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Short communication

Route of administration is the prime determinant of IgA and IgG2a
responses in the respiratory tract of mice to the cold-adapted live

attenuated influenza A donor strain A/Leningrad/134/17/57
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Abstract

Serum antibody and antibody secretory cell (ASC) responses to the cold-adapted (CA) live attenuated influenza A donor strain
A/Leningrad/134/17/57 in BALB/c mice were determined in the lungs and mediastinal lymph nodes after administration by the in-
tranasal, subcutaneous and intramuscular routes. Both types of response were greatest when an inoculum consisting of 106.5 50% egg
infectious doses (EID50) was administered twice intranasally at an interval of 3 weeks. Serum responses by the intramuscular route were
much higher than by the subcutaneous route but, at doses of 106.5–7.5 EID50, were still lower than that obtained with two doses of an
intranasal inoculum of 106.5 EID50. Virus-specific ASC responses for IgA and IgG2a were obtained in the lungs and mediastinal lymph
nodes of mice inoculated with 106.5 EID50 by the intranasal route. However, ASC responses after inoculation by either the subcutaneous
or intramuscular routes were barely detectable, even at doses as high as 107.5 EID50. These results confirm that intranasal administration of
live vaccines induces far higher virus-specific IgA and IgG2a responses in the respiratory tract of mice than can be achieved by parenteral
administration and that serum antibody levels induced by parenteral vaccination are unrelated to the respiratory ASC response.
© 2003 Published by Elsevier Science Ltd.
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1. Introduction

Evidence has accumulated over many years, principally
from studies in mice, that immunity to influenza is medi-
ated by both cellular and humoral responses—especially
those involving IgA, and that responses induced by the
direct administration of live viruses to the respiratory tract
are superior to those obtained by parenteral routes[1–4].
Such findings have coincided with major efforts over the
past 20 years to develop live attenuated vaccines for use
in humans. In the US vaccines, prepared as reassortants
of the cold-adapted (CA) influenza A and B donor strains
A/Ann Arbor/6/60 and B/Ann Arbor/1/66, have under-
gone advanced clinical testing and have been shown to be
safe and efficacious[5–8]. In Russia, efficacy has been
demonstrated for vaccines prepared from the CA donor
strains, A/Leningrad/134/17/57, A/Leningrad/134/47/57
and B/USSR/60/69, which have been used for many years

∗ Corresponding author. Tel.:+61-3-9925-7142; fax:+61-3-9925-7110.
E-mail address: gtan@rmit.edu.au (G.A. Tannock).
1 Present address: La Jolla Institute of Allergy and Immunology, San

Diego, CA, USA.

in mainly pediatric populations[9–11]. CA vaccines have
been shown in clinical trials to induce superior systemic
cytotoxic T-cell and mucosal antibody responses in the
upper respiratory tract to those induced by inactivated vac-
cines[3,12,13], although very little information is available
concerning responses in the human lower respiratory tract.
Apart from a recent comparative study in mice[14], there
have been even fewer immunological studies on Russian
CA vaccines.

Earlier challenge studies by Fazekas de St. Groth and
Donnelly [15], Schulman and Kilbourne[16] and Tannock
et al. [17], in which endpoints were determined according
to protection afforded against death or by the capacity of
immunized mice to clear virus from the lungs following
challenge with homologous virulent virus, have also clearly
indicated that immunization by the respiratory route is a far
more efficient means of inducing protection than by par-
enteral routes. In mice superior responses to challenge have
been shown to be associated with increases in levels of local
IgA and serum IgG2a antibodies[18] and probably results
from the amplification and presentation of critical protective
epitopes to immune cells[19]. We describe in the present
communication virus-specific IgA and IgG2a antibody
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secreting cell (ASC) responses in the lungs and mediasti-
nal lymph nodes (MLN), which drain the lower airways of
mice, after administration with two doses of the Russian
CA donor strain A/Leningrad/134/17/57 (Len/17) by the in-
tranasal (i.n.), intramuscular (i.m.) and sub-cutaneous (s.c.)
routes. Virus-specific ASC responses were compared with
serum antibody responses. Previous studies in mice have
shown that two doses, each of 5–6 log10 50% egg infectious
doses (EID50) of the CA donor strain A/Ann Arbor/6/60 or
reassortants prepared from A/Ann Arbor/6/60 and admin-
istered at an interval of 3 weeks, are necessary to induce a
maximum immunogenic response[20]. Similar findings for
the Russian CA donor strains have been made by Romanova
et al. [21].

2. Materials and methods

2.1. Mouse experiments

Groups of 4–6-week-old male BALB/c mice from the
Animal Resources Centre (Murdoch, WA, Australia) were
anaesthetized with Ketamine/Xylazine (50–150 mg/kg) and
inoculated by the i.n., s.c. or i.m. routes with 50�l of Len/17
diluted in phosphate-buffered saline (PBS). Len/17 was
obtained from Professor G.I. Alexandrova of The Research
Institute of Experimental Medicine, Russian Academy of
Medical Sciences under The Australia–Russia Agreement
for Collaboration in Medical Research and Public Health.
Individual mice inoculated by the i.n. route received two
doses, each of 106.5 EID50, at an interval of 3 weeks.
Virus-specific ASC responses in the lungs and MLN were
investigated as these are the primary sites of infection where
viral antigens are presented to T and B cells via antigen
processing cells[22]. Control mice were inoculated twice
with the same volume of normal allantoic fluid. Higher i.n.
doses resulted in respiratory distress and death, indicating
the presence of some residual virulence for Len/17 in mice,
and were not used in the study. However, mice inoculated
by the s.c. and i.m. routes with 106.5, 107.0 or 107.5 EID50
showed no signs of distress. Seven days after the last inoc-
ulation, all mice were euthanased by increasing the normal
anaesthetizing dose by a factor of 2.5.

2.2. Serum antibody assays

Euthanased mice were heart bled and the sera heated at
56◦C for 30 min to inactivate thermolabile non-specific in-
hibitors. Thermostable inhibitors were inactivated by adding
an equal volume of 0.05 M potassium periodate to each
serum and incubating the mixture at room temperature for
2 h. The reaction was stopped by the addition of an equal
volume of 5% (w/v) glucose. Influenza-specific serum an-
tibodies were detected using a standard hemagglutination
inhibition (HI) assay in 96-well V-microtiter plates using
0.5% chicken erythrocytes[23].

2.3. ASC analysis

Single cell suspensions of lymphocytes from the lungs
and MLN of mice were prepared, depleted of erythrocytes,
pooled and resuspended in T-cell medium (TCM), as de-
scribed by Baumgarth and Kelso[24]. Aggregates of cell
debris from lung suspensions were first allowed to settle
and the suspended cells retained for counting and anal-
ysis. Influenza-specific ASCs were enumerated using an
ELISPOT assay described by Wareing et al.[14].

3. Results

Table 1shows that geometric mean titers (GMTs) of 132,
12 and 4 were obtained in response to two doses of an
inoculum consisting of 106.5 EID50 of Len/17 by the i.n., i.m.
and s.c. routes, respectively. Increasing the s.c. immunizing
dose to 107.0 and 107.5 EID50 did not result in an increase
in antibody titer. GMTs obtained following two i.m. doses
of an inoculum of 107.0 or 107.5 EID50 of Len/17 were 47
and 64, less than those obtained with two i.n. doses of 106.5

ED50.
Two i.n. doses of 106.5 EID50 induced high numbers

of virus-specific IgG2a and IgA ASCs in both the MLN
(569 ± 141 and 1069± 397) and lungs (721± 340 and
1053± 486), respectively. Few, if any, ASCs could be de-
tected in response to two doses of the same i.m. or s.c. in-
ocula (Table 2). Increasing the immunizing dose of Len/17
to 107.0 or 107.5 EID50 resulted in no significant increase in
levels of virus-specific ASCs for either the i.m. or s.c. routes.

4. Discussion

Protection of the upper respiratory tract to influenza in-
fection is primarily due to local mucosal IgA responses
[6,25,26]. IgG2a, as well as IgG1, have been shown to be the
major IgG subclasses involved in virus neutralization in mice
[27] and IgG2a is also an efficient activator of complement

Table 1
Serum HI antibody responses in mice inoculated with Len/17 by the s.c.,
i.m. and i.n. routes

Inoculum (log10 EID50) Route of inoculation

s.c. i.m. i.n.

Control 4a 4 4
6.5 4 12 132
7.0 4 47 NDb

7.5 4 64 ND

All control mice had titers of<4.
a Sera from groups of three mice inoculated with two doses consisting

of 106.5, 107.0 or 107.5 EID50 of Len/17 were pooled. Serum HI antibody
responses were expressed as geometric mean titres from three independent
experiments.

b ND: not determined.
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Table 2
Virus-specific ASC responses in the lungs and MLN of mice administered Len/17 by different routes

Ig-isotype Inoculum log10 EID50 MLN Lung

s.c. i.n. i.m. s.c. i.n. i.m.

IgA 6.5 0 1069± 397a 0 0 1053± 486 0
7.0 0 ND 0 0 NDb 6.3 ± 6.3
7.5 0 ND 0 0 ND 3.7± 3.7

IgG2a 6.5 0 569± 141 0 0 721± 340 1.3± 1.3
7.0 34.7± 34.7 ND 0 2.0± 1.0 ND 0
7.5 0 ND 8.7± 8.7 0 ND 2.7± 1.3

a Groups of three mice were inoculated with two doses consisting of 106.5, 107.0 or 107.5 EID50 of Len/17 by the i.n., i.m. and s.c. routes. Lymphocytes
from mice from each group were pooled. Data are mean± S.E.M. ASC response from three independent experiments.

b ND: not determined.

[27,28]. Live influenza infection has been shown to provide
the most effective protection against homologous challenge
and is accompanied by increases in local IgA and serum
IgG2a antibody in mice[18]. Relatively poor responses have
been reported for subunit influenza vaccines, compared with
live vaccines, for very young and (presumably) unprimed
children[12,29].

From the present study, s.c. inoculation with Len/17 did
not elicit significant serum antibody or ASC responses in
either the lungs or MLN (Tables 1 and 2). Similarly, i.m. in-
oculation induced only very low numbers of ASCs, although
a serum antibody response could be detected. An increase
in the size of the i.m. dose neither led to an increase in the
numbers of ASCs detected nor to a proportionate increase
in HI titer (Tables 1 and 2). Intravenous injection of live
virus has been shown to induce low ASC responses in the
lungs but undetectable levels of virus-specific IgA in lung
washings[4,30]. The s.c. inoculation with inactivated virus
in the presence of an adjuvant produced higher serum anti-
body responses than live virus administered by intravenous
injection or by aerosol[4], indicating a role for adjuvants in
the modulation of immune responses[18,28,31].

Justewicz et al.[19] have shown that ASCs accumulate
in the spleens of mice after intraperitoneal inoculation with
an influenza subunit vaccine. When live virus was adminis-
tered by the i.n. route, accumulation occurred mainly in the
lungs [32]. In humans, inactivated split virus vaccines ad-
ministered by the intramuscular route have been shown to
induce circulating IgG, IgA and IgM ASCs, as well as IgA-
and IgM-specific ASCs in the tonsils[33] but there is no
information concerning ASC activity in the human lower res-
piratory tract. Low serum IgA levels induced by inactivated
vaccines are probably unrelated to levels of virus-specific
IgA ASCs, which are probably recruited to the mucosal sur-
faces of the respiratory tract from the circulatory system.
However, migration of IgA ASCs to the mucosal surfaces ap-
pears to be dependent upon replication in the respiratory mu-
cosa[34], which may explain the poor ASC response in the
MLN and lungs of mice following i.m. administration with
CA viruses, despite the presence of a detectable serum anti-
body response. Tannock et al.[20] showed that CA viruses

were restricted in their capacity to grow in the respiratory
tract of mice and that a single i.n. dose of CA virus to mice
induced a serum antibody response, but relatively little ca-
pacity to clear a respiratory virus challenge consisting of
wild-type viruses with the same surface antigens. These find-
ings are consistent with those of the present study, which also
suggests that, at least for mice, protection against respiratory
infection is not directly related to levels of serum antibody.
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