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We established a rapid method for the identification of influenza A and B virus strains: the peroxidase-
antiperoxidase (PAP) staining method with two subtype-specific murine monoclonal antibodies, C179 (H1 and
H2 specific) and F49 (H3 specific), and an anti-influenza B virus rabbit polyclonal serum. The types and
subtypes of 160 strains were examined, and 158 strains were identified to be the same by the hemagglutination-
inhibition (HI) test and the PAP method. In contrast to the results by the HI test, two strains were revealed
to be a mixture of two subtypes (H1 and H3) by the PAP method, which was confirmed by plaque cloning. We
further analyzed clinical specimens by the PAP method by directly inoculating specimens into Madin-Darby
canine kidney cells in microplates. After 40 h of incubation, the types and subtypes of viruses in 52 of 152
specimens were clearly identified. Since the reactivities of the two monoclonal antibodies are not influenced by
the antigenic drift of influenza virus, the newly developed method should be applicable not only for rapid
diagnosis but also for the epidemiological study of influenza.

In Japan, as in other industrialized countries, influenza is an
important infectious disease, every year afflicting large num-
bers of people, sometimes fatally. Therefore, isolation of the
virus from patients with influenza-like illness has been carried
out extensively at public health institutes throughout the coun-
try. The data thus obtained are useful not only for epidemio-
logical studies but also for developing suitable countermea-
sures against influenza.

Presently, confirmatory diagnosis of influenza involves iso-
lation of the virus mainly from Madin-Darby canine kidney
(MDCK) cells and subsequent identification by the hemagglu-
tination-inhibition (HI) test with standard ferret sera which
reacts to influenza A and B viruses in a subtype-specific man-
ner. For virus isolation, inoculated cultures are observed daily
until the cytopathic effect appears, which is usually after 1
week. For some specimens which do not show a clear cyto-
pathic effect, a blind passage in the cells is performed. More-
over, if the infected culture fluids do not have enough hemag-
glutinating activity for the HI test, the viruses must be
propagated until they show relatively high hemagglutinin (HA)
titers.

Antisera to the HA must be prepared continuously, since
antigenic drift of the HA hampers the identification of isolated
viruses. To avoid such problems, several investigators have
applied monoclonal antibodies which react broadly with a spe-
cific type or subtype (1, 3, 4, 9–17). However, no one has ever
obtained consistent reactivity with subtype-specific monoclonal
antibodies. Recently, we produced a monoclonal antibody,
C179, that reacts with all H1 and H2 strains to almost the same
degree (7). Moreover, in preliminary experiments, a newly

produced monoclonal antibody, F49, was shown to react with
all H3 strains studied. Since epidemics of influenza are usually
caused by the H1 and H3 subtypes of influenza A and B
viruses, rapid detection and identification are expected by the
application of the two monoclonal antibodies and anti-type
B-specific serum.

Here, we apply the antibodies described above to peroxi-
dase-antiperoxidase (PAP) staining (6) and discuss the useful-
ness of monoclonal antibodies for the rapid diagnosis of influ-
enza.

MATERIALS AND METHODS

Cells. MDCK cells were used in all experiments. They were grown in Eagle’s
minimal essential medium supplemented with 10% fetal bovine serum.

Viruses. The influenza viruses used for the characterization of monoclonal
antibodies have been described previously (7). A total of 160 strains of influenza
virus that had been subtyped by the HI test were used. These consisted of 149
strains isolated in our laboratory (Division of Virology, Osaka Prefectural Insti-
tute of Public Health) between 1970 and 1995 and 11 strains isolated in other
countries after 1968 (23 H1N1 strains, 114 H3N2 strains, and 23 B strains).
Propagation was carried out in MDCK cells or embryonated hen eggs.

Antibodies. Two monoclonal antibodies, C179 and F49, were obtained by
immunizing mice with A/Okuda/57 (H2N2) and A/Aichi/2/68 (H3N2), respec-
tively. A polyclonal antibody against influenza B virus was obtained by immu-
nizing rabbits with B/Nagasaki/1/76.

Typing and subtyping of influenza strains by PAP staining. The procedures
used for virus inoculation and visualization of infected cells by PAP staining were
those described previously (6). Briefly, MDCK cells in 96-well flat-bottom plates
were inoculated with virus solution in triplet and the plates were incubated for
about 16 h at 35°C. The cells were treated with two subtype-specific monoclonal
antibodies (C179 and F49) and rabbit anti-mouse immunoglobulin (1:1,000;
Organon Teknika, Malvern, Pa.) or B type-specific rabbit serum. The cells were
treated successively with goat anti-rabbit immunoglobulin G antibody (1:500;
Organon Teknika) and PAP (rabbit antiperoxidase) complex (1:5,000; Organon
Teknika). Finally, a peroxidase reaction was conducted by the method described
by Graham and Karnovsky (2). The stained cells were observed under an ordi-
nary light microscope.

Rapid detection and identification of influenza viruses in clinical specimens.
Throat washings from patients with influenza-like symptoms were examined by
the method described above, with slight modifications. Monolayers of MDCK
cells in 24-well microplates were inoculated with the specimens for 45 min at
35°C. Three wells were used for each specimen. After removal of the specimens
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and washing with phosphate-buffered saline, the cells were covered with Eagle’s
minimal essential medium containing 5 mg of trypsin per ml. After incubation for
40 h, the cells were fixed with absolute ethanol and were stained by using each
of the three antibodies described above.

HI test. The isolated influenza viruses were identified by the HI test in which
standard ferret sera immunized against each of the influenza A and B viruses
were used.

Immunoprecipitation assays. For the preparation of labeled virus antigens,
MDCK cells were infected with A/PR/8/24 (H1N1) or A/Aichi/2/68 (H3N2) and
were then incubated for about 20 h in the presence of 35S-methionine (20
mCi/ml). The cells were collected by centrifugation, and the pelleted cells were
solubilized with RIPA buffer (0.01 M Tris-HCl [pH 7.4], 0.15 M NaCl, 1%
sodium dodecyl sulfate [SDS], 1 mM EDTA). The radiolabeled antigens were
mixed with the monoclonal antibodies, and immune complexes were precipitated
by using protein G-protein A agarose (Oncogene Science, Uniondale, N.Y.). The
precipitated antigens were eluted from the Sepharose with sample buffer con-
taining 2-mercaptoethanol and were analyzed by SDS-polyacrylamide gel elec-
trophoresis (PAGE) as described previously (5).

Reverse transcription-PCR. Viral RNAs were prepared from medium con-
taining cultured infected cells by boiling the medium for 10 min and removing
the cell debris by low-speed centrifugation. cDNA synthesis was performed with
random primers and reverse transcriptase (Takara) at 42°C for 1 h. The primers
used for PCR were designed according to the nucleotide sequences of the A and
B regions in the HA gene conserved in a serotype-specific manner (7). For the
first and second PCRs of the H1N1 subtype, two primer sets (59-GGATGGTT
ACAGGACTAAGGAAC-39 [sense] and 59-TTTCTCGATAACAGAATT-39
[antisense] and 59-CCATCCATTCAATCCAGAGGT-39 [sense] and 59-CACC
TTGTTTGTAATCCC-39 [antisense]) were used, while for the H3N2 subtype
two other primer sets (59-TTGGCAACAGGGATGCGGAAT-39 [sense] and
59-CTTCTCGATTAACCAATT-39 [antisense] and 59-GTACCAGAAAAACA
AACTAG-39 [sense] and 59-CAATTTCCCATTGATTTG-39 [antisense]) were
used.

RESULTS

Serological characterization of monoclonal antibodies C179
and F49. The abilities of monoclonal antibodies C179 and F49
to detect influenza A and B viruses were examined by PAP
staining (Table 1). C179, previously reported to recognize the
common neutralizing epitope of influenza A virus H1 and H2
strains (7), stained the cells infected with all strains of the H1
and H2 subtypes but not the cells infected with any strain of the
H3 subtype or the B type. In contrast, F49 reacted with all

strains of the H3 subtype but with none of the strains of the A
or B type.

These monoclonal antibodies were further analyzed by an
immunoprecipitation assay (Fig. 1). C179 immunoprecipitated
the HA protein of A/PR/8/34 (H1N1) but not that of A/Aichi/
2/68 (H3N2). On the other hand, F49 reacted only with A/Ai-
chi/2/68 (H3N2). The results confirmed the staining data, that
is, that both monoclonal antibodies recognize the HA protein
in a subtype-specific manner.

Typing and subtyping of influenza viruses by PAP staining.
Figure 2 shows that the infected MDCK cells were stained by
only one of the three antibodies. Consequently, we could de-
termine the virus type or subtype relatively quickly.

In this study, 160 strains of influenza virus which had been
identified by the HI test were examined by PAP staining. The
types or subtypes of all the strains were shown to be identical
by both methods, with two exceptions. Two strains (A/Osaka/
29/91 and A/Osaka/107/93) which reacted with both C179 and
F49 in the staining test were further analyzed by PCR and
plaque cloning. The results of PCR agreed with those of the HI
test, in which the subtypes of A/Osaka/29/91 and A/Osaka/
107/93 were H1N1 and H3N2, respectively. However, further
investigation by plaque cloning revealed that both strains are
mixtures of two strains, with the ratios of H1N1:H3N2 being as
follows: 21:1 for A/Osaka/29/91 and 17:104 for A/Osaka/107/
93. Consequently, the HI test and PCR detected only the major
population in the virus specimens, while PAP staining accu-
rately detected both major and minor populations.

Detection and typing and subtyping of influenza viruses in
clinical specimens by PAP staining. Throat washings obtained
from patients with influenza-like illness were split into two, and
virus isolation and PAP staining were performed. We exam-
ined 152 specimens obtained at the peaks of the influenza
seasons of 1993–1994 and 1994–1995 (Table 2), since relatively
high percentages of virus isolation were expected at the peak
periods. All positive specimens were identified by both meth-
ods to be of the H3N2 subtype, with slightly higher positive
ratios by virus detection than by PAP staining in both influenza
seasons.

TABLE 1. Staining titers of monoclonal antibodies (C179 and F49)
and anti-B type rabbit serum against influenza A and B viruses

Virus type and strain
Staining titer

C179 F49 Anti-B type

H1N1
A/PR/8/34 1,638,400 ,400 ,400
A/Bangkok/10/83 1,638,400 ,400 ,400
A/Yamagata/120/86 409,600 ,400 ,400
A/Osaka/930/88 409,600 ,400 ,400
A/Suita/1/89 409,600 ,400 ,400

H2N2
A/Okuda/57 1,638,400 ,400 ,400
A/Adachi/2/57 1,638,400 ,400 ,400
A/Kumamoto/1/65 409,600 ,400 ,400
A/Kaizuka/2/65 409,600 ,400 ,400
A/Izumi/5/65 409,600 ,400 ,400

H3N2
A/Aichi/2/68 ,400 409,600 ,400
A/Fukuoka/C29/85 ,400 102,400 ,400
A/Sichuan/2/87 ,400 102,400 ,400
A/Ibaraki/1/90 ,400 102,400 ,400
A/Suita/1/90 ,400 102,400 ,400

B, B/Nagasaki/1/87 ,400 ,400 25,600

FIG. 1. SDS-PAGE analysis of influenza virus polypeptides immunoprecipi-
tated by monoclonal antibodies (MAb) against influenza HA proteins. 35S-
methionine-labeled influenza virus-infected MDCK cell extracts were immuno-
precipitated with monoclonal antibodies C179 (lanes 1 and 3) and F49 (lanes 2
and 4). Lanes 1 and 2, A/PR/8/34-infected cells; lanes 3 and 4, A/Aichi/2/68-
infected cells; M, molecular weight markers (K, thousands).

VOL. 36, 1998 RAPID IDENTIFICATION OF INFLUENZA A AND B VIRUSES 341



F
IG

.
2.

T
he

tw
o

m
on

oc
lo

na
la

nt
ib

od
ie

s(
C

17
9

an
d

F
49

)a
nd

an
ti-

in
flu

en
za

B
vi

ru
sr

ab
bi

ts
er

um
st

ai
ne

d
th

e
in

fe
ct

ed
ce

lls
in

a
su

bt
yp

e-
or

ty
pe

-s
pe

ci
fic

m
an

ne
r.

T
he

M
D

C
K

ce
lls

in
96

-w
el

lfl
at

bo
tt

om
pl

at
es

w
er

e
in

fe
ct

ed
w

ith
A

/O
sa

ka
/2

19
/9

1
(A

,B
,a

nd
C

),
A

/O
sa

ka
/1

74
/8

5
(D

,E
,a

nd
F

),
an

d
B

/O
sa

ka
/7

53
/9

3
(G

,H
,a

nd
I)

an
d

w
er

e
st

ai
ne

d
w

ith
C

17
9

(A
,D

an
d

G
),

F
49

(B
,E

an
d

H
),

an
d

an
ti-

in
flu

en
za

B
vi

ru
s

ra
bb

it
se

ru
m

(C
,F

,a
nd

I)
.T

he
ce

lls
in

fe
ct

ed
w

ith
A

/O
sa

ka
/2

19
/9

1
w

er
e

st
ai

ne
d

w
ith

C
17

9
bu

t
no

t
w

ith
F

49
or

an
ti-

in
flu

en
za

B
vi

ru
s

ra
bb

it
se

ru
m

,w
hi

ch
co

nfi
rm

ed
th

at
th

e
st

ra
in

w
as

H
1N

1.
Si

m
ila

rl
y,

A
/O

sa
ka

/1
74

/8
5

an
d

B
/O

sa
ka

/7
53

/9
3

w
er

e
id

en
tifi

ed
to

be
H

3N
2

an
d

th
e

B
ty

pe
,r

es
pe

ct
iv

el
y.

342 UEDA ET AL. J. CLIN. MICROBIOL.



DISCUSSION

Monoclonal antibodies have been extensively applied to the
rapid detection and identification of influenza viruses (1, 3, 4,
9–17). By using monoclonal antibodies against the nucleopro-
tein or matrix protein of influenza virus, type A viruses were
clearly distinguishable from type B viruses (1, 10, 14–17). How-
ever, to discriminate between the H1 and H3 subtypes of
influenza A virus, monoclonal antibodies against HA which
determines subtype specificity are needed. Since the HA man-
ifests frequent antigenic drift, HA specific monoclonal anti-
bodies do not show constant reactivity against strains collected
over a long period of time. Therefore, pools of monoclonal
antibodies against the HA have been applied (13).

We formerly reported on a monoclonal antibody, C179,
which reacts to all H1 and H2 subtype strains to almost the
same degree (7). Here, we report on another monoclonal an-
tibody, F49, which reacts only to H3-subtype strains. The re-
actogenicities of C179 and F49 in the staining test suggested
their applicability for the subtyping of influenza A virus strains
(Table 1). The results of the immunoprecipitation assays sug-
gest that the two antibodies recognize the conserved epitope in
the HA of each subtype (Fig. 1).

It has been reported that the amino acid substitutions in the
HA occur mainly in the globular head region (18, 19). On the
other hand, conserved amino acid sequences were observed in
the HA2, which constitutes the stem region of the HA (18, 19).
These observations suggest that C179 recognizes the middle of
the stem region conformationally (7). Moreover, in prelimi-
nary experiments we confirmed that F49 recognizes an epitope
in the stem region. In those experiments CV-1 cells transfected
with a vector containing a gene encoding headless HA of the
H3N2 subtype were stained by F49 (data not shown). The fact
that F49 does not have neutralizing activity suggests that it
recognizes a sequential epitope of the HA.

The usefulness of PAP staining for the subtyping of clinical
isolates was clearly shown in the present study, which com-
pared the PAP staining technique with the conventional HI
test. With two exceptions, the types or subtypes of the strains
were identical in both tests. This further supports our suppo-
sition that epitopes recognized by the two monoclonal antibod-
ies have been conserved in nature. It is noteworthy that mixed
infections with the H1N1 and H3N2 subtypes were detectable
only by staining and not by the HI test or PCR. Thus, PAP
staining may be more sensitive and reliable than the other
methods, and the next step is to conduct detailed studies with
fresh clinical specimens.

In the season when influenza is epidemic, which is usually
from December to March, many specimens from the monitor-
ing hospitals in Osaka Prefecture are sent to our institute
(Osaka Prefectural Institute of Public Health). The clinical
specimens described in Table 2 were obtained at the peak of
the influenza season, and that explains the relatively high virus
isolation rates in both seasons. The virus isolation rates

throughout the year for various years are as follows: 11.0%
(number of specimens positive for virus/total number of spec-
imens 5 70/636) in 1993, 36.0% (561/1,559) in 1994, and 15.8%
(153/966) in 1995. The virus detection rate by the staining test
was slightly lower than that by virus isolation. To evaluate the
detection rates by the two tests for significance, trials with large
numbers of clinical specimens are now under consideration.
However, a detection time of as short as 40 h is considerable,
especially at the beginning of the influenza season, when rapid
detection and typing of the influenza virus are needed. Simi-
larly, when mass outbreaks of influenza-like illness occur in
schools or local communities, virological examinations are vi-
tal. A direct detection method which could identify influenza
viruses in clinical specimens within 2 days would meet public
health requirements.

When the influenza A virus H2 strains recur in the future, it
becomes impossible to distinguish H1 strains from H2 strains
with C179. However, the similarity of the DNA sequences of
the genes for the H1 and H2 stem regions is so high (7) that it
is hard to raise monoclonal antibodies which recognize H1
stem regions but not H2 stem regions by immunizing mice with
viral proteins. Therefore, we are now planning to raise H1
strain-specific monoclonal antibodies by immunizing mice with
the DNA coding for the stem region of H1 z HA. On the other
hand, we have produced monoclonal antibodies against influ-
enza type B virus which react to all type B strains. Applications
for anti-B monoclonal antibodies in newly developed methods
are under investigation, and it should facilitate the clearer
detection and identification of viruses in clinical specimens.
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