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and Rechallenge with Respiratory Syncytial Virus in Mice
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Abstract

The role of CD4+ and CD8+ T lymphocytes in terminating
respiratory syncytial virus (RSV) replication, causing disease,
and protecting from reinfection was investigated using a

BALB/c mouse model in which CD4+ or CD8+ lymphocytes
or both were depleted by injections of Mabdirected against the
respective mouse lymphocyte determinants. Kinetics of RSV
replication, illness, and pathology were assessed after primary
infection and rechallenge. Both CD4+ and CD8+ lymphocyte
subsets were involved in terminating RSVreplication after pri-
mary infection. When both T lymphocyte subsets were de-
pleted RSVreplication was markedly prolonged, yet no illness
was evident, suggesting that host immune response rather than
viral cytocidal effect was the primary determinant of disease in
mice. Both CD4+ and CD8+ lymphocytes contributed to ill-
ness, although CD8+ lymphocytes appeared to play the domi-
nant role in this particular system. Analysis of histological re-

sponses suggested that CD4+ lymphocytes were required for
the appearance of peribronchovascular lymphocytic aggregates
seen in normal mice after rechallenge, and that the presence of
alveolar lymphocytes was correlated with illness. It is postu-
lated that antibody is an illness-sparing mechanism for protect-
ing mice from RSV infection, and that T lymphocytes are an

important determinant of illness. Further delineation of RSV-
induced immunopathogenesis in primary infection and reinfec-
tion will provide important information for the development of
vaccine strategies. (J. Clin. Invest. 1991. 88:1026-1033.) Key
words: pathogenesis - bronchiolitis * pneumonia * antibody-
immunodeficiency

Introduction

Respiratory syncytial virus (RSV)' is an important cause of
respiratory illness in children and adults. Our incomplete un-

derstanding of the immunopathogenesis of RSV-induced dis-
ease is a major impediment to the evaluation of new RSVvac-

cine candidates in seronegative infants. Wehave therefore de-
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veloped a system to begin defining the determinants of
pathology and illness in RSV-infected mice. After primary
RSV infection mice demonstrate illness, immune-mediated
lung pathology, and high titers of RSV in lung and nose (1).
RSVrechallenge in the model is similar to that in man. RSVis
able to replicate in the nose, but not in the lower respiratory
tract, of mice rechallenged more than 16 mo after primary
infection (2). Data derived from B cell-depleted mice suggested
that humoral responses were not important for terminating
RSVreplication after primary infection, that only partial pro-
tection from reinfection was achieved in the absence of RSV-
specific antibody, and that illness was enhanced in both pri-
mary infection and on rechallenge in the absence of RSV-spe-
cific antibody (2a). The objectives of the current studies were to
determine the role of T lymphocyte subsets in termination of
RSVreplication, recovery from primary infection, and protec-
tion from reinfection.

Methods

Mice. Pathogen-free female BALB/c mice were purchased from
Charles River Laboratories (Raleigh, NC). Retired breeders (8-10-mo-
old) were used in all experiments. They were shipped in filtered crates
and housed in a Duo-flo laminar flow unit (Lab Products Inc., May-
wood, NJ) remote from the central animal facility. Cages, bedding,
food, and water were sterilized before use. Room temperature was
maintained at 270C and a 12-h-on, 12-h-offlight cycle was provided. In
caring for animals the investigators adhered to the "Guide for the Care
and Use of Laboratory Animals" prepared by the Committee on Care
and Use of Laboratory Animals of the Institute of Laboratory Animal
Resources, National Research Council, National Institutes of Health
(Bethesda, MD).

Cells and virus. HEp-2 cells were maintained in Eagle's minimal
essential media supplemented with glutamine, amphotericin, gentami-
cin, penicillin G, and 10% fetal bovine serum (10% EMEM). The A2
strain of RSVwas provided by Dr. Robert Chanock, National Insti-
tutes of Health. Working stocks of the virus were prepared as previ-
ously described ( 1) and maintained titers in the range of 0I pfu/ml for
over 6 moat -70°.

Antibody. Productive clones of hybridomas GKI.5, 2.43, and
HB151 were used to make ascites in BALB/c nu/nu mice. GK1.5 is a
rat IgG2b MAb specific for L3T4, the CD4 determinant for mouse
lymphocytes (3). Hybridomas 2.43 (4), and ATCC#HB151 make
monoclonal antibodies against Lyt2 (CD8), and human HLA-Dr5, re-
spectively. The hybridomas were a gift from Steven Martin, University
of Tennessee at Knoxville. Ascites was produced in (nu/nu) BALB/c
mice exposed to 450 total body rads and primed with pristane. Total
protein and albumin concentrations were quantitated using a Multistat
III Microcentrifugal Analyzer (Instrumentation Laboratory, Lexing-
ton, MA). Serum protein electrophoresis was performed with a Titan
Gel high resolution REPSP-30 kit (Helena Laboratories, Beaumont,
TX) and the gammaglobulin fraction was determined by densitometry
with an Electrophoresis Data Center (Helena Laboratories). Ascites
fluid was diluted in PBS to 500 ,gg of immunoglobulin per milliliter
before injection.

Immunodepletion of mice. CD4+, CD8+, both, or no lymphocyte
subsets were depleted in mice by treatment with GK1.5, 2.43, both, or
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Table I. Immune Functions Present in Immunodepleted Mice

Status of immune functiont

Primary infection and rechallenge Rechallenge
Lymphocyte Design I Design 2"

Depletion subset
MAb Target depleted CD4+ CD8+ Ab CD4+ CD8+ Ab

GKl.5 L3T4 CD4 - + - - + +
2.43 Lyt2 CD8 + - + + - +
Both Both Both - - - - - +
HB151 HLA-Dr5* None + + + + + +

* Irrelevant control. $ This table represents a conceptual review of which elements in the immune response have been preserved (+) or depleted
(-). CD4+, CD4-postive lymphocytes; CD8+, CD8-positive lymphocytes; Ab, RSV-specific antibody. Depletion of a T lymphocyte subset
resulted in <1% positivity by FACSs in peripheral blood mononuclear cells. Otherwise the percentage of CD8-positive lymphocytes was
8.2±2.7% and that of CD4-positive lymphocytes was 27.0±8%. When present at the time of rechallenge, the log2 reciprocal dilution antibody
titers were 12.9±1.2 by ELISA to F and 7.0±0.3 by plaque reduction neutralization. If antibody is indicated to be absent at the time of
rechallenge the titer by ELISA to F was <8.3 and by neutralization was <3.3. Although there was no RSV-specific antibody detected in mice at
the time of primary infection, a "+" denotes the potential for antibody response in that group. I Immunodepletion initiated before primary
infection and maintained through rechallenge period. 1l Immunodepletion initiated immediately before rechallenge.

the irrelevant control HB151. Mice were injected with 100 sg of the
appropriate monoclonal antibody intraperitoneally on three successive
days. Thereafter, maintenance injections of 250 Mgof monoclonal anti-
body were given weekly. Efficacy of these treatments was determined
by FACSanalysis of heparinized whole blood using FITC or phycoer-
ythrin-conjugated rat anti-mouse antibody to CD8 or CD4, respec-
tively (Becton Dickinson, Mountainview, CA). Each antibody conju-
gate was incubated with 200 Ml of whole blood for 60 min at 37°C. The
red blood cells were lysed with a buffered NH4C1 solution and the
remaining lymphocytes were washed twice then resuspended in PBS
containing 5%FBS before analysis on a Coulter Corp. Epic 753 FACS
(Hialeah, FL).

Mouse infection and killing. Anesthetized mice were infected na-
sally with 100 Ml of undiluted stock virus as previously described (1). A
clinical illness grading scale was derived by assigning numbers to a set
of clinical features seen in mice with different degrees of illness: 0,
healthy; 1, barely ruffled; 2, ruffled, but active; 3, ruffled and inactive;
4, ruffled, inactive, hunched, and gaunt; 5, dead. Mice were killed and
tissue samples handled as previously described (1).

Viral quantitation and neutralization tests. Plaque assays for viral
quantitation and plaque-reduction neutralization were performed as
previously described (1).

F ELISA. Immunoaffinity purified F and Gglycoproteins of RSV
and normal Vero cell lysates were a gift from Praxis Biologics, Roches-
ter, NY. F or Gwas diluted to 200 ng/ml in Carbonate buffer (pH 9.6).
100 Ml of F or Gsuspension was applied to the antigen positive wells of
Immunlon 11 96-well plates (NUNC, Roskilde, Denmark) and normal
Vero cell lysate was applied to the antigen-negative wells in a similar
concentration. The performance of the assay has been previously de-
scribed in detail (2).

Results

Experimental design and immune status of treatment groups.
In the first design, mice were treated with three daily intraperi-
toneal injections of the monoclonal antibody immunodeple-
tion regimen immediately before primary nasal infection with
RSV. Maintenance injections of the appropriate MAbwere
given weekly to mice until the time of death. Mice were killed
on days 4, 5, 7, 1 1, or 14 after primary infection, or were rechal-
lenged with RSVafter 28 d and killed 3 d later. At the time of
rechallenge these groups varied in their capacity to produce
RSV-specific antibody (Table I). GKl.5-treated mice had no

CD4+ lymphocytes and no RSV-specific antibody; anti-Lyt2-
treated mice had no CD8+ lymphocytes, but had normal im-
mune levels of RSV-specific antibody; mice treated with both
had no CD4+or CD8+ lymphocytes and no RSV-specific an-
tibody; HB151-treated mice had normal levels of CD4+ and
CD8+ lymphocytes and had RSV-specific antibody. In the sec-
ond design, normal mice were first infected with RSV, then
immediately before rechallenge on day 28, mice were treated
with three daily injections of GK1.5, 2.43, both, or the control
HB151. Mice in these groups were thereby rechallenged in the
presence of RSV-specific antibody, and only lacked the T lym-
phocyte subset(s) depleted (Table I).

Primary infection with RSV
Wefirst asked how the kinetics of terminating RSVreplication
after primary infection would be affected after depleting the
CD4+ or CD8+ lymphocyte subset, and whether depletion of
CD4+ or CD8+ lymphocytes would affect illness caused by
primary RSVinfection in mice.

RSVreplication in lung. The most discriminating time-
point for determining the kinetics of RSVreplication in lung is
day 7 after primary infection. Onday 6 after primary infection,
RSV titers in lung are near their peak, yet RSVcan not be

Table II. RSVReplication in Lung after Primary Infection
of Immunodepleted Mice*

Geometric mean titers

Lymphocyte RSV in lung (logopfu/g)±standard deviation
subset

depleted day4 day 5 day 7 day 11 day 14

CD4 7.2±0.2 6.4±0.2 5.5±0.4 <1.8 2.5 (1/4)$
CD8 7.0±0.1 6.1±0.3 5.7±0.4 <1.8 < 1.8
Both 7.1±0.1 6.7±0.4 6.4±0.2 4.7±0.4 4.4±0.2
None 7.0±0.2 4.0±0.2 <1.8

* Data for days 4, 7 and 14 and for days 5 and 11 are from two sepa-
rate experiments using five mice in each group. $ Only one of four
remaining mice in this group had RSVisolated from lung.
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Days after primary infection

Figure 1. This graph
documents the time
course of RSVreplica-
tion in lung and nose
of mice depleted of both
CD4and CD8subsets
before primary infec-
tion. Lymphocyte de-
pletion was maintained
by weekly injections 250
Isg of the appropriate
monoclonal antibody
and documented by
FACS6 analysis of pe-
ripheral blood mononu-
clear cells.
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detected on day 8 in the lungs of normal mice (1). Termination
of RSV replication in control mice treated with HB151 was

similar to historical controls. The day 7 geometric mean RSV
titer in lungs of HB15 l-treated control mice was 3.96 loglopfu/
g. Mice depleted of CD4+or CD8+ lymphocytes had 1.5 or 1.8

loglopfu/g higher RSV titers in lungs at day 7 than HB151-
treated controls (P < 0.0002 and < 0.0001 by two-tailed t test,
respectively) (Table II). Whenboth CD4+and CD8+ lympho-
cyte subsets were depleted, RSVreplication was markedly pro-
longed. RSVtiters in lungs of mice depleted of both CD4+and
CD8+ lymphocytes remained near their peak on day 7
(6.35±0.15 loglopfu/g), and RSVwas isolated from lung until
day 28 (Table II, Fig. 1).

RSVreplication in nose. RSV replication in the nose of
normal mice is also terminated by day 8 (1). In mice depleted
of CD8+ lymphocytes, there was evidence that RSV replica-
tion in nose was prolonged. RSVwas recovered from nose in
two of five CD8-depleted mice at day 11 (Table III). In mice
depleted of both CD4+and CD8+ lymphocytes, RSVtiters in
nose remained near their peak beyond day 11, and RSVwas

isolated from nose up to 49 d after primary infection (Fig. 1).
Illness. The degree of illness was assessed by weight change

and by a clinical illness score assigned by a blinded observer.
Illness after primary infection was partially diminished by
CD4+ lymphocyte depletion, but was diminished to a greater
extent by CD8+ lymphocyte depletion (Figs. 2 and 3). There

Days After Primary Infection

Figure 2. This graph depicts weight loss in mice after primary RSV
infection and rechallenge after differential depletion of CD4, CD8,
both, or neither T lymphocyte subset using design 1.

was a striking lack of illness caused by primary RSVinfection
in mice with both CD4+ and CD8+ lymphocyte subsets de-
pleted. Despite prolonged high titer RSVreplication in lung,
mice depleted of both lymphocyte subsets had virtually no

weight loss and showed no clinical signs of illness. Wenext
asked how the histologic patterns in lung correlated with the
termination of RSVreplication and illness after primary infec-
tion in mice.

Histology. In HB15 l-treated normal control mice the histo-
logic appearance of lungs after primary infection included infil-
tration of lymphoid and monocytoid cells around the broncho-
vascular bundles, and an increase in alveolar lymphocytes and
macrophages on day 7 (Fig. 4 D), followed by a collection of
uniform, small, basophilic lymphocytes that formed small ag-

gregates around the bronchovascular bundles during convales-
cence. In mice depleted of both CD4+and CD8+ lymphocyte
subsets there was virtually no lymphocyte response in lungs
after primary infection (Fig. 4 C). In mice depleted of CD8+
lymphocytes there was an infiltrate of lymphocytes around the

5 -

Table III. RSVReplication in Nose after Primary Infection
of Immunodepleted Mice*

Geometric mean titers

Lymphocyte RSVin nose (log,opfu/nose)
subset

depleted day 5 day 11

CD4 3.5±0.1 <1.1
CD8 3.6±0.1 1.4 (2/5)t
Both 3.5±0.1 3.8±0.2

* Nose titers of RSVexpressed as log1opfu/nose in immunodepleted
mice after primary infection. These mice are the same as those repre-
sented from day 5 and 11 in Table II. t If RSVwas not isolated from
all mice, numbers in parentheses represent proportion of mice from
which virus was isolated.
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Days After Primary Infection

Figure 3. This graph depicts clinical illness scores in mice after pri-
mary RSV infection and rechallenge after differential depletion of
CD4, CD8, both, or neither T lymphocyte subset using design 1.
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Figure 4. Lung photomicrographs from mice on day 7 after primary RSVinfection during which CD4 (A), CD8 (B), both (C), or neither (D) T
lymphocyte subset was depleted.

bronchovascular structures, and a moderate increase in alveo-
lar lymphocytes (Fig. 4 B). CD4+ lymphocyte depleted mice
had relatively few lymphocytes in the bronchovascular spaces
compared to CD8-depleted mice or HB151-treated controls,
but had substantial increases in alveolar lymphocytes (Fig. 4
A). CD4-depleted mice also lacked peribronchovascular lym-
phocytic aggregates during convalescence from primary infec-
tion.

From these studies we concluded that both CD4+ and
CD8+ lymphocytes were important for terminating RSVrepli-
cation after primary infection and that both subsets contrib-
uted to the pathogenesis of illness caused by primary RSVin-
fection.

Rechallenge of mice with RSV
Wenext asked whether depletion of CD4+or CD8+lympho-
cytes would influence protection upon rechallenge with RSV.
Rechallenge of mice was performed in two distinct immuno-
logic settings as explained above (Table I). In normal untreated
mice rechallenged 4 wk after primary infection, no RSVcan be
isolated from lungs or noses at day 3 and no illness occurs (2).

Replication of RSVin lungs. In mice rechallenged using
design 1 (continuous depletion) and depleted of CD4+ lym-
phocytes, high titers of RSVwere isolated from lung, but were
1.0 to 1.5 loglopfu/g lower than would be expected in primary
infection (Table IV). In mice depleted of CD8+ lymphocytes
using design 1, no RSVwas detected in lungs of rechallenged

mice. Mice depleted of both CD4+ and CD8+ lymphocytes
using design 1, attained RSVtiters in lung after rechallenge
that were comparable to those seen in primary infection. When
mice were rechallenged in the presence of RSV-specific anti-
body using design 2 (depletion immediately before rechallenge)
the outcome of rechallenge was much different (Table V). Re-
gardless of which lymphocyte subset was depleted, RSVreplica-
tion was markedly diminished when rechallenge occurred in
the presence of RSV-specific antibody. No RSVwas isolated
from lungs of mice treated with GK1.5 or from HB151-treated
controls. Low titers of RSVwere isolated from lungs in only 3
of 11 mice depleted of CD8+ lymphocytes before rechallenge
and in only 5 of 11 mice depleted of both CD4+ and CD8+
lymphocytes before rechallenge.

RSVreplication in nose. In mice depleted of CD4+ lym-
phocytes using design 1, RSVwas isolated from the noses of all
mice 3 d after rechallenge. RSVwas isolated in only 1 of 10
mice depleted of CD8+ lymphocytes using design 1. Depleting
both the CD4+and CD8+ lymphocytes using design 1 permit-
ted replication of RSVin nose to titers comparable to primary
infection. There was no RSV isolated from the noses of
HB151-treated rechallenged mice. In mice rechallenged using
design 2, RSVwas recovered from 7 of 11 and 8 of 11 noses in
groups depleted of CD8+ lymphocytes and both CD4+ and
CD8+ lymphocytes, respectively. This is in contrast to the
HB151-treated controls in which no RSVwas isolated from
nose, and mice depleted of CD4+ lymphocytes in which RSV

T Cell Subsets in Respiratory Syncytial Virus-infected Mice 1029



Table IV. Replication of RSVin Lung and Nose after Rechallenge of Mice Immunodepleted Throughout Primary Infection
and Rechallenge (Design 1) or Immunodepleted Just before Rechallenge (Design 2)*

Geometric mean titers

log10pfu/g lung or per nose

Design I Design 2
Lymphocyte

subset depleted Lung Nose Lung Nose

CD4 5.1±0.7 1.4±0.3 (11 of I1)* <1.8 1.1(1 of II)t
CD8 <1.8 1.8(I of 10) 2.0(3ofll) 1.7(7ofll)
Both 6.4±0.5 3.9±0.5 (11 of 11) 2.5 (5 of 11) 1.9 (8 of 11)
None <1.8 <1.1 <1.8 <1.1

* Mice were killed on day 3 after rechallenge. The data represent the combined results of two separate experiments with a total of 11 mice in each
group. In design 1 MAbtreatment was initiated before primary infection and maintained through the rechallenge. In design 2 MAbtreatment
was initiated 3d before rechallenge. t Numbers in parentheses represent proportion of mice from which virus was isolated. If not indicated, virus
was isolated from all or none of the mice.

was isolated from only 1 of 11 noses. These data suggest a
potential role for CD8 lymphocytes in mucosal immunity.

Illness. Mice depleted of CD4 lymphocytes using design 1
had severe illness after rechallenge (Figs. 2 and 3). Mice de-
pleted of CD8, both, or HB15 1 -treated controls in design 1 did
not exhibit illness (Figs. 2 and 3). Similarly, there was no illness

in rechallenged mice using design 2 in which mice were rechal-
lenged in the presence of RSV-specific antibody, but with CD4,
CD8, or both lymphocyte subsets depleted. Therefore, illness
after rechallenge only occurred in the setting in which CD8+
lymphocyte responses were intact, in the presence of replicat-
ing virus, and in the absence of RSV-specific antibody (Figs. 2

Figure 5. Lung photomicrographs from mice on day 3 after RSVrechallenge using design 1 in which CD4 (A), CD8 (B), both (C), or neither (D)
T lymphocyte subset was depleted before primary infection and depletion maintained through the rechallenge period.
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and 3). Wenext asked how the histologic patterns in lung corre-
lated with protection from reinfection and illness after rechal-
lenge.

Histology. Upon rechallenge, distinct differences in the his-
tological patterns between groups were more clearly discern-
able than after primary infection. Depletion of CD4+lympho-
cytes using either design 1 or design 2 is associated with the
absence of peribronchovascular lymphocytic aggregates after
rechallenge (Figs. 5 A and 6 A). In design 1, CD4-depleted
mice, there was a marked increase in the presence of alveolar
lymphocytes (Fig. 5 A), which was associated with RSVreplica-
tion, the presence of CD8+ lymphocytes, the absence of RSV-
specific antibody, and severe illness. In design 2, CD4-depleted
mice, alveolar lymphocytes were not present (Fig. 6 A). In both
design 1 and design 2, CD8-depleted mice had prominent peri-
bronchovascular lymphocytic aggregates after rechallenge
(Figs. 5 B and 6 B), suggesting that CD8+ lymphocytes were
not necessary for this response. Mice depleted of both CD4+
and CD8+ lymphocytes did not have significant numbers of
peribronchovascular or alveolar lymphocytes present (Figs. 5 C
and 6 C). In rechallenged HB15 1-treated normal control mice,
histologic examination demonstrated an expansion of the peri-
bronchovascular lymphocytic aggregates seen during convales-
cence (Figs. 5 Dand 6 D). The immunodepletion experiments
therefore suggest that the peribronchovascular lymphocytic ag-
gregates require the presence of CD4+ lymphocytes, and that
alveolar lymphocytes are a correlate of illness. In mice with

CD4+ lymphocytes present at the time of rechallenge, whether
CD8+ lymphocytes were depleted (Figs. 5 B, and 6 B) or mice
were normal (Figs. 5 Dand 6 D), the formation of the peribron-
chovascular lymphocytic aggregates occurred despite no recov-
ery of RSVfrom the lungs on day 3 after rechallenge. This
implies only limited RSV replication or nonreplicating RSV
antigen alone was required to induce the response.

Weconcluded from the rechallenge experiments that RSV-
specific antibody responses were necessary for complete pro-
tection from RSV replication in lungs after rechallenge. This
was compatible with data derived from experiments in anti-,u-
treated mice in which rechallenged mice were only partially
protected from RSV replication in lungs in the absence of B
cells (2a). There was also a suggestion that CD8+ lymphocytes
were involved in limiting RSVreplication in nose based on the
data presented in Table IV. Finally, CD8+ lymphocytes
seemed to be an important determinant of illness in the rechal-
lenge setting in which RSV-specific antibody was absent.

Discussion

Approaches to understanding the specific role of individual
components of the immune response are emerging with the
availability of reagents that can selectively delete biological
functions. Wehave applied strategies employed in tissue rejec-
tion systems and other virus infection models to investigate the
immunopathogenesis of RSVinfection in mice. These studies

Figure 6. Lung photomicrographs from mice on day 3 after RSVrechallenge using design 2 in which CD4(A), CD8(B), both (C), or neither (D)
T lymphocyte subset was depleted immediately before rechallenge.
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were based on the ability of particular monoclonal antibodies
directed at lymphocyte surface determinants to deplete or in-
terfere with the function of targeted lymphocyte populations in
vivo. The monoclonal antibodies, GKl.5 and 2.43, are rat
IgG2b directed against L3T4 (murine CD4) and Lyt2 (murine
CD8), respectively (5). Another rat IgG2b monoclonal anti-
body, HB15 1, directed at the human HLA-Dr5 determinant
was used as an irrelevant control. It has been demonstrated in
tissue rejection systems (6, 7), models of autoimmunity (8),
and infection systems for viruses (9-13) and parasites (14, 15)
that in vivo CD4+ or CD8+ lymphocyte subset depletion as
measured by FACS® and functional assays can be accom-
plished using monoclonal antibodies directed at lymphocyte
surface determinants. The value of this approach in providing
relevant data about the functional role of lymphocyte subsets
in pathogenesis of virus infections has been best demonstrated
in the lymphocytic choriomeningitis virus (LCMV) system.
The LCMVmouse model has been a prototype for the delinea-
tion of lymphocyte function in viral clearance and pathogene-
sis of disease. The functional role of lymphocyte subsets in
LCMVpathogenesis has been investigated using the in vivo
MAb immunodepletion approach, and has been found to
accurately reflect what had been learned from in vitro func-
tional lymphocyte studies and adoptive transfer experiments
(10, 11, 13).

The importance of the cell-mediated immune response in
human disease caused by RSV is still unclear. RSV-infected
children with prolonged viral shedding, severe disease, and
giant cell pneumonia have not had isolated cell-mediated defi-
ciencies, but have had severe combined immunodeficiency
syndrome with deficits in both T cell and B cell functions (16,
17). RSV-specific lymphocyte proliferation has been detected
in normal children after RSVinfection (18, 19), but there is no
clear correlation with age or severity of disease ( 18) and neither
the phenotype nor the function of the proliferating cells was
defined. RSV-specific HLA-restricted cytotoxic T cells have
been derived from adult peripheral blood mononuclear cells
(20) and from children after acute RSV infection (21, 22), yet
the function of these cells in terminating RSV replication and
in pathogenesis is not known.

In mice, MHC-restricted RSV-specific cytotoxic T cell ac-
tivity has been demonstrated in lymphocytes from lungs har-
vested 7 days after primary infection (23), and memory cells
with MHC-restricted cytotoxic activity have been demon-
strated in the spleens of convalescent mice (24). Since then the
N (25), F (26), and 22K (27, 28) proteins of RSVhave been
shown to be the major antigenic targets for murine cytotoxic T
cells. Transfer of RSV-specific T cells can clear RSV from the
lungs of infected nu/nu mice (29), but RSV-specific cytotoxic
T cells given in high doses have been shown to induce a poten-
tially lethal pulmonary disease in mice (30). CD8+ T lympho-
cytes have also been implicated as effectors in the pathogenesis
of other virus-induced diseases including LCMVcerebritis (31,
32), Theiler's murine encephalomyelitis (13), coxsackievirus
myocarditis (33), hepatitis A (34), and type B or non-A, non-B
chronic active hepatitis (35).

This study suggests functional roles for certain components
of the immune response in illness pathogenesis. Both CD4+
and CD8+ lymphocytes are important for terminating RSV
replication in primary RSV infection of mice. Both T cell sub-
sets also contribute to illness in primary RSVinfection of mice,
although CD8+ lymphocytes appear to be the more important

mediator of illness. Deleting the CD8+ lymphocyte population
in mice during primary infection resulted in modest illness and
early recovery. Anderson et al. recently published work sup-
porting the conclusion that CD8+ lymphocytes play a role in
the illness after primary infection in mice. MHCclass I-re-
stricted cytotoxic T cell activity was optimal in lung lympho-
cytes from mice between 7 and 9 d after primary RSVinfection
(36), which corresponds to the peak of illness following pri-
mary infection in mice. In our study, rechallenged mice in
which CD8+ lymphocytes were present, but CD4+ lympho-
cytes and RSV-specific antibody were absent, severe illness oc-
curred, again implicating CD8+ lymphocytes as an important
mediator of illness.

This work together with data from anti-g treated mice (2a),
supports a general theme of antibody being a safe (illness-spar-
ing) mechanism of protection from RSVinfection in mice, and
T lymphocytes (CD8+ > CD4+) being an important determi-
nant of illness. The balance of the triad: RSVreplication, RSV-
specific antibody, and RSV-specific CD8+ lymphocytes, is at
least one determinant of illness in primary infection and rein-
fection of mice with RSV. Only in the setting of significant
RSV replication, a CD8+ lymphocyte response, and the ab-
sence of antibody was illness manifest to the fullest extent in
mice after primary infection or rechallenge. Further definition
of immune responses that induce illness in RSV-infected mice
may enhance the development of a safe, effective vaccine for
use in man.
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