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It was previously demonstrated that the vaccinia virus recombinants expressing the respiratory syncytial
virus (RSV) F, G, or M2 (also designated as 22K) protein (Vac-F, Vac-G, or Vac-M2, respectively) induced
almost complete resistance to RSV challenge in BALB/c mice. In the present study, we sought to identify the
humoral and/or cellular mediators of this resistance. Mice were immunized by infection with a single
recombinant vaccinia virus and were subsequently given a monoclonal antibody directed against CD4* or
CD8™ T cells or gamma interferon (IFN-vy) to cause depletion of effector T cells or IFN-y, respectively, at the
time of RSV challenge (10 days after immunization). Mice immunized with Vac-F or Vac-G were completely
or almost completely resistant to RSV challenge after depletion of both CD4* and CD8* T cells prior to
challenge, indicating that these cells were not required at the time of virus challenge for expression of resistance
to RSV infection induced by the recombinants. In contrast, the high level of protection of mice immunized with
Vac-M2 was completely abrogated by depletion of CD8* T cells, whereas depletion of CD4™* T cells or IFN-y
resulted in intermediate levels of resistance. These results demonstrate that antibodies are sufficient to mediate
the resistance to RSV induced by the F and G proteins, whereas the resistance induced by the M2 protein is

mediated primarily by CD8* T cells, with CD4* T cells and IFN-y also contributing to resistance.

Respiratory syncytial virus (RSV), a member of the Pneu-
movirus subgroup of the Paramyxoviridae family, is the
major cause of bronchiolitis and viral pneumonia in infants
and children. Development of a safe, effective vaccine would
be facilitated by an understanding of the contributions of
individual viral proteins to resistance to infection as well as
the immune mechanisms which mediate this resistance.
Recently, immunization of animals with vaccinia virus re-
combinants each encoding a single RSV protein has been
used to study the contribution of individual RSV proteins to
resistance to RSV challenge as well as to study the humoral
and cellular immune responses that are induced. Previous
studies have demonstrated that the vaccinia virus recombi-
nants expressing the RSV F, G, or M2 protein (Vac-F,
Vac-G, or Vac-M2, respectively) each induced a high level
of resistance to RSV challenge in BALB/c mice (9, 23, 30,
33). However, the relative contributions of the humoral and
cellular arms of the immune response to resistance induced
by the vaccinia virus-RSV recombinants remained un-
known. Since the F glycoprotein induces neutralizing anti-
bodies (9, 24, 33) and is a target for major histocompatibility
complex class I-restricted CD8* cytotoxic T cells (CTLs)
(22, 26), it is possible that the resistance induced by Vac-F is
mediated by T cells, antibodies, or both. In contrast, the M2
protein is a poor inducer of serum antibodies but is the major
target antigen of CTLs in BALB/c mice (22, 23, 25). Previous
studies have demonstrated that passive transfer of RSV-
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specific CTLs can clear RSV from the lungs of infected mice
(7, 8, 19). Hence, the resistance induced by Vac-M2 could be
due primarily to the cellular arm of the immune response.
Since both CD8* and CD4* T cells can have antiviral
activity in vivo (4, 6, 17, 28, 31), it was necessary to examine
the contribution of each of these T-cell subsets to the
immunity induced by vaccinia virus-RSV recombinants.
Since gamma interferon (IFN-y) has been implicated as a
contributor to the antiviral properties of T cells, its contri-
bution to the resistance induced by vaccinia virus-RSV
recombinants was also assessed. In the present studies,
BALB/c mice were infected with Vac-F, Vac-G, or Vac-M2,
and just prior to RSV challenge (10 days after immuniza-
tion), treatment (on days 6, 9, and 12 after immunization)
with monoclonal antibodies specific for CD4* or CD8* T
cells or IFN-y was initiated. CD4* or CD8" T cells or IFN-y
induced by immunization would be depleted at the time of
challenge by the monoclonal antibody treatment, whereas
RSV-specific antibodies would be expected to be unaffected.
The levels of RSV replication in normal mice and T-cell- or
IFN-vy-depleted mice were then compared.

The Long strain (a member of the A subgroup) of RSV was
used throughout. The virus was grown in HEp-2 cells and
titrated for infectivity by plaque formation in HEp-2 cell
monolayer cultures as previously described (20, 27). RSV
was purified from cell culture supernatants on an RK con-
tinuous flow centrifuge with a J1 rotor at 40,000 rpm over a
continuous sucrose gradient containing 100 mM magnesium
sulfate, 50 mM Hepes (N-2-hydroxyethylpiperazine-N'-2-
ethanesulfonic acid) buffer, and 150 mM sodium chloride.
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Recombinant vaccinia viruses were grown and titrated in
HEp-2 cells as previously described (3, 9). The production
and characterization of recombinant vaccinia viruses ex-
pressing the RSV A2 strain (also a member of the RSV A
subgroup) F, G, M2, or parainfluenza virus type 3 hemag-
glutinin-neuraminidase protein (Vac-HN) were previously
described (10, 22, 24, 29).

Monoclonal antibodies were prepared as ascitic fluids of
hybridoma-inoculated pristane-primed nu/nu mice by Bio-
products for Science (Indianapolis, Ind.). Antibodies were
partially purified by precipitation with 50% ammonium sul-
fate and dialyzed against phosphate-buffered saline to a final
concentration of 1 mg of immunoglobulin G (IgG) as deter-
mined by anti-rat IgG immunodiffusion plates (ICN Pharma-
ceuticals Inc., Costa Mesa, Calif.).

Six- to eight-week-old female BALB/c mice that had been
raised under specific pathogen-free conditions were obtained
from the Charles River Laboratories (Cambridge, Mass.).
We performed immunization, challenge, and bleeding from
the retroorbital venous plexus of mice under methoxyflurane
anesthesia. Animals were immunized with recombinant vac-
cinia viruses on day 0 with 10° PFU administered intrana-
sally (i.n.) and 106 PFU administered intraperitoneally, each
in a 0.05-ml inoculum. A separate group of animals was
infected i.n. with RSV (10° PFU/0.05 ml) on day 0. A brief
description of the monoclonal antibody preparations used,
their schedule of administration, and the determination of
depletion at the time of RSV challenge by fluorescence-
activated cell sorter (FACS) (FACStar Plus; Becton-Dickin-
son, Mountain View, Calif.) is given in footnote a of Table 1
and footnote b of Table 2. On day 10, mice were bled and
then challenged with 10° PFU of RSV i.n. On day 14,
animals were sacrificed, and lungs were harvested and
titrated for virus as previously described (20, 27).

The results of FACS analysis of spleen cell suspensions
from mice depleted of CD4*, CD8*, or both CD4* and
CD8™* T cells or IFN-y are shown in Table 1. The fluorescein
isothiocyanate (FITC)-labelled antibody against rat IgG,
which was used to control for viable cells that may have had
their antigenic sites masked by the rat monoclonal antibody
administered in vivo, stained <2% of the spleen cells. This
indicated that the low frequencies of CD4* or CD8* T cells
in mice depleted of these cells, as detected by FITC-labelled
antibody added in vitro for FACS analysis, were not artifacts
of blocking by the rat monoclonal antibody administered in
vivo. Mice treated with anti-CD4 monoclonal antibody were
effectively depleted of CD4* T cells. The frequency of cells
staining with Thy-1.2, which binds both CD4 and CD8
subsets of T cells, closely approximated the sum of CD8*,
CD4", and anti-rat IgG™* cells, indicating that the CD4* cells
detected with FITC-labelled anti-CD4 antibody accurately
reflected the frequency of viable helper T cells in the spleen
cell population. Mice treated with anti-CD8 monoclonal
antibody were effectively depleted of CD8* cells. Animals
receiving anti-CD4 and anti-CD8 antibodies were effectively
depleted of both T-cell subsets. Mice which received XMG-6
(anti-IFN-vy), which is not expected to affect the frequencies
of CD4* or CD8™* T cells, had levels of T-cell subsets similar
to those of mice receiving the control monoclonal antibody
preparation.

Mice immunized with Vac-G or Vac-F maintained a high
level of resistance to RSV challenge despite depletion of T
cells or IFN-y (Table 2). In contrast, the resistance induced
by immunization with Vac-M2 was totally abrogated by
depletion of CD8" T cells. Mice immunized with Vac-M2
and depleted of CD4* T cells or IFN-y had intermediate
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TABLE 1. Treatment of mice with monoclonal antibodies to
CD4* or CD8* T-cell subsets effectively depletes these
T cells from mouse spleens

Frequency (%) of indicated

MA:ftmreiziTent re?:::siiz d antigen-positive cells?

by MAb  Tpy19+ CD8* CD4* FITC-Av rig*
None None 19.8 7.2 144 0.2 0.2
SFR3DS5 Control 29.0 109 219 0.2 0.1
GK 1.5 CD4 18.9 15.2 0.3 0.2 0.2
2.43 CD8 20.6 0.2 26.0 0.2 0.1
GK 1.5 + 2.43 CD4, CD8 3.2 0.1 0.3 0.1 0.1
XMG-6 IFN-y 23.1 8.7 169 0.2 0.

2 On days 6 and 9, mice received 1 mg of a single monoclonal antibody
(MADb): GK 1.5 (to deplete CD4* cells), 2.43 (to deplete CD8* cells), GK 1.5
and 2.43, or SFR3D5 (a rat IgG directed at a human leukocyte antigen which
served as a control). On day 9 only, a separate group of mice received 1 mg
of XMG-6, which was used to deplete the soluble protein IFN-y and is not
expected to alter T-cell subsets. Ten days after intranasal RSV infection (10°
PFU/0.05 ml of inoculum), a single mouse from each monoclonal antibody
treatment group or an untreated mouse was sacrificed to determine the extent
of depletion of the appropriate T-cell subset(s).

5 The numbers are the percentage of spleen cells from individual mice
reactive with FITC-labelled antibodies to Thy-1.2, CD8, rat immunoglobulin
(rIg), or biotin-labelled antibody to CD4 complexed with FITC-avidin (FITC-
Av) conjugate as detected by FACS. The frequency of cells binding FITC-Av
alone was included to control the nonspecific FITC-Av binding. The rlg
antibody was used to detect viable cells which may have the passively
transferred monoclonal antibody blocking the antigenic site of the FITC-
labelled antibody used in the assay. The rlg antibody was used at a saturating
concentration that was previously determined with unlabelled GK 1.5 anti-
body bound to normal mouse spleen cells.

levels of resistance. Although the level of RSV replication in
mice immunized with Vac-M2 and depleted of CD4* T cells
or IFN-y was not significantly different (P > 0.05) from that
in Vac-M2-immunized nondepleted mice, the frequency of
animals with detectable virus was significantly increased (P
< 0.02).

The results of the present study confirm and extend
previous observations of the mechanism of protection in-
duced by the RSV F, G, and M2 proteins in several ways.
First, the protection induced by the F protein, which is
known to stimulate serum-neutralizing antibodies and is a
known target antigen for RSV-specific CTLs, was not af-
fected by depletion of CD4* or CD8" T cells or IFN-y. It
should be noted that the high level of resistance conferred by
antibodies to the F glycoprotein may have obscured detec-
tion of a component of resistance that may have been
mediated by CTLs. Similarly, the protection induced by the
G glycoprotein, which is known to stimulate serum-neutral-
izing antibodies and is not a known target antigen for CTLs,
was not affected by depletion of either T-cell subset or
IFN-vy. These data are consistent with observations in our
laboratory in which passive immunization of cotton rats with
both Vac-F- and Vac-G-immune serum is able to protect
against RSV challenge. However, it is also possible that the
resistance in Vac-F- or Vac-G-immunized animals depleted
of CD4™ or CD8* T cells observed was not mediated by
serum antibodies alone. The vaccinia virus recombinant
immunizations in the present study were administered both
i.n. and intraperitoneally. It is therefore possible that Vac-F
or Vac-G immunization induced mucosal IgA antibodies
which mediated the observed resistance. Alternatively, and
less likely, this resistance may have been mediated locally
by residual low levels of CD4* or CD8* T cells or IFN-vy in
depleted animals. It appears most likely on the basis of the
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TABLE 2. Resistance against RSV challenge induced by Vac-M2, but not Vac-F or Vac-G, is ablated by depletion of CD8* T cells

Replication of RSV challenge virus in control or T-cell depleted mice previously infected with Vac-RSV recombinants or with RSV#

Nondepleted CD4 depleted CD8 depleted CD4 + CD8 depleted IFN-vy depleted
Source of No. of No. of No. of No. of No. of
infection  mice with mice with mice with mice with mice with
detectable Virus detectable Virus detectable Virus detectable Virus detectable Virus
virus/no. titer + SE® virus/no. titer = SE virus/no. titer = SE virus/no. titer = SE virus/no. titer + SE
of mice of mice of mice of mice of mice
tested tested tested tested tested
Vac-F 0/4 =1.6 + 0.0° 1/4 1.8 = 0.3 0/3 =1.6 = 0.0° 0/4 =<1.6 = 0.0° 1/4 1.9 + 0.6°
Vac-G 6/9 2.4 * 0.6° 4/10 2.2 £ 0.7¢ 2/10 1.8 = 0.5 2/10 1.8 = 0.4° 5110 2.3 + 0.8
Vac-M2 2/8 1.9 = 0.6° 9/10¢ 3.0+0.8 9/94 4.8 + 0.5° 9/8¢ 4.5 + 0.9° 9/10¢ 3.3+0.9
Vac-HN 9/9 4.8 0.5 10/10 46 09 9/9 4.7 = 0.6 9/9 45+*03 9/9 4.8 + 0.5
RSV 0/5 =1.6 = 0.0° 0/4 =1.6 * 0.0° 0/5 =1.6 = 0.0° 0/5 =1.6 = 0.0° 0/6 =<1.6 = 0.0°

“ BALB/c mice were infected on day 0 with RSV (10° PFU/0.05 ml of inoculum i.n. or a vaccinia recombinant encoding a single RSV protein (106 PFU/0.05
ml i.n. and intraperitoneally). BALB/c mice were challenged with RSV (10° PFU/0.05 ml) on day 10, and lungs were removed 4 days later for quantitation of virus.
Mice received a control antibody, GK 1.5, 2.43, or GK 1.5 and 2.43 antibody preparations, as outlined in footnote a of Table 1, on days 6, 9, and 12 after

immunization. XMG-6 (anti-IFN-y) was administered on day 9 only.

b Mean log,, titer (plaque-forming units per gram of tissue) * standard error (SE). The lowest level of virus detectable in this system was 10'-7 PFU/gm and

lung homogenates lacking detectable virus were assigned a titer of 10*® PFU/ml.

< Significant protection at the 0.05 level in an independent t-test compared with that of Vac-HN-immunized animals which received the same antibody

preparation.

< Significant increase in number of animals with detectable pulmonary virus at the 0.02 level in a Fisher’s exact test compared with nondepleted

Vac-M2-immunized mice.

< Significant increase in pulmonary virus titer at the 0.05 level in an independent t-test compared with that for nondepleted Vac-M2-immunized mice.

data in the present study that serum or local antibodies alone
are sufficient for the resistance induced by the F or G
glycoprotein.

In contrast, the protection induced by the M2 protein,
which is a major CTL target antigen but does not induce
detectable serum-neutralizing antibodies, was totally abro-
gated by depletion of CD8* T cells, indicating that these
cells mediate the protection induced by the M2 protein.
Specifically, Vac-M2-immunized mice depleted of CD8* T
cells had pulmonary virus titers comparable to those of
Vac-HN-immunized mice treated with control monoclonal
antibody, indicating that CD4* T cells, present in numbers
similar to those of control animals and presumably function-
ing normally, do not appear to directly mediate the resis-
tance induced by this protein. Although CD4"* T cells do not
appear to directly mediate the protection induced by the M2
protein, Vac-M2-immunized mice depleted of CD4* T cells
had pulmonary virus titers intermediate between those of
mice depleted of CD8" T cells and those of mice which
received a control preparation, indicating that CD4* T cells
contribute to this protection most likely through providing
T-cell ‘‘help.”” Although the role of CD4™ T cells in the
generation of CTLs is widely accepted, it has recently been
demonstrated with a number of viral systems that primary as
well as memory CTL responses can be generated in the
absence of CD4" T cells (1, 13, 15, 18, 21). In the present
study, it is possible that the intermediate level of protection
observed in Vac-M2-immunized CD4* T-cell-depleted mice
was mediated by a CD4" T-cell-independent subpopulation
of CD8" T cells, CD8" T cells responding to the residual
very low levels of CD4* T cells, or, alternatively, residual
CD8* T cells generated prior to CD4* T-cell depletion.
Regardless of the mechanism, it appears that CD4" T cells
contribute to the protection induced by the M2 protein.

Vac-M2-immunized animals depleted of IFN-y also had
pulmonary virus titers that were intermediate between those
of mice depleted of CD8" T cells and those of mice which
received a control preparation. IFN-v is produced by CD4™
and CD8* T cells as well as cells which are not of T-cell

lineage (e.g., natural Killer cells [12] and in athymic nude
mice [2]) and has protean biologic effects, including a prom-
inant role as a lymphokine, direct antiviral activity, and
enhancement of expression of major histocompatibility com-
plex-encoded antigens (14, 32). Depletion of IFN-vy has been
shown to diminish CTL activity as well as to impair clear-
ance of a number of viruses (11, 16, 32). Although the
mechanism of action of IFN-y in mediating resistance is
undefined, the present study demonstrates that it does
contribute to the resistance induced by the M2 protein.
The results in Vac-M2-immunized mice indicate that
CD8* T-cell effector mechanisms, most likely including
direct Kkilling of infected targets or cellular antiviral changes
induced by production of IFN-y or both, are required for
resistance to RSV challenge. CD4* T cells may also contrib-
ute to resistance, but this effect cannot be detected, with the
parameters measured in this study, in the absence of CD8*
T cells. The mechanisms by which the CD4* T-cell subset
may contribute to resistance could include production of
interleukin-2 and facilitation of expansion of CD8" effectors,
as well as production of IFN-y. Although it is clear from the
present study that Vac-M2 induces CD8* T cells which
mediate protection against RSV infection, their importance
in immunity to reinfection with RSV is uncertain. We have
previously demonstrated that the resistance induced by
immunization with Vac-M2 wanes with time and is signifi-
cantly reduced by day 28 after infection. Given its short-
lived nature, it is reasonable to suggest that this resistance is
mediated by primary CTLs (i.e., those induced by the
immunization and not requiring restimulation from the mem-
ory CD8* T-cell population) rather than CTLs restimulated
from memory during RSV challenge. However, it is possible
that M2 protein-specific CTLs restimulated from memory
during challenge, although not affecting peak titers of virus
achieved with this rapidly replicating virus, play a role by
accelerating viral clearance from immune mice. Studies are
in progress to further characterize the direct and memory
CTL responses to Vac-M2 and their role in protection and
viral clearance. Lastly, it should be emphasized that the
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pattern of resistance induced by the RSV proteins in the
present study are true only for BALB/c mice. Preliminary
data in our laboratory indicate that the ability of individual
vaccinia virus-RSV recombinants to induce resistance to
RSV infection varies widely between mouse strains. It
would be expected that the ability of individual RSV proteins
to induce humoral or cellular mediators of immunity would
vary between both mice and humans as well as within human
populations.

We thank Bruce Fernie and John Gerin for assistance in purifying
RSV with the continuous-flow centrifuge and Todd Heishman for
editorial assistance.

10.

11.

12.

13.

14.
15.

REFERENCES

. Allan, W., Z. Tabi, A. Cleary, and P. C. Doherty. 1990. Cellular

events in the lymph node and lung of mice with influenza.
Consequences of depleting CD4* T cells. J. Immunol. 144:3980—
3986.

. Bancroft, G. J., R. D. Schreiber, G. C. Bosma, M. J. Bosma, and

E. R. Unanue. 1987. A T cell-independent mechanism of macro-
phage activation by interferon-y. J. Immunol. 139:1104-1107.

. Bangham, C. R. M., P. J. M. Openshaw, L. A. Ball, A. M. Q.

King, G. W. Wertz, and B. A. Askonas. 1986. Human and
murine cytotoxic T cells specific to respiratory syncytial virus
recognize the viral nucleoprotein (N), but not the major glyco-
protein (G), expressed by vaccinia virus recombinants. J. Im-
munol. 137:3973-3977.

. Bankamp, B., U. G. Brinckmann, A. Reich, S. Niewiesk, V. T.

Meulen, and U. G. Liebert. 1991. Measles virus nucleocapsid
protein protects rats from encephalitis. J. Virol. 65:1695-
1700.

. Buller, R. M. L., K. L. Holmes, A. Hugin, T. N. Frederickson,

and H. C. Morse. 1987. Induction of cytotoxic T-cell responses
in vivo in the absence of CD4 helper cells. Nature (London)
327:77-79.

. Byrne, J. A., and M. B. A. Oldstone. 1984. Biology of cloned

cytotoxic T lymphocytes specific for lymphocyte choriomenin-
gitis virus: clearance of virus in vivo. J. Virol. 51:682-686.

. Cannon, M. J., P. J. M. Openshaw, and B. A. Askonas. 1988.

Cytotoxic T cells clear virus but augment lung pathology in mice
infected with respiratory syncytial virus. J. Exp. Med. 168:
1163-1168.

. Cannon, M. J., E. J. Stott, G. Taylor, and B. A. Askonas. 1987.

Clearance of persistent respiratory syncytial virus infections in
immunodeficient mice following transfer of primed T cells.
Immunology 62:133-138.

. Connors, M., P. L. Collins, C.-Y. Firestone, and B. R. Murphy.

1991. Respiratory syncytial virus (RSV) F, G, M2 (22K), and N
proteins each induce resistance to RSV challenge, but resis-
tance induced by M2 and N proteins is relatively short-lived. J.
Virol. 65:1634-1637.

Elango, N., G. A. Prince, B. R. Murphy, S. Venkatesan, R. M.
Chanock, and B. Moss. 1986. Resistance to human respiratory
syncytial virus (RSV) infection induced by immunization of
cotton rats with a recombinant vaccinia virus expressing the
RSV G glycoprotein. Proc. Natl. Acad. Sci. USA 83:1906-
1910.

Farrar, W. L., H. M. Johnson, and J. J. Farrar. 1981. Regula-
tion of the production of immune interferon and cytotoxic T
lymphocytes by interleukin 2. J. Immunol. 126:1120-1125.
Handa, K., R. Suzuki, H. Matsui, Y. Shimizu, and K. Kumagai.
1983. Natural killer (NK) cells as responder to interleukin 2
(IL-2). II. IL-2-induced interferon vy production. J. Immunol.
130:988-992.

Jamieson, B. D., and R. Ahmed. 1989. T cell memory. J. Exp.
Med. 169:1993-2005.

Kirchner, H. 1986. The interferon system as an integral part of
the defense system against infections. Antiviral Res. 6:1-17.
Leist, T. P., S. P. Cobbold, H. Waldmann, M. Aguet, and R. M.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

J. VIROL.

Zinkernagel. 1987. Functional analysis of T lymphocyte subsets
in antiviral host defense. J. Immunol. 138:2278-2281.

Leist, T. P., M. Eppler, and R. M. Zinkernagel. 1989. Enhanced
virus replication and inhibition of lymphocytic choriomeningitis
virus disease in anti-gamma interferon-treated mice. J. Virol.
63:2813-2819.

Lukacher, A. E., V. L. Braciale, and T. J. Braciale. 1984. In vivo
effector function of influenza virus-specific cytotoxic T lympho-
cyte clones is highly specific. J. Exp. Med. 160:814-826.
Mizuochi, T., A. W. Hugin, H. C. Morse, A. Singer, and
R. M. L. Buller. 1989. Role of lymphokine-secreting CD8* T
cells in cytotoxic T lymphocyte responses against vaccinia
virus. J. Immunol. 142:270-273.

Munoz, J. L., C. A. McCarthy, M. E. Clark, and C. B. Ball.
1991. Respiratory syncytial virus infection in C57BL/6 mice:
clearance of virus from the lungs with virus-specific cytotoxic T
cells. J. Virol. 65:4494—4497.

Murphy, B. R., A. V. Sotnikov, L. A. Lawrence, S. M. Banks,
and G. A. Prince. 1990. Enhanced pulmonary histopathology is
observed in cotton rats immunized with Formalin-inactivated
respiratory syncytial virus (RSV) or purified F glycoprotein and
challenged with RSV 3-6 months after immunization. Vaccine
8:497-502.

Nash, A. A., A. Jayasuriya, J. Phelan, S. P. Cobbald, H.
Waldmann, and T. Prospero. 1987. Different roles for L3T4"*
and Lyt 2" T cell subsets in the control of an acute herpes
simplex virus infection of the skin and nervous system. J. Gen.
Virol. 68:825-833.

Nicholas, J. A., K. L. Rubino, M. E. Levely, E. G. Adams, and
P. L. Collins. 1990. Cytotoxic T-lymphocyte (CTL) response to
respiratory syncytial virus: effector cell phenotype and target
proteins. J. Virol. 64:4232-4241.

Nicholas, J. A., K. L. Rubine, M. E. Levely, A. L. Meyer, and
P. L. Collins. 1991. Cytotoxic T cell activity against the 22-kDa
protein of human respiratory syncytial virus (RSV) is associated
with a significant reduction in pulmonary RSV replication.
Virology 182:664—672.

Olmsted, R. A., N. Elango, G. A. Prince, B. R. Murphy, P. R.
Johnson, B. Moss, R. M. Chanock, and P. L. Collins. 1986.
Expression of the F glycoprotein of respiratory syncytial virus
by a recombinant vaccinia virus: comparison of the individual
contributions of the F and G glycoproteins to host immunity.
Proc. Natl. Acad. Sci. USA 83:7462-7466.

Openshaw, P. J. M., K. Anderson, G. W. Wertz, and B. A.
Askonas. 1990. The 22,000-kilodalton protein of respiratory
syncytial virus is a major target for K9-restricted cytotoxic T
lymphocytes from mice primed by infection. J. Virol. 64:1683—
1689.

Pemberton, R. M., M. J. Cannon, P. J. M. Openshaw, L. A.
Ball, G. W. Wertz, and B. A. Askonas. 1987. Cytotoxic T cell
specificity for respiratory syncytial virus proteins: fusion pro-
tein is an important target antigen. J. Gen. Virol. 68:2177-
2182.

Prince, G. A., A. B. Jenson, R. L. Horswood, E. Camargo, and
R. M. Chanock. 1978. The pathogenesis of respiratory syncytial
virus infection in cotton rats. Am. J. Pathol. 93:185-205.
Sethi, K. K., Y. Omata, and K. E. Schneweis. 1983. Protection of
mice from fatal herpes-simplex virus type-1 infection by adop-
tive transfer of cloned virus-specific and H-2 restricted cyto-
toxic T lymphocytes. J. Gen. Virol. 64:443-447.

Spriggs, M., B. R. Murphy, G. A. Prince, R. A. Olmsted, and
P. L. Collins. 1987. Expression of the F and HN glycoproteins
of human parainfluenza virus type 3 by recombinant vaccina
viruses: contributions of the individual proteins to host immu-
nity. J. Virol. 61:3416-3423.

Stott, E. J., L. A. Ball, K. K. Young, J. Furze, and G. W. Wertz.
1986. Human respiratory syncytial virus glycoprotein G ex-
pressed from a recombinant vaccinia virus vector protects mice
against live-virus challenge. J. Virol. 60:607-613.

Taylor, P. M., F. Esquivel, and B. A. Askonas. 1990. Murine
CD4" T cell clones vary in function in vitro and in influenza
infection in vivo. Int. Immunol. 2:323-328.

Trinchier, G., and B. Perussia. 1985. Immune interferon: a



VoL. 66, 1992

33.

pleiotropic lymphokine with multiple effects. Immunol. Today
6:131-136.

Wertz, G. W., E. J. Stott, K. K. Young, K. Anderson, and L. A.
Ball. 1987. Expression of the fusion protein of human respira-
tory syncytial virus from recombinant vaccinia virus vectors
and protection of vaccinated mice. J. Virol. 61:293-301.

NOTES 1281

34. Wille, A., A. Gessner, H. Lother, and F. Lehmann-Grube. 1989.
Mechanism of recovery from acute virus infection. VIII. Treat-
ment of lymphocytic choriomeningitis virus-infected mice with
anti-interferon-y monoclonal antibody blocks generation of vi-
rus-specific cytotoxic T lymphocytes and virus elimination.
Eur. J. Immunol. 19:1283-1288.



