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DEFENSE MECHANISMS AGAINST PRIMARY INFLUENZA VIRUS
INFECTION IN MICE

1. The Roles of Interferon and Neutralizing Antibodies and Thymus
Dependence of Interferon and Antibody Production

TATSUO IWASAKI anp TOKUKITI NOZIMA

From the Institute for Virus Research, Kyoto University, Kyoto, Japan

To investigate the defensive roles and production of
interferon and antibodies, C3H/He mice were subjected to
various immunosuppressive treatments and infected with
influenza virus. In infected normal control mice the pattern
of pulmonary viral growth can be divided into three phases.
The first phase is characterized by an exponential increase
of virus titer, the second by a rapid decrease, and the third
by a moderate decrease. At the time of transition from the
first phase to the second in pulmonary virus growth,
interferon could be detected in the tracheobronchial wash-
ings of infected mice, but neutralizing antibodies could not.

In infected B cell-deprived mice and infected anti-u-
treated mice, the transition from the first phase to the
second occurred without any detectable antibody produc-
tion, and interferon could be induced in the early stage of
infection. However, the pulmonary virus in these mice
increased again exponentially until the death of the mice.
In infected T cell-deprived mice which could not induce
interferon, but produced IgM-neutralizing antibodies, the
second phase was not observed after the first phase, but a
transient plateau phase could be demonstrated, and then
the pulmonary virus increased again exponentially until
the death of the mice. In anti-y-treated infected mice,
pulmonary virus growth and production of interferon and
neutralizing antibody were almost similar to those of
infected normal control mice except for the absence of IgG
neutralizing antibody production. Although anti-o-treated
infected mice produced interferon and no IgA antibody, the
transition from the first exponential increase of pulmonary
virus to the second rapid decrease was seen, but then the
virus increased exponentially again until the death of the
mice.

These results suggest that interferon plays an important
role in the transition from the first phase to the second, and
that T cells are required for interferon induction in mice
infected with influenza virus. These data also suggest that
IgA antibodies play an important role in the inhibition of
virus propagation in the lungs after the disappearance of
interferon. Moreover, infected T cell-deprived mice could
produce only IgM neutralizing antibodies, but not IgG and
IgA antibodies. Therefore, T cells are required for the
production of IgG and IgA antibodies and eventually for
defense functions in mice infected primarily with influenza
virus.
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The responses of host animals to primary influenza virus
infection are complex, and the factors essential for defense
against the infection are difficult to define. Possible different
roles in the defense mechanisms have been ascribed to inter-
feron and to cell-mediated and humoral immunities, especially
respiratory IgA class antiviral antibodies.

Interferon has been detected during both experimental and
natural influenza virus infection (1-8). Although considered to
be a major factor in host defense against this agent, its role has
not been clearly demonstrated. Interferon is also one of the
chemical mediators released after immune stimulation and is
produced in vitro upon exposure of human or mouse leukocytes
to general mitogens (9-14), specific antigens (10, 11), anti-lym-
phocyte sera (15), and allogeneic lymphocytes (16). De Maeyer
et al. (17) observed the high radiosensitivity of myxovirus-
induced circulating interferon and suggested the involvement
of lymphocytes in the induction of circulating interferon by
these viruses. Although contrasting findings have been re-
ported (18-20), the importance of the spleen in the synthesis of
virus-induced interferon has been confirmed by several inves-
tigators (21, 22).

Virus-neutralizing antibodies have been detected in the
tracheobronchial washings and serum of mice primarily in-
fected with influenza virus (23). Furthermore, in sequential
studies of cellular infiltrates from influenza-infected mouse
lungs, IgA-bearing lymphocytes exhibited the greatest relative
increase (24). At least three immunoglobulin classes have been
identified in tracheobronchial secretions and serum, these
being differentiated from each other by respective isotypic
determinants on the heavy chains of the immunoglobulin
molecules. However, little is known about the role of each
immunoglobulin class antibody in the defense mechanism of
mice primarily infected with influenza virus.

It has been established that a cooperative interaction
between thymus-derived (T) and bone marrow-derived (B)
lymphocytes is required for the synthesis of antibodies against
thymus-dependent antigens. Some antigens such as Type III
pneumococcal polysaccharide (83), bacterial lipopolysaccha-
rides (LPS), polyvinyl-pyrrolidone (PVP), and polymerized
flagellin (POL) have been considered to be T-independent
(25-28). Immune responses to T-independent antigens are
limited in the sense that the antibody produced is solely of the
IgM class (29-33). In any case, T cells have been shown to have
some regulating functions in the synthesis of each immuno-
globulin class of antibody by B cells (34-38), and it has been
suggested that IgM antibody production may represent such a
limited response that B cells can make it in the absence of T
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cell cooperation. However, little is known about the roles of T
cells in the production of antibodies in mice infected primarily
with influenza virus.

This report describes an attempt to elucidate the roles of
interferon and each class of neutralizing antibody in defense
mechanisms against primary infection in mice, and to investi-
gate T cell functions in productions of interferon and each class
of neutralizing antibody. The data suggest that during the
infection, interferon appeared early enough to play a role in the
partial suppression of viral propagation in the lungs, and that
respiratory secretory IgA neutralizing antibodies play an
important role in the inhibition of viral propagation in the
lungs after the disappearance of interferon. Moreover, T cells
are required for productions of interferon, IgG, and IgA classes
of neutralizing antibodies in mice infected with influenza
virus.

MATERIALS AND METHODS

Virus. A mouse-adapted strain of AO/PR8 (HONI) virus
described previously (39) was employed in all experiments.

Mice. Inbred male mice of the C3H/He strain, 6 to 8 weeks
old, were used throughout the experiments. To obtain T
cell-deprived (TXXBM)® mice, animals were thymectomized
at 6 weeks, sublethally irradiated (750 R} 7 to 10 days later,
and immediately reconstituted with 2 x 107 syngeneic bone
marrow cells. To obtain B cell-deprived (TXXT) mice, thy-
mectomized, sublethally irradiated (TXX) mice were reconsti-
tuted with 2 to 5 x 107 syngeneic thymus cells and used for
experiments 1 week later.

Thymus and bone marrow cells. Thymuses were removed
from 6-week-old C3H/He mice. Single-cell suspensions were
obtained by gentle forcing through a stainless steel sieve. After
the removal of glass-adherent cells, the suspensions were
washed and resuspended in McCoy’s 5A modified medium
{Difco Laboratories, Detroit, Mich.) supplemented with 10%
fetal calf serum (McCoy’s 5A-FCS). Bone marrow cells were
harvested by ejecting the marrow plug from femoral shafts with
cold McCoy’s 5A-FCS through a 21-gauge needle, and sus-
pending the cells by repeated gentle aspiration through a
21-gauge needle. After the removal of glass-adherent cells and
killing of T cells by treatment with anti-§ (C3H) serum and
complement, the suspensions were washed and resuspended in
McCoy’s 5A-FCS.

Antisera. Monospecific antisera to mouse immunoglobulins
were prepared in rabbits. Each immunogiobulin was precipi-
tated by double immunodiffusion in Sepharose against specific
antiserum and the resulting precipitin bands were cut out and
injected with complete Freund’s adjuvant. All antisera were
absorbed with light chains isolated from mouse serum IgG2a
by means of gel-filtration on Sephadex G-200 in N acetic
acid after reduction and alkylation (40). The antibody prepa-
rations were monospecific as determined by immunoelectro-
phoresis and by double diffusion in agarose.

Procedure of anti-immunoglobulin treatment. Mice were
treated with 2-mg doses of each anti-immunoglobulin from 4
weeks of age at intervals of 48 hr. Treatment of mice with larger
doses of anti-immunoglobulin caused decrement of body
weights and increase of mortality of the mice. It was not
possible to suppress antibody synthesis by treatment with
smaller doses. All mice treated with 2-mg doses were healthy

! Abbreviations used in this paper: TXXBM, T cell deprived;
TXXT, B cell deprived; TXX, sublethally irradiated.
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except for the suppression of antibody synthesis. The mice
were subjected to inhalation of influenza virus at 7 weeks of
age.

Aerosol procedure. Mice were subjected to inhalation of
about 40 x 10° pfu of the viruses during a 30-min period
according to the method described by Schulman and Kilborne
(41). :

Pulmonary lesions. The extent of pulmonary lesions was
expressed as a percentage of the total lung surface.

Preparations of specimens for assay. At designated intervals
10 mice were bled by dissection of the subaxillary vein, and
sera were collected and inactivated at 56°C for 30 min. Then
0.1 ml of phosphate buffered saline was injected into the
tracheobronchus and aspirated into a syringe. The pooled
washings were centrifuged at 1500 rpm for 5 min, then
inactivated at 56°C for 30 min. Both specimens were stored at
4°C until assay. Lungs from 10 mice were removed aseptically
and pooled, and then ground in a glass tube with Teflon
grinders to make a 10% suspension v/v in phosphate-buffered
saline. These suspensions were centrifuged 7500 rpm for 15
min. Supernatant fluids were stored at —70°C until assay.

Removal of IgM, IgG, and IgA by precipitation with specific
antisera. Mixtures of 0.8 ml of the specimens (trachecbronchial
washings and sera) to be absorbed and 0.1 ml of each
appropriate antiserum of anti-y and anti-a (for estimation of
1gM antibodies), or anti-uz and anti-a (for estimation of IgG
antibodies), or anti-u and anti-y (for estimation of IgA
antibodies) were incubated in a water bath at 37°C for 30 min,
then kept at 4°C overnight. After centrifugation, the superna-
tants were examined for virus neutralizing activity of IgM, IgG,
or IgA.

Virus titrations. Chick embryo fibroblast monolayers were
washed with prewarmed (36°C) phosphate-buffered saline and
inoculated with 0.2 ml of the appropriate dilution of the virus
suspension per bottle, using four bottles for each suspension.
After adsorption at 36°C for 90 min, the virus suspension was
removed, and monolayers were washed with phosphate-buff-
ered saline, then 4 ml of the first overlay medium were added.
After 3 days of incubation at 36°C, 2 ml of the second overlay
medium were added, and plaques were counted at the 4th day.
The first overlay medium consists of medium-199 supple-
mented with 2% skim milk, 0.025% pancreatin, 0.9% special
agar-Noble and 0.01% DEAE-dextran. The second overlay
medium consists of medium-199 supplemented with 0.01%
neutral red and 0.9% special agar-Noble.

Assay of interferon. Appropriate dilutions of tracheobron-
chial washings and sera were incubated for 16 hr on L cell
monolayer cultures. After the removal of the fluids, the cell
monolayers were washed with phosphate-buffered saline, and
200 pfu of vesicular stomatitis virus were inoculated into each
cell culture. Adsorption of the virus was allowed to proceed for
60 min at 37°C. An overlay medium consisting of Eagle’s
minimum essential medium supplemented with 2% FCS was
added to each cell culture. The cultures were incubated for 48
hr and the number of plaques was determined. Interferon titers
are expressed in units, one unit corresponding to the reciprocal
of the dilution which reduced the number of plaques by 50%.

Assay of neutralizing antibody. Neutralizing antibody titers
of specimens were determined by the 50% plaque reduction
method. Mixtures of equal volumes of virus suspension con-
taining approximately 200 pfu of AO/PRS8 virus and of appro-
priate dilutions of the specimens were incubated at 37°C for 40
min. Thereafter, the infectivity of the residual virus was
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assayed by the plaque technique mentioned above. Neutraliz-
ing antibody titers of specimens were expressed in units, one
unit corresponding to the reciprocal of the dilution which
reduced the number of plaques by 50%.

RESULTS

The course of infection and the production of interferon and
neutralizing antibodies in normal control mice were compared
to TXX, TXXT, TXXBM, anti-u-treated, anti-y-treated and
anti-a-treated mice.

Pulmonary virus propagation and production of interferon
and neutralizing antibodies in infected normal control mice. As
shown in Figure 1, the titer of pulmonary virus increased
exponentially until the 4th day after infection, then decreased
first rapidly, then gradually. Therefore, in the lungs of mice
sublethally infected with influenza virus the pattern of viral
growth can be divided into three phases. The first phase is
characterized by an exponential increase of virus titer, the
second by a rapid decrease, and the third by a moderate
decrease. The lung lesions appeared on the 4th day and
developed until the 7th day after infection. The titer of
interferon increased to reach a maximum on the 5th day after
infection in the tracheobronchial washings and on the 7th day
in the serum, and then decreased rapidly.

In the tracheobronchial washings IgM neutralizing anti-
bodies could be detected first on the 5th day after infection,
and their titers reached a peak on the 7th day, then decreased
gradually. IgA antibodies were initially detected as early as the
7th day after infection, and subsequently their titer increased
until 12th to 14th day, and then decreased gradually. IgG
antibodies were detected first on the 9th day, and their peak
titer was reached on the 12th day after infection. IgA-neutraliz-
ing antibodies were predominant in each immunoglobulin class
of antibody in the tracheobronchi of the infected mice. In the
serum IgM antibodies appeared on the 5th day, and their titer
reached a peak on the 7th day and then decreased gradually. A
more protracted formation of IgG antibody followed, and IgA
antibody appeared late. These results are shown in Figure 2.
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Figure 1. Growth of influenza virus in lungs {O——0) and develop-
ment of lung lesions (O----O) of normal control mice sublethally
infected with influenza virus.
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Figure 2. Production of interferon and neutralizing antibodies of
each immunoglobulin class in normal control mice infected primarily
with a sublethal dose of influenza virus. Interferon (O), IgM (@), IgG
(A), IgA (B).

Any class of neutralizing antibodies in the tracheobronchus
and serum were not detectable until the 5th day after infection.
It is, therefore, reasonable to consider that the major factor
responsible for the transition from the first phase to the second
in pulmonary virus growth is interferon rather than antiviral
antibody.

Virus growth and absence of production of interferon and
neutralizing antibodies in infected TXX mice. As shown in
Figure 3, pulmonary virus increased exponentially until the
death of the mice on the 5th day after infection. The lung
lesions developed over the whole lung surface and their
progress paralleled the extent of pulmonary virus growth. No
significant increase of interferon or neutralizing antibody was
observed in either the tracheobronchus or the serum. The
marked differences in pulmonary virus titers between TXX
and normal control mice were observed as early as 2 days after
infection. The 100-fold elevations observed in titer of TXX
mice compared to that of normal control mice may be
attributable to the absence of interferon, although some other
early effects of thymectomy and irradiation on host resistance
can not be excluded.

Effects of T cells on growth of pulmonary virus, development
of lung lesions and interferon production. In a study of the
effects of T cells on growth of pulmonary virus, development of
lung lesions and interferon production, TXXT mice were
infected. Figures 4 and 5 show the strong T cell dependence of
interferon production by influenza virus. The titer of the
pulmonary virus increased exponentially until the 4th day, and
then decreased rapidly until the 6th day after infection.
However, with the decrease of interferon production, the titer
of pulmonary virus increased again exponentially until the
death of the mice. The extent of the lung lesions paralleled that
of pulmonary virus growth. Neutralizing antibodies were not
detectable in the tracheobronchus or serum throughout the life
of the mice.

Effects of B cells on growth of pulmonary virus, development
of lung lesions and production of interferon and neutralizing
antibodies. The experimental results, as shown in Figure 4,
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Figure 3. Growth of influenza virus in lungs (O——C0) and develop-
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demonstrate a characteristic pattern of pulmonary virus
growth: 1) an exponential increase of pulmonary virus titer as
well as in infected normal control mice, 2) a transient plateau
phase, instead of the rapid decrease phase observed in infected
normal control mice, and 3) an exponential increase phase
until the death of the mice. The development of lung lesions
paralleled the extent of pulmonary virus growth. No significant
increase of interferon was observed in the tracheobronchus or
serum, but neutralizing antibodies were detectable, although
in low titers. The second plateau phase may be due to the
appearance of neutralizing antibodies. These antibodies were
completely absorbed by rabbit anti-mouse u serum, but not by
anti-mouse v or a serum, as shown in Figure 6. Therefore, IgM
class of neutralizing antibody was found to be solely produced
in infected TXXBM mice, but IgG or IgA class of neutralizing
antibody was not.

Virus propagation, development of lung lesions and produc-
tion of interferon in infected mice pretreated with anti-y-anti-
bodies. Antigen receptors located on the surface of B cells are
considered to be representatives of the eventual cell products
with regard to both specificity and immunoglobulin class.
Therefore, antibodies against a particular class of heavy chain
determinants displayed by immunoglobulin receptors have
been used by several investigators for selective inhibition of
the production of corresponding immunoglobulin classes of
antibody in mice in vivo (42-46). Next experiments were de-
signed to investigate virus propagation in the lungs and the
development of lung lesions in infected mice pretreated with
anti-u antibodies. Pulmonary virus increased exponentially
until the 4th day and then decreased rapidly until the 6th
day after infection, but increased again exponentially until
the death of the mice, as shown in Figure 7. The mice could
normally produce interferon, but could produce no IgM anti-
bodies (Fig. 8). These results substantiate our previous proposi-
tion that transition from the first phase of exponential increase
of virus propagation in the lungs to the second phase of
decrease may be due to interferon, but not to antibodies. It is
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Figure 5. Production of interferon and neutralizing antibodies of
each immunoglobulin class in TXXT mice infected with influenza
virus. Interferon (O}, IgM (@), IgG (A), IgA (D).
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Figure 6. Production of interferon and neutralizing antibodies of
each immunoglobulin class in TXXBM mice infected with influenza
virus. Interferon (O), IgM (@), IgG (A), IgA (A).

also suggested that suppression of antibody production pre-
ceded by decrease of interferon production may lead to the
third phase of exponential increase of pulmonary viral titer in
infected mice treated with anti-u antibodies.

Effect of pretreatment with anti-Y antibodies on virus growth
in lungs, development of lung lesions, production of inter-
feron and antibodies in infected mice. The results show (Fig.
that the patterns of pulmonary virus growth and development
of lung lesions in the infected mice pretreated with anti-y
antibodies were almost the same as those in the infected
normal control mice. As shown in Figure 9, selective suppres-
sion of IgG antibody production was observed in both tracheo-
bronchial washings and serum. But interferon could be pro-
duced normally. It is, therefore, likely that IgG antibodies do
not play an important role in the defense mechanisms of
primarily infected mice.

Effect of pretreatment with anti-« antibodies on pulmonary
virus growth, development of lung lesions and production of
interferon and antibodies in infected mice. As shown in Figure
7, the patterns of pulmonary virus growth and development of
lung lesions in the infected mice pretreated with anti-a anti-
bodies were almost the same as those in infected TXXT mice
and the infected mice pretreated with anti-u antibodies. The
results also show (Fig. 10) a normal production of interferon and
antibodies except for a selective suppression of IgA antibody
production. In the infected mice pretreated with anti-« anti-
bodies, the second gradual increase of pulmonary virus titer
occurred in spite of normal production of interferon, IgM, and
IgG antibodies. It is, therefore, reasonable to consider that IgA
antibodies play an important role in inhibiting the second
increase of pulmonary virus titer after the disappearance of
interferon.

DISCUSSION

On the basis of our experimental results, it seems reasonable
to propose that influenza viral growth in the lungs of subleth-
ally infected normal control mice can be divided into three
phases: first an exponential increase of virus titer, second a
rapid decrease, and third a gradual decrease. For an under-
standing of defense mechanisms against influenza infection, it
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Figure 7. Virus propagation in lungs and development of lung lesions
of anti-u-treated (O), anti-y-treated (®) and anti-a-treated (A) mice
infected with influenza virus.
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Figure 8. Production of interferon and neutralizing antibodies of
each immunoglobulin class in anti-u-treated mice infected with
influenza virus. Interferon (O), IgM (@), IgG (A), IgA (A).

is necessary to determine the factors involved in the inhibition
of viral multiplication at each of these stages.

From our experimental results, the transition from the first
to the second phase of viral growth seems to be caused by the
action of virus-induced interferon, since this pattern of viral
behavior was also observed in infected TXXT, and anti-g-
treated mice without any significant antibody production.
However, the possible role of other cell-mediated immune
responses has not been ruled out, although studies with
bursectomy and thymectomy in an avian model suggested that
cell-mediated immunity is less important than humoral im-
munity in recovery from influenza virus infection (47). In our



1977]
» TRACHEOBRONCHIAL WASHINGS 5
8 4
] 3

TITER OF INTERFERON (LOG,)
L
-
-»
TITER OF NEUTRALIZATION (LOG,)

s SERA s

§ ¢

4t 4

2 2
3 : - a

0 2 4 [ s§ 10 12
DAYS POST INFECTION

wa =z

Figure 9. Production of interferon and neutralizing antibodies of
each immunoglobulin class in anti-y-treated mice infected with
influenza virus. Interferon (O), IgM (@), IgG (A), IgA (B).
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Figure 10. Production of interferon and neutralizing antibodies of
each immunoglobulin class in anti-a-treated mice infected with
influenza virus. Interferon (Q), IgM (@), IgG (A), IgA (B).

experiments on interferon induction in vivo, a striking T cell
dependency was demonstrated. In the T cell-mediated inter-
feron induction in vivo, it remained unsolved whether the T
cell itself was an interferon-producing cell. Recently, Tsukui et
al. (submitted to the publication) showed that the main
interferon-producing cells in spleen cell cultures from normal
mice upon challenge with influenza virus were T cells, and that
the presence of macrophages augmented the interferon produc-
tion by T cells in a more efficient manner than the absence of
macrophages, such as in vaccinia and herpes infections
(48-51). However, non-T cells, especially macrophages, were
not incapable of interferon production in vitro. In fact, various
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kinds of cells may potentially become interferon-producing
cells in vitro, but in some cases, interferon production in
vivo has been shown to be clearly dependent on the presence of
functional lymphocytes by the experimental findings on x-ray
irradiated, anti-lymphocyte serum treated, or certain
immunosuppressive hormone-treated mice (17, 21, 22, 52-54).
In our experimental case, it can be assumed that main
interferon-producing cells are T cells, or under T cell control,
and that producibility of interferon of other kinds of cells are
suppressed so strongly by unknown factor(s) that we can not
detect its activity.

A refractory state of interferon production in the late stages
of infection may be ascribed to destruction of virus receptors or
dysfunction of T cells when it just as well could relate to
diminution in virus concommitant with the local immune
control of the infections process, although on metabolically
active cells the extremely rapid regeneration of sialic acid
receptors would make this assumption implausible.

An alternative explanation for a refractory state of interferon
production is that interferon itself mediates hyporeactivity,
since production of interferon is frequently depressed when cell
cultures are preincubated with large doses of interferon (55). A
somewhat different explanation is that the postulated protein
induced by interferon mediates a refractory state (56-58).
Studies along this line in our system are now in progress.

The results presented here further demonstrate that the
infected normal control mice began to produce neutralizing
antibodies of the IgM class after interferon production began to
decrease. In the infected TXXBM mice, viral growth was
found to be incapable of transition from the first phase to the
second in the presence of IgM antibodies alone without
interferon production, although a slight inhibition of virus
multiplication was detected. So it is possible that IgM anti-
bodies play a slightly inhibitory role in virus propagation after
the disappearance of interferon in infected normal control
mice.

We have also shown that infected TXXBM mice produced
neutralizing antibodies of the IgM class, but neither IgG-nor
IgA-neutralizing antibodies. We confirmed that reconstitution
with T cells restored the ability to produce IgG and IgA
antibodies (unpublished observation), but IgM antibody pro-
duction was found to be T cell independent. Virelizier et al.
recently reported (59) that thymus-deprived mice did not
produce antibody against influenza virus hemagglutinin, and
that the inability of thymus-deprived mice to produce anti-
body against influenza virus hemagglutinin could be overcome
by repeating the injection of antigen. In view of these facts, it
seems likely that IgM antibody can be produced by successive
stimulation with increasing amounts of virus grown progres-
sively in the lungs of infected TXXBM mice. Furthermore, our
virus neutralization method is more sensitive than single-radi-
al-immunodiffusion method used by Virelizier et al.

Burns and Allison (60) have observed that infection with
Sindbis virus in nude mice resulted in high titers of neutraliz-
ing antibody, solely of the IgM class; this titer was comparable
to that in control littermates and was sustained for 2 weeks. We
also observed that nude mice infected with influenza virus
produced only IgM-neutralizing antibody (unpublished data).

No difference was found in the extent and pattern of virus
propagation between anti-y-administered infected mice and
infected normal control mice. Thus, it is likely that IgG
antibodies do not play an important role in defense against
influenza virus infection. Although it remains unexplained why
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Figure 11. Major defensive factors at each stage of pulmonary virus
growth in mice infected primarily with a sublethal dose of influenza

virus.

1gM or IgG antibodies alone cannot convert the second phase to
the third, we are forced to consider that under experimental
circumstances such as virus-infected tracheobronchi in mice,
the production of IgM or IgG is not allowed to proceed at a level
high enough to suppress viral multiplication.

In anti-a-administered infected mice, viral growth in the
lungs could not make the transition from the second phase to
the third. Thus, we emphasize that IgA antibodies can play a
dominant role in the inhibition of viral multiplication in the
third phase.

As described previously (39), infected mice pretreated with
lymphocytosis-promoting factor obtained from Bordetella per-
tussis were shown to be capable of suppressing the production
of circulating antibody against influenza virus without affect-
ing the ability to produce respiratory secretory antibody. It is
significant that no difference could be observed in the extent
and pattern of virus propagation between the infected control
mice and infected mice pretreated with lymphocytosis-promot-
ing factor. Taken together, these findings indicate that respira-
tory secretory antibodies play a major defensive role in the
third phase in mice infected with influenza virus infection,
especially in view of the virus-inhibitory activity of secretory
IgA which is the dominant immunoglobulin in respiratory
secretion and which appears in the third phase. In this respect,
it is tempting to propose separate roles of interferon and of the
antibodies of each immunoglobulin class, as shown in Figure
11,
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