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Bovine respiratory syncytial virus (BRSV) and human respiratory syncytial virus (HRSV) are major causes of respiratory disease
in calves and children, respectively, and are priorities for vaccine development. We previously demonstrated that an experimen-
tal vaccine, BRSV-immunostimulating complex (ISCOM), is effective in calves with maternal antibodies. The present study fo-
cuses on the antigenic characterization of this vaccine for the design of new-generation subunit vaccines. The results of our study
confirmed the presence of membrane glycoprotein (G), fusion glycoprotein (F), and nucleoprotein (N) proteins in the ISCOMs,
and this knowledge was extended by the identification of matrix (M), M2-1, phosphoprotein (P), small hydrophobic protein
(SH) and of cellular membrane proteins, such as the integrins �V�1, �V�3, and �3�1. The quantity of the major protein F was 4-
to 5-fold greater than that of N (�77 �g versus �17 �g/calf dose), whereas G, M, M2-1, P, and SH were likely present in smaller
amounts. The polymerase (L), M2-2, nonstructural 1 (NS1), and NS2 proteins were not detected, suggesting that they are not
essential for protection. Sera from the BRSV-ISCOM-immunized calves contained high titers of IgG antibody specific for F, G, N,
and SH. Antibody responses against M and P were not detected; however, this does not exclude their role in protective T-cell re-
sponses. The absence of immunopathological effects of the cellular proteins, such as integrins, needs to be further confirmed,
and their possible contribution to adjuvant functions requires elucidation. This work suggests that a combination of several sur-
face and internal proteins should be included in subunit RSV vaccines and identifies absent proteins as potential candidates for
differentiating infected from vaccinated animals.

The effective control of bovine respiratory syncytial virus
(BRSV) is a priority for European farmers and animal health

organizations. This pneumovirus in the Paramyxoviridae family is
a key player in the bovine respiratory disease complex, which is
one of the most economically important and outstanding welfare
issues in industrialized beef cattle production (1–3).

Young calves need to be immunized before their first encoun-
ter with BRSV. However, the development of vaccine-induced
immune responses is hampered by BRSV-specific maternally de-
rived antibodies (MDA). Vaccinated calves are, in general, no lon-
ger protected when the MDA decline to subprotective levels (4–7).
Therefore, vaccines with a rapid, strong, and durable effect in
calves with MDA are needed for vaccination before transport to
calf-rearing herds where the virus is often circulating.

Moreover, none of the currently available commercial BRSV
vaccines (n � 81; Vetvac database [http://vetvac.org/]) enables the
differentiation of infected from vaccinated animals (DIVA),
which is another desired characteristic. Vaccination that enables
DIVA (DIVA vaccination) would allow for the protection and
surveillance of BRSV-negative herds, which would provide ani-
mals to the market that are BRSV-free but immune. It would also
enable vaccine safety and efficacy monitoring in the field and se-
roepidemiological studies in vaccinated areas. To design such vac-
cines, it is essential to identify which virus proteins are dispensable
and indispensable for protection and which indispensable pro-
teins are immunogenic. A new-generation DIVA vaccine might
contain selected viral proteins produced by genetic engineering
that are adjusted for large-scale production (8). A rational com-
position of several proteins rather than one would likely induce a

more multifaceted and longer immunity, and it would probably
have a better chance of circumventing MDA.

The RNA genome of BRSV encodes 11 proteins: the membrane
proteins fusion glycoprotein (F), membrane glycoprotein (G),
and small hydrophobic protein (SH), the nucleocapsid proteins
polymerase (L), nucleoprotein (N), and phosphoprotein (P), the
matrix protein (M), the polymerase cofactors M2-1 and M2-2, as
well as the nonstructural proteins (NS1 and NS2) (9). Produced
using different protein expression systems (vector viruses, DNA
vaccines, or Escherichia coli), F, G, and N, but not M2-1, have each
separately induced significant protection against BRSV challenge
of gnotobiotic and/or seronegative calves. This protection is be-
lieved to be mediated through neutralizing antibodies (for F, and
at low levels for G), priming of T cells (for F, G, and N), and rapid
IgA responses after challenge (for F) (10–17). Besides F protein,
the N, M2-1, and P proteins are the main proteins recognized by
memory CD8� T lymphocytes from BRSV-infected calves, and
since CD8 T cells are important in the clearance of BRSV from
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calves, specific immunity to these proteins may contribute to pro-
tection (10), (G. Taylor, unpublished data).

We previously produced and evaluated an experimental vac-
cine, BRSV-immunostimulating complexes (BRSV-ISCOMs),
which induced rapid protection against virulent challenge in
calves with MDA, likely partly mediated through mucosal IgA,
and that seemed safe with regard to any toxic and disease-enhanc-
ing effects (18, 19). ISCOMs are spherical particles that contain
proteins from purified solubilized virus as well as lipids and Quil-
laja saponin (Quil A) (20). The presence of F, G, and N proteins in
bovine and human RSV-ISCOM formulations produced by dif-
ferent methods has been reported (21–25), but comprehensive
data on protein content and the relative quantities of the proteins
are missing. The main aim of the present work was therefore to
characterize BRSV-ISCOMs, especially with regard to protein
content, for the future design of new-generation vaccines.

MATERIALS AND METHODS
Production of BRSV-ISCOMs and controls. BRSV-ISCOMs were pro-
duced based on purified solubilized BRSV (strain 9402022, Denmark
[26], most likely belonging to BRSV genetic subgroup II and antigenic
subgroup AB [27] and propagated in Vero cells). Briefly, BRSV was puri-
fied by (i) centrifugation of frozen and thawed infected cell cultures at
200 � g and 5°C for 5 min; (ii) the resulting supernatants were centrifuged
at �53,900 � g and 5°C for 5 h; (iii) the resulting pellets were dissolved in
phosphate-buffered saline (PBS) and centrifuged at 200 � g and 5°C for 5
min, and the new pellets were treated in a similar manner five times; (iv)
those supernatants were centrifuged over 20% sucrose at �50,000 � g and
5°C for 20 h; and (v) the resulting pellets were dissolved as described in iii.
The proteins in the supernatants collected at this stage were solubilized
and separated over a sucrose gradient by centrifugation, and one sample
fraction was selected for further inclusion in the ISCOMs, as described
previously (19). The ISCOMs were prepared through the addition of cho-
lesterol, phosphatidylcholine, and Quil A (QPUF300; Desert King, Chile),
dialysis, and purification, as described previously (19). Control ISCOMs
(Vero-ISCOMs) were similarly prepared from uninfected Vero cells that
underwent the virus purification and solubilization protocols. BRSV pro-
tein controls (i.e., similar protein extracts as in BRSV-ISCOMs but that
were not formulated as ISCOMs) were likewise produced from infected
cells, excluding the addition of lipids and adjuvant before dialysis. The
commercial adjuvant used as a control in calves, AbISCO-300, was made
of the same batches of cholesterol, phosphatidylcholine, and Quillaja sa-
ponin as used in the BRSV-ISCOMs.

Vaccine characterization. The experiments for vaccine characteriza-
tion were carried out on concentrated vaccine preparations. The protein
contents of BRSV-ISCOMs, BRSV proteins, and Vero-ISCOMs used for
this purpose were 1.46 mg/ml, 1.43 mg/ml, and 0.73 mg/ml, respectively.

Determination of morphology and size and exclusion of contami-
nant live BRSV. The ISCOM formulations were analyzed using negative-
stain transmission electron microscopy (FEI Tecnai G2 microscope), and
the images were recorded on a Morada CCD camera (2,000 by 2,000
pixels) using the iTEM control software (Olympus Soft Imaging Solutions
GmbH, Vironova AB, Sweden). The presence of live BRSV in the BRSV-
ISCOMs was analyzed by attempting virus isolation in cell culture. In
total, 50 �l BRSV-ISCOM preparation was diluted 1:20 to dilute the toxic
effects of Quil A on cell culture and inoculated onto 25-cm2 sections of
fetal bovine turbinate (FBT) cells, as described previously (19).

Protein quantification and identification. The proteins present in the
vaccine formulations were quantified by the Bradford assay, and the re-
sults were confirmed by amino acid analysis (Amino Acid Analysis Cen-
ter, Uppsala University, Sweden) (28). The proteins were visualized by
SDS-PAGE and colloidal Coomassie blue staining. The gel bands were
analyzed by matrix-assisted laser desorption ionization–time of flight
mass spectrometry (MALDI-TOF MS) at Uppsala University, Sweden,

and at INRA, France, as described by Tran et al. (29). Furthermore, liquid
chromatography tandem mass spectrometry (LC-MS/MS) was per-
formed at the PAPPSO platform, INRA, France, as described previously
(30), and queries of MS/MS data against a Macaca mulatta protein data-
base (UniProtKB) and a BRSV database (strain A519086, UniProtKB, and
strain 9402022, Denmark), together with an in-house contaminant data-
base, were performed. The above analyses were carried out on a mixture of
several ISCOM batches, which had been used for animal immunizations.
For confirmation purposes, three of these ISCOM batches were run sep-
arately on SDS-PAGE gels, and selected bands were analyzed by MALDI-
TOF MS.

Dot blot assays were performed to screen for BRSV proteins that did
not form visible bands in the SDS-PAGE gels and to check for protein
antigenicity. The proteins were visualized by using murine monoclonal
antibodies (MAbs) specific to BRSV proteins (MAbs 19 [F], 16 [F], 44 [G],
57 [G], 6 [N], 88 [N], 8 [M2-1], 100 [M2-1], 12 [P], 106 [M], and 109
[M]) (31–33) and the results were confirmed by Western blot using MAbs
against HRSV F (MCA490; Serotec), rabbit polyclonal antisera against
recombinant HRSV M2-1, N, and P (34), and MAbs against BRSV G
(MAb 44) and M (MAb 109). In addition, to investigate the recognition
patterns of viral proteins in BRSV-ISCOMs by bovine antibodies acquired
by BRSV infection, the proteins were blotted using serum from an unvac-
cinated experimentally BRSV-infected calf (strain 9402022, Denmark)
and using hyperimmune serum (BRSV strain 2106, United Kingdom)
from a calf immunized with the 391-2 strain of BRSV (35) from the BRSV
genetic subgroup IV/antigenic subgroup A (27).

Immunization of calves. Three- to 8-week-old conventional calves of
Swedish red and white breed and Swedish Holstein breed were immu-
nized subcutaneously (s.c.) twice at an interval of 3 weeks with either (i)
BRSV-ISCOMs (containing 188 �g total protein in 2 ml PBS, n � 5), (ii)
BRSV protein (188 �g total protein in 2 ml PBS, n � 5), (iii) 390 �g
AbISCO-300 (in 2 ml PBS, n � 5), or (iv) 2 ml PBS (n � 5), as previously
described in detail (19).

Bovine protein-specific antibody detection. Serum samples col-
lected 2 weeks after boost were used to verify the immunogenicity of
the specific proteins in the vaccine preparations. For this purpose,
enzyme-linked immunosorbent assays (ELISAs) using lysates of
chicken embryo fibroblasts (CEF) infected with recombinant fowlpox
viruses (FPV) expressing either BRSV G, F, M, P (cloned from the
Snook strain [36]), or SH protein (cloned from strain 9402022, Den-
mark, and prepared by the Jenner Vector Core Facility, Oxford, United
Kingdom) were used to detect protein-specific IgG. Lysates of CEF
infected with wild-type FPV were used as a control antigen. The sera
were additionally analyzed for IgG1 antibodies against the N protein
by an ELISA based on purified recombinant BRSV N expressed by E.
coli, as described earlier (37). The sera were serially diluted and endpoint
titers calculated by linear regression. The endpoint titers were expressed as
the reciprocals of the dilutions reaching a cutoff set to two times the mean
corrected optical density (COD) of a negative-control serum sample.
Moreover, antibodies that competed with MAb 19, which is specific for
antigenic site IV on the F protein and neutralizes both HRSV and BRSV
(38), were analyzed by competitive ELISA. In brief, 96-well plates were
coated with BRSV protein and blocked with 2% horse milk prior to add-
ing serially diluted samples, MAb 19, conjugate, 3,3=,5,5=-tetramethylben-
zidine (TMB) substrate, and H2O2. The cutoff was determined to be the
COD of a serum sample of a naturally BRSV-infected cow with a BRSV-
specific IgG antibody titer of 25, as determined by indirect ELISA (Svano-
vir; Svanova Biotech AB).

Data analysis. The data were analyzed using Minitab 16.1.1 statistical
software using analysis of variance (ANOVA), followed by Dunnett’s test.
The statistical significances were set at 0.01 � P � 0.05, 0.001 � P � 0.01,
and P � 0.001, and the group variation was expressed as the standard
deviation (SD).

Hägglund et al.

998 cvi.asm.org Clinical and Vaccine Immunology

http://cvi.asm.org


RESULTS

The BRSV-ISCOM preparation contained a heterogeneous mixture
of pleomorphic ISCOM particles with a cage-like surface and less
well-defined 10- to 20-nm structures (Fig. 1). A size distribution anal-
ysis showed that the majority of the ISCOM particles had a diameter
of 40 to 90 nm, and the mean diameter of 1,644 detected particles was
56.4 nm, with a standard deviation of 11.1 nm. In order to character-
ize the proteins present in the BRSV-ISCOMs, the most intense bands
revealed by Coomassie blue-stained SDS-PAGE gels were analyzed by
MALDI-TOF MS. As shown in Fig. 2a and Table 1, the F and N
proteins were clearly identified. Other bands were identified as cellu-
lar integrins, CD9 (colocalizing with F1), and histone H4. When an-
alyzed separately, each of three separate ISCOM batches visually
formed identical protein bands with comparable relative intensity on
SDS-PAGE as those presented in Fig. 2a, and MALDI-TOF MS anal-
ysis of selected bands confirmed the presence of integrins and his-
tones in every batch (data not shown). Using the ImageJ software
(39), we estimated that the F and N proteins represented
roughly half of the total proteins present in the extracts and
that the F/N ratio was between 4 and 5. Consequently, in one
vaccine dose for calves containing 188 �g total protein, the
contents of F and N may be estimated to be approximately half
of this quantity, e.g., 77 �g of F and 17 �g of N.

The presence of F and N was confirmed by dot blot (Fig. 2b)
and Western blot (Fig. 2c) analyses, which also revealed the pres-
ence of G, M, M2-1, and P proteins in both the BRSV-ISCOMs
and BRSV protein extracts. The G protein was recognized by MAb
44 but not 57 in both assays (Fig. 2b and data not shown). The F
and N proteins were those best recognized in a Western blot when
using sera from animals immunized with virus belonging to the
genetic subgroup IV/antigenic subgroup A (Fig. 2c) and genetic
subgroup II/antigenic subgroup AB (data not shown).

To further identify other viral proteins in the BRSV-ISCOMs,

which are present in smaller amounts, an LC-MS/MS analysis of
the BRSV-ISCOMs was conducted. Because the complete genome
sequence of the BRSV strain used in this work (9402022, Den-
mark) is not available, we used a BRSV database consisting also of
other BRSV sequences (see Materials and Methods), resulting in
the acquisition of qualitative rather than quantitative data. As
shown in Table 2, the F, M, M2-1, N, P, and SH proteins were
clearly identified. As expected, the G protein was not identified
because of the glycosylation of its peptides. Many cellular proteins,
including integrins, were also identified using LC-MS/MS (data
not shown). Contaminating virus was not detected in BRSV-
ISCOM by either mass spectrometry or electron microscopy, and
live BRSV was not detected by virus isolation, as determined by the
absence of cytopathic effect during two passages in cell culture.

Serum samples from the BRSV-ISCOM-immunized calves
were analyzed for the presence of antibodies directed against
BRSV proteins. High titers of antibodies directed against the F and
N proteins were detected in calves immunized with BRSV-
ISCOMs, and furthermore, antibody titers were high against the G
and SH proteins (Fig. 3). The antibody titers against the M and P
proteins were, in contrast, not significantly higher in immunized
than in nonimmunized calves with MDA. The mean MAb 19-
competitive antibody titers were 2.4 log10 (range, 1.7 to 2.6), 1.5
log10 (0 to 2.2), 0.3 log10 (0 to 1.0), and 1.2 log10 (0 to 1.5) in calves
immunized with BRSV-ISCOM, BRSV proteins, AbISCO-300,
and PBS, respectively.

DISCUSSION

Novel BRSV-DIVA vaccines need to be designed based on knowl-
edge of protein-specific immune responses, including their pro-
tectiveness and safety. This paper describes the protein content of
BRSV-ISCOMs by direct identification and through the antibody
responses induced by this vaccine. As described previously for
HRSV-ISCOMs similarly formulated by dialysis (22, 23), the pres-
ent work confirmed that the main viral protein in BRSV-ISCOMs
is the F protein, and that the G protein is present, probably in
smaller amounts. Because the G protein migrates as a smear in
SDS-PAGE, it cannot be quantified by Coomassie blue staining,
but it was semiquantified by dot blot in this study. The G protein
was recognized by only one out of two MAbs, which may be ex-
plained by the antigenic variation in this protein (33). In agree-
ment with previous studies (25) in which BRSV-ISCOMs were
prepared by ultracentrifugation, we also detected high quantities
of the N protein. Furthermore, we extended these earlier observa-
tions by additionally identifying several other BRSV proteins,
namely, the M, M2-1, P, and SH proteins, by direct or indirect
immunological techniques and by using LC-MS/MS. These pro-
teins were not abundant, since the corresponding bands could not
be visualized on Coomassie blue-stained polyacrylamide gels. The
polymerase (L), nonstructural (NS1 and NS2), and M2-2 proteins
were not identified, indicating that they were absent or present
only in very small amounts.

The presence of highly immunogenic F and N but also G and
SH proteins was indirectly confirmed by antibody detection in
sera from calves immunized with BRSV-ISCOMs. The IgG anti-
body titers were highest against the N and SH, followed by the F
and G proteins. This apparent discrepancy in vaccine content ac-
cording to signals observed in Western or dot blotting (F � N �
G; SH not tested) or SDS-PAGE (F � N, G, or SH not detected)
may be due to differences in the immunogenicity between pro-

FIG 1 Negative-stain transmission electron microscopy image of BRSV-
ISCOMs.
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teins, a difference in the sensitivity or IgG isotype specificity (total
IgG versus IgG1) of the ELISAs, or it might be a result of differ-
ences in the titers of MDA specific to the different proteins at the
time of vaccination. The MDA detected in control calves injected

with AbISCO-300 or PBS were nevertheless primarily directed
against SH, and such antibodies in vaccinated calves did not seem
to inhibit the SH-specific antibody response. Monoclonal Ab 19
neutralizes HRSV and BRSV, and MAb 19-competitive antibodies

α F (mAb 16)

α F (mAb 19)

α G (mAb 57)

α G (mAb 44)

α N (mAb 6)

α N (mAb 88)

α M (mAb 106)

α M (mAb 109)

α M2-1 (mAb 8)

α P (mAb 12)

kDa

a) b)

c)

kDa

250

150

100
75

50
37

25
20
15
10

250

150
100
75

50
37
25
20

15
10

F/CD9
Histone

F
N

Integrins
Integrins

Porin

B
R

S
V-

IS
C

O
M

B
R

S
V

 p
ro

te
in

αP αF αN

48

37

25

18

kDa B
R

S
V-

IS
C

O
M

B
R

S
V

 p
ro

te
in

Ve
ro

-IS
C

O
M

B
R

S
V-

IS
C

O
M

B
R

S
V

 p
ro

te
in

Ve
ro

-IS
C

O
M

B
R

S
V-

IS
C

O
M

B
R

S
V

 p
ro

te
in

Ve
ro

-IS
C

O
M

-
-
-

-
-

-αG

100  -
70  -
55  -

35  -
25  -

15  -

74 -

48 -

37 -

25 -

18 -

12 -

kDa

kDa

100
70
55

35
25

15

kDa

100
70
55

35
25

15

kDa F
N

Bovine polyclonal αBRSV

121 -

αM2-1

-
-
-

-
-

- αM

B
R

S
V-

IS
C

O
M

B
R

S
V

 p
ro

te
in

Ve
ro

-IS
C

O
M

B
R

S
V-

IS
C

O
M

B
R

S
V

 p
ro

te
in

Ve
ro

-IS
C

O
M

B
R

S
V-

IS
C

O
M

B
R

S
V

 p
ro

te
in

Ve
ro

-IS
C

O
M

Ve
ro

-IS
C

O
M

Ve
ro

-IS
C

O
M

B
R

S
V

 p
ro

te
in

B
R

S
V-

IS
C

O
M

α M2-1 (mAb 100)

B
R

S
V-

IS
C

O
M

B
R

S
V

 p
ro

te
in

Ve
ro

-IS
C

O
M

FIG 2 BRSV protein content in BRSV-ISCOMs, BRSV proteins, and Vero-ISCOMs. (a) Coomassie blue-stained SDS-PAGE gel showing the bands analyzed by
mass spectrometry and tandem mass spectrometry; (b) dot blots using monoclonal antibodies against BRSV proteins; (c) Western blots using monoclonal
antibodies against HRSV F and BRSV G and M, rabbit polyclonal antiserum against recombinant HRSV M2-1, N, and P, and serum from an unvaccinated
experimentally BRSV-infected calf. Arrows indicate BRSV proteins.
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were induced by BRSV-ISCOMs, but the individual titers in calves
did not correlate with the clinical or virological protection of these
animals that was demonstrated earlier (reference 19 and data not
shown). This is in line with previous observations of BRSV-neu-
tralizing antibodies in BRSV-ISCOM-immunized calves (18) and
suggests that other immune parameters, such as T-cell responses
and mucosal IgA, are important for protection. It is likely that the
F, G, N, and SH, as well as M, M2-1, and P proteins, were all
contributing to such responses, and our data suggest that these
proteins can safely be included in a BRSV-DIVA vaccine in the
relative proportions detected by direct techniques. Whereas the
protectiveness of the immune responses induced by the F, G, and
N proteins are well established, the immune responses against SH
are less well characterized, and SH is not needed for the induction
of protection (40) (K. Blodörn, S. Hägglund, J. Fix, C. Dubuquoy,
B. Makabi-Panzu, M. Thom, P. Karlsson, J. L. Roque, E. Karlstam,
J. Pringle, J. F. Eléouët, S. Riffault, G. Taylor, and J. F. Valarcher,
submitted for publication). The NS proteins, which are absent in
the BRSV-ISCOMs, are other potential targets for DIVA. These
were also not essential for the protection induced by gene-deleted
live attenuated vaccines (41) and are already utilized as DIVA

proteins for foot-and-mouth disease virus (42). The induction
and duration of an anti-NS antibody response by BRSV infection
should therefore be elucidated.

As seen with other RSV-ISCOM preparations (23, 24), the
BRSV-ISCOM particles were honeycombed through the assembly
of subunit rings but were in general larger than reported previ-
ously (40 to 90 nm here versus 40 nm in Hu et al. [23] or 30 to 35
nm in Trudel et al. [24]) and pleomorphic instead of regular.
There was also an unusual abundance of small 10- to 20-nm par-
ticles, which based on their morphology probably consisted of
nonassembled or poorly assembled subunit rings. These differ-
ences were probably due to the different proportion of Quil A to
lipids and proteins in this study compared to those in earlier pub-
lications (23).

The presence of high quantities of cellular proteins has, to our
knowledge, not previously been reported for RSV-ISCOM formu-
lations. However, major histocompatibility complex (MHC) class
II was detected and depleted by immunosorbent chromatography
from human immunodeficiency virus lysate used for ISCOM
preparation (43). It was recently demonstrated that alloantibodies
against MHC class I from a bovine cell line used to produce a

TABLE 1 MALDI-TOF MS analysis of proteins present in the BRSV-ISCOMs

Molecular
mass
(kDa)a

BRSV-ISCOM (aa)b BRSV protein (aa)b Vero-ISCOMb

INRA UU INRA UU UU

120 Integrin 	3c

117 Integrin 	Vc Integrin 	Vc

112 Integrin 	Vc

93 Integrin 	3c,e Integrin 	3c

92 Integrin 
1c Integrin 
1c

90 Integrin 
3c

84 Integrin 
3c Integrin 	3c Integrin Aiibb3c

72 78-kDa glucose-related proteinc,e

64 BRSV F protein (207–520, 157–336) BRSV F protein (157–461)e BRSV F protein (157–520) BRSV F protein (157–520)
54 BRSV F protein (62–331)
44 BRSV N protein (8–308) BRSV N protein (7–352) BRSV N protein (47–358) BRSV N protein (7–520)
31 Porin 31 HM
NAf BRSV F protein/CD9c,g BRSV F protein/CD9g

11 Histone H4 type VIIId Histone H4 type VIIId

a Protein molecular mass as estimated by mass spectrometry.
b Amino acid sequences (aa) covering the region of matched protein are in parentheses. UU, Uppsala University.
c Matches an amino acid sequence of protein originating from Homo sapiens or Macaca mulatta (proteins probably originating from Vero cells).
d Matches an amino acid sequence of protein originating from Gallus gallus (histones are almost identical between species).
e Nonsignificant match (score is between 55 and 70) (P � 0.05).
f NA, not analyzed.
g Results were obtained by tandem mass spectrometry.

TABLE 2 LC-MS/MS analysis of viral proteins present in the BRSV-ISCOMs

Molecular mass
(kDa)

Protein
IDa Name % coverage

No. of
spectrab

No. of unique
sequencesc

63.3 P29791 BRSV A51908 fusion glycoprotein 36 55 25
43.3 P22677 BRSV A51908 nucleoprotein 38 12 8
28.6 P24615 BRSV A51908 matrix protein 49 12 9
27.2 P33454 BRSV A51908 phosphoprotein 16 2 2
21.3 P29792 BRSV A51908 matrix M2-1 protein 26 6 4
8.3 P24616 BRSV A51908 small hydrophobic protein 14 4 2
a ID, identifying number.
b The number of MS/MS events attributed to the considered protein.
c The number of unique peptidic sequences that matched with the considered protein.
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bovine viral diarrhea virus (BVDV) vaccine for cattle likely caused
neonatal pancytopenia in the calves of vaccinated dams (44). Since
Vero cells used for BRSV-ISCOM production were derived from
African green monkeys and not cattle, alloimmunity is unlikely to
be induced by this vaccine. The repeated isolation of Vero cell
proteins was probably favored by the laboratory protocols used. If,
among these proteins, the primate integrins recognize the specific
counterreceptors on bovine cells, they might have contributed to
the adjuvant effect, antigen depot, and/or delivery, and this should
be further investigated. Indeed, even calves immunized with
BRSV protein extracts and no adjuvant exhibited weak but mea-
surable immune responses (19). The integrins 	3
1, 	V
1, and
	V
3 (the 	 and 
 chains of which were detected in the BRSV-
ISCOMs) mediate cellular adhesion to the extracellular matrix,
basement membranes, and endothelial cells (45–47). Further-
more, the integrin 	3
1 interacts with tetraspanins (45), which are
involved in endocytosis (48). An interaction with tetraspanin pro-
teins, such as CD81 and CD9, could, theoretically, affect ISCOM
recognition, uptake, and induction of alpha interferon in plasma-
cytoid dendritic cells, as previously demonstrated for hepatitis C
virus-infected cells (49). We also detected CD9 in the BRSV-
ISCOMs. The colocalization of this protein with the F1 protein on
the SDS-PAGE gels may have been due to the fact that the sizes
of these proteins in their glycosylated forms were similar, although
the predicted mass of CD9 without glycosylation is 25 kDa and
that of the cleaved F1 fragment is around 48 kDa. Another possi-
bility that should be investigated further is that RSV uses CD9 as a
coreceptor for the fusion of host cells, in addition to the recently
identified receptor, nucleolin (50).

Before including any cellular protein in a recombinant subunit

vaccine designed to resemble BRSV-ISCOMs, it must be deter-
mined whether such proteins can exert any of their biological
functions across species (i.e., between primate integrins and bo-
vine counterreceptors). Furthermore, although BRSV-ISCOMs
appear to be safe so far, it must also be verified that such compo-
nents do not induce any immunopathological effects.

In summary, BRSV-ISCOMs included viral proteins domi-
nated by the F and N proteins, at an approximate ratio of 5:1, as
well as cellular proteins dominated by integrins. The ISCOM-
enclosed BRSV F, G, N, and SH proteins induced strong humoral
responses in cattle, whereas the P, M, and M2-1 proteins, which
were also present, might induce cellular responses not assessed in
this work. The L, M2-2, NS1, and NS2 proteins, which were ab-
sent, do not appear to be essential for efficient vaccination. It
remains to be investigated whether any of these proteins induces
antibodies that could be used for DIVA assays.
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