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The immunostimulating complex (ISCOM) is an efficient mucosal delivery system
for respiratory syncytial virus (RSV) envelope antigens inducing high local and
systemic antibody responses

K.-F. HU*, M. ELVANDERt, M. MERZAt, L. AKERBLOMt, A. BRANDENBURG? & B. MOREIN*t
*Section of Virology, Department of Veterinary Microbiology, College of Veterinary Medicine, Swedish University of
Agricultural Sciences andiDepartment of Virology, The National Veterinary Institute, Uppsala, Sweden, and
fDepartment of Virology, Erasmus University Rotterdam, Rotterdam, The Netherlands

(Accepted for publication 23 April 1998)

SUMMARY

ISCOM is an efficient mucosal delivery system for RSV envelope proteins as measured by antibody
responses in respiratory tract secretions and in sera of mice following two intranasal (i.n.) administra-
tions. Intranasally administered RSV ISCOMs induced high levels of IgA antibodies both in the upper
respiratory tract and in the lungs. In the lungs, a prominent and long-lasting IgA response was recorded,
which still persisted 22weeks after the second i.n. immunization when the experiment ended.
Subcutaneous (s.c.) immunization only induced low IgA titres in the upper respiratory tract and no
measurable response to RSV was found in the lungs. Differences were also noticed in serum between the
i.n. and s.c. modes of immunization. ISCOMs given intranasally induced earlier, higher and longer
lasting IgM and 1gG1 serum anti-RSV antibody responses than those induced by the s.c. mode of
administration. A low serum IgE response was only detectable at 2 weeks after i.n. immunization with
ISCOMs and after s.c. immunization with an inactivated virus, but no IgE response was detectable after
s.c. injection of ISCOMs. The serum IgA response was more pronounced following s.c. injection of
inactivated virus than after i.n. application of ISCOMs, and a clear-cut booster effect was obtained with
a second immunization. Virtually no serum IgA response was detected after the s.c. administration of
ISCOMs. In conclusion, the high immune responses induced by RSV ISCOMs in the respiratory tract
and serum after i.n. administration indicate prominent mucosal delivery and adjuvant properties of the
ISCOMSs, warranting further studies.
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INTRODUCTION against infection and disease, but also drastically exacerbated the

. . . . disease in a number of cases [5].
RSV is one of the most important causative agents of viral lower .
Another common problem for parenterally administered vac-

respiratory tract infection in infants and young children worldwide . . . L . . :
[1], with an estimated 91000 hospitalizations and 4500 deathg'ne.s.’ mcluc_jmg the formahn-m_actlvated HRSV va_ccnne, is the
inability to induce a mucosal immune response in contrast to

annually in the USA alone [2]. A closely related virus, bovine responses after natural infection. In general, non-replicating anti
respiratory syncytial virus infecting young calves, is likewise an ponse -ng " P 9
gens delivered through mucosal routes do not induce an acceptable

important pathogen [3]. Both national and international health : .
o ) . level of mucosal IgA immune response with acceptable low doses
organizations view the development of a vaccine to control RSV as

a priority in the reduction of mortality and morbidity [4]. So far, of antlgens.. However, experimental vaccines adjuvanteq with
attempts to develop an RSV vaccine have been unsuccessful. Gre%r%olera _t_oxm (CT) have _ShOYV” that_ a potent mucosal _adjuvant
caution must be used because of the earlier failure in the 1960s i facilitate a non-replicating delivery system. Admixed or
infants with a formalin-inactivated human respiratory syncytial

virus (HRSV) vaccine. This vaccine not only failed to protect

ghemically linked with another antigen, CT was shown to induce
prominent mucosal as well as systemic immune responses to the
coadministered or linked non-replicating antigen [6]. In the present
study, the capacity of ISCOMs was tested as a mucosal delivery
Correspondence: Ke-Fei Hu, Department of Veterinary Virology, Box System for RSV and the read-out of the effect was the antibody
585, Biomedicum, S-751 23 Uppsala, Sweden. responses evoked in serum and in respiratory tract secretions.
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The ISCOM allows selective incorporation of viral envelope  The inactivated RSV was prepared by adding 0-5% (w/v) of
proteins by hydrophobic interaction into a defined supra-moleculag-propiolactone to the virus solution, and the reaction was kept at
structure ofQuillaja saponins. In this 40-nm particle, the antigens 4°C for 7 days. Inactivation was verified by virus isolation attempts
are arranged in a multimeric form and the in-b@ltillaja saponin  in MA 104 cell culture.
has strong inherent adjuvant activity [7,8]. Recent studies have also
shown that the immunogenicities of the envelope proteins ofMice
influenza virus and the B subunit of CT when incorporated inFemale BALB/c mice, 8—12 weeks of age, were obtained from the
ISCOMs are greatly enhanced after mucosal administration, leadNational Veterinary Institute (Uppsala, Sweden). The mice were
ing to potent mucosal IgA and systemic immune responsesscreened for viral, bacterial and mycoplasma infections, and kept
Further, it was reported that ISCOMs containing antigens fromin accordance with the national guidelines.
protoscoles oEchinococcus granulosiesficiently induced serum
antibody responses in mice, in particular, the antibody response timmunizations
carbohydrate antigens was enhanced by the intranasal (i.n.) moderee groups (1-3) of mice, each consisting of 10 BALB/c mice,
of immunization [9]. were immunized twice 6 weeks apart. Mice in different groups

An RSV ISCOM experimental vaccine was first introduced by were immunized as follows: group 1ugy/mouse of RSV ISCOMs
Trudel etal, demonstrating its effectiveness in inducing serumsubcutaneously; group 2,ug/mouse of RSV ISCOMs intra-
neutralizing antibodies [10] and cytotoxic T cell responses [4] innasally; group 3, 500l/mouse of inactivated RSV subcutaneously.
mice, but the potential of ISCOMs as a mucosal delivery systenThe preparation contained the same amount of the fusion (F)
for RSV antigens has not been explored. protein as in the ISCOM preparation used for s.c. administration,

Here we analyse the capacity of RSV ISCOMSs to inducei.e. 1ug/mouse measured by a quantitative immunodot assay, in
antibody responses in serum and in the respiratory tract after i.nwhich serial two-fold diluted RSV ISCOMs or the inactivated
and subcutaneous (s.c.) administrations of mice with RSVRSV were immobilized on a cellulosenitrate paper. Anti-F MoAb,
ISCOMSs, including studies of the distribution of the responses inrabbit anti-mouse conjugate and its substrate were used for the blot
immunoglobulin isotypes, IgG subclasses and determination oéssay. The intensity of the colour was visually compared and the
neutralizing antibodies. difference between F protein content in the ISCOMs and in the
inactivated RSV was calculated accordingly; group 4, non-immu-
nized control group.

MATERIALS AND METHODS For i.n. immunization, ng of ISCOMs were suspended in a

Virus and cells volume of 2Qul PBS while the subcutaneous dose was suspended
The Long strain of RSV (ATCC VR-2¢kindly supplied by Dr C.  in a volume of 20Q. PBS.
Orvell (Huddinge University Hospital, Stockholm, Sweden), was  |.n. immunizations were carried out under anaesthesia with

propagated on MA 104 cells (ECACC no. 85102918). Cells weremethoxyflurane administrated by inhalation.
grown in full Dulbecco’s modified Eagle’s medium (FDMEM,;
National Veterinary Institute, Uppsala, Sweden), supplementedollection of samples
with 100pg/ml kanamycin, 2m glutamine, and 10% fetal calf Blood samples were collected from the retroorbital plexus in weeks
serum (FCS; Gco BRL, Life Technologies AB, Thy, Sweden). 2 and 5 after the firstimmunization, and weeks 1, 3, 15 and 22 after
the second immunization. Lungs for antibody extraction were
Preparation of RSV ISCOMs and inactivated RSV taken 2, 15 and 22weeks after the second immunization. The
The preparation and biochemical characterization of ISCOMsupper respiratory tract secretion was taken at one occasion 2 weeks
were carried out as previously described [11-13]. Briefly, 2 mlafter the second immunization. Two to five mice from each group
(1-6 mg/ml) sucrose gradient purified RSV were solubilized withwere killed, and the lungs or upper respiratory tracts were
OG (1-On-octyl-3-p-glucopyranosid, @H,g0s; Boehringer, removed. Secretory antibodies were extracted as described by
Mannheim, Germany) at a final concentration of 2% (w/v) for Bergquistetal. [16]. Briefly, the mice were injected intraperito-
1h at 37C under constant agitation. The solubilized virus wasneally with 0-1 ml 1% heparin—PBS under anaesthesia. The mice
applied onto a discontinuous sucrose gradient of 2 ml 20% sucroseere exsanguinated, and perfused with 20 ml 0-1% heparin—PBS
layer containing 0-5% OG, over a cushion of 50% sucrose. Aftelinto the right chamber of the heart through the circulation system.
centrifugation at 210008 in a Kontron TST-41 rotor (Kontron The lungs were removed and trimmed. Each pair of lungs was kept
Ltd, Zurich, Switzerland) for 1 h at°€, the sample volume plus in 3ml 0-1% heparin—PBSnd the weights were recorded. The
the 20% sucrose layer containing viral proteins were collected, andrgans were washed with PBS and stored at'€2Before testing,
extra lipids, i.e. cholesterol and phosphatidylcholine, @uillaja 2% saponin in PBS solution was added at a ratio pf/rhg of
saponin (‘Spicoside’; Iscotec AB, Lule®&weden) were added in organ weight. After overnight extraction atG the lungs were
proportions of protein:cholesterol:phosphatidylchol@eillaja sedimented at 12 0@Pfor 10 min in a Eppendorf 5415C centri-
saponin=1:1:1:5 calculated by weight, and the mixture was homo-fuge, and the supernatant was collected for antibody analysis. The
genized. After extensive dialysis against Ovl&mmonium acetate upper respiratory tract was excised from the skull by removing
for 72 h at 4C, the ISCOMSs were purified by centrifugation through skin, muscles, lower jaw, brain and surrounding bones. The tissues
10% sucrose at 210 0@Qin a Kontron TST-41 rotor for 18h at remaining were mainly the sinuses and the nose, which were
10°C. The pellet containing the RSV ISCOMs was resuspended irreated with 2% saponin as described for lungs.
200ul PBS. Protein concentration was determined by the Bradford ~ For samples to be assayed for virus-neutralizing antibody, the
method [14]. TheQuillaja saponin concentration was measured by saponin treatment was exchanged with distilled water for extrac-
reverse-phase high performance liquid chromatography (HPLCJion of antibodies to avoid the lytic and cell toxicity activity (Hu
[15], and the weight ratio of protein fQuillaja saponin was 1:10. KF etal Using distilled water for the extraction of mucosal

© 1998 Blackwell Science LtdClinical and Experimental Immunolog$13235-243



The ISCOM is an efficient mucosal delivery system for RSV envelope antigens 237

antibodies and the subsequent application in RSV neutralizatiohVestern blots
test. J Immunoassay, in press). Western blots were done according to Towlgiral. [20] using
nitrocellulose from Schleicher and Sdh{Dassel, Germany).
Enzyme immunoassays
ELISAs to determine serum IgM, 1gG and organ extract 1gG Virus neutralization assay
antibodies against RSV were carried out essentially using th&he neutralizing activity was measured using pooled sera or pooled
method described by Jenningsal. [17,18]. Briefly, microtitre =~ organ secretions by a microneutralization test, similar to the
plates (Nunc, Roskilde, Denmark) were coated with 200 ng puri-method used by Trudetal. [10] with some modifications: 2d
fied HRSV per well in 10Q 50 mm carbonate-bicarbonate buffer of two-fold dilutions of heat-inactivated (86, 30 min) sera or
pH9-6, and kept at°€ overnight. All washings were carried out 100ul of two-fold dilutions of heat-inactivated (56, 30 min)
with PBS containing 0-2% Tween 20 (PBS-T). All incubations organ extracts were mixed with 2bor 100ul viral suspension
were done at room temperature for 60 min under constant shakingontaining 100 TCIR, of RSV, Long strain calculated according
The mouse sera were titrated in two-fold dilutions. ELISA to Reed & Muench’s method [21]. The virus serum or virus organ
employed to determine the antibody responses in the IgGlextract mixtures were added to 96-well flat-bottomed microtitre
IgG2a, 1gG2b, 1gG3 subclasses, and the IgE and IgA isotypeplates (Nunclon, Roskilde, Denmark) incubated for 4 h &iC37
were carried out with non-labelled goat antibodies specific forThen 10Ql of 2-day-old MA 104 cells in FDMEM medium
mouse 1gG subclasses (Nordic Immunology, Tilburg, The Nethercontaining 2% FCS were added to each well. The plates were
lands), biotinylated goat anti-mouse IgE (The Binding Site, Bir- finally incubated for 5—7 days at 3Z in a humidified atmosphere
mingham, UK) or biotinylated goat anti-mouse IgA (Southern containing 5% C@. All tests were performed in quadruplicate.
Biotechnology Associates, Birmingham, AL), and a rabbit anti- Controls were included and the test serum or secretion was
goat horseradish peroxidase (HRP) conjugate or an HRP streptaeplaced with negative control serum or secretion. Titres for
vidin (Dakopatts, Glostrup, Denmark), respectively. IgA levels tovirus neutralization test were expressed as the reciprocal of last
HRSV in mouse organ extracts were measured by an ELISA [19Hilution exhibiting 50% residual infectivity (NEY25ul or NDsy
with slight modifications. Two major differences compared with 100ul: 50% neutralizing dose in 24 or 100ul for serum and
serum immunoglobulin ELISAs for the organ extract were: (i) secretion, respectively).
microtitre plates were coated with 400 ng/well of the purified RSV . .
Statistical analysis

instead of 200 ng/well for the serum; (ii) overnight incubation at ELISA titres for serum IgM, IgG and mucosal 1gG, IgA are

room temperature for the extracts instead of 1h incubation on . . : .
.~ expressed as geometric means with 95% Wilcoxon signed rank
shaker at room temperature for the serum. The enzyme reactions

were visualized by adding 100iwell of tetramethylbenzidine sum confidence interval, and were compared with respect to the

(TMB) substrate buffer (TMB, bO,: SVANOVA, Uppsala, Ie\{els of antibody by Mann—Whitney_two-ta_lilgml-test. All calcu-

. . . ... lations were run on a computer using Minitab release 10 Xtra
Sweden) for 10 min. The reactions were terminated by the addltloréoftware (Minitab, Coventry, UK)
of 50ul/well of 2 m H,SOy. The optical density (OD) was measured ’ ' '
at 450 nm with a Titertek Multiscan Spectrophotometer (Flow RESULTS
Labs, Irvine, UK). Serum IgM, IgG and secretory 1gG, IgA were
tested on individual samples. Due to the limited amount of sampleCharacterization of RSV ISCOMs
which could be collected from each mouse, 1gG subclasses, Ig sample of the ISCOMs was fractionated by analytical 10-50%
and IgA in serum were run on pooled samples. The titres werdw/w) sucrose density gradient centrifugation. The fractions were

expressed as reciprocals of endpoint dilution. analysed for specific protein content and ligitC-PE by liquid
(a) (b)

A B C D E

203 = P

18 =jil
86 =/
51 =

341 =
29 =

192 =

75m

Fig. 1. (a) Western blotting of RSV ISCOMs (on the left). A, Molecular weight standards; B, developed with anti-RSV fusion (F) protein
(MoAb); C, developed with anti-RSV G protein (MoAb). Electron micrograph showing the RSV ISCOM particles (on the right), bar

100 nm. (b) Western blotting of sera and organ extracts against RSV. A, Developed with anti-RSV F protein (MoAb); B,C, developed with
pooled sera and pooled lung extracts from mice subcutaneously immunized with RSV ISCOMSs, respectively; D,E, developed with pooled sera
and pooled lung extracts from mice intranasally immunized with RSV ISCOMs, respectively.
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Fig. 2. IgM serum antibody titres (geometric mean titres and 95% . .
confidence limits) of mice to RSV measured by ELISA following two .n. with RSV ISCOMs
subcutaneous (s.c.) or two intranasal (i.n.) immunizations with RSV N s.c. with inactivated virus
ISCOMs or two s.c. immunizations with inactivated virus, and non- B non-immunized control

immunized control.
Fig. 3. The development of IgG serum antibody titres (geometric mean
titres and 95% confidence limits) of mice to RSV measured by ELISA
scintillation, and both were recovered in the same 19S fractionfollowing two subcutaneous (s.c.) or two intranasal (i.n.) immunizations
Presence of ISCOMs was confirmed by electron microscopy (EM)With RSV ISCOMs or two s.c. immunizations with inactivated virus, and
The protein content of the ISCOMs was determined by electro"on-immunized control.
phoresis and Western blotting, which showed the presence of both
F and G glycoproteins of RSV (Fig. 1a). The immune response to
the ISCOMs was mainly against the F protein as revealed bygroup 3). The IgG response lasted throughout the experimental
Western blotting (Fig. 1b). period, i.e. 22 weeks after the second dose, although eventually
declining. Mice immunized intranasally with ISCOMs (group 2)
ISCOMs administered intranasally induce a long-lasting serum responded faster and developed significanfd 0-01) higher
IgM response serum IgG titres 2weeks after the first immunization than sub-
The IgM response was measured in mice after the first and secormitaneously immunized animals (group 1). The highest titre was
immunizations as described in Materials and Methods, and th@bout 1:100 000 recorded 3weeks after the second i.n. immun-
results are shown in Fig.2. Significantl{?€0-01) higher IgM ization with ISCOMs (group 2). In the subsequent bleeds, similar
serum levels were detected in mice immunized subcutaneously anagnitudes R>0-05) of serum IgG responses were measured in
intranasally with ISCOMs (groups 1 and 2) than in mice immun-the two groups immunized with ISCOMs.
ized with inactivated RSV (group 3). After i.n. immunization
(group 2), long-lasting serum IgM levels to RSV were recorded,lgG subclasses in the serum response
which lasted beyond the second immunization. When comparingerum samples from the mice described above were pooled group-
the IgM responses within the groups vaccinated with ISCOMswise and tested in ELISA for the antibody response to RSV in
significantly P<0-01) higher anti-RSV levels were recorded in the various IgG subclasses. The i.n. administration of ISCOMs
animals immunized intranasally (group 2) than in those immunizednduced a fast IgG1 anti-RSV response after both the first and the

subcutaneously (group 1). second immunizations measured at the first and third bleeds. At the

subsequent bleeds, i.e. 5weeks after the first immunization and
Intranasal administration of ISCOMs induces early IgG 3weeks after the second immunization, the levels of IgG1 to RSV
responses in serum were similar in the mice exposed to i.n. and s.c. administrations

The serum IgG to RSV was measured twice after the first(Fig.4).

immunization and four times after the second immunization The IgG2a response became prominent in the fourth bleeding,
(Fig. 3). The serum IgG response followed the IgM response in.e. 3weeks after the second immunization, reaching serum titres of
a classical manner. The ISCOM-immunized animals (groups labout 40000 after both i.n. and s.c. immunizations. In the same
and 2) developed significantlyP&0-01) higher anti-RSV IgG bleed, apart from the relatively higher level of 1gG2b in s.c.
responses than the mice immunized with inactivated RSMVISCOM-immunized animals, only low levels of IgG2b and 1gG3
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Fig. 4. The development of IgG subclass responses to RSV measured by ELISA on pooled serum samples following two subcutaneous (s.c.) or
two intranasal (i.n.) immunizations 6 weeks apart with RSV ISCOMs or two s.c. immunizations with inactivated virus, and non-immunized
control. (a) First bleed, 2 weeks after the first immunization. (b) Second bleed, 5 weeks after the first immunization. (c) Third bleed, 1 week
after the second immunization. (d) Fourth bleed, 3weeks after the second immunization.

antibodies to RSV were detected. Inactivated RSV induced verymmunized subcutaneously with ISCOMs. The highest serum
low 1gG subclass responses. Fifteen and 22 weeks after the secolgi titre was recorded in pooled sera from animals immunized
immunization, no IgG2a, IgG2b and IgG3 antibodies to RSV couldwith inactivated RSV (group 3) 3 weeks after the second immuni-
be detected in any of the vaccinated groups, but high RSV-specifization (Fig. 5b). Fifteen and 22 weeks after the second immuniza-

IgG1 antibody titres were detected (not shown). tion, no serum IgA was detected from any group of mice (not
shown).

Intranasal immunization with ISCOMs and subcutaneous

immunization with inactivated whole virus induce weak, Intranasal and subcutaneous administrations of ISCOMs induce

transient serum IgE and IgA responses similar levels of IgG anti-RSV antibody in the upper respiratory

One week after the second immunization, IgE responses wergact and lungs
recorded in serum after i.n. immunization with ISCOMs and s.c.Two weeks after the second immunization, five mice from each
immunization with inactivated RSV (Fig. 5a). No IgE response wasgroup were killed, and secretions were extracted as described in
observed with s.c. administered ISCOMs and in the other bleeddylaterials and Methods from the upper respiratory tract and the
including samples collected 15 and 22weeks after the seconllings. No significant differencd¢ 0-05) in the 1IgG ELISA titres
immunization (not shown). to RSV was detected in secretions collected from these two sites
IgA responses to RSV were detected in serum after botthetween s.c. and i.n. administrations. Nor was there a significant
the first and the second immunizations in mice immunized(P>0-05) difference between IgG anti-RSV titres in secretions
intranasally with ISCOMs and subcutaneously with inactivatedfrom the upper respiratory tract and those from the lungs either
RSV, and only a marginal IgA response was observed in miceafter s.c. or i.n. administrations (Fig. 6).
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Bleed i.n. with RSV ISCOMs
6000 [ (1) B non-immunized control
B Fig. 6. 1gG antibody responses (geometric mean titres and 95% confidence
limits) to RSV in upper respiratory tract (URT) and lung secretions, 2 weeks
5000 | N after the second immunization, as measured by ELISA, following two
subcutaneous (s.c.) or two intranasal (i.n.) immunizations 6 weeks apart
B with RSV ISCOMs, and non-immunized control.
4000
i Intranasal administration of ISCOMs induces high and long-
g 3000 |- lasting IgA antibody responses in the respiratory tract
= The IgA response to RSV was followed in lung secretions 2,
B N 7 15 and 22weeks after the second immunization. Two to five
| mice from each group were killed, and the lung secretions
2000 extracted as described in Materials and Methods. High IgA
B responses were induced by i.n. administration of ISCOMs
7 (group 2), which declined from about 6000, 2weeks after the
1000 — second immunization, to about 1000 at 22 weeks after the second
immunization. The s.c. administrations of ISCOMs (group 1)
B or inactivated RSV(group 3) induced little if any local IgA
0 responses compared with the non-immunized control group
1 2 3 4 (Fig. 7a).
Bleed Two weeks after the second immunization, secretions from
both the upper respiratory tract and lungs were assayed for anti-
M s.c. with RSV ISCOMs RSV IgA. Statistical analysis revealed that the IgA titres in
in. with RSV ISCOMs secretion from animals intranasally immunized with ISCOMs

were all significantly higher R=0-0275) for upper respiratory
tracts and for lungs R=0-0009) than those from secretions
LI non-immunized control extracted from mice after s.c. immunization with ISCOMSs. Low
antibody titres to RSV were measured in secretions from the

Fig. 5. The IgE (a) and IgA (b) antibody titres of mice to RSV measured by upper respiratory tract after s.c. administration of ISCOMs. No
ELISA on pooled sera following two subcutaneous (s.c.) or two imranasalmeasurable 10A response was detected from the lunas after the
(i.n.) immunizations 6 weeks apart with RSV ISCOMs or two s.c. immu- 9 p 9

nizations with inactivated virus, and non-immunized control. First bleed: - Immunization. NO Slgnlf.lcant difference of IgA ?nt"RSV
2weeks after the first immunization. Second bleed: 5weeks after the firsitres Was observed in secretions from the upper respiratory tract
immunization. Third bleed: 1 week after the second immunization. Fourthand the lungs measured 2weeks after the i.n. immunization
bleed: 3weeks after the second immunization. (Fig. 7b).

s.c. with inactivated virus
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Fig. 7. IgA responses (geometric mean titres and 95% confidence limits) to RSV as measured by ELISA, (a) in lung secretions at three
occasions after the second immunization, and (b) in upper respiratory tract (URT) and lung secretions 2 weeks after the second immunization,
following two subcutaneous (s.c.) or two intranasal (i.n.) immunizations 6 weeks apart with RSV ISCOMs, and non-immunized control.

Both i.n. and s.c. administrations of ISCOMs induce virus-
neutralizing antibody in serum, in the upper respiratory tracts
and lungs
Animals

immunized intranasally and subcutaneously with

2% saponin, as described in Materials and Methods, due to the cell

toxicity of saponin. The neutralization assay was carried out on

pooled samples. In secretions from both the upper respiratory tracts
and the lungs, VN antibodies were observed after i.n. as well as s.c.

ISCOMs were tested for virus-neutralizing antibodies with seramodes of immunization, ranging from 5 to 13 RLOOwl. I.n.

pooled from each group. Low virus neutralizing (VN) antibody
titres were recorded after the first immunization @4R25ul < 10)

immunization induced a higher VN response in secretion from
lungs, but these data are not suitable for statistical analysis since

in both groups (i.n. and s.c.). Two weeks after the secondhey are pooled samples (Fig. 8b). No VN antibody was detected in

immunization (third bleed), five to seven-fold increases of VN

secretions from inactivated RSV-immunized mice.

titres were observed in both groups, with the highest reciprocal

serum titre being around 70 (NB25ul) after the s.c. immuniza-
tion, which is only slightly higher than that detected after i.n.
immunization (Fig.8a). No VN antibody was detected in serum
from inactivated RSV-immunized mice.

DISCUSSION

The natural infectious route for RSV is the respiratory tract, where
the mucosal IgA response plays an important role in the first line of

Secretions assayed for VN were extracted with water instead ofiefence against the infectioAs a general feature, parenterally

80 15

[ (a) [~ (b)
60 -
10 H
2
= 40—
'_
5 H
20 -
0 | I:h_& | 0
0 2 5 6 8 URT Lung
T 1st immun. Tan immun. Organ

Time (weeks)

Fig. 8. Virus-neutralizing antibody to RSV, (a) in serum after the first and
the second immunization, expressed assh®bul, and (b) in upper
respiratory tract (URT) and lung secretions 2weeks after the secon
immunization expressed as N®LOOul, following two subcutaneoud)

or two intranasalll) immunizations with RSV ISCOMs. Controls were all
negative (not shown).

administered vaccines fail to induce mucosal IgA responses [22].
That is also the case with RSV killed whole virus vaccines, which
after parenteral immunization not only failed to induce protection,
but even exacerbated the disease [5].

Three major lines of evidence clearly indicate that IgA anti-
bodies are mediators of mucosal resistance to a number of viral
infections, namely, the consistent association of the level of IgA
antibodies with the extent of resistance to virus infection, the
mediation of mucosal resistance to virus infection by passive
transfer of IgA antibodies, and the abrogation of infection-induced
resistance to virus challenge by anti-IgA antibody treatment of the
upper respiratory tract. Cytotoxic T lymphocytes and Th cells are
likely to make important contributions in the elimination of virus-
infected cells, while IgA antibodies may play the major role as a
first barrier in resistance to reinfection [23].

g This study shows that the ISCOM has the ability, as a non-

replicating antigen delivery system, to replace live RSV by indu-
cing an effective local IgA response as well as a systemic immune
response by i.n. administration. Initially we also included live RSV
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in the experiment, but the antibody responses were so low iwhich are considered markers for the Thl type of response being
secretions and serum, probably due to the limited virus replicationpromoted by interferon-gamma (IF{-
that the comparisons become of no value. The i.n. immunization No correlation could be established between serum IgA and
induced surprisingly high IgA titres to RSV in both the lungs and secretory IgA responses ini.n. or s.c. immunized animals, suggest-
the upper respiratory tract. Moreover, these titres were long lastingng that the systemic IgA is not a major component of the mucosal
and persistently high titres were recorded encompassing the wholgA detected. Other antigens tested in ISCOMSs, i.e. influenza virus
experimental period of 22weeks. The second i.n. administratiorenvelope proteins and B-subunit of CT (EKstrdet al. Iscom and
also induced a prominent booster effect recorded both in serum aridcom matrix enhance by intranasal route the IgA responses to
in lung extract. These results suggest that the ISCOM is an efficie®VA and B-subunit of cholera toxin in local and remote mucosal
delivery system for mucosal administration, which has beersecretions, (vaccine, submitted), induced considerably lower IgA
indicated by other studies too [24]. In view of the capacity of antibody responses in the upper respiratory tract than in the lungs.
ISCOMs to overcome the inhibitory effect of passively transferredThe high IgA responses induced by RSV ISCOMs in the upper
antibodies, as shown in macaques in a measles virus model [25], iespiratory tract might indicate a unique targeting property for that
would be of interest to explore i.n. administered RSV ISCOMs forlocality of the incorporated RSV antigens promoted by the adju-
the use in infants below the age of 1year after more extensiveant antigen formulation in this complex [30]. It should be borne in
animal experiments, including testing in monkeys using clinicalmind that the upper respiratory tract is a different immunological
disease scores for evaluation. Besides, it is also likely that @ompartment from the lungs [33]. In this context, it should be
mucosal administration would even better evade the inhibitoryrealized that the method used to extract IgA facilitated the extrac-
effect of maternal antibodies than the parenteral mode. The shortion of antibodies from the upper respiratory tract, also encom-
comings of the immature immune system [26,27] combined withpassing the sinuses, which are not readily obtained by a washing
the interference of maternally transferred antibodies were als@rocedure.
overcome by ISCOMSs, as shown in juvenile foals [28]. Similar levels of 1gG titres to RSV were detected both in the
The serum antibody response achieved by i.n. administratiompper respiratory tract and the lungs after s.c. and i.n. modes of
was generally higher than that obtained by ISCOMs administereddministration of ISCOMs, indicating, as suggested before, that
subcutaneously. The difference in doses of ISCOMs used for thégG reaches the secretions merely by passive diffusion, although
two modes of administration, i.e.u subcutaneouslyersus5 ug induced by different antigen-presenting and lymphoid systems
intranasally, is not largearticularly in view of the rather primitive  [34]. The IgG may wellhowever, play a role in virus-neutralizing
technique used for i.n. administration with a pipette. It has to beactivity recorded in mucosal secretions in this study.
considered that a proportion of the vaccine dose after i.n. admin- Neutralizing antibodies were induced by ISCOMSs, after both
istration may be swallowed [29], and it has been suggested that.c. and i.n. modes of administration, suggesting that the confor-
only about 20% of the inoculum reaches the lungs [30]. Anmational protective epitopes were preserved in the ISCOMs, as
appropriate administration device may make the i.n. mode othown before with other ISCOMSs [31]. The VN titres in the lung
administration both practical and economical. secretion were lower than in serum, but this should be considered
There were striking differences in the immune responsesn the content of the immunoglobulin concentration being 300-fold
induced by ISCOMs between s.c. and i.n. administrations, thénigher in the serum than in the lung or upper respiratory tract
biggest difference being that the s.c. mode did not induce an IgAsecretion, and in view of the different mechanisms involved in IgA
mucosal immune response. The i.n. route induced faster and higheeutralizing activity [35]. Therefore, the VN titres between organ
IgM, total IgG and IgG1l serum responses. The i.n. mode ofextracts and sera are not directly comparable. Since only antibody
immunization induced transient IgA and IgE serum responses iragainst F glycoprotein was detected by Western blot in serum and
contrast to the s.c. administration of the ISCOMs. However, unlikeorgan extract from mice both subcutaneously and intranasally
the ISCOMs, the killed whole RSV induced both IgA and IgE immunized with RSV ISCOMs (Fig.1b), the VN antibody
serum responses by s.c. administration. In this respect, the serurasponses were likely to be induced by F protein.
antibody response showed similarities to responses after i.n. This study makes it clear that ISCOMs with the envelope RSV
administration of ISCOMs. In general, however, the whole killed antigens induced extraordinarily strong IgA responses by i.n.
virus induced low serum antibody and no IgA antibody responsesdministration. This is probably partly due to functional properties
in secretions. While the transient serum IgA response was recordeaf both F and G proteins, which provides for the efficient
after both the first and the second immunizations, a detectable Igiafectivity of the native virus particle. Further studies exploring
response required two immunizations. The results of this studyhe properties of the RSV ISCOMs by i.n. administration in
suggest that ISCOMs, which in a number of studies have beemducing cell-mediated immunity are underway.
shown to induce a prominent Thl-type of response by the par-
enteral route, and to a lesser extent the Th2-type response [31], ACKNOWLEDGMENTS
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