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v b5 4 7V ¥ 4 VA (Human Parainfluenza Virus : HPIV) (34 DORIZHFHENTED,
BAE M, SCHR T S L2 BUR T RE 2 Multiplex-RT-Nested-PCR % (BEH# 5 3:) 236 Hw SR
TWwa. L LA SR ETH S NS MIEEY ORERANIE <, TR 3 BUIMBHT I3 2 HIERLH A3
60 HiIETH D Z L9 b SRMBHRNT O FFEDSWEE 2 - 72, 2T, HPIV 2 BIEEICHRIECTE, Mz TR
TRMT AU RE 72 S L BCH A5 S 1 B Multiplex-RT-Nested-PCR #: (AK%:) ORI % A4, HPIV @ HN $HIE
ERNE LT TA =27 ZikE L7, 2 ORI, Ao Nested-PCRIZEL Y, HPIVI &, 27 371,
4 B4 % T 652bp, 950bp, 843bp, 552bp DIGUFEW 31 S N7z, BT % H v CTREIC HPIV #{m T2
MENTWD 193RI LTARBEZER L& 25, & TOBENS HPIV #a T2t &hsz. 72,
DI EHEIRZ T ZE T A VR 12 IS L TAREZFEL7-L 25, KESTRD ONEh o7z,

BB, RPFECL o THEONAMIBEWIILTEA LY b= Y AZERL, Peg 30y %
o CRBHENT 2 17 5 72, fENT#EIRIE, Nested-PCR 77 4 ~—#4 £ Thr\v» 7z, HPIVI & 608nt, 2
1 907nt, 3% 799nt, 4 F510nt & L7z, JHBENT ORE, HPIVI &, 28, 3HMoORMEIIEmMD 7 T A
Y= ETHI LN TE, HPIVAROBKIZH 75 4 Th25HT 5 L TE 7.

PLEo#iRa 6, Kk, HPIV 2, &L TFET 28z FmEo—2 & LT, AHATHSL I L2%D
"oz,

URHeiERE 94 86~96, 2020)

F X 200%TH A FITFENSLY. HPIV IE, /AED

L hRF A4 TNV UH Y A )VA (Human Parain-
fluenza Virus : HPIV) &, 785 3 7 V7 4 )V AF}HZ
BT A< A FA—KRPERNA 74 VA THY, 1950 4F
RICER IR, HPIViZ4 o082 5 s
HPIV1 %! (HPIV1) & HPIV3#! (HPIV3) 3L A ¥
o4V A& 2, HPIV2# (HPIV2) & HPIV4 &
(HPIV4) VT I A N RBIZENENE LTS,
X 512 HPIV4 X, A% (HPIV4a) & B# (HPIV4b)

BURIEE RS © (T338-0013) Sz Fihirh X547 T H 5
125
S/ TRERERANTEE > & — PR AERL R
BEA HERR

WP P IEGRE D EE RN 7 A VAD D ED L Eh,
FRGER, IV —T, FEXREERTESREI TV 4
2 HPIV3 (= 2% & S, /NERBR mE
Jitii% T OE M EGBI G S Tv B9,

X7z TR A v 7 — (UF, k¥ 5 —)
T, EYE DT B M OTRGIE D F 2 xh 3 % RIS
B9 % ISR D W o B RS AE B A o T, I
W g e AR AT & N7z BB MR IR LT HPIV 2 &9
TR EHERZ B SR T4 VA G & LzElE
THELZEKL TWD. —HD 7 1V AKRETIE, PCR
LD ESNABIEEWICOVWT, FYEF ) —v—
ot —E TR 2 e L, R w7

A MRS Ro4E 1



HPIV14 @ PCR #EDO M 87

WIEBYVRNT % 1T > T 5. HPIV O M5 THAEI2IE,
FE L EGSRERFSERT O AR i~ = 2 7V, Echevar-
ria b DO FEB X O Aguilar 5 O FFEICHE DO W72
Multiplex-RT-Nested-PCR i (LLF, B4 % H
WT WYY I 1, NestedPCR TH 5 I &
W& ARIBEE o R X%, HPIV1, HPIV2, HPIVS,
HPIV4 (LLF, HPIV1-4) &AW EE 7% Multiplex-
PCRTHBZ LI BB MEDORENHILE VS
NTWB7W LA L%aass, BE#HT ik Tld Nested-
PCR T3 & 1L % B4R pE W) O 35 FEBLH 25 320bp LLF &
B KEIC HPIVZ OBEMEWIE, 774 ~—BF %
B 7 AT Il 5 B IR ICHI A 60 R TH B 2 &
Mo, REEHENT OERIZRETH - 72,

ZIT, AT IA v —%EF L, HPIV
1-4 123+ 3 % Nested-PCR TR A BNT A3 HE 2 - 4
Z O B g FE Wy A5 H5 S L A Multiplex-RT-Nested-PCR
2 (DN, Rk oBsE A7,

M EHE

1. featitk

JEGGETSAEBFRAIC X D, 2012 4EH 5 2018 4F %
TOWBIZE W FTHNOEEEREE» & v ¥ —
WIS 7z, IPHRERIE IR A A & N7z B LIRS
N7-BIWEAT 7, AT 7R BRIk E L7z, 2B,
try =ik, BRI 2 MHE LT, BE
ID - PR - AE WS - B2Wr 4L - BRRSEAR - BROR #% 8 - 5t
BB - FEIEH - MUEERICH - FEAERW - v o 7 OB
FEIE - PEMRE - BREER) O ADSEA; S, Z O
ANTEHUE AR S v, $R S 2 BRRB I, TRIE
B~ = 2 7 WACIED W CERE L 727 £ OV A PRAE B
P 2mL IZIRIE L, -80T CTHRE L7122, Rk ®
25, BT T HPIV @8ZF AR S 724 To
WAk TdH % 193 Belk 2 ikt & L7z, WEIE HPIVI 28
40 Befk, HPIV2 25 21 #fk, HPIV3 78 111 #efk, HPIV
4 7% 21 Wik 7Z - 72,

2. A4V ARNAHIM B X WG RS IC X %

cDNA DOfEH#

1,880 x g 10 45 D3t 053 % 47 o 723kt o i
140uL %% QIAamp Viral RNA mini kitfQIAGEN]%
FAWTZ A VA RNA i L, PrimeScript RT re-
agent kitf TAKARA BIOZ W CHilin 5 G % 47\,
cDNA #{E# L7z, 74 )V A RNA il X o0
WG ROG5MFE, Theho7a b a—ViciEwnii-
7z.

3. MR B X ORI o /E

B 100uL % Vero/E6 ML F2E L 72, MEARS 2%
Tk, BAGEETHL B X OHERER M ORI E, 8T A
VINIUY T AL NVARETZ 2T VIO TIT S
720, 3GERIEEE L, MREMRE (CPE) 2R L

1

AM24E1 H20H

72. CPE DWEFRCT & o IRl W T, 2
i F cEMMR AT - /2. HPIV1, HPIV2, HPIVS,
HPIV4a, HPIV4b(LL'F, HPIV1-4ab) ZNZNhd CPE
PSHERR S N7z Vero/E6 MINLES 6 1 i 140uL 25, il
HT/RL7zT AV A RNA Hilii B X O R G SOS 2 &
0, [HFRIC cDNA 28 L, DEPC ALK T 10°£51C
FML 720 E2EENR (P.C) & L7-.

4. T4 ~— DL F

HPIV @ # % % ¥ 7% 7 T & 5 Hemagglutinin-
Neuraminidase glycoprotein & 2 — K3 5% i {z1-5H8
(HN #8%) Z#EWAcY) & LT HPIV14 o 1st-PCR B
X ' Nested-PCR ® 7 5 4 v — % #% &l L 72 (Table
1). Nested-PCR T7 7 A ~—H % B < B4R Y ©
B A ZAH500bp PL LR A L5 ICL, Inz THPIVI-
4 ® Nested-PCR ¥IEFEY O % 4 AHZF 21 100bp
UERZZ X517 £/, HPIVADY T4 7
4a, 4b SIIZHPIVA DT I 4 v —CTHIRTE % L9
L7z, L8 3EE5)1&, DNA Date Bank of Ja-
pan (DDB]) 12 HN &4HA B4 SN T Wb 4 b
AR O H A5 #EE L, HPIV1, HPIV2, HPIV3 (DL
T, HPIV1-3) &2 ZFN 30 %3 >, HPIV4 X5 %
ENTVLHIL W 05 208kE L7z, &iFL
BT I < —DEBITOWTIE, Fasmac Lo %t
HFWH—CEAZFH L7 IstPCR ATHWS 77 4
~ — 8ffi & NestedPCRHHTHWwWA 754 ~— 8%k
X, ZNZFNI0uM I b X HBREMEL, 1st-PCR
794 <—, Nested-PCR 791 ~—& L7

5. T4 —REL T =—) ¥ ZIREORE

IstPCR 77 4 ¥~ — D % ltube 72 1 0.1luM~
05uM 1272 & 0.1uM B CHE L, PC %<
ZNEN Ist-PCR 2N L7z, W<, 7=—1
T % 54C~64C ¥ T2C M TxZEL, PC%
HAWT, Z#F 7 1st-PCR # 1T - 72. Nested-PCR (2
DWTIE, Nested-PCR 7J A4 ¥ — D&% 1st-PCR
T4 — EFMICHRE L, 1stPCR OB IEEY) %
DEPC MLEK T 10°EICAHM L2 D& T L — |
L LTPCR #4T7»72. NestedPCRO7 =—1 ¥ 7
MEEIZDWTH 1st-PCR & [ERIZREE L 72

6. PCR

PCR ## 1%, Multiplex PCR Assay kit Ver.2
[TAKARA BIO] %7z, 1st-PCR & Uniix, 2
X Multiplex PCR Buffer 12.5ul, Multiplex PCR En-
zyme MIX 0.125uL, 1st-PCR 7°Z £ ~— 0.5uL, DEPC
ALEK 9.375ul A L2 ISICT Y 7 L—h e L
T cDNA 25uL MMz, 408 25uL & L 7. Nested-
PCR O Ut I, 2 Multiplex PCR Buffer 12.5uL,
Multiplex PCR Enzyme MIX 0.125uL, Nested-PCR
79 4~ —05uL, DEPC /K 10875uL % i & L 72 )X
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Table 1 Designed primers used for Multiplex-RT-Nested-PCR

Assay Primer Polarity? Sequence (5 " to3 ") Target gene® Position Asgé)l(fg?

PI1-HN-F1 TTCTGGAGATGTCCCGTAGG HN 7374-7393¢ 1174
PI1-HN-R1 CAACAATRTGGAAGCAGTAGCC 8526-8547¢
PI2-HN-F1 GGACATGTAGAATCATTTTCCG HN 6864-68854 1549

LSLPCR PI2-HN-R1 GTATATGCTGCTTTGTGATTGG 8391-84124

st-

PI3-HN-F1 CAGGAGTGAATACAAGGCTTC HN 7083-7103¢ 1103
PI3-HN-R1 GTTTCCTGGTCTTGATAGCAC 8165-8185¢
PI4-HN-F1 TTCCAACTGCTACAACTCCTC HN 8062-8082f 970
PI4-HN-R1 - GCAGTATTAGGATAACTTAGTGG 9009-9031¢
PI1-HN-F2 CTGTAATAGCTGCAGGAACAAG HN 7678-7699¢ 652
PI1-HN-R2 CCTGATATGCATTCTYTCGGAC 8308-8329¢
PI2-HN-F2 CATTGGTGTTACACTCACAATG HN 7352-73734 950
PI2-HN-R2 GCTCCAGCAAATCGATAGTTG 8281-83014

Nested-PCR
PI3-HN-F2 CCACAAAGAATAACACATGATG HN 7220-7241¢ 843
PI3-HN-R2 GATCTTGTTACCTAGTAGAAGT 8041-8062¢
PI4-HN-F2 AGTTGYTCAGTGGTTGCTGTC HN 8283-8303f 552
PI4-HN-R2 CCAGCTGGATCCTCTCTGATA 8814-8834f

a: +, Forward primer; —, Reverse primer
b: HN, Hemaggletinin-Neuraminidase

c: According to the sequence of HPIV1 virus strain (accession No: AF457102)
d: According to the sequence of HPIV2 virus strain (accession No: AF533011)
e: According to the sequence of HPIV3 virus strain (accession No: Z11575)

f: According to the sequence of HPIV4 virus strain (accession No: KF483663)

JMEIZT ¥ 7L — b & LT 1stPCR EW 1uL % JH v
7z. 1stPCR O &ML, 7=—Y ¥ 7l % 60C &
L., % O fit 1Z Multiplex PCR Assay kit VerZ2
[TAKARA BIO|®»~7a b 2 — ) \Z# 72, 94C Imin
O REIZ, 94T 30sec, 60C 1min, 72C 1min ®
Rt % 35 %A 7 Vitvy, 72C  10min Kt & & 7214,
WHNRE % 4C & L7:. Nested-PCR D&%, 7 =—
Yy 7mEE%R 58C, RS A 7 Vv EE30E L, Z0
fliid 1st-PCR & [alkk & L7z, PCR %1%, Veriti Ther-
mal cycler[Thermo Fisher Scientific]z 27z, %56
N BEREY SuL # W T 2% 7 a2 — A7V ET
BRIKE 21T\, BEREW A L7y P A AT
HbHTLEMEARL.

7. EE OGS

AL O HPIV 23 % BRBEE & BE#R 7 3 & He e it
T 5720, B EHWT1Ist-PCR B X OVEA kT %
T\, WIEEM DN Y FOMERZAT o 72, /N FHf
RENL Do 72BIRIZH L TlE, Nested-PCR % i
L, FERICHERZ TS 7.

F7:, Vero/E6MIZMEM L7277 — 272k
7 4 )V Z#& % Plaque forming unit (PFU) & L-Cill
& L7z HPIV14ab Z 2N OMIlaR; 8 i % F v T
AL O 2 57 LY. ki iz, P
CYEMm & W —oD ™ 4 v A¥k%E M7z, HPIV14ab
DOMifaR;E L Z N o7 4 )V 2 &S PCR FGR

ltube W', ¥ 7% b B 25uL HHIZZ 2 100PFU,
10PFU, 1PFU, 01PFU X% 2 & ) ICHHB L 72, ¥
B 7-MEEEE A 5 Y 4 VA RNA ofiis L O
WL G RS Z AT\, 4 5 172 cDNA % H v T Ist-
PCR, Nested-PCR ZFEiL72DbH, ERIKIIZ L -
THNEER OISy B4 A2l L7z,

8. FREOMF

AREOHPIVICKN § 2 RIE 2 RE T 5 7290,
HPIV DA O ZHER 2 5] & 297 1 )V A D5k
b TR ESDOMER 21T o 72 rHEbkE, 1 >~
TNVIT ¥y 4 VA (Flu) AHlpdm, Flu-AH3, Flu-
B I %% (Byam), Flu-B ¥ 7 b1 7 %% (Bvic),
L hAZ=a2—F YA VA (hMPV)-ili {5+ A2,
hMPV-Bl, hMPV-B2, RS 74 VA (RSV)-#{n T
A, RSV-B, e b5 4 /774 )VA (HRV)-#EInTHE A,
HRV-B, = 57u” A VA D68%K (EV-D63) %#ZFh
FN2HT D, 24 BkEH Wz B & FARIZ PCR
BLOHIEED DN FeiEal L.

9. IEAFA DO YIE

7TIHIEE OME TR O N2 WIEEY 2 QlAquick
PCR Purification kit [QIAGEN] # W CHk# L, Big
Dye Terminator v3.1 Cycle Sequence kit[Thermo
Fisher Scientific]B & U#ET L7277 I 4 ~—% /2
A7V =7 v A0, WIS OUE X 1T o 72,
3500 Genetic Analyzer [Thermo Fisher Scientific] %

A MRS Ro4E 1
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Fig. 1 Results of 1st-PCR and Nested-PCR reactions on different concentrations of primers.

1st-PCR Lane M, 100bp marker. Lane 1, 2, 3 HPIV1-0.1, 0.2, 0.3 u M.
Lane 4, 5, 6 HPIV2-0.1, 0.2, 0.3 4 M. Lane 7, 8, 9 HPIV3-0.1, 0.2, 0.3 u M.
Lane 10, 11, 12 HPIV4a—-0.1, 0.2 ,0.3 u M. Lane 13, 14, 15 HPIV4b-0.1, 0.2, 0.3 u M.

M1 23 4 5 6 7 8 910111213 1415 M

1549bp

1174bp — =1103bp

970bp

Nested-PCR Lane M, 100bp marker. Lane 1, 2, 3 HPIV1-0.1, 0.2, 0.3 u M.
Lane 4, 5, 6 HPIV2-0.1, 0.2, 0.3 4 M. Lane 7, 8, 9 HPIV3-0.1, 0.2, 0.3 u M.
Lane 10, 11, 12 HPIV4a—0.1, 0.2, 0.3 1 M. Lane 13, 14, 15 HPIV4b—-0.1, 0.2, 0.3 4 M.

M 1 2 3 4 56 7 8 9 101112 13 1415 M

950bp __ — 843bp
652bp — S52bp

Fig. 2 Results of 1st-PCR and Nested-PCR reactions on different annealing temperatures.

1st-PCR  Lane M, 100bp marker. Lane 1, 2, 3 HPIV1-58, 60, 62°C.
Lane 4, 5, 6 HPIV2-58, 60, 62°C. Lane 7, 8, 9 HPIV3-58, 60, 62°C.
Lane 10, 11, 12 HPIV4a-58, 60, 62°C. Lane 13, 14, 15 HPIV4b-58, 60, 62°C.

M1 23 4 56 7 8 9 101112 1314 15 M

1549bp

1174bp — __1103bp
970bp

Nested-PCR Lane M, 100bp marker. Lane 1, 2, 3 HPIV1-56, 58, 60°C.
Lane 4, 5, 6 HPIV2-56, 58, 60°C. Lane 7,8,9 HPIV3-56, 58, 60°C.
Lane 10, 11, 12 HPIV4a-56, 58, 60°C. Lane 13, 14, 15 HPIV4b—56, 58, 60°C.

M1 23 4 56 7 8 9 101112 1314 15 M

950bp __ — 843bp
652bp — 552bp

HWTy =27 T Y AT 24T, 1557232 RIS DA %2 fERE L 72,

% LC, DDBJ ® Basic Local Alignment Search Tool 10. Nested-PCR D IFAEMEDHEFE
MEEZERL, BiHFIN T2 HPIV OIEEE ] & 1st-PCR CTHi i & 7z 159 Mefk o 3G E Y % Fl v T

AM24E1 H20H
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Table 2 Result of detection using the Multiplex-RT-PCR assay for clini-

cal specimens

Multiplex-RT-PCR assay in this study

Reported Multiplex-RT-PCR assay

1st-PCR Nested-PCR 1st-PCR Nested-PCR
HPIV1 32 8 11 29
HPIV2 15 6 6 15
HPIV3 9 17 66 45
HPIV4 18 3 14 7
159 34 97 96

Fig. 3 Results of 1st-PCR and Nested-PCR reactions on different concentrations of tem-

plates
1st-PCR

Lane M, 100bp marker. Lane 1, 2, 3 HPIV1-10, 1, 0.1PFU/1tube
Lane 4, 5, 6 HPIV2-10, 1, 0.1PFU/1tube . Lane 7, 8, 9 HPIV3-100, 10, 1PFU/1tube
Lane 10, 11, 12 HPIV4a—100, 10, 1PFU/1tube . Lane 13, 14, 15 HPIV4b-100, 10, 1PFU/1tube.

M 1 2 3 4 5 6 7 8 9 1011 12 13 14 15 M

1549bp
1174bp

Nested—PCR

__1103bp
= 970bp

Lane M, 100bp marker. Lane 1, 2, 3 HPIV1-10, 1, 0.1PFU/1tube

Lane 4, 5, 6 HPIV2-10, 1, 0.1PFU/1tube . Lane 7, 8, 9 HPIV3-10, 1, 0.1PFU/1tube

Lane 10, 11, 12 HPIV4a-10, 1, 0.1PFU/1tube . Lane 13, 14, 15 HPIV4b-10, 1, 0.1PFU/1tube.
M1 23 45 6 7 8 9 101112 13 14 15 M

950bp __
652bp —

Nested-PCR % Fifiti L 7. 1% 5 172 Nested-PCR & 1
TEREMIICD\WC, FIEIEIERCH] O PLsg & AR HE LA
FIDPE & AT o 72, IstPCR TH 5 W7z R &
Nested-PCR T 5 L7z 2L BEH 12D W T, Nested-
PCR 75 4 ~ =45 F T 73RS (HPIV :
608bp, HPIVZ : 907bp, HPIV3 : 799bp, HPIV4 : 510
bp) ZHIKL, EVOFMEEHL 7.

1. SRB AT

Nested-PCR ® 7 5 4 <~ —#4 F T\ 72 IEE 5
122WT, MEGAG6 % W7 B 61T & 2 bl
Mt 2 Ehi L 72. HPIV1, 2, 41220V TIlE, &ThD
BARIZ D W TR AT 2 17 > 72, HPIV3 12D W T
X, BREEAL 2 L HIRIBAEREIC 8 AT O MR
TR E L 72 56 MR 2 BB RAT I Wiz R
[T D2 5 A5 =54, BT854 7Bk e 5%
(2L, ZHEFRIE DDB] X 0 s L7217,

— 843bp
~ 552bp

B R

. 794X —RELT ==V ¥ 7 EDRRE

TIAX—REDOME 1T o 2k R, IstPCR,
Nested-PCR & 12 0.2~0.5uM o 5 PH C 45 12 B I 72
WURFEEY D8 v K % 588 72, HPIV14ab @ 1st-PCR
B LU NestedPCR IZBWTTFF5A4 v — R T Z
FLOL, 02, 03uM ICEE L7245 % Fig LR L7
F72, 7= YT IMEORE 21T o 72k R, 1st-PCR
Ti& 54~60C DHiPH CTHRIZIHB B4R EY DN > R
%72, —7F, Nested-PCR Tix, HPIV3IZBWT
58T IZHA~R 60T DN RO 22 o TV 72, 1st-
PCRIZBWCT == ¥y 7imE% 58, 60, 62C IZ7%
L7245 R, 72 5 UNZ Nested-PCR (2 B W TR R IC
56, 58, 60C 2% L=k % Fig. 212" L 7= 2
NOOBRIRLY, 794 v —EEIEE H1202uM
LL, 7==Y Y ZREIZDOWTIL, IstPCR Tl
60C, Nested-PCR Tl 58T & L 7.
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Fig. 4 Phylogenetic tree generated using the HN gene from the
HPIV1 fragment of 608 nt from the 40 sequences obtained in this
study and 34 sequences retrieved from The DDB]J. The acces-
sion numbers of the sequences obtained in this study are

LC486539-LC486578.

——— HPIVWZagreb HRA0.11( 15425 Croatia2011(KTI36332) T
HPMV1s/SaitamaC . JPNM2-155/)apanf2012(LC4086542)
— HPNVAWLE29-D01202USA2009(JQ901992)
— HPV 1s/SaitamaC JPNF18-518/apan/2018(L C486576)
HPIVAAWIE?S- DO1B0SISA2009(Q901995)
HPTVAANIEZS-DOZ0T 1/USA/2010()0902010)
4 HPIV1s/Satamal JPN/12-99/Japan/20 12(LCABG539)
HPIV1s/SaitamaC. JPNA2-240/ ) apan/2012{LCABG54T)
HPIV1s/SaitamaC JPNA12-241/) apan/2012{LCA86548)
HPN1a/Saitamad JPN/3-235/0apan/2013(L CAB6550)
HPVis/SaitamaC JPN/2-1TRUnpan/2012(LC4BEE43)
ARDDUSA015(KRST0602)
HFTVIUSASI93AUS A0 1 KFEET315)
{5 5 HPIWVAAWIGZS-D01662US5A2009(JQ301308)
7 HPVAUSAGZS-D00T12SAZ009(KFRETI0T)
m HPIVIAWIG29-D007120USA2009(MQ901989)
[+

5)
HPIV1/WIE29.D0150/USA2008(0901391)
L HPIVAAWIE29- D021 30U SA009M2501593)
HPIV/WIE29-D02401USAI2009(J0901984)
sy HPIV15/SaitamaC. JPNI14-654/)apan/2014(LCABES64)
HPIVs/SaitamaC. JPN/18-2661 apan/2018(LCAB6571)
3 HPIV1siSaitamaC.JPNI14-487/apan/2014(LCA86553)
245 | [PV 13/Saitamat JPH/14-E38 4 apan/2014(L CABBSST)
HPIV1s/Sai JPNI15, 354/ apan/20 15(L CABBEES)
HPIVAs/SaitamaC JPHM4- 3400 apan/2014{LC486552)
HIPIV 15/ SailamaC.JPN/15-655/ Japan/2015(LCABESE1)
7 HPIV1UZagreb HR/J, 11(14501) Croatia/2011(KT336331)
80 |- HPIV1s/SaitamaC JPN/2-106/apani2012(LC4B6544)
ki HPIVAs/Sai IPNI12-2214, (LCASGE45)
PIV1s/SaitamaC JPN/12-192/Iapan/20 12(L CABE545)
«f # HPIV1s/Sai JPNI16 40T, 5(LCABBER3)

Clade 3

59

HPIV1s/SaitamaC JPNAT-T2T N apan/2017(LCABE5T0)
HAIV > JPNITE-448, H{LCABESES)
HPIV1s/SattamaC JPN 7411/ apan/201 7{LCABES6)
HPIV1s/SaitamaC. JPN/M8-566/)apan/2018(LC48557T)
HPIV1s/SaitamaC. JPH/14-TT1/)apan/2014{LC486555)

HPIV 13/Saitamal JPHI14-TT2/apan/2014(L CA86556)

HEIV 1s/SaitamaCs JPNIE-213apan/2015(L C486559)
HPIVs/SailamaC JPHME- 185/ apan/2016(LC486562)
HPIV 1s/SarlamaC JPN/16-563/ apan/2016{LCASES6E)
HPIVAF RAZIUIBA04 3T rance/2010(KF687314)

& [ HPIVAWIG2S-004/US AN S9T(JQ901973)

HPIVIAWIE29-00/USAM99T(JQ901976)
B | HPAVAAVUE25-00MUIS AN S T(IOS01980) Clade 1
HEIVIAVUE?S 00 1S AM199T(IB0187E)
HPIVAAWIE2S-002USAMBET(IQ301972)

HPIV1IAUS/S 07{KF530205)
4| HPIVIMEX/495Mexicar2003(KF530198)
E

HPIVAIAUSIS4/Australia/ 2007(KF687310)
HPIVAWIE29-001/USA2009(J0901985)
HPIVFRAZT 44044 France/2007(KFE8T312)

HPIVAWUIE?S DO00ST/LISA/2009(Q30 1987)
HPIVAMWUE2S- DO20T2/USA2009(JQ302002)
KPIV-07-2/S0uth Korea2007(JF416792)

HPTVAWIE29-030/USAZ007 (JQ501984)
HPIV1s/SaitamalC JPN/13-2481apan/2013(LC4B6551)
a5 HPTV18/Sai IPNI16-647, [LCABESET)
‘J"’_{HF‘N‘ i JPHI8-6641, B CABESTE)
HPIV1s/SaitamaC: JPN/T 6584 Iapan/2017(L CABRRES)
HPIV1s/SaitamaC JPNME-437 Japan/20 18{LC4BE5T2)
7 HPIY > JPNI1B-503. {LCABBETS)
HPIViZagreb HRAT 123225 ) Croatial2012(K1336344)
HPIV1s/SaitamaC. JPN/15-445/)apan/2015(LCA6560)
EHI"N‘ IS il JPNI16-4351, 6{LCABESE)
HPIV 13/ Sai JPNA2A260Iag {LCABBSA1)

HPIV1s/SaitamaC: JPN/3.210/Iapan/2013(L C4BRE48)
HPIV1s/SaitamaC JPNA2- 125 apan/2012{LC4BE540)
23| HPIVA/F RAMZY34207 1 Francel2009(KF530197)
HPIV1i/Zagreb. HR/Z, 121020}/ Croatia/2012(K T 33624 1)

HPIV1s/SaitamaC JPN/18-442/apan/201B(LC486573)

14— HPIV1s/SaitamaC. JPN/18-486/Japan/201B(LCABEST4)

,— Washington/LISAMI64(AF4ST102)
] ATCC VR-4/USAMISTLIOS0 19T 1)

P

23

1

—
0.0

Clade 2

91



92

BEA HERE At

Fig. 5 Phylogenetic tree generated using the HN gene from the HPIVZ fragment of 907
nt from the 21 sequences obtained in this study and 32 sequences retrieved from The

DDBJ. The accession numbers of the sequences obtained in this study are LC486579-
L.C486599.
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Fig. 6 Phylogenetic tree generated using
the HN gene from the HPIV3 fragment
of 779 nt from the 56 sequences ob-
tained in this study and 55 sequences
retrieved from The DDB]J. The acces-
sion numbers of the sequences obtained
in this study are LC486600-LC486655.
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2. R&BE

BEfO S X 0 HPIV SR T2l & 72308 193
TRz Fv O % 0 L 7245 R, 193 Befhrb 159 1
A2 5 1st-PCR T HPIV Bz F A &1, 1st-PCR
DRI 824% 72572, % B, WL TO 1st-PCR
2BV B HRERIE 50.3% (193 Hefkrr 97 Bff) 725 72,
1st-PCR CTHIREY O/N Y KHHERT & % 2o 724K
IZ2W T3, Nested-PCR # FEiti % 2 & T£ T HPIV
BIETH#MRINT 52 EATE 7 (Table 2). 74V A
% PFU & LTl L 72 HPIV14ab ¥z ik % H
WAL ORI % 37 L 724528, HPIV1 & HPIV
21%, 1st-PCR, Nested-PCR & % |2 1PFU/tube ¥ C
BWREM DN R 2R T 5 2 L AT & 72, HPIVS,
HPIV4a, HPIV4b i, 1st-PCR T 10PFU/tube, Nested-
PCR T 1PFU/tube ¥ THIREM DNV R 2 MRS 5
Z ENTE7 (Fig. 3). F 72, Nested-PCR B41iE e 1y
OBEZIKBOFEEHD S, HPIVI4 E 2o BiE g
WMDY A4 XN ERE DT ETHPIVOREZHETE S
C LRI N

3. KRR

Flu-AHlpdm, Flu-H3, Flu-Byam, Flu-Bvic, hMPV-
A2, hMPV-B1, hMPV-B2, RS-A, RSB, HRV-A,
HRV-B, EV-D68 D #liffaksE Lifat 24 ¥k Hv TR
HaRGE L7 R, S ToBER»rOENE LA X
DYIEFEY DN v FIIHER S N 2o 72,

4. Nested-PCR ®I1EffEM:

153 MRIZ DWW T, 1st-PCR T 5 N7z 3 HFL %) &
Nested-PCR THF & N 7z3ERFLY] & ik L 7245 8, &
WIRHERR S N2 hr o 72,

5. SR AT

A" TR S N BETREE Y % H ORI T
kA TzAER, HPIVIA & TTRIEM 2R TE, fif
ML 7Bk o ¥ 255 % HPIVI-3 13 7 7 A & —,
HPIV4A IZH 78 £ FIZHnE$ 52 ENTE 2. R
BHFENT O H5F, HPIVI @ 13 B4k 7% clade2, 27 Btk
A3 clade3 123 S 7z, 2012~2017 4E DOHAKIZ clade

SIHEHEND bOVEH 57247, 2018 4E Tl 8 Mtk
D9 B 5 HARDS clade2 (24 & w7z (Fig. 4). HPIV
2016 MifkAs7 5 A % — Gla, 5MRASG3IZHHE S
N7z, 79 A5 —=G3IZHRFEINL5MmEDI B, 4
AR 2012 OIUAKIZ 572, 2014 4E, 2017 4E ORI
BT I AY —GlallnF sniz (Fig.5). HPIV3
D56 Miikix, &£Tr I AF— ClZash, 30Kk
VYT 5 A5 — CallpFshiz. 2017 SE otk

34T C3a i/ S 7225, 2012 4F, 2015 4E Dtk
DL ChallpsnizbolzeshEn 1 HEs o
72572 (Fig. 6). HPIV4 @ 11 BifADSH 727 5 R 4a,
10 #fRAY 4b I S 7z, 2015 ED 5 kD 9 5 4
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Fig. 7 Phylogenetic tree generated using the HN gene from the HPIV4 fragment of 510
nt from the 21 sequences obtained in this study and 18 sequences retrieved from The
DDBJ. The accession numbers of the sequences obtained in this study are LC486656-

LC486676
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WARDSY 74 4 7 4b I3 &, 2018 4E 0 7 Wik D
LGRS T 4 T 4a G E N (Fig. 7).
HPIV1-3 &, MAEPLEL s INEBL L L0 T
AF—hdb—T, BHBEICE > THREXSEHENS
75 A5 =Y o7z HPIVAIR, 7847
4a, 4b \ZFIRRBE ORI S N8, BIBEIC L -
THESNDHARBUR Y B3 - 7-.
z =

193 Wik % T, AR & BEHO o HPIVI-
4ICHT BRER MG Lz 25, RFEICED 1

st-PCR O 3 A3 50.3% 20 5 824% (2 LA L7z m
AT, Nested-PCR F THftiT5ZLICLY, &TH
WARD 6 HPIV # BT &7z, 72, PFEUZHWT
Ak OB 2 HE L 72/ 9, Nested-PCR % T
id 5 2 & T HPIVI-4 & TIZR LT 1PFU/tube ¥ T
WIMWTREZZ 572, —TJ5, REREOMENLIE, HHL
L7z 12HD7 4L VAIZOWT, WS
MRS N oz, TNHEDORE LD, RPEIE HPIV
DPCRLEELTHABRBIELFREZAL TS Z
EAURIE Sz WA, AREGBEHTT I & FARIC Mul-
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tiplex PCRTH» 5 Z &5 HPIV14 O4TOR % |
U BSOS CHINE S 2 2 & AT X, Nested-PCR 31l 2
oW 4 X% MfiRT % 2 LT HPVI-4A ORI A3 fE
ol INLOT ENSRIEL, MG FBE
ORFREZ AL TWD I EARIBRI N,

HPIV IZBWTIE, "4 NVAGEERHEETH L Z &
25, BRSSO PCRIC X % #fn T B ATEE
EEZEZOLNTWDY, SEIKG L7238 193 ko 5
B, ARETIE 34 MR, BEHO T TIE 96 Mk ™ Ist-
PCR T3 T2 83, Nested-PCR T &
N7=Z &h5, RS S o HPIV #EisT % Mt
T 5% 7290121%, Nested-PCR O FEfEALELEZ SR
7z. Nested-PCR (&, & A% % v 5CHE, Ist-PCR
TGS 5 S ECH O PIHINIC Nested-PCR JHD 75 4
~—%#%EIT 5 2 &2 5 1st-PCR IS~ CTHYEED
3L % A, AR, Nested-PCR D BEIEEEY 25 500
bp U bhe % X794 ~—%G L2 LT,
HPIV #IZFOMRIMICLEREEZEEZH L72) 2T, #
NIRRT & H BT S R L e o 72 &
7z, 1st-PCR TH S N7z ALH] & Nested-PCR TH}
S H R 2 i L7 2 A, Nested-PCR % %
i3 52 &2k % PCR OIEMEEOK T ARHKN & % 2
LN BHARS DENIZA SN D5 /2. HPIV O
Multiplex-RT-PCR 1%, BEFRFFHE:OMIZ Lam 5 D)
%% GhelichKhan & O FiES#HE SN TV S0, »
TN RBEN T T THhbN TV WD,

S ROFFEBRNHER LD, ST HNTHRIS
172 HPIV1 i clade3, HPIV2 X Gla, HPIV3 X C3a
WCHHEHENZZ L O E o7z HPIV4A L, 75 4
7 da, 4b FREBEFRT L T2 &30 ho7z. %
72, ZADORIIBWT, FATHEICIDIATL T2
FAY —, T TIENDRALNLZELGho
2. INHoZehs, —BATTNE VI RN
HIRHN TOFERRTH S OO, FATHEHICR RS
HN #HI 0 ¥E &L & b > HPIV O §AT 2SR S
2. T2, KEEZH WD Z & T, HPIV14 O %k
2R L, 79 A7 —nERE it s
CLAURENT. HNBESY v 8 2710%, fE B~ %
PRS- LCH 2% HN I BT 5 RS
BRI X o THRMEDELT 2RI EZ 5N 5 2
Eb b, HPIV ORATRIEZILIRL T 9 2 T,
HN IO RHBHAN 2 Efi T 2 BR/ABD L LEZD
nrz:.
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A Multiplex RT-Nested PCR Assay with Newly Designed Primers to Detect and Analyze Human
Parainfluenza Viruses Type 1, 2, 3, and 4 from Clinical Specimens

Yasuo KABURAGI", Hiroyuki UENO", Akihiko KAETSU?, Kentaro TOMARI", Koji KIKUCHI",
Sumie KOBORI" & Motonobu MIYAZAKIT"
YSaitama City Institute of Health Science and Research, ?Saitama City Health Center

The Multiplex-RT-Nested-PCR assay, as previously reported, has been used widely to detect Human
parainfluenza virus (HPIV). The assay has high sensitivity to HPIV genes and the capability of typing HPIV.
However, the lengths of amplified products by its nested-PCR are too short for constructing phylogenetic
trees.

Therefore, we tried to develop a novel Multiplex-RT-Nested-PCR assay that has the ability to amplify
the gene products with sufficient length to construct phylogenetic trees as well as high sensitivity for HPIV
genes. We designed new primers with reference to base sequences of the HN region and we could amplify
various length of PCR products with its nested-PCR, 652 bp in type 1, 950 bp in type 2, 843 bp in type 3, and
552 bp in type 4.

We detected HPIV genes with the novel assay from all 193 clinical specimens, the same as the assay
previously reported.

In addition, the novel assay showed a higher percentage of specimens that were positive for HPIV by
the 1st-PCR (82.4%), compared with the previously-reported assay (50.3%). The novel assay has no cross re-
activity with the other 12 kinds of viruses that cause respiratory illness.

Moreover, we could construct the phylogenetic trees from the sequences with over 500 nt length ac-
quired by the novel assay. By the phylogenetic tree analysis, most of the sequences were classified to exist-
ing reported clusters and subtypes.

In conclusion, the newly developed Multiplex-RT-Nested-PCR assay was useful to detect and analyze
HPIV genes from clinical specimens.
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