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Summary. - A n  assay  protocol b a s e d  on exploit ing t h e  polymerase  
chain reaction (PCR) f o r  t h e  direct detection o f  i n f l u e n z a  B v i r u s  in 
throat  s w a b s  is described.  By t h e  u s e  o f  PCR w i t h  n e s t e d  pr imers,  it 
w a s  poss ib le  t o  detect  t h e  v i r u s  in throat  s w a b s .  Dilution experi­
m e n t s  s h o w e d  t h a t  a s  l i t t le a s  1 p l a q u e  f o r m i n g  u n i t  o f  v i r u s  w a s  
su f f i c i en t  f o r  de t ec t i ng  t h e  H A  g e n e  b y  t h e  P C R .  Al l  t h r o a t  s w a b  
s a m p l e s  f r o m  w h i c h  i n f l u e n z a  B v i rus  h a d  b e e n  i so la ted  b y  c o n v e n ­
t iona l  m e t h o d s  w e r e  a l so  pos i t ive  b y  t h e  P C R  m e t h o d .  
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Di rec t  d e t e c t i o n  o f  i n f l u e n z a  v i rus  in  respi ra tory  s ec re t i ons  b y  i m m u n o f l u o -
r e s c e n t  s t a in ing  (Daisy  et a!., 1979) o r  E L I S A  (Berg  et al., 1980; C o o r o d  et al., 
1988) h a s  p r o v e d  inef f ic ien t ,  b e c a u s e  o f  l ow sensi t ivi ty  o f  fa lse-posi t ive  resul t s .  
T h e  p o l y m e r a s e  cha in  reac t ion  ( P C R )  p rov ides  a t e c h n i q u e  w h i c h  a l lows t h e  
nuc l e i c  ac ids  o f  p a t h o g e n s  in  a n y  s a m p l e  t o  b e  specifically ampl i f i ed  b y  u p  t o  
106-fold pr io r  t o  a t t e m p t i n g  d e t e c t i o n  (Saiki  et al., 1985). T h e  o b v i o u s  po t en t i a l  
o f  t h i s  n e w  t e c h n i q u e  i n  t h e  field o f  viral d iagnos i s  h a s  a l ready  r e s u l t e d  i n  i t s  
appl ica t ion  t o  severa l  v i ru s  s y s t e m ,  especial ly f o r  D N A  v i r u s e s  o r  s u b g e n o m i c  
D N A  ( K w o k  et al., 1987; S iba ta  et al., 1988; J a r r e t t  et al., 1990). 

Recen t l y ,  w e  h a v e  r e p o r t e d  a P C R  m e t h o d  f o r  t h e  d i rec t  d e t e c t i o n  o f  
i n f l u e n z a  A v i ru s  g e n o m e s  i n  t h r o a t  swabs  t a k e n  f r o m  p a t i e n t s  w i t h  i n f l uenza ­
like s y m p t o m s  ( Y a m a d a  et al., 1991). I n  t h e  p r e s e n t  s t udy ,  w e  u s e d  t h e  P C R  
m e t h o d  f o r  t h e  d e t e c t i o n  o f  i n f l u e n z a  B v i ru s  i n  t h r o a t  swabs ,  w i t h  t h e  applica­
t i o n  o f  n e s t e d  p r i m e r s  giving a h i g h e r  sensi t ivi ty  t h a n  w e  r e p o r t e d  previous ly  
f o r  i n f l u e n z a  A v i rus .  

T w o  pairs  o f  o l igonuc leo t ide  p r i m e r s  w e r e  s y n t h e s i z e d  u s i n g  a n  App l i ed  
B i o s y s t e m s  381A syn thes i ze r  ( F o s t e r  Ci ty ,  Calif.) .  T h e  b a s e  s e q u e n c e s  f o r  t h e  
p r i m e r s  w e r e  t h o s e  t h a t  w e r e  c o n s e r v e d  b e t w e e n  B / G r e a t  Lakes /54 ,  B / S i n g a -
p o r e / 2 2 2 / 7 9 ,  a n d  B / Y a m a g a t a / 1 6 / 8 8  ( K a n e g a e  et al., 1990). F o r  t h e  init ial  
r o u n d  o f  t h e  P C R ,  p r i m e r s  IB-1 a n d  IB-2 w h i c h  ampl i fy  496  b a s e  pa i rs  w e r e  
u s e d .  F o r  t h e  s e c o n d  r o u n d  o f  t h e  P C R ,  p r i m e r s  IB-8 a n d  IB-3 w h i c h  ampl i fy  a n  
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Table 1. Influenza B virus primer sequences (5'--1-3') 

IB-1 : G C A A A A G C T T C A A T A C T C C A C  
IB-2 : CGCTTTGTGGTAGCCCTCCGT 

IB-3 : TTGGAACCTCAGGATCTTGCC 
IB-8 : GTGGTAGCCCTCCGTCTTCTG 

internal fragment of 315 base pairs were used. The nucleotide sequences of 
these primers are shown in Table 1. 

T o  extract the RNA f r o m  throat swabs  or  chorioallantoic fluid (CAF), 50 [A o f  throat swab or 
CAF w a s  mixed with 50 /j.1 o f  10 mmol/1 Tris-HCl (pH 7.5), 1 mmol/1 EDTA, 400 f i l  of RNA 
extraction b u f f e r  (4.2 mol/1 guanidine thiocyanate, 25 mmol/1 Tris-HCl, pH 8, and 0.5 °/o Sarcosyl), 
and  25.2 fil of  2-mercaptoethanol .  T h e n  50 fil o f  10X phenol  extraction bu f f e r  (1 mol/1 Tris-HCl,  
p H  8, 100 mmol /1  E D T A ,  and  10 % SDS) was added .  

Af t e r  t h e  addit ion of 500 fA o f  pheno l  t o  each  sample,  incubat ion was carried ou t  at  65 ° C  f o r  30 
m i n  wi th  occasional mixing. Af te r  extraction wi th  phenol  a n d  chloroform twice, t h e  R N A  was  
precipitated in  1 m l  o f  isopropanol  a n d  2.5 mmol /1  o f  NH4OAC, and  t h e n  resuspended in 10 /xl o f  
distilled water .  F o r  c D N A  synthesis,  9 [A of t h e  R N A  was mixed  with 20 /xl of  t h e  amplification 
buf fe r  (50 mmol /1  KC1, 10 mmol /1  Tris-HCl,  p H  8.4, 2.5 mmol /1  MgCl j ,  and  0.02 % gelatine), 
1 mmol /1  o f  d N T P ,  2 un i t s  of  RNase  inhibitor  (Takara), 50 pmol  o f  oligonucleotide (primer IB-1), 
and  1 f l l  o f  avian myeloblastosis virus (AMV) reverse transcriptase (Life Sciences, 28 units//zl).  
Incubat ion was  pe r fo rmed  a t  43 ° C  f o r  60 m i n .  Af t e r  incubat ion,  t h e  reaction mixture  was added  
t o  61.5 l ú  o f  distilled water, and then incubated at 95 ° C  f o r  5 m i n  ( cDNA solution).  

Amplification of t h e  c D N A  of inf luenza  B virus H A  gene  was  per formed  as follows. T h e  reac­
t ion  mixture  (99 / i l)  contained 10 mmoi /1  Tris-HCl (pH 8.3), 50 mmol /1  KC1, 2.5 mmol /1  MgCl 2 ,  
0.02 % gelatine, 20 p m o l  each  o f  t h e  pr imers  (primer IB-1, pr imer  IB-2), 2.5 un i t s  o f  T aq  D N A  poly­
merase  (Perkin-Elmer Cetus) ,  a n d  81.5 //I of  c -DNA solut ion.  Amplification was per formed by 
incubat ion at 94 ° C  f o r  1 min ,  55 ° C  f o r  2 min ,  and  72 ° C  f o r  3 m i n  fo r  25 cycles in a D N A  thermal  
cycler (Coy's  Laboratory,  U.S.A.). One- ten th  o f  t h e  amplified reaction mixture  was applied t o  
1.5 % agarose gel containing 0.5 /zg/ml e th id ium bromide .  W h e n  t h e  first amplified product  was 
negative fo r  e th id ium b romide  staining, a n  al iquot  (10 fil)  o f  t h e  reaction mixture  was subject  t o  
another  25 cycles o f  amplification u n d e r  t h e  s a m e  condi t ions  with freshly added  d N T P ,  T a q  poly­
merase ,  and  pr imers  (primer IB-3 a n d  pr imer  IB-8). Af te r  t h e  P C R  mixture  was  applied t o  a n  
agarose gel, products  of  495 o r  314 base  pairs could theoretically b e  visualized u n d e r  ultravilet 
light following t h e  first o r  second amplification procedures,  respectively. 

T h e  specificity of t he  primers was examined using different types of 
influenza viruses. One-tenth diluted CAFs of t he  viruses were used as the  star­
ting materials. W h e n  A/PR/8/34  (H1N1), A/USSR/92/77 (H1N1), A/Yamaga-
ta/120/86 (H1N1), A/Okuda/57 (H2N2), A/Sichuan/2/88 (H3N2), and A /  
0saka/126/90 (H3N2) viruses were used, n o  amplified bands were detected by 
agarose gel electrophoresis (Table 2). O n  the  other hand,  when 3 strains 
isolated during 1979-1990 were examined, visible bands corresponding to  495 
base pairs were detected o n  t he  agarose gel. Base sequence analysis of 50 
nucleotides of the  495 base band was performed by the  dideoxy chain termina­
tion method after elution of the  D N A  f rom the  gel silica slurry (Takara Shuzo 
Co., Ltd., Kyoto, Japan), and this band was confirmed to be  t he  H A  gene of 
influenza B virus (data not  shown). 

T o  estimate t he  sensitivity of detection of t he  influenza B virus H A  gene by 
PCR the  method,  we diluted CAFs of B/USSR/100/83 (2xl07 PFU/ml)  virus 
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Table 2. Specificity of the primers used to detect the influenza B virus HA sequence 

Virus  strain Specific band 

Influenza A (H2N2) A/Okuda/57 _i 
Influenza A (H1N1) A/PR/8/34 -

A/USSR/92/77 -

A/England/333/80 -

A / Y  amagata /120/86 -

Influenza A (H3N2) A/Kumamoto/22/76 -

A/Sichuan/2/88 -

A/Osaka/126/90 -

Influenza B B/Singapore/222/79 + 2  

B/USSR/100/83 + 
B/Osaka/238/90 + 

1 No visible band was  detected by ethidium bromide staining after agarose gel electrophoresis. 
2 A 496 base pair band was  visible after the first PCR round. 

and isolated viral RNA from each diluted sample. Amplified cDNA was 
detected by gel analysis of the first PCR preparation when a 50 fA of aliquot a 
1 : 103 CAF dilution was used (Fig. 1-(1)). On the other hand, amplified cDNA 
was detected after the second PCR procedure when a 1 : 106 CAF dilution was 
used (Fig. l-(2)). On the basis of our dilution studies, the PCR method appears 
to be able to detect the influenza virus HA gene at infective titres, 20 PFU/ml (1 
PFU/50 n\). It has been reported that the throat swabs obtained from influenza­
like patients contain infective titres of 105 TCID5 0 /ml (Dolin et al., 1976). 

The  sensitivity of the  PCR method in detecting the  influenza virus H A  gene 
in 14 specimens obtained from influenza-like patients was compared with that 
of viral isolation using MDCK cells or embryonated chicken eggs. All clinical 
samples were collected by the  Osaka Prefectural Institute for Public Health 
from patients with influenza-like illnesses in the winter of 1989/90 (epidemic of 
B/Yamagata/16/88-like virus in Japan). Samples were stored at -20 °C. T he  
results obtained when the assay protocol was used to  screen the  14 throat swabs 
are shown in Table 3, with 9 of the 14 being positive for influenza B virus. A 
typical example of the  results obtained with this method is shown in Fig. 2. 
Specimens from which influenza B virus was isolated by the  conventional 
methods were also PCR-positive. W e  did not find any specimens which were 
positive by the PCR method, but were negative by viral isolation. These results 
showed that the  sensitivity of the PCR method for diagnosing influenza virus 
infection is similar to that of isolation of the virus from throat swabs. 

T h e  use of the  PCR for the  amplification of influenza virus DNA in throat 
swabs offers several advantages over the standard isolation techniques. Only a 
very minute specimen (50 ^1) is required for this analysis. Also, the amplifica­
tion reaction and detection procedures can be performed in 24 hr, compared 
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with the time of more than 2-4 days required for tissue culture or embryonated 
egg isolation of the virus from patiens. In addition, infective virus is not neces­
sary for  a positive result by t he  PCR method.  Many of the  throat swabs used in 
this experiment had been  stored for over 1 year at -20 °C after t he  procedure of 
virus isolation and had undergone repeated freezing and thawing. Despite 
these storage conditions, viral RNA could still act as an adequate cDNA 
template. In  contrast, Havlíčková et al. (1990) reported that the rate of mole­
cular hybridization using a 32P-labelled D N A  probe decreased in specimens 
which had undergone repeated thawing and prolonged storage at -20  °C. T h e  
discrepancy with our  results seems to  come f rom differences of the  sensitivity 
of t he  systems used. 

In  conclusion, application of PCR-based detection to  the  influenza B system 

M A  B 

2 4 6 -

Fig. 1 
Sensitivity o f  H A  gene  detect ion by t h e  P C R  m e t h o d  

B/USSR/100/83 (2xl0 7  P F U / m l )  was diluted in T E  buf fe r  (10 mmol /1  Tris-HCl, p H  7.5, and  1 
mmol /1  E D T A )  and  viral R N A  was extracted a s  described in t h e  text.  Amplif ied D N A  was 
detected by agarose gel electrophoresis and  staining with e th id ium b romide  following t h e  1st P C R  
(1) and  t h e  2nd  P C R  (2). Lane  M ,  ladder  o f  D N A  size markers  (BRL): lane A ,  (1x10 P F U / 5 0  fú)\ 
lane B and lane C (1 PFU/50 /zl): lane D, ( lx lO" 3  PFU/50 f.i\). 
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M A B C D M 

Fig. 2 
Typical results from sreening throat 

swabs  using the PCR method 
T h e  PCR assay was  carried out as  desc­
ribed in Materials and Methods. Track M ,  
ladder  o f  D N A  size markers  (BRL); track 
A,  positive control  B/USSR/100/83;  
tracks B, C ,  D specimens f r o m  throat  
swabs. F r o m  B and  C,  inf luenza B virus 
was isolated, while inf luenza A (H3N2) 
virus was isolated f rom D using M D C K  
cells. 

3 6 9  

2 4 6 '  

should allow very large increases in sensitivity and automation. It may also give 
u s  new information about diseases to which influenza B virus is thought to  be 
related, such as Reye's syndrome. 

Table 3. Comparison of detection of influenza B virus in throat swabs by the PCR method and 
viral isolation using conventional methods 

Sample  N o .  Detect ion o f  H A  gene 1  Viral isolation with2  

by the  PCR me thod  M D C K  egg 

1 1 1 1 
2 2 1 n.d.  
3 2 2 n.d.  
4 2 1 n.d.  
5 2 2 n.d.  
6 2 2 1 
7 2 2 2 
8 2 2 2 
9 2 2 3 
10 - - -

11 - - -

12 - - -

13 - - -

14 - - n.d.  

' N u m b e r s  1 and  2 indicate detection o f  t he  H A  gene  product  by the  first o r  second PCR,  respecti­
vely; - indicates a negative result af ter  t he  second PCR. 
2 N u m b e r s  1, 2 and 3 indicate t he  passage n u m b e r s  at which the  virus was isolated; - indicates n o  
isolation af ter  t he  third passage; n.d. ,  not  done .  
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