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FEREE O FEAEIME Drug resistance of Mycobacterium tuberculosis (Taiwan CDC)
NDM-1 #UEEAIf[ 4B NDM-1 carbapenemase-producing bacteria (Vietnam NIHE)

WA Sl EE (ESCERAYEMTIEET MRS H)
Keigo Shibayama (Department of Bacteriology 11, NIID)

EEE :

INETIZEE THBE S U INH YRS E ©, BEF OMER HH DNA 7o —712&
EN TR katG BARFDOERT, 2OMEE OBEAH G ST 235 FH
® GA DfFA, Cl436A, C317T, G332A OERZ FH L7z, C317T. G332A OERIXL,
BEROIEEPLOT I/ BEELZ BRI L L CHRREERICEELEZTNDH I LM
Gipolc, G, TNbOEREROEREZMNT L, EEICIEICEE LT 2 5
EfNTT 5, £ LT INH IMERBEZRET 2BEEOKEZBIET, BB EZHBDT Y
T & E TREE R R O8O E T EAIM MR OER BN &L > Z E MRS D,

NDM B WS~ — B AR L, BRIV T 21 E Tl A 2 H.0102 10 #11E
EMEND DDIIZH . N LB TIERERE CHBEIC STV D, N hT A
THBEES 7= NDM BISTIBED Adcinetobacter baumannii 4%k, K& 5Bk, Klebsiella
pneumoniae 4 ¥k, Enterobacter cloacae 11, Citrobacter freundii 1 ¥k, K OVH AR THHES
iz K. pneumoniael ¥RE FAWT, kA F 0-p-F 7 Z~—EEAEDRA Y )V —= Tk
ELTHWHRTE 2 SMA T 4 A7 ED NDM B L8~ —BEEA B RIS T
EDOMPREL T, ARASRL BT XTIV A RO SMA T 4 A7 OflHE o8 TR
ks Z LR nhoi,

The emergence of drug resistant tuberculosis is a public health concern. The resistance to
isoniazid(INH) can be detected by a convenient PCR-based amplification and reverse blotting
assay. However, discordant results have been observed for several resistant strains isolated in
Taiwan. Some INH resistant strains carried new mutations, C1436A, C317T, G332A, and
insertion of GA at 235 of katG gene. Among them, C317T and G332A were shown to be
associated with alteration of enzyme activity by in silico analysis.

The collaborative study with NIHE aimed at evaluating the SMA test for detecting NDM-1
producers among Enterobacteriaceae and Acinetobacter baumannii. A collection of 16 NDM-1-
positive bacterial isolates (5 Escherichia coli, 4 Klebsiella pneumoniae, 1 Enterobacter cloacae, 1
Citrobacter freundii, and 4 A. baumannii), obtained from hospitals in Vietnam in 2010, and 1 K.
pneumoniae isolated in Japan in 2010, were used. SMA test using both MPM and CAZ disks was
shown to be the most suitable for screening carbapenem-resistant isolates for NDM-1-type MBL
producers.
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P E® (E ST e 20T - S ) 7"}3 — 7 & éﬂiﬁ*ﬁtﬁ?ﬁﬁi%)ﬁ@éﬂf%éﬁ\
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Collaborators in Japan:

Shigetarou Mori, Department of Bacteriology I, NIID
Hyun Kim, Department of Bacteriology II, NIID

Mari Matsui, Department of Bacteriology II, NIID
Masato Suzuki, Department of Bacteriology II, NIID
Satowa Suzuki, Department of Bacteriology I, NIID
Jun-ichi Wachino, Department of Bacteriology, Nagoya
University
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Fv—VPEGFERE Lz, SBEShiz NDM &
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¥k, Klebsiella pneumoniae 4 ¥k, Enterobacter cloacae
1 #k. Citrobacter freundii 1 k. &K UH AREN THHE
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TR —RELEBEOA Y —= 7EELTHND
LN TEZSMAT 4 A7 ETSMA L L B HEZR
DRONDIDEBEL, ZDOHFIEN NDM B LR
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HOBRTHZIZAR D=0, katG BIZTF O
235 % B O GA OfF A, C1436A. C317T. G332A 772
ST, INBIE, TI/VBEETEHEBAICLIALO
1% frame shift, #5250 mutation ® & O TiE Alal06Val,
Glyl11Asp ([ZFEY 45, Insilico fRT T, 2 bHDT
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1 A, KatG &%
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IDZENDL, TRNHOERIT KatG EHDOEER
EMCEE A 52 T\ Z LRI Sz,
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NDM BB AR~ —PELABNMELD A
baumannii AT, SMA T 4 A 7 EOFEMEFT-
7o BHE . SMA T 4 AJETHRI LA E T X
TV L(CAZYT 4 AT D, A IR LIPM)T 4 A
7. ABNKXAMPM)T 4 A7 & SMA T 4 A7 IZ
X BB DO DOFE % Table 2 12771, CAZ Tl
16 BE 7 BETD I SMA OHEMNENBE S, &
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X, 2 OHE SMA T 4 A7 IZHEEZ T2Vl
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N3, IPM T 1 4%k, MPM TiX1 58 TEHER
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Table 1.

No. of Mutation ) i Not
. s
isolates Gene Nucleotide No. Codon Amino Acid ot
1 katG G—T position 388 CGG—CTG Argd63Leu
2 katG T—C position 271 TGG—CGG Trp9lArg
katG G—T position 1388 CGG—CTG Arg463Leu
3 katG G and A inserted after position 235 - Frameshift novel mutation
7 katG A—G position 413 AAC—AGC Asnl38Ser
katG G—T position 1388 CGG—CTG Arg463Leu
8 katG G—T position 1388 CGG—CTG Arg463Leu
katG C—A position 1436 GCG—GAG Ala479Glu novel mutation
novel
ndh T—C position 203 ATC—ACC Ile68Thr mutation*
10 katG A—C position 884 CAG—CCG GIn295Pro
katG G—T position1388 CGG—CTG Arg463Leu
11 katG C—T position 317 GCG—GTG AlalO6Val novel mutation
G— A position 332 GGC—GAC Glyl11Asp novel mutation
G—T position1388 CGG—CTG Argd63Leu
12 katG G—T position1388 CGG—CTG Argd463Leu
Argl19Arg
13 katG C—T position 357 CGC—CQGT (silent)
G—T position1388 CGG—CTG Arg463Leu
¥H24 S,
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Table 2. Inhibitory activity of sodium mercaptoacetate (SMA) disks for New Delhi
metallo-p-lactamase (NDM)-1-producing bacterial isolates

Bacterial isolates Antibiotic disks
Ceftazidime Imipenem Meropenem
(CAZ) IrPM) (MPM)

E. coli V-22 + + +
E. coli V-48 + + +
E. coli V-91 - + +
E.coliV-102 - + +
E.coliV-134 - + +
K. pneumoniae MRY 10-722 + - +
K. pneumoniae V-17 + + +
K. pneumoniae V-21 + + +
K. pneumoniae V-90 - + +
K. pneumoniae V-182 - + +
E. cloacae V-87 + - -
C. freundii V-868 - + +
A. baumannii V-275 - + +
A. baumannii V-303 + + +
A. baumannii V-320 - + +
A. baumannii V-357 - + +

(+), positive; (-), negative;, E. coli, Escherichia coli; K. pneumoniae, Klebsiella pneumoniae; E. cloacae,
Enterobacter cloacae; C. freundii, Citrobacter freundii; A. baumannii, Acinetobacter baumannii
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New Delhi metallo-f-lactamase (NDM)-1 carbapen-
emase-producing bacteria are resistant to antibiotics of
the carbapenem family, which are used as a last resort
for the treatment of infectious diseases caused by drug-
resistant bacteria. Therefore, the emergence of these
bacteria presents a serious public health issue. This is
particularly true given that NDM-1 carbapenemase has
been detected in many clinical isolates worldwide since it
was first identified in clinical isolates of Klebsielly
preumoniae and Escherichia coli from a patient
hospitalized in New Delhi (1). The NDM-1 car-
bapenemase gene has been predominantly identified in
Enterobacterigceae, but it can also occur in non-fermen-
ters (2). Hence, it is necessary to monitor the emergence
and spread of NDM-1 producers with a convenient and
effective screening method.

NDM-1 carbapenemase is a class B zinc metallo-$-
lactamase (MBL) (3). A variety of techniques have
already been developed to detect MBL producers (4),
including a disk-based synergy test, the sodium mercap-
toacetate (SMA) test, which is conventionally used in
Japanese clinical microbiclogy laboratories (5). This
test uses a Kirby-Bauer (KB) disk containing a S-lactam
antibiotic (ceftazidime [CAZ] recommended) and a disk
containing SMA, an MBL inhibitor that can bind to the
MBL active site through interactions with zinc ions (6).
Although this test works well for the detection of IMP-
and VIM-type MBL producers, which are the
predominant MBL types in Japan (7), preliminary
results have indicated that it may fail to detect NDM-1
producers when using the SMA test with the CAZ disk
according to general recomnmendations (8). Hence, the
present study aimed at imptroving the SMA test by
replacing the CAZ disk for detecting NDM-1 producers
among Enterobacterigcege and Acinetobacter bauman-
nii.

A collection of 15 NDM-1-positive bacterial isolates
(5 E. coli, 4 K. pneumoniae, 1 Enterobacter cloacae, 1

*Corresponding author; Mailing address: Department of

Bacteriology 11, National Institute of Infectious Diseases,
4-7-1 Gakuyen, Musashi-Murayama, Tokyo 208-00i1,
Japan. Tel: +81-42-561-0771, ext, 3500, Fax: +81-42-
561-7173, E-mail: keigo@niid.go.jp

Citrobacter freundii, and 4 A. baumannii), obtained
from hospitals in Vietnam in 2010, and 1 NDM-1-posi-
tive K. preumoniae strain (MRY10-722) isolated in a
hospital in Japan in 2010, were used in this study. These
isolates were identified using the API 20E and Vitek2
systems (bioMerieux, Marcy I'Etoile, France). Identifi-
cation of A. baumannii isolates was further confirmed
by rpoB gene sequencing (9). The NDM-1 gene was
detected using PCR analysis with specific primers as
described previously (10).

A total of 16 isolates were subjected to the SMA test.
The inhibitory effect of CAZ was compared with that of
the carbapenems, imipenem (IPM) and meropenem
(MPM). Suspeunsions of the bacterial isolates were
adjusted and spread on Mueller-Hinton agar plates
according to the protocol recommended by the Clinical
and Laboratory Standards Institute guidelines (11). The
KB disks containing f-lactam antibiotics (CAZ [30 ug]
or IPM [10 pg} or MPM [10 ugl) (Eiken Chemical Co.,
Ltd., Tokyo, Japan) were placed on the plates, and
disks containing SMA (3 mg) (Biken Chemical) were
placed close to 1 S-lactam disk as shown in Fig. 1. The
center-to-center diameter between the KB disk and the
SMA disk was 16 mm. The plate was incubated at 35°C
for 18 h and the growth-inhibitory zone around the KB
disk close to the SMA disk was compared with that
around the KB disk alone. An isolate was considered
MBL-positive when an apparent expansion was ob-
served, i.e., an enlargement of 5 mm or greater of the
growth-inhibitory zone around the KB disk close to the
SMA disk compared with that around the KB disk alone
(Fig. 1, middle and lower panels). An isolate was consi-
dered MBL-negative if there was no expansion of the
growth-inhibitory zone or if the expansion was less than
5 mm (Fig. 1, upper panel).

The results are summarized in Table 1. The highest
sensitivity was obtained with a combination of the
MPM and SMA disks. Of the 16 strains, 15 (93.8%)
were confirmed as positive. The combination of the
IPM and SMA disks resulted in the positive identifica-
tion of 14 strains (87.5%). On the other hand, a combi-
nation of the CAZ and SMA disks was considerably less
sensitive, as only 7 strains (43.8%) had positive results.

These results indicated that the carbapenems, IPM
and MPM, are generally more suitable than CAZ for
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Fig. 1. Results of the disk-based synergy test, the sodium mer-
captoacetate (SMA) test, for the New Delhi metallo-S-lac-
tamase (NDM)-l-producing Acinetobgeier baumannii isolate
V-275. Apparent expansion of the growth-inhibitory zone
(black arrows) between SMA and imipenem (IPM)/meropen-
em (MPM) disks were observed. On the other hand, a very
slight inhibitory effect (arrow with dashed black ling) was
observed between the ceftazidime (CAZ) and SMA disks.

detecting NDM-1-producing bacteria. The low sensitivi-
ty of the CAZ disk could be ascribed to the coproduc-
tion of other f-lactamases such as extended-spectrum -
lactamases and plasmid mediated or chromosomally
encoded AmpC f-lactamases, which inactivate CAZ
without being inhibited by SMA. In fact, it has been
reported that NDM-1-producers often simaultaneously
carry other f-lactamase genes, such as blacre, Placuy,
or blapp, (12,13). Nevertheless, 1 E. clogcoe isolate
{(V-87) produced a clearly enlarged inhibitory zone be-
tween the SMA and CAZ disks but not beiween SMA
and MPM or IPM, suggesting the importance of CAZ.
We hypothesized that these findings may have been
owing to the coproduction of OXA-48 carbapenemase,
which is usually resistant to MPM but not to CAZ. The
OXA-48 carbapenemase is a member of the serine-5-
lactamases, whose activities are not inhibited by SMA.
We used PCR to screen all isolates for the presence of
Bltoya.ss. AS expected, only the K. cloacae isclate V-87
carried the blagys.as gene; however, further examina-
tions with additional isolates are required to confirm
our hypothesis.

On the basis of these results, we conclude that the
SMA test using both the MPM and CAZ disks is the
most suitable method for screening carbapenem-
resistant isolates for NDM-1-type MBL producers. As
reported previously (8), this combination also allows for
highly sensitive and specific detection of the IMP- and
VIM-type MBL producers. Effective screening of MBL
producers, including the NDM-1 type and other MBL
types, can therefore be performed by the SMA test uging

Table 1. Inhibitory activity of SMA disks for NDM-1-producing
bacterial isolates

Auntibiotic disk

Bacterial isolate

CAZ iPM MPM

E. coli V222 + 4 +
E. coli V-48 + + +
E. coli V-91 3 -
E. coli V-102 + 4
E. coli V-134 - 1 '
K. preumonice MRY10-722 + - 4
K. preumonige V-17 + 1 3
K, prneumoniage V-21 1 + +

B

K. pneumoniae V-90 b
K. pneumonige V-182 +
cloacae V-87 ’
| freundii V-868 - +
. baumannii V-275 - +
4;
..’,
q),

i

IR

A, baumannii ¥-303 +
A. boumannii ¥-320
A. baumannii V-357 -

R e

o

SMA, sodium mercaptoacetate; NDM, New Delhi metallo-f§-lac-
tamase; CAZ, ceftazidime; IPM, imipenen; MPM, meropenem;
+, positive; —, negative.

MPM and CAZ disks in clinical laboratories followed
by confirmation of the MBL genes by PCR analysis in
specialized laboratories.
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BEEMBFZINE, 2) MACHURMEZRIE L, BE : 61%, FEE 1% Th-o7-, Al
IEZ BRI, M, vEThHY |, AFECHIE 2B L, FHTHD Z RS T,

RSB RE DT R BRI (2 HE IS LT B
{

*//////’ \\\\\\\‘

H A B b
B A i BB BT A A B 4E
RREE - REEE - FHAM

A. FFZEE

HRAITHEM L TWD, BATIE, 4/ 9000 A

FEREZ MR R (NTM) UYL 72 & bR EEZ DHHBERFEELTVD EHEEIN TN,
FEYME DFY 10-20% (5 : 100-200 BA) % S, K12, Mycobacterium avium complex (MAC) gk
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JEILIERE R MU B RUIE D 70-80% % 5@, FAH
Thd, MAC IR EMIEERBIETF NIEE
(GPL) #A L. LM GPL 34 T?» MAC (24t
W72 GPL #% & IR B o D DI SN B, T
AU I ERERETREEFEE B L OBEFEE OB
HEHE (2007 4E) I2AE L - IEEWE MAC RRYYE I B
L. ESCHEREZRE L LT, MAC HBHIETH
% GPLEFURIZX T 5 MiF IgA TiiE B o2l »
FEBZ Lz, ENBRETIIZHRE  84%., A
B 100%., F£7-. FrERFRIE 3 K (ERETIE
B10A) THY, BWEERFEREEZRL, EAE
FEE XA A ER S RERTEAR L, RRE
BAREE LTREESh TS (2011 4 8 A) , M1
ZTC, 2012 £ 9 Ao REMEMKRE BML) 0%
FEIEB L0, BREZ2EE L TAS ERTHZ LN
HEEN 5,

ZOZWiE v MIGPLAFEM IgA LIRS A & FEIE
LTWBE), AFEIC L D RENEDEENERL
HHMEICEEL 52 DREENRDH D, WA T, FERE
I MEDUES B B ER B RYLE ki L v |, RINEFED
BENRELAZ ENmb TN,

2y NOEBEMNEREERIET 5729, H
ARE B AHIGCRE (B) B0 2 ERERHE %2
Hayd L,

B. WF3E 5
T B M P B8 1 R YR O oD ifn 3

VLB E ROLE (MAC % & T dEf R E BRI
W) BEOMBLZINET S,

* ¥ U 7° MAC HiikE2 %5 & B E (ELISA) iT
X 5 I 35F Hi A o B E

MAC JE&YUIE D MAC 5 2 HURIC K7 2 ik 1gA i
EERHT 2 REMEZE v b (BT 3 BER,
By A7 0.7 UmL, % vV 7° MAC Hilk
ELISA # v X)) #Rvw, EREMEERIEST 5,
BEEA~ORE
EhERRETAHEFVEMEICE L, ESDRg
SERFIRRTCE ST BV K IR P CHEI AR 215 T 5,
2B, FlEEHERIX e o T,

C. SR
REREFEBORE

PR RE (MAC %2 & eI IR DUER 1
fERE) BEEMERIR U, B2WEE (2007 4F) 12
A LT TR MAC RYYE : 57 SEB]. MAC B
A (contamination) : 11 fEfI. M. kansasii BYLE :
14 JEG], TR FE FRIERHZMEGUBLE (M. chelonae.,
M. abscessus., M. fortuitum 72 &) REYLE : 26 {5,
IREIWEREEZ © 48 JEB, FEERE ORBEHEME : 42
FEBI7 B M & UNEE LTz,
¥y v 7°MAC HifkEE R @ RlE (ELISA) T
X % 1 & G4 o H 2

THEENMEMT MAC BYWAE CIIEPURIEEIT 34, it
X 23 JEHI, MAC JE A (contamination) : BB 1.

Bt id 10 SEG], M. kansasii JEYWE Tl TRt
Th V., MR ERIEREZ PR ERE « BT
7. BT A9 ER. EEMEREEZBNE - 5. BMEIX 10
FERF], TR RE ORERARE - BIEIT 2, BT 42
B, myFZWixy NORER 61%. FEEIX 91%
ThHoir,

D. B4

FEREMEDUEE (NTM) BUYE ISR ChiBE
JERYRE DF9 10-20% % 5, AL T3,
¥z, Mycobacterium avium complex (MAC) Rt
TEIXFERE R EPIRERERIED 70-80%% L8, &
TH D, NTM BYLE D2 WHd Kk E e & B %E /K
YLRESL DB EYE (2007 )12 L v Z#an s,
FOFFILL) BRARER (B, v, 2
E) L 2) EEFRAR (BE. &R, [REXE) B
FO3) MEFHIRT R (EEEEE © 2 B L)
MBEREN TS, MAC IZBRE M (EEFRIC
R 2EBNNE) THY MEFNFT R (BREEE
2EILL BB 2R T 5729, MAC BUE OMEE
BRI LI ARNKLEL2D,

ZOMEZE X > Mid MAC 455 00 i BEHT R

(GPL) ZHW., #EME IgA BiAIE 2 fEE L
LTW3%, BARENOZHEZRILFRFICIC X D HERERT
i CITRREE (84%) . FFEEE (100%) . Bt (FF
FRFM - 3 B S BUWEREERL TS,
UL, BERBICEIAFIZLI2GEEEDER
DSERREVE I B E 5 2 DRREMEN B D,

BB B HIEEME MAC BYYWE D MIE2 M DR
ElL61%., BHEEIXZ 9% Thotz, ZOEIZAR
FEI PN D £ Jii 5% 2L R AFZEIC L A HEREREM I b L, #5312,
BE (B 84%KE : 77%) NMEF LT,
ZORRAE LT, BE T GPL {RA REE BRI IR
EMNBERAENEEETHL L, AFEETO
IEENERT MAC RUME BE TR R B L
%\ N32%) KRERPE CEMB I Nz Z EBNRB E Tz,
ARMEZWHIIEEREE, 6FE, RETHY . AEP
A B L, FRHTh V25,

LS%BOBEL LT, BEOEEHILERVZE (FH
FbtEETe) X A%y FOMRERME, by b T
EORFHe GPL fr A RiE R BRI FEFEEEEE (M.
chelonae. M. abscessus. M. fortuitum 72 &) Ry
JEDRRE - BREOHT 2D, BB BIT 2 ME
ZWrx vy hOBFRAMERKIICHRIET A2 N
EFbohb,

E. &

® VBB AEEME MAC FRIWED MIEZ W D
RREE 61%. FFEEIT 91% CTh o7z, RjE
PWNIERIEE, i, QETHY | AFEDH
WEElL, FRTh- T,

F. BEARER
FREIEA L,
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Serodiagnosis of active Mycobacterium avium complex disease in
Taiwan

Manabu ATO
Takayuki MATSUMURA
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Jann-Yuan WANG
National Taiwan University Hospital, Taipei, Taiwan

Diagnosis of active Mycobacterium avium complex pulmonary disease (MAC-PD)
is complicated and time-consuming, because MAC-PD is diagnosed according to the
guidelines set forth by the American Thoracic Society 2007, which include clinical and
microbiological criteria. A multicenter study from Japan reported the usefulness of a
serodiagnostic test to determine serum IgA antibodies against mycobacterial
glycopeptidolipid (GPL) core for diagnosing MAC-PD proven by sputum culture (sensitivity:
84%, specificity: 100%) within a few hours. The objective of this study was to evaluate the
usefulness of the test in similar patients in Taiwan. Fifty-seven patients with MAC-LD, 11
with MAC contamination, 13 M. kansasii-LD, 26 LD due to rapidly-growing mycobacteria
(RGM), 48 pulmonary tuberculosis, and 42 household contacts of patients with TB were
enrolled into the study at National Taiwan University Hospital. Serum GPL core IgA
antibody levels were measured with an enzyme immunoassay kit, and routine clinical
evaluations were performed. The sensitivity and specificity (cut off point=0.73 U/mL) of the
serodiagnostic test for diagnosing active MAC-PD were 61% and 91%, respectively. The
results were lower when compared to previous reports, perhaps due to high proportion of
immune-compromized patients in active MAC-PD and RGD-PD patients. We conclude that
measurement of serum anti-MAC-GPL IgA level is useful for the diagnosis of MAC-LD in
Taiwan.
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EA BRI TR BB A (BT A TV P L HEURERT IR [T VT ORRYE
FHMPFFEHEE E DT R T N U —F v b U — 7 O & LR EH OMbic BT 2858
(H23-%7 Bl-H5 E-020)

SR EE

NE IR DIRRME & AT B 5 B A LR
e ESLRRGYEMSTIT N e RIS A —
RIS E3ER

[ SERGERFZE R N v RIS o & —
RRYLHIEE R

[E SLRYYERFZERT N VRIS 2 —
BRYLHIEES R

E SLRRGYERZE T~ o R R v A —
7 e e S e v =

Wt HE  HEE

e EE

M AE  RIm EE

I E  HE

WIREE NrvrmOMEZEEORS L FMACRERE CTH 2 b WE OIEAIMIEIZBE T 5
BETFERORMZER LT 203 AEL S WV E ORI LWESEETFERR
HiE (Hp-rPCR 1) ZM#iF L7z, HpPCR ETO WFTORR D EREFMRET LD T
hE—/L DNA ZJHVWTREFREREF/LI LG, BBV TAD 5 S folPl BInFIZERD
& o 72 NTC004 |Z-DWTHRET L7z, DNA ENRFEFIZD72 NI & RORMED OFIERZ N &0 D
FAREND  REL LT R A RET A T20IC, 7V DNA 2 BAUINC~ /L F 7 Ly 7 2 PCR
W RS F folPI, rpoB, gyrA IR L Ch> 5 Hp-rPCR 35 TZ Bk H 2 A - 45 5. rpoB,
grd CTIRMEERIT o Te b D OYEST 5 Z ENTERD, folPl TIEINETHEEDO Y —7

U AVETCHER SN E R % Hp-rPCRIBICB W T HHIETE T,

A WFEEE

ANl R R I ARG RS (WHO) 2
1981 4F L 0 #E45E UC & 7= 2 AIPFBIEN 2 &
L CEPEE ORERITE L TE, L
L. SBHtROBEELKROFRBREL
389 20 T AEE X Bl TR EORS
BEEbRONBL R TVDEONREIRTH B,
F - EAMERE OB R Ebhih T 5 R
B3 C ORI EFA TE VR TS 5,
%< OERM 7T VT i EITBEGEE OKETIX
N UHRIEATE & L TORED b IdsnTz
YOO, RIELKAVR, I¥xr~v—, AU F
FTT T4V N LARETIIEE
DLV BFE L, TNENOE2EORK
PLER R ISR W T £ EE e X SRR E &
2o TS, ZOBUREESE | BrAfE i
D EH, S DITIEEREN R EIRET
BT, N UIREO R, 1BERR

WOE=HY 7 AR OFE, F4E
B e 9 BEREORREFERTE. BIE
AT ERNELEZOND, REBEDWH
N TIEE LI, FaB TN ETHSLLT
e RO MIEZENEE VBB O
vl R R BRI G OB E EE LT T,
FIH 210, BEDLGHENER S D EH
MHEE A A BB OBFE BN DNA TEEL T
X7, 3T, EAIMMOFENEDN S A
FHHRDOLWEIZEBIT 2B FERBERIC
M2 &7 b9 &) BRI A S5 7o
W, EREUHENMBE CHHIAATE (M
smegmatis) 5 VB O it B EE R & A4,
FOIEANIS T DHETHH T L TiEAT 5
EWIH FHEEZBE TEHEONEMMEERIZEH
Lz, ZRETOREICMZ, 4EIZZ RS
it P 25 B DAL VR & BR S LI 2 N & 72,
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B. BFzEAiE
M ZE B oo Rk H O 72 DI S E AW H ik
VSR O BRI PR 2 B H O 72 DI LIATH

L X 7= T (M. H. Hazbon and D. Alland, J.

Clin. Microbiol 42:1236-1242,2004) . % DR
R IR T, EAROIZIXY 7v¥ 4 A PCR
Ex VT 5, PCR EEH TH 5 2 485 DNA
DY A N—=27 Y — o THOEER SN D G HR
% BV, ABI @ Step One Plus % N CHIE %
1T - 7=, Forward Primer X% B & W HEIERIIC
NTE U ERAT D & O REINT D DA
¥ T D, Reverse Primer [Ti@H D PCR 12/
A5 59 RESNICT 5,
D 3IRIHOEENEROF LA T DERE
L2 < 5 L DICHKET D, £ OEBEALOR
ERABOEEG, A, T, COVTNILEMD
TeOIT, £0 IRWPERD 4 OOBFHRL 72
% 4> Forward Primer #{Efk 3%, ZZT
I$ARyk % Hp-rPCR (Hairpin primer real time
PCR) k& MRS, FHFI % Reverse Primer
& PCR 1T\, WTNED PCR 3bo b b
EB PCREMEZELETLZNERLZ LT
P T IVDEFOE DEREAL O R A TE L
EEROFELZHETDHHDOTHDL, TORHE
DHET= O, HIRAFRAL S B3 o 7kl
Abyval oAy (BER &ZETD
P A 7 V¥ % 7”"$ Threshold Cycle (Ct) fEIZ
FOBEMICHIES D, FORE, A N—T
J—V<wAXAZ—I v 7 X 5ul, 5uM forward
primer 1 z 1, 54 M Reverse primer L 1, 7 >/~
L — FDNA X | TIREZABE K CTIREZ 1011
T 5, EAD 96-well 7L — FEAN, HK
JibE 3 well 3o (triplicate) 1772, FUGSAE
Ix. 98°C, 10 #, 61°C, 10 B, 68°C, 10 B 45
YA T NATo T,

Forward Primer

(PR E A~ DELE)

RIFFEIIEN D ERE S E 2, SHEPIE, &
RWFEE OFTE T 5 WiE @ﬁ@%% D7
RE/UT- T, BEOBRIUTEE OBERE
WCBWTEBENDFETHY, TOHER

BEOREEZETHLOTIHRLS, BOMR
WIZBREOT T AN —Z 3\, L 22, B
FHIZXLTIXEMNEZHHL, RENELNLE
B OHIRIEOTIR % FE LT,

C. WroEfEs
T, a2 bo—rE LTBWE Thai-33 &
Zensho-2 7>5 7%/ A DNA it L, £h %
NERAEZ L MEO 2 he—10T
~NL— |k DNA & L. 3 wells 22D K&H
(triplicate) % 4T > 72, X 2 1 Zensho-2 O folP]
EBETFSSLa Rro2BZBOEERENE L
7z Hp-tPCR ¥£% 7~ L7z, Forward 77 A ~—
DIKBRTOT T4 ~—0OCtHENERL/NE
WIS Zensho-2 D folP] BART 55 LD =
RALCTC THY . 7Y VIHEEETH S
I & DSHEFR T & 7z, FIEEIC Thai-53 & AW CIT
7z folP] BInF 3 DFTORKERITSIMLO 1 F
HOBREIZ A, 2FBIXC, FLTS5MD2
FEHNCTHY, HDIRZHEETORSIT
BB DR TE I rpoB J U gyrA OFER
AR L TWRWA, Wb AREIC L DIER
HALOBEEDHENTE T,

*1
Sample  Type JoiP1 rpoB gyrd
NTU001 MB wt wt wit
NTU00Z MB wt wt wt
NTU003 MB wt wt wi
NTU004 MB T53R* wt wit
NTU006 MB NA NA NR
NTU0O7 MB wi NA NA
NTUO1l MB Wt NA NA
NTU012 PB 531 wi NA
NTU013 PB wt wt NR

KTSIR: folP] EIE T 53 L b LA =13
TNAX =N ER

WIZLAETRE LR 1ICH D L O ICiEE R
Z7R L7z NTU004 % v, KikxaRAT, &
WNLEERRIED B1572 DNA THDHZ b
FEHIZ DNA N7 7 VT —7ERNED
NPT, wNF T v 7 APCRIER
TV, £D%% HptPCR EE1TH 2 & & LTz,
FTORER, 7 VT —RERE/LIZLNTE
7. NTU004 X folP] EEFD 53 fLDOT X/
BRLA=ZVIERRBD T A= 2720
ZFD = RUEACC 705 AGA 1T 2 AR
BDELTWEZ LR INETICERSLTY
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11

I531-T
A efficient inefficient

B COBRICESTHT Y UlMER b D
T531-G T ERHERINT,
G 1 Hp-rPCR(Hairpin-primer realtime PCR){%
O O

3““—@5‘“?—@

f

/]

WERD = & 723 B, HprPCR ¥ T 53 L 2
EHOHEEICOWTIIRREEL Z LIETE
s, TIA~—DEREDR3EH OHREE
WOWTIIHERTE R o7,

2. folPl BIZF 55D N 2&BD
WHECOEREZE DB VWHE Zensho-2

1031222827 2931 B

D. EE

Hp-rPCR IEMENTH D 9 WFTOERDOH
ML FEEICHETEDLILE, o br—)L
DEICB VT HERREROEIZIBWT S AHE
T&bé EMB B E 72072, DNA [BUNIE
WICEN D ERZWVERREICIBN TSV
F 7Ly 7 APCRIEE OHFHIC L W IEFICHE
BEICHETHIZENTER, wAF Ty
7 APCRE & Hp-rPCRIEZ O L 7= 15610
L7 DNA i HHEETT, K 5
BERETH Y . I OWT S B R
S EEZ 55, NTU004 DEF-> ACC 2> 5
AGA DEBRITI LA = NBETF=0O
ERTH DN, HprPCR IETHEINLD DIX
2EHDOCHGTHoTIETTHIHI &b,
ACC 726 AGC ~DEROWREMELH D Z &
20, FORET I JBOERII N VA=
Vb U U~DERIZRD, TOBEDE
B L0 BRIIFER ST Rno T, B
BB ICEECEE TR ERH D Z L
W25, TRIRSHOBETH LR, BE
X AGC & WO BEITERRK TR - TE
5. BE L MBS TR R X —
DR T2HBOCHLGC~OERIT3IFEH
DCHEA~DEREZHEIDMD LILR,

E. f#m

Hp-rPCR E% b WE DML BEH D720
R 2 Z ENHEETH D Z L BNFERAHIR
7ro <NF Ly s X PCR ¥EE OFFH TR
T - M S BRI ET O R R E A T E T,

G. WFERE
1. IR

1) M. Kai, N. Nakata, M. Matsuoka, T. Sekizuka,
M. Kuroda and M. Makino. Characteristic
mutations found in the ML0411 gene of
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Asian countries. Infection, Genetics and
Evolution Vol. 19, 200-204, 2013.
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2014 £ (in press)
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B A SRR L L T P - R YR e
TOT DORYIEHE YR DT RT F U —xy hU— 7 OEE L
IRIBFFE RS DR I B4 A %8 (H23 — #HBl—Fg E—020 )

TRIE 7 A /b A ORI IR OMESL & 43 FE 2B 5 LR

SERTSEE Rl FE ESLERYGWERTIERT U A L R

e E A SO [ESLRERERTIERT TV A v X H THS
M5 hE Fe BF  ERCERGYERTIERT U A L R T

]

B X —s3— |k : Taiwan CDC, Ms. Fang-tzy Wu.

WFEEE © BB A 2010 025 2012 40 Norovirus B EMREAK 300 Ml L
DR &7z GIT. 4, GIL.2, GIL.3 HiEATHED ORF1 7> genome end (I3 T D FEELFIf#
WEITW, /R VA NVATA T 4T 473 yT 4 —ICLo TRBENTHR
genotyping 1T 9 728, K& A ¥ JIZ#A L7z Universal primer RT-PCR v AT A% HE
$ LT, TCDC OFTHE—EE» SERIITH T Y 7 Uiz /v oA v A%
W, R4V AOEERNELIZOWVWT NS FAVCTHELELEZ A,
0.48nt/0. 24aa/day/genome DHELEHE (ADEIK) THY ., ZNETICHE SNTZEED
$1/4 DEEHETH D Z L AR I,

Abstract:

We established universal primer set and long RT-PCR system to analyze norovirus
genotype according to a unified norovirus nomenclature and genotyping. New long
distance RT-PCR system with UniKY primer set could detect all of the norovirus
genotypes that were included previously reported norovirus positive stool panel. To
study norovirus evolution in human body, norovirus positive stool samples that were
serially sampled from same patient were analyzed with next generation sequencing
system (NGS). Norovirus evolution speed that showed 0. 48 nt /day/genome was one fourth

slower than previously reported.

A BFZEER BIEBIZRBIT 5 2010 025 2012 £FO BB
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BT 5 2010 4D 2012 4ED Norovirus B
Yl E R 300 RIEX WV HRH Sz
GII. 4, GII.2, GII.3 JRATHR®D ORFL 25
genome end [Z /) C DI EBELFIAENT 24TV,
JRATANAY AT T 4 T4 v 72l
T4 =l Lo TIRB EN - HH genotyping
EITH7d, KEA L TIZ#AE LT
Universal primer RT-PCR /R T L % HE4E
T3, F7o. TCDC DA T 5 R—E KD 5 R
RINTH TV 7 Lz ayA VA
WiEEZBEV, e vA L 2AOEERNERIC
DWTNGS 2 W THIZET 5,

B. WFFEITIE

L BPBE Tk

<NoV Btk ik >

8 CDC(TCDC) 12 & - T 2010 7> 5 2011
ENZTCTINE SN, U A VR THRIE
BEREE NoV, SaV D =Ry g F L7
RT-PCR (Kojima et al. JVM, 2002. NoV:
GISKF & R, G2SKF & R, SaV Okada et al
primer sets) IZX > THEL. NoV 5%
2L EFERIE 169 BIEE AV,

Fio, HAERBENATC L > TREIN
72, 1990 D 2000 2T CTHERST
BeRAELZEMARTFEEHOEFERE
132 MR ZHFEOFMAL 77 L A
NoV B L e LTHWE, Zhb
ORMAIE. B EREAEPRAT XV E kg
FEM AT A NVABE _ME—EN D EEZ
IJ. T_XTCTD genotype OFK 90% % B —
THEML 77 L AR E L TEBE
ALTna,

E BT, NoV DEARNEEZTIRD D,
NoV YL EE A - P D 15 4 2> BIRERAY I
YV T ENTERE L KRR —S
VAV AT I NGS (A VS F MiSeq) 1Tk
BHERATIC AT,
<=y g F IV RT-PCR>

NoV D HIZI%, Kojima et al. JVM, 2002.
2 & o THE S/ GISKF & R, G2SKF & R
774 ~—%y hxHWE RT-PCR 1T >
77

<Real-time RT-PCR>

NoV @ RNA %/ ATEEIZIT. Kageyama et
al. JCM, 2004 (k> THEIN, HED
HROIT—NTFT AL F— RE LUTLE
SiF B TUWS 06 primer set & RING
probe & i\ /= real-time RT-PCR % i\ 7=,
ARFHETHELNT VA EBEZEREL LT,
Super rapid RT-PCR, BLEIA % &AM L7z,
<Universal primer RT-PCR>
JAaGANAY AT 4T 4y 7 A
YT 4L o THRB I ZHH
genotyping 4T 9 72, KA B JITdh
L3 5B IR AT RE /2 2T D NoV (1T3#
& L7-% 3 1A% Universal primer set #5
FA v LTz, HuNoV £REEEFNDT 7 A
A hERWT, BEICRESNTCEEE
BEL, ORFLIZa—Rane7esr7—E
Ul r & F — 7 A5z . BT Universal
primer set (Uni3KY primers) ZEEF L 77,
W EF L2 B primer set & |
PrimeStar GXL & IV TH) 4.5 kb @ long

Takara

distance RT-PCR Z 3 L. PCR amplicons

BNEOLNE o254, UnilkY primers &
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FAV 7~ nested PCR % Efm L7z, 1 step
RT-PCR amplicon, 2" step amplicon £iZ.
(RdRp) 725
ORF2 (VP1)

524 B @ polymerase region
Capsid N/S region & /X— L,
BRENN—T D,

<M ELBAFIFREAT >

NoV D#EELFIf#MTIX. RT-PCR THE LIz
PCR 7o 7V avigfle Lics AL b
V=T U AETITAT =T —F I K
S THT oo, 7/ KLEROE LRSI
%, 5° RACE R L83 RACE % H\WCIRE
L7z,

<NGS & & 2 SR EEBL 5 i >
RS L7z RNA LU NEB 4o
NEBnext Ultra % hZMVNT, cDNA T4
77U —EFHEL, MiSeq IZHWE, BH
N7 ¥R FEE %1, CLC 4L Genomics work
bench |2 > T De Novo assemble ¥ L O
standard sequence |Z%9 % Mapping %17
VN NoV genome LDRIRER, 7 X BRER
AR LTz,

<Gy RAEIRNT >

BB NV 7 ) bhy—4 2 A%, Clustal
W version 1.8 TV 74 A L. kimura
D 2 NTF A — & —|Z X o T genetic
distance ZHHM L7z, £D#H%, NJIEIZX -
Tof R 2B L, f#T L7z,

C. HFFEfER - BE

1. #FE NoV #aHi7E & Universal primer
RT-PCR @ EL#

TCDC DR 169 BKDPNFRIL, GT B YL
39 fEfA, GIT BEJMEEH: 123 #fk, GI, GII

BARYG: T A ThoTz, TN EEED
Super rapid RT-PCR DGR AR L7z &
A, GIT BEMUBZLIZB L CldERIC 2
~ 3 g )V RT-PCR, standard real-time
RT-PCR L [A#ECTH o7z, & 3 #fL UniKY
series primer set ZHW=HE L., FZ%E
DFERTH -T2, Ll 6T EIMEGBA
R A BRI, 7,739 (18%) LHH T
Eh o7, BBlEZR LT BEIL, 10% copies
/uL LLF® RNA titer Th-o7z, & 3 R
UniKY series primer set ZFHWZHEAE L.
FEORKR LD SETCDC LV HFLIAE
N G 7E MO RETY A v
ZRLF-DMEIL, T A SV A RNA B E L 72D,
10" copies /uL ELTF @ RNA titer # 4K
BEDOKRKTH T2 ENHEL LIRS,
TCDC @ GI Btk ki, o4
TOW 7 ZEBW T, Super rapid RT-PCR
& BLEIA JZ R WHEBIRIfR Z 7R L7, BLEIA
DEEMETH S COI 1%, ELISA IZ8IT 5 0D
value 1ZFH ¥ 94 %, Standard real-time
RT-PCR & BLEIA @ COI DFHBARIFRIE 1 123
<L FEFITROAEBIBIMR RO b iLiz, N
% T. Super rapid RT-PCR THiHTFEETH
o 72 ¥ 1%, Universal primer RT-PCR #&
HRT 100%RIEFRRTH o, DED,
Super rapid RT-PCRZ TREMEZ /R L7 Bl
IZ. Universal primer RT-PCR THIHE L .
SR ANVAY AT 4T 47 Ay
T 4 I & o TR &N Hi#H genotyping
MARETH D ZEBHALNE -T2,

NoV BEtE#EME L 7 7 L o AR VMR &
W7l # s 12 8 v T, Universal
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