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Detection and identification of influenza virus by the PCR

using mixed primers

SHIN-ICHI TAKAO, YASUO KANAMOTO, MASATO SENO, MASAHIRO NODA, SHIZUYO TOKUMOTO
(Received Sept. 30, 1994)

We developed a reverse transcription polymerase chain reaction (RT-PCR) system for simultaneous
detection and identification of influenza A{(H1N1), A(H3N2), and B virus genes in a single
reaction tube. The RT-PCR was performed by using a mixture of three pairs of primers
corresponding to the sequences of the hemagglutinin (HA) genes of influenza A(HIN1), A(H3N2),
and B viruses. The RT-PCR amplified type— or subtype-specific products corresponding to each of
the influenza virus HA genes. The sensitivity of the RT-PCR was estimated to be 20~180 plague
forming unit (PFU)/50 £ of influenza virus after the first round of amplification (1st PCR), and
0.8-8.5 PFU/50 11 after the 2nd PCR. These results suggest that our RT-PCR system using mixed
primers may be an effective rapid diagnostic technique for detection and identification of influenza
virus in clinical specimens because of its specificity, sensitivity, and rapidity.
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2/87, A/Hiroshima/10/90 %, B# & L T B/Ibaraki/
2/85, B/Yamagata/16/88, B/Hiroshima/10/88 ® &
HOMORFTERIEEL r Y REZHCI. 514 ¥
TNANEVHFETALNRRC-358 (1#), Greer ¥
(28)), C243% (38) @, FLTF/ 94 NRA
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50 21 of Sample
1.0 ml of Isogen™
l 3¢l of Glycogen (20mg,/ml)
Vortex
200 #1 of Chloroform
Vortex
Centrifuge at 12,000 X g for 20 min at 4T
Aqueous phase
500 w1 of Isopropanol
Precipitate at —80TC for 15 min
Centrifuge at 12,000 X g for 15 min at 4T

RNA pellet
Wash in 70% Ethanol
l Centrifuge at 7,500 X g for 5 min at 4C
RNA pellet

Vo
Resuspend in 16 g1 of distilled water
RNA solution

Fig.1 Preparation of viral RNA
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OFMNEEER (HA) BETO L, BEOEET
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BWEREO[15—19], ThFh20EED TS5 v —%
ERL L7z (Table 1). FRbDT I A4 < — -« 7T,
Fh AR BB THWESE T, HINTENE 512bp, HIN2
it 456bp, B 627bp ® PCR EYHB LR 5.
ASEE, FRALDTIFA<—%, LV ABLIOTVF
v AT, ThFPhIEE (F10eM) ¥R
BELEBAETIA<—%, HEERIEE LY, Lok
D PCR VT,

4. PCREICLZ VA LERFOBRE
HHRNAK PV EBFHRE YA NV AYEBEEEE
(AMV RTase) ¢V RABET5A v —%&
PCR RIG# (B#&EE ;10 mM Tris-HCL, pH
8.3, 50 mM KCl, 1.5 mM MgCl,, 0.001% Gelatin)
iz, 43CT 1 BRRERIE & ¥ cDNA 2{ER L.
D, Tag DNAKEV AT—¥, BETTA<—
~7&HE&EY PCRRIEE Mm%z, PCRizt v DNA %
B S ¥ (Ist PCR). PCREYR 7T Hu—2AF A
TEERE L, TFUTAT YA FEREDRE, HIE
EHIDNAOAY FOREE, BIUZORBELS
ZLyAAVAD (H) BL2HE L. st PCROE
TRV FOBRHBEILEh > BREADWTIE,
PCR RJE¥ec Tag DNA KU 25—+ (1.25 Bfr)
iz, EHE30EPCREE##EYELRL (2nd
PCR) (Fig.2).

Table 1 Oligonucleotide primers prepared for this study

Virus type Primer Position Sequence Lengt}'l

(subtype) (base pairs)

A(HIND 210 667 —686° 5—AAA ATG CTT ATG TCT CTG TA-3% 512
209R 1159—1178° 5—TTA ATC CGC AGC ATA GCC AG—3

A(H3N2) 840 337—356" 5—TTG TTG AAC GCA GCA AAG CT-3% 456
842R 778—797" 5—TCA CGG TTT TAC TAT TGT CC—-3%

B BH3 606 —625° 5—~ACC ATG CAT TTG TAC AAA AG—3 627
B9R 1213—1232° 5—TTA AGG TCT GCT GCC ACT GC—3%

*The nucleotide numbers are according to the positive strand sequence of A/PR/8/34 (HIN1) HA gene

(19).

*The nucleotide numbers are according to the positive strand sequence of A/Aichi/2/68 (H3N2) HA gene

(18).

*The nucleotide numbers are according to the positive strand sequence of B/Lee/40 HA gene (15).
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RNA solution 8 gl

10 X PCR buffer 1.5p1
20 mM dNTPs 1.0l
Mixed sense primers 2.5l
3.5 U AMV RTase 1.0p1
20 U/ nl RNasin 1.0l

Reverse transcription
Incubate at 43°C for 60 min
Incubate at 95C for 5 min

1st PCR

cDNA solution 151l
10 X PCR buffer 3.5¢l
Mixed sense primers 2.5u1
Mixed anti-sense primers 2.5ul
5 U/ ¢l Tag DNA polymerase 0.25p1
Distilled water 26.25 11
94C, 3 min G
94C, 1 min
55C, 1 min ] 30 cycle 2nd PCR
72C, 2 min
72C, 3 min

|

1st product 40pl

v Tag NDA polymerase 0.25x1

Agarose gel electrophoresis

|

Ethidium bromide staining

Fig.2 Protocol for the RT-PCR of influenza HA
genes
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1. BT 74 v—&HU PCREDKEM
B&7542—%2RAvik PCREOCEREEAEND
Aii, HINLE, H3IN2BIOBE M vy
FIANARREREIELREERL L DRE, BLU
R4 VINTYFIALAR1IH 28, 38, 75
2 oA R 3B ORBREEFEM LR S RNA 2hhH
L, cDNA # &8 L1z, PCRZ{T~1. ZTOFRE,
HEAVINTYHFIALNRTE, & (FH) BHoEBEN
eV FOLPBHE AR, —F, 3 vrrzy
Frf NRARDRTF ) A NATEAY P Enk
ot (Fig. 3).

Fig.3 Specificity of the RT-PCR using mixed
primers.
Lanes:M; DNA size marker (¢X 174 Hinc 11
digest); 1, influenza A/Kyoto/1/81(HINI); 2.
A/Bangkok/10/83(HIN1); 3, A/Yamagata/120/
86(HIN1); 4, A/Philippines/2/82(H3N2); 5,
A/Sichuan/2/ 87(H3N2); 6, A/Hiroshima/2/90
(H3N2); 7, B/Ibaraki/2/85; 8, B/Yamagata/
16/88; 9, B/ Hiroshima/10/88; 10, parainfluenza
type-1(PIV1); 11, PIV2; 12, PIV3; 13, adenovirus
type-3; 14 negative control(throat swab obtained
from a healthy adult).

2. BET54AR—E2BUWI-PCREDRE
B&7794 %Ak PCREDKELZREID D
P, LRSI A VT AT VYA AR BRI
WT, FROLORFBIRREL » 5> RELI10EMHEEREF
WL, 75— 7RI DBERMERDL &L LI,
PCRETY 4 v AEEFEHRETE 3RAGREL K
W, FRLORBE R B Lc (Table 2). ZOfKR,
Ist PCR OB HREE X, &S50 . 1 2729 20-180
PFU, 2nd PCR#D %2 hi1 0.8-8.5 PFU TH -1t
(Table 2).
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Table 2. Sensitivity of RT-PCR for influenza HA gene determined by using mixed primers

Virus type ) Minimum detectable infective titer (PFU/50 p1)®
Strain

(subtype) 1st PCR 2nd PCR

A(HIND) A/Kyoto/1/81 80 0.8
A/Bangkok/10/83 20 2.0
A/Yamagata/120/86 180 1.8

A(H3N2) A/Philippines/2/82 32 .2
A/Sichuan/2/87 160 1.6
A/Hiroshima/2/90 40 4.0

B B/Ibaraki/2/85 85 8.5
B/Yamagata/16/88 25 2.5
B/Hiroshima/10/88 50 5.0

*Minimum detectable infective titer of the RT-PCR was calculated from the infective titers obtained from

the planque assay.

VHYT A AOHABETOLANEELTEY (Fig.
3), FORBRENE,DDLRI. ¥, FTOBOKEH
BT, 1st PCREETHGE 50, 1 272D 20-180
PFU, 2nd PCR# T 0.8-8.5 PFU TH - 7= (Table
2). BE, A VINZIYFIAL VARG EEINTE
FEOMFER W50 1 BIciE, 15-250 PFU &
OYANARNTFIEETLEEPR T3 [22] 0 &
L EL B L, SER L PCR B SEEE L AR
B, PH20BIThUEOBRETI v INZVYF I
AEBHTEL LEZLNRS.
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HEER I U OBREEY L5 BAYT nested PCR
BEAEBL T MEL H S [14]. LH L nested
PCR¥ER, BMEHEEOHROWESELYEME &5
Emb [10], F4lk, H% Tnested PCREZHEA
Lishr oie. SEFE A IR LIZHETIE cDNA DS
BB 2nd PCR £ T—AORIEF = — 7 CHIEL2 B
Tz B, BEORELEROF R nested
PCREWHANT, L0EVEELLRD.
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EnBoh, BEOABEANOADLEEZLNS.
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Fv iz PCR ki, BIEAMBET, AE,r2HRD
BRELE A v T T YA AR RBETE L HET
DL EDD, EHRED X S RERNLEFMTOR
HEBWIC, H5VERTIHOBEY 1 v Ao (FE)
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