRSP i MIC fERE WA H -T2, —F
TREZMEE TH 5 PSSP T d MICE 1 ug/mL
PAED31.6% iIcA oh, EERFIC L 298
FRR DM\« —ERTelf 3 4 & iz, %7z PSSP
O MICE ¥ —27 1% 0.25 ug/mL L {EETH -7z
73, MICH#E 1 ug/mL LAEAS 25 ] (7.3%) 1 H 5
, PISP &~ 2 & MICEMS & W & >
7z. &7 2 LARYIEHETH B CDTR ICBAL T3,
PRSP iz 8T 3 PCG & g3 % & MIC fE 1
KB T, B2 MEE PSSP T3 MIC B 1 ng/
mL PIFZRznTniz, &7 = ARESSE T
H»% CTX & CDTR & [EkEIC, MIC{# 1 pg/mL
UFBEHTH - Iz,

X 5 IZIEEETIC & 5 PRSP O 3EAIRZ M
ZEHCET T 2 HI9T, PRSP O & % HiH L3
HIRZ M 2 M3t U7 (Fig.4). PRSP I8 5
PCG O MIC{E Z 1-2 ug/mLIC E—2 285 1,
MIC {# 4 gg/mL PA_E DB M1 4.4% D& T
»->7:.CDTR ® MICfED ¥ — 2713 0.5 ug/mL,
CTX ® MICE D ¥—2 1% 0.5-1 ug/mL TdH -
7z, BHENC BT % [k TOD breakpoint MIC 1%
HAM bRk SRR N E R R A =
2k » CDTR 281 ug/mL, CTX 7382 ug/mL &
EFDHONTHENY, BRHZBIT 5 PRSP » CDTR
1259 % MIC {# 1% breakpoint {HLL F 2 5 % %
HDH95.0% % H®, £72 PRSP © CTX 123
% MIC f# i breakpoint fELL F 2 /x93 b O
98.0% £ HDTEBY, #EETFHENTIC L % PRSP X
CDTR £ CTX I DOW T IREZEZHE>T WS
EEZ oz,

~ 7 a7 A FRMEEER TR & PIRERZ
DT, CAM Tl MIC 8 4 gg/mL LA_E23
59.6% 2 59 THEY, emB BEFEREKETITIZ
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Fig. 3 Susceptibility distributions of Penicillin G, Cefditren and Ceftaxime to 345 clinical isolates

of Streptococcus pneumoniae.

These isolates were classified into 6 types following PCR
results for pbpla, pbp2x, and pbp2b genes.

PRSP : penicillin-resistant S. pneumoniae, PSSP : penicillin-susceptible S. pneumoniae.
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Fig.4 Susceptibility distributions of Penicillin G, Cefditre to 160 clinical isolates of penicillin

resistant Streptcoccus pneumoniae.

FeBCEEMMEEZRL, BICEZERETH MIC
B OBRHEHIA Fic A 5tz CLDM Tk
CAM & D bt MK <, MIC{# 0.12 ug/mL
K H423% TH Y, MICHHE 2 ug/mL LA
50.3% & 2D — 27 NH Tz, mefA Bin
FEEEMEIT MICEfE % 5 & T 7228, ermB #{5
FEEK TR IZIZ2AITEEMEZRL T,
PRSP L [AIBRICE D & NIz ENC BT 5 iR
T breakpoint MIC & g3 % &, CAM 231
ug/mL, CLDM 78 0.5 ug/mL TH O, HEhz
B 25 RBRE O CAM 2 X 3 % MIC 1E 1%
breakpoint fE% E[a] 2 & D3 65.8% = HDTE
D, %72 CLDM iZxt3 % MIC {# IZ breakpoint
iz E[A1% & OH853.0% % 5D T,
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F & OBk % Fig. 5 2~ d. ABPC TOTit%E

X, BLNAR @ 5% 2 #iFAN %  Zh %KLL T
MIC f& 1 ug/mL LA LSS 68.7% & %o Tz, Mg
BRES & BN B & B2 MR BLNAS o MIC E i3 1K
BICEE->TBY, MHEETIC X 27 & EE
D MICEDMICIZ K E Tt Vwd D EFE 2
sz, CDTR Tix BLNAR ®iitEEEF D%
» BLPACR-IT I2 B8WC b B3R 7z, F72
%% 1 BLNAS 13 MIC i 0.03 wg/mL 5 i
DHDON%L Aoz, CTX Tixk CDTR & g
T2 & MICERSED TH - 72BN EML R T
»HY, FHREKE L T MIC IHEE IRz T
Wz,

PRSP &[RRI 2 E 21T 5 72, MiikE
fEFZERIC & 2 BLNAR OERIBRZ M2 MBS L
7z (Fig.6). BLNAR 2B J % ABPCicxtd %
MIC ff1%, 2 wg/mL BLEAS T1.49% & &l % 5D
TE YD, PRSP & AT MICEH» S AT bilit
BERE»->7:. —HTCDTR &£ CTX IZDWTiE
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Fig.5 Susceptibility distributions of Ampicillin, Cefditoren and Cefotaxime to 334 clinical isolates

of Haemophilus influenzae.

results for pbp3-1, pbp3-2 and fisl genes.
BLNAS: p-lactamase nonproducing ampicillin susceptible H. influenzae, BLPAR: g~
lactamase producing ampicillin resistant H. influenzae, BLNAR : B-lactamase nonproduc-
ing and ampicillin resistant H. influenzae, BLPACR-1: B-lactamase producing and low-
level amoxicillin-clavulanate resisitant H. influenzae, possessing TEM-1 and low-BLNAR

resistant genes,

These isolates were classified into 6 types following PCR

BLPACR-II: g-lactamase producing and amoxicillin-clavulanate

resisitant H. influenzae, possessing TEM-1 and low-BLNAR resistant genes.
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Fig. 6 Susceptibility distributions of Ampicillin, Cefditoren and Cefotaxime to 164 clinical isolates
of B-lactamase nonproducing and ampicillin-resistant Haemophilus influenzae.

PRSP D [EZEEFNxt3 2 MIC B & XX [ERE O tE
MTH-o7z, ETMMREKE L FARICERPEICB T
2 [ifigs T D breakpoint MIC & g3 2 &, 4Fl
WHB 15 BLNAR @ CDTR 12t 3 % MIC & 1X
breakpoint fELA T %279 & DAY 98.1% % 5 0,
% 72 BLNAR ® CTX 12 % 9 % MIC {# iZ brea-
kpoint fHLL F 2R $H DA 96.1% ZHHTED,
EIETFENTIC & 5 BLNAR 13 CDTR & CTX I
DWW X PRSP L FEIBRICEZEEZ R > T w5 &
EZz oz,

3. FRIKEEA > 7 LI RO REMEHAG

[22WT

RERE E A v 7 Vv Y HEDEERICRE S
72 88 B DEAE TR I & 2 Tk L % Fig. 7 12
AN, [EIRMR I B B R ERE O MR =R X

PRSP 73 44 f5] (51.29), PISP %318 ] (20.9%)
THY, -7 7 8 LAFRIEAIMPERE XA K24
DR LIFZIZFERETH -7z, ~7 a7 4 NifEE
1, mefA ZEEKE 21 B (24.4%), ermB ZE5E4k 37
B (43.0%) THY, RO L L T mefA
G075 L, B 26 B (30.2%) &7
D, SEOREZMEEE 23.8% LILL TRREET
bolz.

FIRRHEEIC BT 2 4 > 7V > P OMER
#1¥, BLNAR » 47 (63.4%) &F¥#HLA L%
®,low-BLNAR @ 15 #1(17.0%) & b€ T pbp
R TERRD 70.4% ERXFEEDTED, 1~
7 NVE Y REROMMERER L IZIZEFORBR T
boiz.,
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1. Streptococcus pneumoniae (n=86)

2. Haemophilus influenzae (n=88)

B3 1 ow-BLNAR
== BLNAR
= mefd BLPAR
- B BLPACR- I
-mejA+ermB [ BLPACR-II
D Negative D BLNAS

Fig. 7 Isolation of Streptococcus pmeumoniae and Haemophilus influenzae which were detected
simultaneously. These isolates distributed by PCR results for resistant genes.
PRSP : penicillin-resistant S. pnreumoniae, PSSP : penicillin-susceptible S. pneumoniae,
BLNAR: p-lactamase nonproducing and ampicillin resistant H. influenzae, BLPAR : -
lactamase producing ampicillin resistant H. influenzae, BLPACR-1: p-lactamase produc-
ing and low-level amoxicillin-clavulanate resisitant H. influenzae, possessing TEM-1 and
low-BLNAR resistant genes, BLPACR-II: B-lactamase producing and amoxicillin-
clavulanate resisitant H. influenzae, possessing TEM-1 and low-BLNAR resistant genes.
BLNAS : g-lactamase nonproducing ampicillin susceptible H. influenzae.

V. % 2=

BWETIA L Ao T & I kERE R A HE
{tZ &% (National Committee for Clinical
Laboratory : NCCLS) i & % i1 B 0 & 1%
MIC &% FiWvw T OFHITH % 25%, dHZ Ot
BRI, RE L & 2 &R FOFIE
PHER I, LV IEMLFEMIEA S T
20799 S L MR T & 2RS4
% v MIC fiE & D i 217> Tw» %28, PISP O
55 TH PCG i r52 % L 3 pbp2b 18
LTFEEGEE & pbp2x+2b BIETEEKTII,
Pop2b BIRTEEMEE & & 2\ phpla+2x Ein
TERBKE LK T 5 & PCGizxtd % MIC fH»
RWEATH > 72, pbp EIE T2 FR DM 53
o PRSP Tix MIC s & OFHI T & Mtk B
WE» o 72h3, PSSP, PISP [z B\ Tk PSSP ¢
b PCG izxd3 5 MIC R WHSHFIEL, £/
PISP T % PSSP izttt L ¢ MICEDMEW & xS
WERD A SN, MREKEICEE L TXiEEETF O
T & B MIC & T 0§l 1z — I8 T e s b &
sz, &5 50 1998-2000 £ DL EZ R ICE
U % FEE R T PCG & @ MIC X EER
TAHEEIZIZHEAL TB VY, SO YD R
CREN A BNz, PRSP IZOWTIZUREDOFER
2B W TH MIC fE & M EEFHITHEBE L T
Wz H3, PSSP Iz D W TR 3 W Bk —
ERICHFAE LERIRIIC bIEE T 20 E N D 5 £ & 2

sz,

20D &S LiitE#EEm T & MIC & O et
AONDBZLIBELTEHBLLLIEHL B
D10, MICfEiZ & 5 NCCLS D4rENFHESK & |
TPCG—HIDHELTWBIE, =V Y VR
FEHBLH SN T L KEE AR TRP T
T2 ARDBERER BT, =) YRIEHC
X2 NCCLS 04 E=ARIPTZ D F WA LM
EREZFHE T 2DFH L WEEZ 515,

F I RERE COMMEERFARE~ 70 T4
FRPEEFEICH 5 MIC {8 & o g T, 45
5 OIRE T OMMHEE T & SR TR RIZF
BThy, ARETOU4EE~ 0S4 P
erythromycin ® MIC & SR OFEE % LK T %
E, LD 4ERRL 2 LD S ermB ELT
ZEBRITIZIZEHITHOIFEE R L Tz, F
72 CLDM 2B L T3 ermB BEFLEKITEE
Mk T H o 7223, mefA BIs T2 EE I RZ T
LEZ%D MIC 2> THE Y, BAMORE L R
ThHoilz?,

A Y7 NV YT, pbp BILTEBEROIM
HE L EBEOR=Y ) Y RIEFNICR T 5 MIC
E T OMEE DI BT, SEORKEETIHIZ
IF—EL Twiz, ZORRIFETT SO 1998-2000
FEOLEZ MR BT 2 AR L L A
BRLTEBOY), A7V Y PFEICEAL Tl pbp
BETERROERD, FEBROEKOBZICB T %
PRERRICB W CER LRI E Tz, — /AT
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BLNARDELZE L L T W r2EENDD,
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