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The monoclonal antibody designated C179 was found to neutralize all of the Hi and H2 strains of influenza
A virus studied (Y. Okuno, Y. Isegawa, F. Sasao, and S. Ueda, J. Virol. 67:2552-2558, 1993). In the present
study, the ability of C179 to protect mice from the lethal effect of the A/FM/1/47 (H1N1) strain was examined.
When the mice were injected intraperitoneally with 100 ,ug of C179 per mouse a day before the virus challenge
(2.0 x 103 focus-forming units per mouse), all of the mice survived. Moreover, significantly higher survival
rates were observed in mice receiving 1,000 ,ug of C179 per mouse 2 days after the virus challenge than in those
receiving phosphate-buffered saline alone. These results indicate that C179 is effective not only for prevention
but also for treatment of mice infected with Hi and H2 strains. The possibility that C179 can be used for
passive immunization in humans is discussed.

We have demonstrated in an earlier article (15) that a
monoclonal antibody, termed C179, has unique characteristics
not previously reported. Although C179 was selected from the
spleens of mice immunized with the A/Okuda/57 (H2N2)
strain (12) of influenza A virus, it neutralized all of the HI and
H2 strains studied. By the hemagglutination inhibition and
fusion inhibition tests, it was found that C179 neutralized the
Hi and H2 strains by inhibiting the fusion activity but not the
binding activity of the hemagglutinin (HA) glycoprotein. Anal-
ysis of the antigenic variants that escaped from the neutralizing
activity of C179 by nucleotide sequencing revealed that C179
recognized the conformational epitope in the middle of the
stem region of HA in which amino acid sequences were
conserved in the Hi and H2 strains. Since the antigenic
variability of the HA has hampered the control of influenza,
the antibody has a possibility of being used for the prevention
of influenza. In the present study, we conducted animal
experiments to discover whether C179 can protect mice from
lethal influenza virus infection.
To characterize the biological activities of C179 in more

detail, we analyzed it quantitatively in in vitro experiments by
using affinity-purified immunoglobulin G of C179. Two kinds
of assay systems, neutralization and fusion inhibition tests,
were applied. The strains used for these tests were A/FM/1/47
(H1NI), A/Okuda/57 (H2N2), and A/Aichi/2/68 (H3N2),
which represent each of the three subtypes of influenza A
virus. Stock viruses of these strains were prepared in the
allantoic cavities of 11-day-old embryonated hen eggs.

Figure 1A shows the results of the neutralization test. The
test was performed by a previously described method (16). As
previously reported (15), the Hi and H2 strains but not the H3
strain were neutralized by C179. The concentrations of C179
required to completely neutralize the viruses were 200 jig for
A/FM/1/47 and 50 ,ug for A/Okuda/57. Although A/Okuda/57
was neutralized more efficiently than A/FM/1/47, it is not clear
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whether the difference was due to the ability to respond to
C179 or was merely an aberration within the test system.

Fusion inhibition assays were performed by our method
(15), with slight modifications. This time, infected CV-1 cells in
96-well tissue culture plates were incubated overnight in a
medium containing 5 ,ug of trypsin per ml instead of a trypsin
treatment for 30 min 1 day after the infection. The fusion index
was obtained by the following formula: fusion index = 1 -
(number of cells/number of nuclei). As shown in Fig. 1B, C179
inhibited the fusion activity of A/FM/1/47 and A/Okuda/57 but
not of A/Aichi/2/68. The kinetics of fusion inhibition of the two
strains were almost identical, showing a complete inhibition at
a concentration of 25 ,ug/ml.
To investigate the protective effect of C179 against influenza

A virus in mice, the A/FM/1/47 strain, which caused a high
mortality rate in mice (13), was used as the challenge virus. It
was made clear that C179 recognized two consecutive amino
acid sequences (designated regions A and B) of HA which
were conserved among all of the Hi and H2 strains studied
(15). We then conducted nucleotide sequencing of A/FM/1/47
and confirmed that the amino acid sequences of the A
(TGLRN) and B (GITNKVNSVIEK) regions were the same
as those of other Hi and H2 strains. In the present study,
4-week-old female BALB/c mice were administered intraperi-
toneally with 1 ml of phosphate-buffered saline (PBS; pH 7.4)
or PBS containing appropriate amounts of C179 before or
after the intranasal inoculation with 25 RI containing 2.0 x 103
FFU (focus-forming units) of A/FM/1/47 per mouse under
light ether anesthesia. This dose of A/FM/1/47, which resulted
in the highest mortality rate in mice, was determined by the
preliminary experiments in which the mice were inoculated
with 10-fold serially diluted virus. The higher dose (2.0 x 104
FFU per mouse) did not necessarily result in a higher mortality
rate. Figure 2A shows the results of the mouse survival rates
when the mice were given C179 a day before the virus
challenge. Ten mice each in the three groups received 1,000,
100, or 10 ,ug of C179, respectively. As the control, 12 mice
received PBS alone. All of the mice receiving 1,000 or 100 ,ug
of C179 remained alive, whereas those receiving 10 ,ug of C179
or PBS showed low survival rates. These data indicate that 100

517



518 NOTES

A
1001

4)

.2
0

o 50-
4)
Co

0

LO-

Concentration of C179 (,ug/ml)

B

..I)
U-

>0.91
0.9

0.5 _

0.1
<0.1

0.1 1 10 100
Concentration of C179 (,ug/mI)

FIG. 1. (A) Kinetics of neutralizing activity of C179 against A/FM/
1/47 (HIN1) (-), A/Okuda/57 (H2N2) (A), and A/Aichi/2/68 (H3N2)
(U). The neutralization test was performed by a previously described
method (16). Suspensions ofMDCK cells were distributed to each well
of 96-well flat-bottom plates and incubated in a CO2 incubator at 370C
to make monolayer sheets. On the following day, C179 was serially
diluted in fourfold steps in 96-well round-bottom plates. Then, diluted
C179 and control diluent were combined with an equal volume (25 ,ul)
of influenza virus adjusted to give a final control count of about 50
FFU per well. After incubation for 1 h at 37°C, 25 ,ul of each mixture
was transferred to wells of 96-well flat-bottom plates in which MDCK
cells had been seeded on the previous day and adsorbed for 30 min at
37°C. After the virus inocula were removed and washed with PBS, the
cells were covered with Eagle minimal essential medium containing
0.5% tragacanth gum and 5 ,ug of trypsin per ml. At 20 to 24 h after
inoculation, the medium was removed, and the cells were fixed with
absolute ethanol at room temperature for 10 min. Then, the cells were
dried, and focus staining was done by successive treatment of the cells
with rabbit anti-A/Okuda/57 serum (1:1,000), goat anti-rabbit immu-
noglobulin G serum (1:500) (Organon Teknika, Malvern, Pa.), and
peroxidase-rabbit antiperoxidase complex (1:1,000) (Organon
Teknika) for 40 min each. Finally, a peroxidase reaction was allowed
for about 5 min according to the method described by Graham and
Karnovsky (5), in which 0.01% H202 and 0.3 mg of 3,3'-diaminoben-
zidine tetrahydrochloride per ml in PBS were used. The cells were then
rinsed with tap water and dried. The stained foci were counted under
an ordinary light microscope by turning the plates upside down. (B)
Kinetics of fusion inhibition activity of C179 against A/FM/1/47
(H1N1) (0), A/Okuda/57 (H2N2) (A), and A/Aichi/2/68 (H3N2) (-).
Fusion inhibition was assayed by a method previously reported (15).
Monolayers of CV-1 cells in 96-well tissue culture plates were infected
with each strain at a multiplicity of infection of 0.01 and incubated
for 24 h at 37°C in the presence of trypsin (5 ,.g/ml). Then, the cells
were incubated for 30 min with a medium containing serially diluted
C179. Thereafter, they were treated for 2 min at 37°C with a fusion
medium (pH 5.0) and were further incubated for 3 h in the culture
medium. At this time, they were stained with a Giemsa stain
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FIG. 2. Effect of C179 against infection with A/FM/1/47 (HiN1) in
mice. (A) Four-week-old female BALB/c mice received 1,000 (0), 100
(U), or 10 (A) K.g of C179 per mouse or PBS (0) 24 h before the virus
challenge. (B) Four-week-old female BALB/c mice received 1,000 (0)
or 100 (U) ,ug of C179 per mouse or PBS (0) 2 days after the virus
challenge.

,ug of C179 per mouse is enough to protect mice from the
lethal effect of A/FM/1/47.

Figure 2B shows the results of mouse survival rates when
mice were given C179 2 days after the virus challenge. Ten
mice in each group, which received 1,000 or 100 pg of C179 or
PBS, were used. Although the mice that received 100 pLg of
C179 showed a low survival rate (20%), the mice that received
1,000 ,ug of C179 showed a high one (80%). Results similar to
those described above were obtained by repeated experiments,
which confirmed that 1,000 ,ug of C179 per mouse is an
effective treatment for infection by A/FM/1/47.
To investigate the level of virus replication in the lungs of

mice receiving 100 pLg of C179 or PBS 1 day before the
challenge with A/FM/1/47, three mice each per day in the two
groups were sacrificed on days 0 to 5, 7, and 10 after the virus
inoculation, and their virus titers were determined (Fig. 3A).
Even 1 day after the inoculation, the control mice, which had

and were examined under a light microscope. The fusion index was
obtained by the method described by Arikawa et al. (1), in which the
following formula was applied: fusion index = 1 - (number of
cells/number of nuclei).
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TABLE 1. Effect of C179 on the replication of the A/Okuda/57
(H2N2) and A/Aichi/2/68 (H3N2) strains in the lungs of mice

Virus titer
Infectivity Dose of (mean

Challenge virus of virus C179 No. of log11,
inoculated administered mice FFU/mouse

(FFU/mouse) (jig/mouse) lung ±
SE)

A/Okuda/57 (H2N2) 6.0 x 102 100 5 1.0 ± 0.9
- 5 3.5±0.1

A/Aichi/2/68 (H3N2) 5.0 x 103 1,000 5 4.5 ± 0.3
- 5 4.7 ± 0.2

One milliliter of PBS instead of C179 was administered.

r 10

FIG. 3. Titers of virus in the lungs of mice receiving PBS (open
bars) or 100 ,ug of C179 per mouse I day before (A; stippled bars) or

1,000 ,ug of C179 per mouse 2 days after (B; stippled bars) the virus
challenge. Three mice each per day in the two groups were sacrificed
at days 0 to 5, 7, and 10, and their lungs were harvested. After the
homogenization of the lungs, their virus titers were obtained by a

previously reported method (16). Means and standard errors are

presented.

received PBS alone, had high titers, suggesting that the multi-
plication of this strain in the mouse lungs was very rapid. The
virus titers were almost the same from day 1 to day 5. Although
the virus titers in the lungs of mice receiving C179 were

significantly lower than those of the control mice, the admin-
istration of C179 did not considerably inhibit virus replication.
However, on day 7, a remarkable difference in the virus titers
between the two groups was observed, with negligible titers in
the lungs of mice receiving C179. Similar experiments, in which
mice received 1,000 p.g of C179 per mouse 2 days after the
virus infection, were performed (Fig. 3B). In this case, three
mice each per day in the group receiving C179 were sacrificed
from day 3 after the infection. All of the control mice died
before day 10, which made it impossible to obtain results for
the control group on day 10. Even I day after C179 adminis-
tration (day 3), the titers of virus in the lungs of the mice
receiving C179 were significantly lower than those of control
mice. The virus titers in the group receiving C179 decreased
rapidly, with undetectable titers from day 7, indicating that
C179 is effective in eradicating infectious virus from the lungs.
The prophylactic effect of C179 against infections with other

subtypes of influenza A virus was investigated by use of

A/Okuda/57 (H2N2) and A/Aichi/2/68 (H3N2) as the chal-
lenge viruses (Table 1). Each mouse received C179 or PBS 1
day before the challenge, and their lungs were harvested 3 days
later. As for the challenge with A/Okuda/57, the titers of virus
in the lungs of mice receiving 100 pg of C179 were significantly
lower than in those of control mice. In contrast, when A/Aichi/
2/68 was used as the challenge virus, nearly identical titers in
the lungs of mice receiving 1,000 p.g of C179 and PBS were
observed. The animal experiments described above are consis-
tent with the in vitro studies demonstrating that C179 reacts to
HI and H2 subtypes specifically.
The ability of C179 to neutralize the virus does not seem

very high, if the fact that fairly high titers were observed in the
lungs of mice receiving C179 is considered (Fig. 3). However,
as suggested in the in vitro studies (Fig. 1) in which an
inhibition of cell-cell fusion by C179 occurred more effectively
than virus neutralization, C179 must have a strong ability to
inhibit the spread of infected cells in mouse lungs, which
results in high survival rates in the mice receiving C179 (Fig. 2).
This idea was also supported by the finding of hemorrhagic
lesions in the lungs of mice receiving C179 that were localized
only in small areas, in most cases at the sites leading to the
bronchi, whereas those of the control mice spread all over the
lungs (data not shown).

In the process of obtaining C179, several hundred monoclo-
nal antibodies which showed hemagglutination inhibition ac-
tivity against the homologous A/Okuda/57 strain were selected.
These monoclonal antibodies must recognize the globular
head region of HA, because almost all of the HA monoclonal
antibodies reported so far recognize the region with hemag-
glutination inhibition activity (3, 9, 11, 23, 27). Antibodies
against the stem region, such as C179, seem to be produced
only in small amounts. Since the antigenic determinants in the
globular head region are highly variable (17), and, in particu-
lar, since antigenic differences in the region among subtypes
are very large, it is reasonable that immunity to influenza A
virus is subtype specific, which has been reported for natural
infections or vaccine trials in humans (4, 21, 24, 25) and for
animal experiments (6, 7, 18, 22). However, Mbawuike et al.
(10) demonstrated that vaccination of pregnant mice with a
high dose of inactivated influenza A virus vaccine protects their
offspring not only against the homologous subtype but also
against heterologous subtypes and suggested the existence of
cross-reactive antibodies which confer cross-protection. In
addition, cross-reactive immunity to influenza A virus has been
observed in animals (8, 19, 26) as well as humans (2, 14, 20).
The observations described above seem to indicate that con-
served antigenic sites in the stem region of HA, such as C179,
are responsible for a part of the cross-protection.
At present, vaccination with an inactivated influenza virus
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vaccine is the only practical measure to control influenza.
However, the effect of the current vaccine has incited much
controversy, which is mainly due to the antigenic variability of
HA. The present study suggests the possibility that the anti-
body will someday be used for passive immunization against
influenza virus. Since influenza virus spreads rapidly in a large
population, it is too late to perform a vaccination after the first
appearance of the disease in an epidemic season. Therefore,
passive immunization with the antibody may be useful for
those who have not been vaccinated before. In particular,
because the antibody is effective for both prevention and
treatment of the disease, it may be most appropriate for use
with people with the underlying disease or with the aged who
might fall seriously ill if they are infected with the virus. The
plan to convert the antibody to a chimeric mouse-human
antibody is in progress, and it is hoped that it will be applied for
clinical purposes in the near future.
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