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Summary. - The time course of primary humoral immune response
in NFS/N mice infected with the adapted influenza virus A/Aichi
2/68(H3N2) was followed by determination of the different class
immunoglobulins in lungs, lung washings, and in blood serum. The
quantity of antibody~-producing cells (APC) was estimated by local
haemolysis in gel. The presence of antibodies in serum and lavage
fluid was tested by the methods of radial haemolysis and radial
immunodiffusion. It was shown that the local immune response
had developed earlier than systemic antibodies occurred in the
serum.
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Introduction

The significance of humoral immunity in acute respiratory infections was
shown in numerous publications. It is known that the resistance of lung tissue
to infection is in a considerable degree stimulated by local antibody production
(Rossen et al., 1971; Waldmann er al., 1973). However, the development of
humoral immune response in the human respiratory tract during influenza
virus infection or post vaccination has been insufficiently studied. Several
authors (Waldmann et al., 1968; Butler et al., 1970; Murphy er al., 1982) found
virus-neutralizing antibodies in human tracheobronchial secretion obtained at
bronchoscopy and/or autopsy and the alteration in total counts of cells secre-
ting antibodies into the lavage fluid. The presence of virus-specific antibodies
and cells, producing antibodies in the lungs and bronchoalveolar washings of
mice, infected with different types of influenza virus has been described by
several authors (Scott and Sydiskis, 1976; McLaren er al., 1978; Jones and Ada,
1987).

The aim of the present work was to follow the local development of virus-
specific APC, which secrete immunoglobulins of different classes into the
lungs of infected animals and to determine the role of local antibody secretion
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as related to systemic immune response to influenza virus.

Materials and Methods

Experimental animals. Eight to twelve week old mice of NFS/N strain were obtained from the
nurseries of the USSR Academy of Medical Sciences. The animals were kept in plastic cages with
light day duration of 12 hr. Five animals (12-14 weeks old) of the same age and sex were used in
each experiment.

Virus strains. We used A/Aichi 2/68(H3N2) strain of influenza virus which was adapted to lung
tissue of mice. This strain was propagated in the allantoic cavity of the 10-11-day-old chicken
embryos and incubated for 40-48 hr. Virus-containing allantoic fluid was stored at -70 °C.

Experimental infection. Influenza virus was inoculated by intranasal route under ether anaes-
thesia in a 50 1 of virus-containing allantoic fluid (diluted with cooled Hanks solution) in a dose,
causing the death of 50-70 % of mice (1LDsp). .

Suspension of mice lung cells was prepared as follows: the lungs were placed in Petri dishes
containing 5 ml of RPMI-1640 medium (Serva), supplemented with 10 % of heated foetal calf
serum (Serva), 0.05 ml sodium pyruvate (Serva), 0.05 ml amino acids solution (Serva), 0.05 g
L-glutamine (Serva), 100 units/ml of penicillin and 50 u g of streptomycin. The lungs were cut to
fragments 3 x 3 mm and incubated in a 0.1 % solution of Clostridium histolyticum (Fluka) during 30
min at a room temperature. Then the material was run several times through a 0.5 mm plastic
tube. The mononuclear cells suspension was obtained by gradient centrifugation on Ficoll-Hi-
paque (Pharmacia) and subsequent washing with the RPMI-1640 medium.

The number of APC was determined by the method of Jerne and Nordin (1963) in the modifica-
tion of McLaren et al. (1978). Briefly: sheep red blood cells after 3-week storage at 0 °C were incu-
bated for 15 min at room temperature with corresponding virus dilution in the presence of $ x 107
mol potassium periodate. The working dilution of the virus was determined in radial haemolysis
in gel, using sheep red cells, covered with the virus and anti-influenza virus A/Aichi 2/68(H3N2)
serum of mice. Red cells were washed in Hank’s solution and resuspended in Veronal-buffered
saline. The agarose with low temperature of gel formation (Type V11, Sigma) was used. The deter-
mination of APC secreting immunoglobulins of different classes was carried out by the method of
Gronovics er al. (1976), using monospecific antisera against heavy chains of mouse class M, G, A
immunoglobulins.

Peripheral blood. The samples were obtained from retro-orbital plexus of anaesthesized
animals. After clotting the serum has separated, clarified by centrifugation and stored at -20 °C.

Lung washings. The animals were killed by cervical spine dislocation. The lungs were removed
and thoroughly washed with Hanks solution. Perfusion was carried out through the right atrium in
order to réduce blood contamination of the lung washings. Then the warm Hanks solution was
administered into trachea and after a careful massage of the lungs the washings were aspirated.
The procedure was repeated several times. The total volume of the washings was 3 ml. The
obtained samples were purified by centrifugation for 20 min at 3 000 rev/min at4 °C. The superna-
tant was stored at -20 °C.

The presence of antibodies in the serum of peripheral blood and lung washings was tested by
radial haemolysis in gel (Russel et al., 1975); the immunoglobulins of different classes were
detected by radial immunodiffusion according to Mancini er al. (1963).

Results and Discussion

It was established that in the lungs of healthy intact mice there are cells, inte-
racting non-specifically with influenza virus. Their number was low (11.3%+2.5
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background APC per 10% nucleous containing cells) and did not reach the limits
of statistical significance. The development of influenza infection was accom-
panied by proliferation of bronchial lymphoid tissue. The number of APC
secreting immunoglobulins of different classes increased considerably during
the acute period of infection. A significant amount of IsM-APC was detected
already two days following virus inoculation (38.4%4.5 per 10® mononuclear
cells). The number of IGM~APC reached its peak 6 days p.i. The peak of
IgG-APC took place on day 8 after infection, but changes in their quantity
started on the 5th day of follow-up; at this time 64.246.3 (x 10%) APC was
detected. The development of influenza virus infection of mice caused the
appearance of considerable number of IgA-APC, their quantity was relatively
high throughout the whole investigation period (Fig. 1). The primary immune
response to influenza virus, as judged by the occurence of APC, was accompa-
nied by the appearance of virus-specific antibodies in the serum and lung
washings (Fig. 2). Detection of virus-specific antibodies, belonging to different
classes, in the serum of experimental animals showed that on day 14 p.i. only
IgM and IgG could be identified (precipitation zones measured 7.330.2 mm
and 7.1£0.6 mm, respectively). Some decrease in the amount of IgM and
subsequent increase of IgG in the serum was detected on day 21 p.i. (precipita-
tion zones 11.84+2.4 mm and 12.741.3 mm, respectively).

We failed to determine the class-specificity of viral antibodies in the lung
washings. Apparently, this can be explained by the relatively low sensitivity of
the method, since Barbar and Small (1978) and Zee er al. (1979) succeeded in
the detection of IgM, IgG, and IgA in lungs of experimental animals using
other methods and after preliminary concentration of the lavage fluid.
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Fig. 1
The primary virus-specific immune
response in the lungs of the mice infected
with influenza virus. (0) - IgM-APC; () -
IgG-APC; (a) - IgA-APC; each point
corresponds to the results as detected in
five animals

Abscissa: the time after virus inoculation
(days). Ordinate: the number of APC/10°
mononuclear cells

il







156 POZDEEV, 0. K.

Gronovicz, E., Coutinho, C. J., and Melchers, F. (1976): A plaque assay for all cells secreting Ig of
a given type or class. Europ. J. Immunol. 6, 588-590.

Jerne, N. K., and Nordin, A. A. (1963): Plaque formation by single antibody-producing cells.
Science 140, 405.

Jones, P. D., and Ada, G. L. (1987): Persistence of influenza virus-specific antibody-secreting
cells and B-cell memory after primary murine influenza virus infection. Cell Immunol. 109,
53-64.

Mancini, G., Vaerman, J.-P., Carbonara, A. O.,and Heremans, J. F. (1964): A single-radial-diffu-
sion method for the immunological quantitation of proteins. In Peeters H. (Ed.) Proteins of the
Biological Fluids. Elsevier Publ. Compl., Amsterdam, London, New York, 11th Colloquium,
Bruges, 1963, 370-373.

McLaren, C., Grubbs, G. E., and Ennis, F. A. (1978): Detection of cells producing surface anti-
gen-specific antibody to influenza virus. J. clin. Microbiol. 8, 438-445,

Murphy, B. R., Nelson, D. L., and Wright, P. F. (1982): Secretory and systemic antibody response
in children infected with live attenuated influenza A virus vaccines. Infect. Immun. 36,
1102-1108.

Rossen, R. D., Kasel, J. A., and Couch, R. B. (1971): The secretory immune system: its relation to
respiratory viral infection. In J. L. Melnick (Ed.) Progress in Medical Virology. S. Karger, Basel,
194-238.

Russell, S. M., McCahon, D., and Beare, A. S.(1975): A single radial haemolysis technique for the
measurement of influenza antibody. J. gen. Virol. 27, 1-10,

Scott, G. H., and Sydiskis, R. J. (1976): Responses of mice immunized with influenza virus by
aerosol and parenteral routes. Infect. Immun. 13, 696-703.

Scott, G. H., and Walker, J. S. (1976): Immunoglobulin-beraing cells in lungs of mice infected
with influenza virus. Infect. Immun. 13, 1525-1527.

Waldmann, R. H., Mann, J. J., and Kasel, J. A. (1968): Influenza virus neutralizing antibody in
human respiratory secretions. J. Immunol. 100, 80-85.

Waldmann, R. H., Jurgensen, P.F., and Olsen, G. N. (1973): Immune response of the human
respiratory tract. I. Immunoglobulin levels and influenza virus vaccine antibody response. J.
Immunol. 111, 38-4].

Zee, Y. C., Osebold, J. W.,and Dotson, W. M. (1979): Antibody responses and interferon titresin
the respiratory tracts of mice after aerosolized exposure to influenza virus. /nfect. Immun. 25,
202-207.



