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UMMARY  Cross-protection among influenza viruses was studied in mice. Mor-
S tality, consolidation of the lungs and neutralizing antibody were used as indices of
protection. Immunization of mice with live avirulent A / Okuda / 57 (H,N,) or A /
Osaka /9 /70 (H;N,) had a protective effect against challenge with virulent A /
FMI1 /47 (H;N;) while immunization with live avirulent B / Osaka / 3 / 71 resulted
in no protection against A / FM1 /47 (H,N,). No neutralizing antibody or hemag-
glutination inhibition antibody against A / FM1 /47 (H;N,) was found in the sera
or lung exudates of mice immunized with live A / Okuda /57 (H,N,), even when
mice were immunized 4-5 times at weekly intervals. Moreover, pooled and con-
centrated sera or lung exudates of mice immunized with A / Okuda / 57 (H,N,)
showed no neutralizing activity against A / FM1 /47 (H,N,). The possible role of

immunoglobulin in lung secretions or sera is discussed.

INTRODUCTION

For more than a decade, live attenuated in-
fluenza vaccines have been tested in field trials
(Stuart-Harris, 1970; Okuno and Nakamura,
1966).  But there are still many problems to be
solved about these vaccines, such as lack of
laboratory markers for attenuation of virus and
evidence for the overwhelming advantage of
using live vaccine (Stuart-Harris, 1970). In
the previous report (Kurimura et al., 1971), we
described some characteristics of infection im-
munity against influenza in mice. Table 1
summarizes previous experiments. Preim-

munization with live A / Okuda /57 (H,N,) ef-
fectively protected mice against challenge with
the heterotypic virus, A /FMI1/47 (H,N;). On
the other hand UV-killed A /Okuda/57 (H,N,)
virus was ineffective. The broadened spec-
trum of immunity evoked by immunization
with a live avirulent influenza virus strain must
be evidence for the advantage of using live in-
fluenza vaccine. Recently, Waldman et al.
(1970) reported that the characteristics of se-
cretory IgA were less specific than those of
serum IgG. If this is so, the route of immu-
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nization must be very important in influenza
vaccination. In this paper the characteristics
of immunity evoked by infection of mice with
a live avirulent influenza virus are discussed.

MATERIALS AND METHODS

1. Mice

Four or 5 week old inbred female mice of the ddO
strain were used throughout. At the beginning and
end of experiments, control mice were checked for
HV]J infection.

2. Influenza virus

As avirulent strains in mice, A/Okuda/57 (H,N,),
A/Osaka [ 9 / 70 (H,N,) (Hong Kong type) and B/O-
saka/3/71 were used. The latter two strains were
freshly isolated in our laboratory. A/Okuda/57 (H,
N,) is known to have similar laboratory characteris-
tics to another attenuated virus (Willers and Beare,
1970). The A/FM1/47 (H,N,) strain was used as
the virulent strain for challenge. Ten day old fertile
eggs were infected with diluted virus samples and
two (or three, in the case of type B virus) days later
the allantoic fluid was harvested. Its virus titer was
determined at the time of infection of mice by the
EID,, test or hemagglutination of chick red blood
cells.

3.  DImmunization and challenge of mice

For challenge of mice with the virulent strain A/
FM1/47(H,N)), the inhalation method using a nebu-
lizer was adopted (Nakamura, 1965). Mice were
immunized by inhalation, intraperitoneal injection or
subcutaneous injection of virus. The interval be-
tween immunization and challenge was 14 days.
Mice were observed for two weeks after infection and
at the end of the experiments surviving mice were
sacrificed by exsanguination and their lungs were
checked carefully for consolidation. The extent of
consolidation is expressed as 0, 1, 2, 3 or 4, repre-
senting 0, 25, 30, 75 or 100% consolidation of the
lungs. To obtain lung exudates, the lungs were
taken out together with the trachea and each lung
was washed with 0.5 ml of phosphate buffered saline
(PBS). Sera of mice were used for assay of NT
and HI antibody and lung exudates for assay of NT
antibody.
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4.  Neutralization test and hemagglutination inhibi-

tion test

These tests were done as described elsewhere
(Kurimura et al., 1971). The HI antibody titer is
expressed as the log, of the reciprocal of the highest
serum dilution causing inhibition of hemagglutina-
tion. The NT antibody titer is expressed as the
reciprocal of the highest dilution of serum showing
neutralization of virus in more than 50%, of the eggs.
Pooled sera or lung exudates, were concentrated by
ultrafiltration in Visking tubing (size 8/32) under
reduced pressure. After concentration, sera or lung
exudates were dialyzed against 50 volumes of Eagle’s
MEM for several hours at 4 C.

RESULTS

As described in the previous paper, immuniza-
tion of mice with live avirulent virus 9, 12 or 22
days before challenge with heterotypic virulent
virus, resulted in protection against virulent
virus (Table 1).

These experiments showed that the mice
developed broadened immunity after immuni-
zation with live type A influenza virus. The
experiments shown in Tables 2 and 3 were
performed to examine the spectrum of im-
munity evoked by immunization with various

TaBLe 1. Swummary of previous experiments®

Interval
between t‘E(fgfeC-
Immuniza- Challenge? immuniza- v 1}(355
tion” ratieng tion and . o s
challenge Immuniza-
(days) tion
live AJFM1/47 o .
A/Okuda/57 (H,N;)
(H,N,)
12 +
22 +
UV-killed A .
A/Okuda/57 ?}/{Ii\?)l/-%/ " -
(}‘IQNQ) -3

@ Summary of experiments described in the previous
paper (Kurimura et al,, 1971).

& Immunization and challenge were done by the
inhalation method.



types of influenza virus. Mice were immun-
ized by the inhalation method with A/Osaka/
9/70(H,N,) (Hong Kong type) and 14 days later
they were challenged by A/FMI1/47(H,N;)
(Table 2). Judging from the death rate and
incidence of consolidation of the lung, these
heterotypic strains gave cross protection and
immuni ed mice were more resistant to chal-

lenge virus than nonimmunized controls.
These data suggest that cross protection after
immunization with live virus is a common
phenomenon in various strains of type A in-
fluenza virus. But this type of cross immunity
does not give a sufliciently broad immunity to
overcome the antigenic heterogeneity between
A (H,;N,) type and B type viruses (Table 3).

TaBLE 2. Effect of immunization of mice with A|Osakal9|70(H,N,) on the effect of challenge

with virulent A|FMT7]47 (H,N,)

G Immunization Challenge dose Grade of consolidation of lungs
{?“P with A/Osaka/9/70  of A/FM1/47 death/total e
SN0 (H,N,) (H,N,) HAU/ml 2 3 4 5
1 Yes 500 0/5 0 0 0 1 2
2 Yes 50 0/5 1 0 0 0 0
3 Yes 5 0/5 0 0 0 0 0
4 Yes 0 0 0 0 0
5 No 500 3/5 4 1
6 No 50 0/5 1 2 1 1 1
7 No 5 1/5 0 3 1 1
8 No 0 0 0 0

Immunization and challenge were done by inhalation for 3 min as described elsewhere (Kurimura et al., 1977).

The passage levels of the wviruses used were:

A/FM1]47 (H,N;)
AJOsakajo]70 (HuNy) (Ey)

where E and M mean passages in fertile eggs or in mice, repectively.

used for immunization was 10%% EIDg[0.7ml.

TaBLE 3.
vivulent A|FMT]47 (H,Ny)

(EuMgE M Eq)

The concentration of A|Osakal9/70 (HN,)

Mice in groups 4 and 8 were sacrificed on the day of challenge.

Effect of tmmunization of mice with B|Osakal3[71 on the effect of challenge with

Grou Immunization  Challenge dose Grade of consolidation of lungs
1\1?0 p with of A/FM1/47(H,N,) death/total
’ B/Osaka/3/71 EID;e/0.1ml 1 2 3 4 5 6
1 Yes 1x10° 5/6 3
2 Yes 1x10* 2/6 3 2 2 2 1
3 Yes 1x10°8 1/6 1 1 0 1 0
4 Yes 0 0 0 0 0
5 No 1x10° 5/6 1
6 No 1x10* 3/6 2 0 2
7 No 1x108 1/6 1 1 2 1
8 No 0 0 0 0 0 0

The passage levels of the viruses were B|Osakal3]71 (Eg) and A|FM1/47(H\N,) (E M EME;) and the virus

titer of B/Osakal3]71 was 10° EIDg /0.7 ml.

Mice in groups 4 and 8 were sacrificed on the day of challenge.

The antibody response to B/Osaka/3[71 was good judging from the HI antibody titer of the serum.
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TABLE 4. Effect of immunizations of mice with A|Okuda/57(H,N,) by intraperitoneal injection
and inhalation on the effect of challenge with virulent A|FM7/47(H,N))

Grou Challenge dose Grade of consolidation of lungs
No P Immunization of A/FM1/47 deaths/total
e (H;N;) HAU/ml 1 2 3 4 5 6 7 8
1 64 377 1 1 3 3
I 2 Int.raperi.toneal 6.4 2/7 1 1 1 2 2
3 injection 0.64 1/7 1 2 0 0 2 2
4 0 0 0 0 0 0 0
1 64 2/8 1 1 1 2 0 2
2 6.4 0/8 0 1 1 4 1
11 Inhalation / 0 2 0
3 0.64 0/7 1 3 1 0 0 1 0
4 0 0 0 0 0 0 0
1 64 8/8
I 2 nonimmunized 6.4 4/8 2 4 3 2
3 control 0.64 2/7 1 1 1 1 3
4 0 0 0 0 0 0 0

The amount of A/Okudal57(H,N,) used for immunization by intraperitoneal injection was 2X 108 EID;/0.2 ml per
mouse and that for inhalation for 3 min was 10° EIDy[0.71ml. The passage level of AJFM71[47(H,N,) was as
for table 2 and that of A[Okudal57(H,N,) was E.;. Challenge was done by the inhalation method. Mice in
groups I-4, II-4 and I1I-4 were sacrificed on the day of challenge to examine the extent of comsolidation of their
lungs and the antibody titers of their sera against A|/Okudal57 (H,N,) and A/FM1/47(H,N,). Mice in these
groups showed no lung consolidation and no HI antibody to A[FM1]47(H,N,).

TABLE 5. Antibody response of mice after multiple exposures to live AJ/Okudaj57 (H,N,)

Antibody Titer

Group  No. of

Not Exposures A/Okuda/57 (H,N,) A/FM1/47 (H,N,) A/Osaka/9/70 (H,;N,)
NT HI NT HI NT HI
‘1 1 26.20(5)(1 28.0 (4) <23‘0 (2) <23‘0 (4) <23.0 (3) <23.0 (4_)
2 2 250 (4) 252 (6) <239 (6) <250 (3) <259 (6)
3 3 28.0 (4) 27_7 (6) < 23.0 (2) < 23.0 (6) < 23.0 (4) < 23.0 (6)
4 4, > 25.0 (5) 28.5 (6) < 23.0 (2) < 28,0 (6) < 23.0 (2) < 23.0 (6)
S S > 26.5 (6) 29.5 (2) < 23.0 (6) < 23.0 (2) < 23.0 (3) < 23.0 (2)
6@ none <230 (2) <230 (3) <230 (2) <230 (3) <230 (2) <280 (3)
7 none <250 (4) <250 (3) <250 (4) <280 (3) <280 (2) <230 (3)

NT and HI antibody titers in mouse sera were examined after single or multiple exposures to A2/Okudal57
(H,N,) (Eaggy 10%5—108%0 EIDy, /0.1 ml) by inhalation for 3min. Mice were sacrificed by exsanguination 2 weeks
after the last immunization. No mice showed any consolidation of the lung.

a Sacrificed at start of experiment

b Sacrificed at end of experiment

¢ Geometric mean titer

d Number of sera tested
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This confirms previous results which excluded
the possibility of interference as a cause of
Cross immunity.

Injection is a more convenient method of
immunization than inhalation. Table 4 shows
the result of immunization by the intraperi-
toneal route. Mice were preimmunized by in-
traperitoneal injection of live avirulent virus (A/
Okuda/57 (H,N,) and 14 days later, they were
challenged with virulent A/FM1/47 (H,N,) by
the inhalation procedure. Intraperitoneal im-
munization also resulted in some protection
against infection with a heterotypic virus via
the respiratory tract. These results seem to
agree with those of Waldman et al. (1968).

Henle and Lief (1963) reported that re-
peated infection of guinea pigs with one strain
of influenza virus broadened their antibody
spectra. We carried out a similar type of ex-
periment to examine the nature of the pheno-

TABLE 6.

menon of broadened protection. Single or
multiple exposures (at weekly intervals) of mice
to live A/Okurda/57 (H,N,) by inhalation did
not result in the appearance of HI antibody or
NT antibody against A/FM1/47 (H;N)) or A/
Osaka/9/70 (H3N,) in the serum (Table 5).
Similar results were obtained when mice were
injected subcutaneously with doses of 2 x 1075
EID;, per mouse, as shown in Table 5. We
could not demonstrate the participation of se-
rum neutralizing antibody in broadening the
spectrum of protection by the above experi-
ments, so we made the experiment shown in
Table 6. However we could not detect any
activity to neutralize A/FM1/47 (H,;N,) virus in
sera or lung exudates of mice immunized two
weeks previously with A/Okuda/57 (F,N,),
even when concentrated samples of sera or
lung exudates were examined.

Neutralizing antibody in pooled and concentrated sera and lung exudates

NT titer of concentrated

Group No. of Immuvl'}tll'/:atlon Specime Times specimen
No. mice %/Okug‘i/gﬂl‘l Ny pecimen concentrated
: © e A/Okuda/57(F,N,) A/FM1/47(H,N,)
serum 5.0 400 <2
1 23 Yes
lung exudate 3.0 16 <2
serum 3.3 <8 <2
2 23 No
lung exudate 4.0 <8 <2

105% EIDy,[0.1 ml of A/Okuda|57(HyN,) (Eags) was used for immunization by inhalation. Two weeks after immuni-
zation the sera and lung washings of mice in each group were pooled and concentrated as described in “ Ma-

terials and Methods ™.
trated sera or concentrated lung exudates.

DISCUSSION

Cross protection or broadening of the spectrum
of immunity to type A influenza viruses is a
very important phenomenon for evaluation of
the value of live influenza vaccine. The pre-
sent experiments indicate that immunization
of mice with avirulent A (H,N,) or A (H,N,)
influenza viruses results in protection against
the virulent strain A/FM1/47 (H,N,). More-

Four or five fertile eggs were used to test for NT antibody at each dilution of concen-

over immunization with A/Okuda/57 (H,N,)
results in protection against virulent A/Osaka/
5/70 (H;N,) (Maeda, unpublished data). Cross
protection is only observed within the type A
group and does not occur between type A and
type B viruses. Thus, cross immunity is pos-
sibly caused by humoral antibody. However,
so far it has not been possible to demonstrate
neutralizing antibody in lung secretions or sera
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and even after multiple immunization of mice
with live A/Okuda/57(H,N,), no neutralizing
antibodies against A/FMI1/47(H;N;) or A/O-
saka/9/70 (H,N,) could be found in the serum
or lung exudate. Moreover, pooled and con-
centrated sera and washing fluid from the lungs
of mice immunized with A/Okuda/57 (H,N,),
showed no neutralizing activity against A/
FM1/47 (H;N,). The possible presence of
antibody should be examined using a more
sensitive method, e.g. the plaque reduction
method, and neutralizing activity should be
tested using more concentrated washing fluid
from the lungs.

Secretory IgA is the most important factor
in protection against viral respiratory diseases
(Mann et al., 1968; Rossen et al., 1971). We
could not demonstrate neutralizing antibody
against A/FM1/47 (H,N,) in lung washings, but
there are two reports which support the pos-
sibility that IgA is the cause of cross protec-
tion. Waldman et al. (1970) suggested that
IgA is less specific than IgG in lung secretions
and this could be so in our mice. In their ex-
periments, the post-immunization NT anti-
body titers to homotypic virus A/Taiwan/64
(H,N,) of the sputum were between 1:2 and
1:32, while those to heterotypic A/Hong
Kong/68 (H,N,) or A/PR/§(HN,) virus were
between 1:1 and 1: 4. Three of 17 cases did
not show NT antibody against heterotypic type
A viruses, but it is conceivable that, if the
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