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Summary. The serum total IgG and IgG subclass and nasal wash IgA and IgG antibody 
responses of mice to influenza virus A/Hong Kong/68 (H3N2) subunit preparations 
administered parenterally as a single dose, incorporated either in immune stimulatory 
compounds (ISCOMs) or liposomes with Freund's Complete Adjuvant, or as an aqueous 
material, as well as to live, infectious virus were measured by ELISA at 10 days and 3, 5, 7 
and 22 weeks after immunisation. The protection of the upper and lower respiratory tracts 
provided by these preparations against homologous and heterologous challenge infection was 
assessed. Of the four variously-presented subunit preparations, influenza subunit ISCOMs 
induced relatively high and persisting levels of each of the different IgG subclasses, 
particularly IgG2a, throughout the study, and most nearly approached those observed after 
intranasal infection of mice with infectious virus. Furthermore, nasal wash IgA and IgG 
antibody levels, particularly at 5 or 7 weeks after immunisation, were also significantly greater 
in mice given the subunit ISCOM preparation than those induced by other subunit 
preparations with adjuvant or subunits given alone, and provided protection of both the 
upper and lower respiratory tracts against challenge as similar to that elicited by infectious 
virus. 

Introduction 

The development of inactivated influenza vaccines 
has evolved from whole virus vaccines to split vaccines 
to subunit vaccines with diminishing react0genicity.l 
In contrast, protection against challenge infection 
conferred by all these vaccines remains disappointing, 
with rates of 60-90%.2v3 By the introduction of 
molecular biological techniques, larger quantities of 
viral haemagglutinin (HA) may be available for 
immunisation, but vaccines with increased HA content 
may be more reactogenic, since HA is intrinsically 
pyr~genic,~ without conferring better immunity. One 
approach may be the use of vaccines better matched to 
epidemic strains, and preliminary results suggest that 
this may come from virus vaccines grown in tissue 
c ~ l t u r e . ~  An alternative could be to amplify the 
immune responses to small quantities of virus HA by 
immunisation in conjunction with biological modi- 
fiers;6 to this end, several amplifying systems have 
been suggested, including liposomes,' muramyl di- 
peptides'. and immune stimulatory compounds 

( ISCOMS).~~~ l1 Compared to saline vaccines, these 
and other adjuvanted vaccines have been shown to 
enhance the immune responses and provide protection 
against challenge infection in animal studies. However, 
comparisons of different amplifying strategies have 
not been carried out with the same rigour, and many of 
these systems do not induce as solid an immunity as 
that seen following live virus infection.12* l3 

In the present study, the antibody responses to 
immunisation with live influenza virus or inactivated 
saline vaccine were compared with the responses 
induced by subunit vaccines with the different 
amplifying systems. Nasal wash IgG and IgA and 
serum total IgG and IgG subclass antibodies were 
measured at various times after immunisation, and 
protection against both homologous and heterologous 
virus infection was determined. The studies were 
performed to identify, in comparative studies, the best 
amplifying system producing protection against chal- 
lenge virus infection in mice, and to assess the role of 
subclass IgG antibodies in this protection. The work is 
part of a wider study of the use of biological modifiers 
for influenza virus vaccines. 

Received 6 July 1993; accepted 4 Oct. 1993. 
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Materials and methods 

Viruses 

Influenza virus A Hong Kong/68(H3N2) was cul- 
tured in the allantoic cavities of 10-day embryonated 
hens' eggs incubated at 33°C for 72 h. After incu- 
bation, allantoic fluids were harvested, pooled, cen- 
trifuged at 4000 g for 15 min and the supernate was 
then centrifuged at 30000 g for 2 h. The pellet was 
resuspended in phosphate-buffered saline (PBS), pH 
7.2, layered on to a 10-60% sucrose density gradient 
and centrifuged at 30000 g for 90 min at 4°C. Density 
gradient fractions containing the highest titres of 
HA were pooled, concentrated by centrifugation at 
30000 g for 2 h and resuspended in 2.0 ml of PBS. 
Neuraminidase (NA) and HA suspension was pre- 
pared by treating purified virus suspensions with the 
zwitterionic detergent Empigen BP (Albright and 
Wilson Ltd, Whitehaven, Cumbria), as described 
previo~s1y.l~ The resulting lysate was dialysed against 
PBS for 3 days at 4"C, layered on to a 10-60 YO sucrose 
density gradient, centrifuged at 30000 g for 90 min 
at 4°C and the fractions containing the highest titres of 
HA were pooled. The pool was centrifuged at 
30000 g for 90 min, resuspended in PBS and the HA 
content determined by single radial diffu~ion,'~ with 
standard antigens and antisera kindly supplied by Dr 
J. Wood (National Institute of Biological Standards 
and Control, Potters Bar, Herts). Protein concen- 
trations were estimated by the method of Bradford." 

Infective pools of influenza viruses A/HK/68 
(H3N2), and A/Sichuan/87 (H3N2) were prepared in 
the allantoic cavities of 10-day embryonated eggs, as 
described above. The infectivity of these viruses for 
mice was calculated by intranasal inoculation of 0.1 ml 
of virus dilutions in groups of three mice : 3 days later, 
individual mouse nasal washes and lung homogenates 
were tested for the presence of virus by egg inoculation, 
and the 50% mouse infective dose (MID,,) was 
calculated. 

scribed previously," 0.25 pg of HA incorporated into 
liposomes by procedures described previously,l29 l7 or 
PBS. A final group was inoculated subcutaneously 
with 0-25 pg of subunit vaccine mixed with an equal 
volume of Freund's Complete Adjuvant (FCA; 
Sigma). In each case, vaccines or PBS were given in 
0.2-ml volumes. 

Immunisation and virus challenge 

A total of 198 unprimed mice were used. The first 
experiment was performed in six groups of 18 mice; 
four groups received 0.25pg of HA in saline, FCA, 
liposomes or ISCOMs, and the other two groups 
received either PBS alone, or were inoculated intra- 
nasally with 103.0 MID,, of live virus in a 0-1-ml 
volume. Serum samples were obtained from each 
mouse at 10 days, and 3, 7 and 22 weeks after 
immunisation and tested for total IgG antibodies. The 
serum samples collected at 3,7 and 22 weeks were also 
tested for IgG subclass antibody levels. One day after 
collection of sera at 3, 7 and 22 weeks, five mice from 
each group were challenged by intranasal inoculation 
with lo3'' MID,, of live influenza virus A/Hong 
Kong/68; these mice were killed 3 days after inocu- 
lation, and the lungs and nasal washings were tested 
for the presence of virus. The nasal washes were also 
assayed for IgA and total IgG antibodies. 

In a separate experiment, five groups of 18 mice 
received the same vaccine schedule as above, excluding 
the liposome-treated group. Serum samples from each 
mouse were collected 5 weeks after immunisation and 
assayed for total IgG and IgG subclass antibody. 

One day after this, six mice in each group were 
challenged with lo3'' MID,, of homologous A/HK/68 
virus or the heterologous influenza A/Sichuan/87 
virus strain, as described above. Three days after 
challenge infection, nasal washes and lung homo- 
genates were tested for the presence of virus; the nasal 
washes were also assayed for IgA and total IgG 
antibody. 

Animals 
Virus isolation 

All vaccine studies were performed in female 
BALB/c mice obtained from a closed colony at the 
University of Sheffield; at the time of the experiments, 
mice were 6-8 weeks old and weighed 20-25 g. 

Virus vaccines 

Groups of mice were infected with live virus or given 
one of four inactivated virus vaccines. Mice infected 
with live virus received lo3'' MID,, of virus intrana- 
sally, dropwise in 0.1 ml of PBS. The vaccinated 
groups of mice were inoculated intramuscularly with 
aqueous subunit vaccine containing 0.25 pg of HA, 
0.25pg of HA incorporated into ISCOMs with the 
glycoside Quil A (kindly supplied by Dr B. Morein, 
National Veterinary Institute, Division of Vaccine 
Research, Uppsala, Sweden), and prepared as de- 

Virus isolations were performed as described pre- 
viously.ll* l8 

Serological tests 

The enzyme-linked immunosorbent assay (ELISA) 
method was used to measure total IgG and subclass 
IgG antibody in mouse sera, and IgA and total IgG in 
nasal washings. Several mice from each group were 
selected at random and bled before the experiment and 
these sera were also tested to provide a baseline 
control; no antibody was detected in them. 

ELISA for serum antibody against influenza viruses 
was performed as described p rev io~s ly .~~  Briefly, wells 
of ELISA microtitration plates (Nunc, Life Tech- 
nology, Paisley) were each coated with 3 pg of purified, 
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Fig. 1. IgG antibody levels in sera of mice immunised with influenza A/HK/68 subunit antigen alone, incorporated with liposomes, ISCOMs 
or FCA, or given live virus: i.n., intranasal; i.m., intramuscular; s.c., subcutaneous inoculation. H Subunit antigens in liposomes; W subunit 
antigens in ISCOMs; W subunit antigens alone; 0 PBS; subunit antigens with FCA; 1 A/Hong Kong live virus. a, 10 days post- 
immunisation; b, 3 weeks p i ;  c, 7 weeks p i ;  d, 22 weeks p.i. 

whole A/HK/68 antigen in 200 p1 of carbonate buffer, 
pH 9.6. After 24 h at 4"C, the plates were washed three 
times with Tween-20 0.05 YO v/v in PBS (PBS-Tween), 
and undiluted nasal wash (for IgG determination 
only) or serum diluted in PBS-Tween plus BSA 1 YO 
was added to wells in triplicate; the plates were then 
incubated for 1 h at 37°C. The wells were washed three 
times with PBS-Tween and treated with goat anti- 
mouse total IgG or IgG subclass antibody conjugated 
to horseradish peroxidase (Sigma) at optimal dilu- 
tions, as determined in previous experiments. After 
incubation for 1 h at 37"C, the wells were washed three 
times with PBS-Tween, and o-phenylene-diamine sub- 
strate in citrate-phosphate buffer (pH 5.0) was added. 
After incubation for 30min in the dark at room 
temperature, the reaction was stopped by the addition 
of 50 pl of 2~ H,SO, and the absorbance was read at 
492 nm (A49z). 

Nasal wash IgA antibodies were also measured by 
an ELISA technique. This has been described in detail 
previously" and is modified from procedures reported 
by Hocart et a1." 

Statistical analysis 

Comparisons between mouse groups with respect to 
the incidence and levels of serum and nasal washing 
antibody were made by the Mann-Whitney U-test. 

Results 

Total serum IgG response to infection or immunisation 

Six groups of mice were given live A/HK/68 virus, 
aqueous subunit vaccine, or virus subunits incor- 
porated with FCA, liposomes or ISCOMs, or PBS; 

serum samples were collected at 10 days, and 3, 7 and 
22 weeks post-immunisation (pi.), and tested for IgG 
antibody responses. The results are shown in fig. 1. At 
10 days, relatively low levels of IgG antibody were 
detected in all groups which received live virus or virus 
vaccines, and the levels were similar (fig. la). However, 
at 3 weeks p i .  (fig. lb), higher total IgG antibody 
responses were recorded with the highest levels in mice 
given live virus or immunised with ISCOM vaccine; 
these levels were significantly greater than those in 
mice given other forms of vaccine (p < 0.01). At 7 
weeks p.i., total IgG antibody levels had increased 
further (fig. lc) with the highest levels observed in mice 
that received live virus or the subunit preparations 
formulated with ISCOMs or FCA; these levels were 
significantly higher than those for mice immunised 
with the aqueous or liposome vaccines (p < 0.01). 
Total IgG antibody levels declined in all immunised 
groups after this time (fig. Id), and at 22 weeks the 
levels were similar to those seen at 10 days; never- 
theless, total IgG antibody levels in mice that received 
ISCOM vaccine or live virus infection were sig- 
nificantly higher than in those given the other prepara- 
tions (p < 0.01). The results indicate that although the 
same pattern of rise and fall of antibody levels over the 
22 weeks of observation was similar in all groups, 
higher antibody levels were achieved after immu- 
nisation with ISCOMs or infection with live virus and 
these remained high at 22 weeks. 

Serum IgG subclass responses to infection or 
immun isat ion 

Serum IgG subclass antibody responses were meas- 
ured in all serum samples collected at 3,7 and 22 weeks 
p.i. The results are shown in fig. 2. There was a marked 
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Fig. 2. Serum IgG subclass antibody responses of mice to immunisation with influenza A/HK/68 subunit preparations or live virus. 
-El- Subunits with ISCOMs; -+- subunits with liposomes; -0- subunits with FCA; -0- subunits alone; 
-W-- A/HK/68 live virus; -0- PBS. 

IgGl antibody response in all groups immunised with 
the various vaccine preparations or given live virus at 
3 weeks p i ,  which was significantly greater (p < 0.01) 
in animals that had received the influenza A/HK/68 
subunit ISCOM preparation than in all other groups 
(fig. 2a). However, at 7 weeks p.i., the highest IgGl 
antibody levels were observed in animals given live 
virus or the subunit ISCOM or FCA preparations. At 
22 weeks p.i., IgGl antibody levels had decreased in all 
groups, although relatively high levels persisted in 
mice immunised with the subunit ISCOM preparation 
or given live virus. 

IgG2a subclass antibody responses were greatest at 
3 weeks in those mice given live virus or virus subunits 
incorporated into ISCOMs (fig. 2b); however, the 
subsequent pattern for IgG2a antibody levels differed, 
depending on the immunising agents used. Thus, peak 
levels were observed at 7 weeks p i .  in mice given 
A/HK/68 subunits together with FCA, in a liposome 
formulation or as an aqueous preparation. However, 
those groups of animals that had received live virus or 
virus subunits incorporated into ISCOMs, although 
showing high levels of IgG2a subclass at 7 weeks p.i., 
also showed at least equally high levels at 22 weeks, 
with no sharp decline of this antibody at this time (fig. 
2b). At both 7 and 22 weeks, the levels of IgG2a 
antibody in these two groups of animals were sig- 

nificantly greater than those observed in all other 
groups (p < 0.01). However, at both times, the IgG2a 
levels achieved were significantly greater in the group 
given live virus than in that given the ISCOM 
preparation (p < 0.01). 

The serum antibody responses of mice with regard 
to the IgG2b subclass was similar to that observed for 
IgGl (fig. 2c), with levels as high at 3 weeks as at 7 
weeks p.i. for most preparations. However, as for 
IgGl (and IgG2a), the response to A/HK/68 subunits 
administered with FCA was relatively low at 3 weeks, 
peaked sharply at 7 weeks and declined considerably 
at 22 weeks. Significantly greater (p < 0.01) levels of 
IgG2b antibody at 3,7 and 22 weeks p.i. were found in 
mice given live A/HK/68 than in all other groups. The 
greatest IgG3 antibody levels were also observed at all 
times in mice infected with live virus (fig. 2d), although 
the levels of this subclass of antibody (and IgG2a 
antibody) promoted by the A/HK/68 subunit ISCOM 
preparation were higher than the other subunit 
preparations. 

Nasal wash IgG and IgA antibody responses to 
immun isat ion 

The nasal wash IgG antibody responses of mice at 7 
and 22 weeks p.i. are shown in fig. 3a. All groups of 
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Fig. 3. Nasal wash IgG (a) and IgA (b) antibody responses of mice to immunisation with influenza A/HK/68 subunit preparations or live 
virus. -H- Subunits with ISCOMs; -4- subunits with liposomes; -Up subunits with FCA; -0- subunits 
alone; -W- A/HK/68 live virus; -0- PBS. 

mice showed the presence of nasal wash IgG antibody 
at 7 weeks, with the highest titres in those given live 
virus or ISCOM vaccine preparation ; significantly 
lower levels were found in mice given subunits with 
FCA, as liposomes, or as an aqueous preparation. 
However, although the levels of nasal wash IgG 
declined at 22 weeks in mice immunised with aqueous 
subunits, or subunits with FCA, there was an increase 
in these antibody levels at this time in animals that had 
received live virus, subunits with ISCOMs or subunits 
with liposomes (fig. 3a). 

In contrast, peak titres of nasal wash IgA were 
reached for all groups at 7 weeks p.i. and declined 
sharply by 22 weeks (fig. 3b). At 7 weeks, a significantly 
greater level of nasal wash IgA was found in mice given 
live virus than in all other groups (p < 0.01); mice that 
had received subunits formulated as ISCOMs had 
nasal wash IgA levels at this time significantly greater 
than those observed in mice immunised with all other 
subunit vaccine preparations (fig. 3b). 

Serum and nasal wash antibody levels and protection 
against homologous virus challenge 

At 3,7 and 22 weeks p.i., five mice from each group 
were inoculated intranasally with lo3.' MID,, of live 
influenza A/HK/68 virus; 3 days later, nasal washes 
and lung homogenates from each animal were tested 
for virus. The results are presented in table I together 
with the mean serum IgG subclass levels and mean 
nasal wash IgG and IgA levels for each group at each 
time. At 3 weeks pi., virus was recovered from the 
nasal washes of all animals, except two of five mice 
immunised initially with live virus. Although esti- 
mations of nasal wash IgG levels were not performed 
at 3 weeks, it is of interest to note that the mean nasal 
wash IgA level was significantly greater in the group 
that had received live virus than in any other; 
furthermore, the serum IgGl and IgG2a subclass 

antibody levels in mice given live virus initially were 
lower than, or equivalent to, those elicited by subunit 
preparations administered as liposomes or ISCOMs, 
yet animals given these preparations showed no 
evidence of protection in the upper respiratory tract 
(table Ia). 

Protection in the lower respiratory tract at 3 weeks 
p i ,  as evidenced by lack of recovery of virus from lung 
homogenates, was observed in three of five mice that 
had received either the subunit ISCOM preparation or 
live virus (table Ia); both groups had significantly 
greater serum levels of IgG2a, IgG2b and IgG3, but 
not IgGl, than all other groups. Nasal wash IgA levels 
were similar in those groups immunised with subunits 
administered as ISCOMs or liposomes, yet no pro- 
tection was found in mice given the latter preparation 
at 3 weeks p.i. (table Ia). One of five mice given 
aqueous subunit preparations showed evidence of 
protection against homologous virus challenge in the 
lower respiratory tract; this individual mouse was 
found to have a serum IgG2a subclass antibody level 
of 0.79, significantly greater than that of the other four 
animals in this group, whose mean IgG2a antibody 
titre was 0.55. However, there were no significant 
differences between the IgA, IgGl, IgG2b and IgG3 
levels. 

At 7 weeks p.i., the level of immunity had increased. 
Individual mice in two groups-those given live virus 
or subunit ISCOMs-showed protection in the upper 
respiratory tract (table Ib); both groups had nasal 
wash IgA and IgG levels significantly greater than 
those of all other groups. The subclass IgG levels in the 
sera of these mice were also greater, although not 
always significantly so, than those of all other groups. 
Protection was also observed in the lower respiratory 
tract in some mice from all immunised groups, 
although the greatest incidence of protection (80 %) 
was in mice given either live virus or the subunit 
ISCOM vaccine. As at 3 weeks pi.,  the levels of serum 
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Table I. Serum IgG subclass and nasal wash IgA and IgG antibody responses to immunisation with influenza A/HK/68 
subunit preparations or live virus at (a) 3, (b) 7 and (c) 22 weeks p.i. 

Mean serum IgG subclass (SD) NW IgG NW IgA Protection (YO) 
Route Preparation 

administered IgG2b IgG3 Mean (SD) Mean (SD) URT* Lungs IgG 1 IgG2a 

a 
Liposomes 
ISCOMs 
Subunits 
PBS 
FCA 
Live virus 

Liposomes 
ISCOMs 
Subunits 
PBS 
FCA 
Live virus 

Liposomes 
ISCOMs 
Subunits 
PBS 
FCA 
Live virus 

b 

C 

i.m. 
i.m. 
i.m. 
i.m. 

i.n. 

i.m. 
i.m. 
i.m. 
i.m. 

i.n. 

i.m. 
i.m. 
i.m. 
i.m. 

i.n. 

S.C. 

S.C. 

S.C. 

0.99 (0.12) 0.53 (0.15) 
1.20 (0.13) 0.80 (0.12) 
0.68 (0-18) 0.53 (0.17) 
0.08 (0.03) 0.08 (0.01) 
0.69 (0.09) 0.58 (0.26) 
0.96 (0.09) 0.84 (0.08) 

0.84 (0.20) 0.60 (0.27) 
1.10 (0.23) 1.10 (0.25) 
0.81 (0.16) 0.74 (0.15) 
012 (0.02) 0.09 (0.03) 
1.10 (0.13) 1.00 (0.30) 
1.20 (0.10) 1-40 (0.10) 

0.45 (0.70) 0.36 (0.1 7) 
1.00 (0.1 1) 1.20 (0.09) 
0.43 (0.21) 0.53 (0.19) 
0.08 (0.01) 0.04 (0.02) 
0.83 (0.17) 0.54 (0.17) 
1.10 (0.20) 1.40 (0.10) 

0.42 (0.12) 
0.77 (0.14) 
0.46 (0.16) 
0.09 (0-08) 
0.21 (0.06) 
1.00 (0.15) 

0.48 (0.17) 
0.70 (0.30) 
0.63 (0.15) 
0.04 (0.01) 
0.66 (0-30) 
1.10 (0.09) 

0.17 (0.06) 
0-46 (0.19) 
0.16 (0.07) 
005 (0.01) 
0.14 (0.09) 
0.80 (0.33) 

0.38 (0.08) 
0.58 (0-13) 
0.39 (0-1 1) 
0.14 (0.01) 
0.20 (0.05) 
0-68 (0.1 1) 

0.43 (0-8) 
0.57 (0.19) 
0.48 (0.10) 
0.11 (0.05) 
0.36 (0.08) 
0.90 (0.16) 

0.08 (0.03) 
0.18 (0.09) 
0.1 1 (0.02) 
0.05 (0.01) 
0.10 (0.04) 
033 (0.12) 

0.27 (0.14) 
0-35 (0.18) 
0.23 (0.15) 

0.15 (0.04) 
0.45 (0.27) 

038 (0.20) 
0.40 (0.21) 
0.19 (0.12) 
0.12 (0.02) 
0.13 (0.02) 
0.48 (0.19) 

0.11 (0.01) 

0-20 (0.09) 
0-22 (0.10) 
0- 15 (0.02) 
0.18 (005) 
0.14 002) 
0.59 (0.20) 

0.35 (0.18) 
080  (0.36) 
0.28 (0.04) 
0.19 (0.03) 
0.43 (0.37) 
1.10 (0.23) 

0.11 (0.01) 
0.11 (0.01) 
0.10 (0.01) 
0.09 (0.01) 
0.12 (0.01) 
0.34 (0.08) 

Number of sera tested for IgG subclasses was 18, 13 and eight for each preparation at 3,7 and 22 weeks respectively. Number of lungs tested 
for virus or nasal washes tested for virus and for IgA and IgG antibodies was five for each preparation. NW, nasal wash; URT, upper 
respiratory tract; i.n., intranasal; i.m., intramuscular; s.c., subcutaneous. 
* Number of mice showing no evidence of virus in nasal wash or lung/total (YO). 

IgG2a, IgG2b and IgG3 and nasal wash IgG were all 
higher, although not always significantly so, in these 
two groups than in all others. The serum IgGl subclass 
levels at 7 weeks in mice given subunits with FCA or as 
ISCOMs were identical, yet the incidence of protection 
in the lungs in the former group was only half that in 
the latter (table Ib). 

For mice challenged at 22 weeks p.i. (table Ic), the 
results were similar to those at 3 weeks. Thus, only in 
mice immunised with live virus was there any pro- 
tection in the upper respiratory tract, and, as at 3 
weeks, this was associated with a significantly higher 
level of nasal wash IgA. Furthermore, significantly 
higher or relatively high levels of all subclass antibodies 
were found in sera from mice given live virus initially, 
and this group also showed the greatest incidence of 
protection in the lower respiratory tract (table Ic) at 22 
weeks p.i., although all groups of mice, except those 
that had received subunits in a liposome formulation, 
showed some incidence of protection at this site. 
Compared to the effects of the subunit ISCOMs 
preparation, which elicited protection in two of five 
mice at 22 weeks, all serum IgG subclass antibody 
levels in mice given the subunit liposome preparation 
were significantly lower. However, the nasal wash IgG 
antibody levels were identical in both groups. 

Protection against heterologous A/Sichuan/87 virus 
infection 

In a further experiment under conditions essentially 
similar to those employed in the first study, 10-12 mice 

from groups of 18 given live A/HK/68 influenza virus 
intranasally, or immunised with A/HK/68 subunits 
administered as an aqueous preparation, as ISCOMs, 
or with FCA, or given PBS alone by parenteral routes, 
were challenged 24 h after collection of blood at 5 
weeks p.i. with 103'0 MID,, of either A/HK/68 virus 
or the heterologous A/Sichuan/87 (H3N2) strain by 
the intranasal route. Half the animals received the 
former and half the latter virus strain. Nasal washes 
and lung homogenates obtained from these mice 3 
days later were tested for the presence of virus. All sera 
were assayed for IgA and subclass IgG antibodies and 
nasal washes were assayed for IgA antibodies. The 
results (table 11) show that none of the immunising 
preparations, including live virus, induced protection 
against homologous A/HK/68 virus in the nasal 
passages of mice. In contrast, both live A/HK/68 
virus and the A/HK/68 subunit ISCOM preparation 
had elicited protection in the lower respiratory tract of 
a proportion of animals. These results are essentially 
similar to those observed at 3 weeks p.i. in the 
experiments already described. Furthermore, with 
respect to levels of serum IgA and IgG in each subclass 
and of nasal wash IgA, mice immunised with live virus 
initially showed significantly greater responses than 
those elicited by all other groups. The levels of these 
antibodies induced by the ISCOM preparation were 
also higher than those induced by other subunit 
preparations. Essentially similar findings were o b- 
tained with mice challenged with the heterologous 
A/Sichuan/87 influenza virus strain ; protection was 
primarily found in the lower respiratory tract, and was 
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Table 11. Serum IgA and IgG subclass and nasal wash IgA antibody responses to immunisation with influenza A/HK/68 
subunit preparations or live virus at 5 weeks p.i. and protection against (a) homologous and (b) heterologous challenge 
infection. 

Protection Serum IgA NW IgA 
Mean (SD) Mean (SD) URT* 

Mean serum IgG subclass (SD) 

IgG 1 IgG2a IgG2b IgG3 

Preparation 
administered Route 

Lungs 

a 
FCA 
ISCOMs 
Subunits 
Live virus 
PBS 

FCA 
ISCOMs 
Subunits 
Live virus 
PBS 

b 

S.C. 0.61 (0.18) 0.34 (0.16) 0.25 (0.17) 
i.m. 0.77 (0.21) 0.39 (0.21) 0.41 (0.29) 
i.m. 0.42 (0.10) 0.26 (0.07) 0.17 (0.05) 
i.n. 1.10 (0.07) 1.00 (0-08) 0.92 (0.15) 
i.m. 0.04 (0.01) 0.05 (0.02) 004  (0.02) 

S.C. 0.32 (0.19) 0.23 (0.14) 0.16 (0.09) 
i.m. 0.42 (0.10) 0.36 (0.07) 0.23 (0.05) 
i.m. 0.34 (0.15) 0-27 (0.07) 0.20 (0.07) 
i.n. 1.10 (0.10) 1-10 (0.08) 0.72 (0.18) 
i.m. 0.05 (0.02) 0.06 (0.02) 0.04 (0.03) 

0.16 (0.05) 0.10 (0.0l)t 
0.33 (0.06) 0.13 (0.03) 
0.16 (0.05) 0.09 (0.01) 
0-65 (0.18) 0-37 (0.06) 
0.05 (0.01) 0.09 (0Ol)t 

0.14 (0-06) 0.12 (0.02) 
0.36 (0.05) 0.12 (0.01) 
0.16 (0.05) 0.10 (0.02) 
0.59 (0.25) 0.39 (0.03) 
0.05 (0.02) 0.09 (0.01) 

0.14 (0.03)t 0/5 (0) 
0.39 (01 1) 0/6 (0) 
0.21 (0.12) 0/6 (0) 
0.97 (0.28) 0/6 (0) 
0.16 (0*10)$ 0/5 (0) 

0.26 (0.15) 0/6 (0) 
0.45 (0.14) 0/6 (0) 
0.20 (0.10) 0/6 (0) 
0.91 (0.19) 1/6 (17) 
0.13 (0.03) 0/6 (0) 

Number of samples tested was six; $denotes that the number was four; tdenotes the number was five. NW, nasal wash; URT, upper 
respiratory tract; i.n., intranasal; i.m., intramuscular; s.c., subcutaneous. 
* Number of mice showing no evidence of virus in nasal wash or lung/total (YO). 

confined to those mice immunised with live A/HK/68 
virus or A/HK/68 subunits formulated into ISCOMs. 
Greatest IgA and subclass IgG antibody levels were 
also found in mice immunised with these two prepara- 
tions. 

Discussion 

Numerous studies have indicated that immunity 
against influenza is directly related to the serum 
antibody response to the virus HA, and that serum 
haemagglutination-inhibition (HI) titres of 30-40 in- 
dicate protection.' However, although existing com- 
mercially available saline subunit vaccines induce high 
levels of serum antibody to the virus HA, the level of 
immunity to subsequent infection has been, and 
remains, disappointingly low.2, 21, 22 The innate reacto- 
genicity of the influenza virus HA4 prohibits an 
increase in the HA content of vaccines, but one 
strategy to enhance the immune response would be to 
use relatively small quantities of virion subunits in 
conjunction with a potent delivery system. Several 
such systems, including liposomes,' various formu- 
lations incorporating muramyl di- or tripeptides'? 
and ISCOMs,". '' are currently undergoing intensive 
investigation. For each of these adjuvant systems, 
enhanced immune responses have been reported in 
comparison to aqueous influenza virus vaccine pre- 
parations. In contrast, comparative studies of the 
immune-enhancing potential of different adjuvant 
systems are sparse, but such studies should be under- 
taken to identify the most effective and appropriate 
adjuvant. 

In the present study, the local and systemic humoral 
immune responses and the protection against chal- 
lenge virus infection were assessed in mice immunised 
with influenza virus subunit preparations incorporated 

into ISCOMs or liposomes; the immune responses and 
protection afforded by these adjuvanted vaccine pre- 
parations were compared to those induced by aqueous 
subunit preparation, the subunits with FCA and live 
virus infection. These latter preparations were in- 
cluded to indicate baseline values of immunity and 
protection (aqueous subunit preparation) and desir- 
able levels of immunity and protection (live virus 
infection), since studies in man indicate that live 
influenza virus vaccines confer greater immunity than 
inactivated preparations.l3' 23 The inclusion of FCA 
provided an indication of the levels of immunity and 
protection achievable with an inactivated antigen by 
using an adjuvant which, although not suitable for use 
in man,24 is reported to have potent, immune-en- 
hancing proper tie^.^^ 

The results indicate that infection of mice with live 
influenza virus induces the greatest and most persisting 
antibody responses and protection at both local and 
systemic levels, confirming previous studies. l2 

Although none of the inactivated preparations used 
elicited equivalent immunity and protection, influenza 
subunits incorporated into ISCOMs proved the most 
effective in these respects. More particularly, the 
subunit ISCOM vaccine was superior to subunits 
incorporated with FCA, and to the liposome prepara- 
tion-the latter preparation was, in turn, the best of 
four influenza subunit-liposome formulations assessed 
in previous studies.26 

The high degree of protection observed in mice 
given live virus infection, and its persistence, can be 
equated with local and systemic humoral immune 
responses. Thus, local IgA and IgG antibody levels, 
and serum IgG antibody levels, particularly the IgG2a 
subclass, achieved either higher levels or persisted at 
relatively high levels for longer, or both, following live 
virus infection than was observed for these responses 
after immunisation with any of the inactivated subunit 
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preparations. Nevertheless, these responses were most 
closely matched in mice immunised with the ISCOM 
subunit preparation. In particular, serum IgG2a re- 
sponses were high and persisted well in these animals 
and this IgG subclass has been reported to have high 
influenza virus neutralising capacity'' and also proper- 
ties of activating complement2' and mediating phago- 
cytosis28, properties suggesting interreaction of such 
antibody with aspects of cellular immune mechanisms. 
As reported previously, nasal wash IgA levels at 7 
weeks p.i. are also relatively high in mice immunised 
with the influenza virus subunit ISCOM preparation.ll 

These studies comparing the nature of the humoral 
immune responses and protection against challenge 
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