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A gammaherpesvirus licenses CD8 T cells to protect the host
from pneumovirus-induced immunopathologies
Mickaël Dourcy1, Céline Maquet1, Lorène Dams1, Gautier Gilliaux2, Justine Javaux1, Daniel Desmecht2, Matthias Mack3,
Benjamin G. Dewals1, Bénédicte Machiels1 and Laurent Gillet 1

Human respiratory syncytial virus (RSV) is a pneumovirus that causes severe infections in infants worldwide. Despite intensive
research, safe and effective vaccines against RSV have remained elusive. The main reason is that RSV infection of children previously
immunized with formalin-inactivated-RSV vaccines has been associated with exacerbated pathology, a phenomenon called RSV
vaccine-enhanced respiratory disease. In parallel, despite the high RSV prevalence, only a minor proportion of children develop severe
diseases. Interestingly, variation in the immune responses against RSV or following RSV vaccination could be linked with differences of
exposure to microbes during childhood. Gammaherpesviruses (γHVs), such as the Epstein–Barr virus, are persistent viruses that deeply
influence the immune system of their host and could therefore affect the development of pneumovirus-induced immunopathologies
for the long term. Here, we showed that a previous ɣHV infection protects against both pneumovirus vaccine-enhanced disease and
pneumovirus primary infection and that CD8 T cells are essential for this protection. These observations shed a new light on the
understanding of pneumovirus-induced diseases and open new perspectives for the development of vaccine strategies.

Mucosal Immunology (2020) 13:799–813; https://doi.org/10.1038/s41385-020-0293-7

INTRODUCTION
Human respiratory syncytial virus (RSV) is a major cause of severe
lower respiratory tract infection in infants worldwide and is also
recognized as an important pathogen in adults, especially the
elderly.1 Despite intense research efforts, safe and effective
vaccines have remained elusive.2 One chief explanation resides
in the history of RSV vaccine-enhanced respiratory disease.3

Indeed, RSV infection of some children previously immunized with
a formalin-inactivated (FI)-RSV vaccine has been associated with
exacerbated disease and pulmonary eosinophilia as a result of a
putative dysregulated memory Th2 response.4 In parallel, there is a
wide variation in the immune responses against RSV primary
infection. Thus, while the majority of children have been infected
with RSV at least once by 2 years of age, only some infected infants
develop severe lower respiratory tract infection.5 It appears that
the predisposition of some children to these two RSV-induced
immunopathologies could be related to extrinsic factors affecting
the development of the immune system in early life.6 Thus, several
studies have highlighted that microbiome composition can impact
the development of RSV pathogenesis.6 Microbes play funda-
mental roles in controlling many aspects of host physiology and in
particular immune responses. Until recently, researches focussed
mainly on the influence of microbiota. However, immune
imprinting by viruses is also a key determinant for variation in
disease susceptibility.7–9 In particular, persistent viruses such as
gammaherpesviruses (γHVs) have coevolved with their host and
appear to broadly influence the composition and function of the
immune system.10,11 The human γHV Epstein–Barr virus (EBV)
infects more than 90% of people worldwide. Interestingly, while
EBV infection occurs usually during childhood, recent

epidemiological surveys highlighted an increased age of serocon-
version to EBV in developed countries.12 We therefore hypothe-
sized that the sequence following which children encounter γHVs
and RSV in the early age might influence the outcome of RSV
infections.
EBV is host specific, and the study of RSV has been hampered by

its poor replication in animal models.13 The use of Murid
Herpesvirus 4 (MuHV-4) and of the pneumonia virus of mice
(PVM) provides therefore some robust mouse models for studying
these infections in a natural host–pathogen relationship.14,15 PVM
may also serve as a useful model to investigate the mechanisms
underlying the Th2-skewed hypersensitivity observed after vacci-
nation with formalin-inactivated (FI) antigens (Ags).16 Moreover,
MuHV-4 infection has been shown to train immunity against
various heterologous infections.17–19 Besides, in line with the
hygiene hypothesis,20–22 we have recently observed that respira-
tory infection with MuHV-4 confers long-lasting protection against
airway allergy through the replacement of resident alveolar
macrophages (AMs) with recruited regulatory monocytes of bone
marrow origin.11 In the present study, we have investigated
whether a previous γHV infection could induce bystander
beneficial modulations shaping the immune responses to pneu-
movirus infection.

RESULTS
MuHV-4 infection confers protection against PVM vaccine-
enhanced disease
To investigate whether a γHV infection could modulate subse-
quent pneumovirus vaccine-related Th2 immunopathology, we
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infected BALB/c mice with MuHV-4 (Fig. 1a) and 30 days post
infection (p.i.), a period allowing latency establishment (Supple-
mentary Fig. 1),23 mice received either FI-PVM Ags vaccine or
Control Ags (Ctrl Ags) before being challenged a week later i.n.
with live PVM or PBS as control. Mice were euthanized 5 days after

challenge and respiratory immune responses were compared
between groups. Typical features of pneumovirus vaccine-induced
immunopathology were observed in Mock-infected mice sub-
jected to FI-PVM vaccination and subsequent PVM challenge
(Mock/FI-PVM/PVM). We observed infiltration of eosinophils in
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lung parenchyma (Fig. 1b–d) as well as in the airways (Fig. 1e–g).
Interestingly, in lung parenchyma, we were able to distinguish
that these infiltrating eosinophils were inflammatory eosinophils,
characterized by a high expression of SiglecF.24 In contrast, MuHV-
4-infected mice exposed to the same treatments (MuHV-4/FI-PVM/
PVM) displayed a reduced recruitment of inflammatory eosino-
phils, and an increased infiltration of CD8 T cells in the airways.
These results were confirmed by histological analysis that revealed
peribronchial and perivascular infiltrates of mononuclear cells,
eosinophils (Fig. 1h). Analysis of cytokines in bronchoalveolar
lavage fluids (BALF) revealed increased levels of interleukin (IL)-4,
IL-5, IL-13 and eotaxin in Mock/FI-PVM/PVM mice (Fig. 1i). In
contrast, there was less production of these cytokines in MuHV-4/
FI-PVM/PVM mice, arguing for a reduced Th2 response (Fig. 1i).
Finally, mediastinal lymph node (MLN) cells from MuHV-4 FI-PVM/
PVM produced less IL-4, IL-5 and IL-13 after in vitro restimulation
with heat-inactivated-PVM Ags than MLN cells from Mock/FI-PVM/
PVM mice while IFNγ productions were similar (Fig. 1j). The
protection conferred by MuHV-4 relied on primary live infection as
i.n. administration of the same amount of inactivated MuHV-4
does not have any effect (data not shown).
The difference in Th2 immune response could be consecutive to

differences in PVM Ag loads at challenge, therefore, to equalize the
amount of PVM Ags, FI-PVM vaccinated mice were challenged with
inactivated PVM (Supplementary Fig. 2a). This experiment con-
firmed the strong inhibition of the PVM-induced Th2 immuno-
pathology in MuHV-4-infected mice as indicated by the quasi-
absence of eosinophils and neutrophils in BALF (Supplementary
Fig. 2b) and the reduced lung inflammation (Supplementary
Fig. 2b, c). To assess a potential plasticity of the Th2 CD4 T cells
towards a regulatory phenotype following MuHV-4 infection,25,26

we examined the proportions of FoxP3 and GATA-3-expressing
CD4 T cells in MLN. While we did not see any difference in
percentages of FoxP3+ cells or any FoxP3+ GATA-3+ double
positive cells (not shown), we observed a significant reduction of
GATA-3 expressing cells in MuHV-4/FI-PVM/PVM mice compared
with Mock/FI-PVM/PVM mice (Supplementary Fig. 2d, e).
Finally, as the decreased inflammation in MuHV-4-infected mice

could arise from a delayed PVM replication, groups of mice treated
as in Fig. 1 were successively euthanized at days 5, 6 and 7 after i.
n. PVM challenge (Supplementary Fig. 3a). The most severe
inflammatory response occurred at day 6 post-PVM challenge in
Mock/FI-PVM/PVM mice. In contrast, we observed a massive
reduction in the number of BALF eosinophils in MuHV-4/FI-PVM/
PVM mice regardless of the day post-PVM challenge (Supplemen-
tary Fig. 3b).

MuHV-4 infection confers clinical protection against heterologous
PVM primary infection
Besides the inhibition of PVM-induced Th2 response, lung MuHV-4
infection also seems to have major consequences in the context of
PVM primary infection. Indeed, inflammation was significantly
reduced in MuHV-4/Ctrl Ag/PVM compared with Mock/Ctrl Ag/
PVM mice (Fig. 1 and Supplementary Fig. 3) as revealed by the
strong reduction of the number of BALF and lung neutrophils in
MuHV-4/Ctrl Ags /PVM mice in comparison with Mock/Ctrl Ags/

PVM mice (Fig. 1b, c, e, f and Supplementary Fig. 3). Moreover,
high levels of IL-6 and TNF-α were observed in Mock/Ctrl Ags/PVM
mice as described,27,28 while these levels were strongly reduced in
MuHV-4/Ctrl Ags/PVM mice (Fig. 1i). In contrast, IFN-γ release was
not affected in BALF from MuHV-4-infected mice (Fig. 1i),
indicating that MuHV-4 infection does not impair the production
of all cytokines.
In its natural host, the highly pathogenic strain PVM J3666 is

characterized by robust viral replication in lungs leading to
marked morbidity, weight loss, and mortality in response to a
minimal viral inoculum. Accordingly, we observed that, in absence
of MuHV-4 infection, mice displayed a severe weight loss starting
at day 5 after PVM inoculation (Fig. 2b) that required euthanasia
upon exceeding the weight loss threshold (25%). In contrast, while
MuHV-4 primary infection was associated with a moderate and
transient weight loss (from day 6 to day 12), these MuHV-4-
infected mice did not show any weight loss nor clinical signs upon
PVM challenge and survived the infection (Fig. 2b, c).

MuHV-4 infection induces a significant reduction of PVM loads in
lungs
We next quantified PVM viral loads in lungs of the different groups
(Fig. 3). First, infectious PVM virions in lungs were quantified by
plaque assay during 3 consecutive days after PVM challenge
(Fig. 3b). While FI-PVM vaccinated mice displayed lower PVM titres,
high PVM titres were detected in non-vaccinated groups.
Interestingly, MuHV-4/Ctrl Ags/PVM mice showed significantly
reduced PVM titres (Fig. 3b). These results were confirmed by
quantification of PVM genomic copies at day 6 after PVM infection
(Fig. 3c). To see if the protection conferred by MuHV-4 against PVM
replication could be explained by the improvement of early
antibody response, we characterized the anti-PVM neutralizing
antibody titres in the different groups (Fig. 3d). Results showed
development of neutralizing antibodies following FI-PVM vaccina-
tion without any significant difference between Mock and MuHV-4-
infected mice. Noticeably, in absence of previous FI-PVM vaccina-
tion, PVM infection did not induce protective levels of neutralizing
antibodies at day 6 p.i. neither in Mock nor in MuHV-4-infected
mice. Thus, collectively, these findings showed that MuHV-4
infection does not modulate the development of humoral adaptive
response but improves the early control of PVM replication.

MuHV-4 infection modulates the pulmonary response against PVM
challenge
To distinguish between local and systemic effects of MuHV-4
infection on the Th2 response, we firstly submitted FI-PVM
vaccinated Mock or MuHV-4-infected mice to respiratory or
footpad PVM challenges and assessed levels of proliferation and
cytokine production by MLN and popliteal lymph nodes (PLN)
cells respectively (Fig. 4). While this Ag recall assay confirmed a
lower production of IL4, IL5 and IL13 by MLN cells from MuHV-4/
FI-PVM/PVM mice compared with those from Mock/FI-PVM/PVM,
the proliferation and production of Th2 cytokines by PLN cells
were similar between groups (Fig. 4c). Interestingly, level of IFNγ
was comparable between Mock or MuHV-4 infected groups
regardless of the challenge site. This suggests that MuHV-4

Fig. 1 MuHV-4 infection inhibits the development of PVM-induced immunopathologies. a–j Thirty days after i.n. Mock or MuHV-4 infection,
BALB/c mice were vaccinated (2 s.c. injections of 10 µg of FI-PVM Ags or Ctrl Ags in 100 µL PBS at 14 days intervals), then challenged i.n. with
3.102 PFU of PVM (or PBS) and euthanized 5 days later. Experimental outline (a). Absolute numbers of total leucocytes, AMs, lymphocytes,
eosinophils and neutrophils in BALF (b) and in lung (e). Flow cytometry of BALF eosinophils (gated as live non-autofluorescent
SSChiCD11bintSiglecF+) (c) and neutrophils (gated as live non-autofluorescent CD11c−SSCintCD11b+Ly6G+) (d). Flow cytometry of lung
inflammatory eosinophils (gated as live CD45+ non-autofluorescent SSChiCD11c−CD11b+SiglecFhi) (f) and neutrophils (gated as live CD45+

non-autofluorescent SSCintCD11c−SiglecF−CD11b+Ly6G+) (g). Histological analysis of lung sections stained with hematoxylin and eosin (H&E)
(h). Cytokines concentration in BALF (i) and in supernatants of MLN cells assessed with or without restimulation for 3 days ex vivo with heat-
inactivated PVM (HI-PVM) (j). Data are presented as means ± SEM. *P ≤ 0.05; **P ≤ 0.01 and ***P ≤ 0.001 (one-way ANOVA and Bonferroni post-
tests). Data are representative of at least three independent experiments with five mice per group.
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infection does not affect PVM vaccine-induced sensitization
through systemic effects but instead modulates the respiratory
challenge.
To further confirm this hypothesis, we sensitized mice with PVM

Ags before infecting them i.n. with MuHV-4 or PBS as control. One
month later, mice were challenged i.n. with live PVM and the Th2
response was compared between groups (Fig. 4d). Although
MuHV-4 lung infection occurred after the sensitization phase, it
allowed significant inhibition of PVM vaccine-induced Th2
response upon respiratory challenge as revealed by the strong
reduction of eosinophils (Fig. 4e) and the inhibition of type 2

histopathological features (Fig. 4f). Altogether, these findings
indicate that MuHV-4 infection affects lung immunity and
interferes with the challenge phase of PVM vaccine-induced
immunopathology.

MuHV-4-trained AMs are not sufficient to inhibit PVM-induced
immunopathologies
We have recently shown that MuHV-4 causes the long-term
replacement of resident AMs by monocytes with regulatory
functions.11 In order to address the role of AMs from MuHV-4-
infected mice in the context of PVM respiratory challenge, we

Fig. 2 MuHV-4 infection confers clinical protection against PVM primary infection. a–c Thirty days after i.n. Mock or MuHV-4 infection,
BALB/c mice were vaccinated with FI-PVM Ags (or ctrl Ags), then challenged i.n. with 3·102 PFU of PVM (or PBS) and followed for weight
evolution and clinical score. Experimental outline (a). Analysis of weight curves divided into three successive periods of interest: i, MuHV-4
infection; ii, FI-PVM vaccination; iii, PVM infection (b). Survival of Mock and MuHV-4-infected mice after PVM infection (c). Data are presented
as means. ***P ≤ 0.001 (one-way ANOVA and Bonferroni post-tests; only statistics for relevant comparisons are shown). Data are representative
of at least three independent experiments with five mice per group.

A gammaherpesvirus licenses CD8 T cells to protect the host from. . .
M Dourcy et al.

802

Mucosal Immunology (2020) 13:799 – 813



adoptively transferred AMs from Mock or MuHV-4-infected mice
into naive recipient mice and submitted them either to PVM primo
infection (Fig. 5a–c) or to PVM vaccine protocol (Fig. 5d, e). Despite
the long-term engraftment of AMs from MuHV-4-infected mice
and the persistence of their phenotypic changes (revealed by
increased MHC-II expression), this adoptive transfer did not lead to
any difference in comparison with mice receiving AMs from Mock-
infected mice. Indeed, all mice succumbed to the PVM primary
infection (Fig. 5a–c) or developed strong eosinophilia in case of
PVM vaccine protocol (Fig. 5d, e), indicating that MuHV-4-trained
AMs are not sufficient or are not directly associated with the
protection against the PVM-induced immunopathologies.

Monocytes from MuHV-4-infected mice do not directly mediate
the clinical protection against PVM pneumopathology
Beyond monocyte-derived AMs, newly recruited monocytes
during PVM challenge could have a major effect in restricting

PVM replication and/or in dampening inflammation. Notably,
monocytes mobilized during acute MuHV-4 infection have been
shown to exhibit regulatory properties such as secretion of high
levels of IL-1011. First, we monitored monocytes infiltration in the
airways during PVM-induced inflammation and observed massive
recruitment of inflammatory monocytes at day 7 after primary
PVM infection while no significant increase was observed in the
context of type 2 response (Fig. 6a, b).
Second, we analyzed the phenotype of monocytes isolated at

day 7 after PVM challenge from Mock or MuHV-4-infected mice
(Fig. 6c–e). While we observed a significant upregulation of Sca-1
and IL-15Rα on Mock/PVM monocytes reflecting likely IFN-I
signalling,29,30 monocytes from MuHV-4/PVM group displayed a
strong upregulation of MHC-II potentially associated with reg-
ulatory properties.11,31 Intracellular stainings revealed an
enhanced production of TNFα and iNOS by Mock/PVM monocytes
compared with MuHV-4/PVM monocytes confirming the

Fig. 3 MuHV-4 infection reduces lung PVM loads independently of the humoral response. a–d Thirty days after i.n. Mock or MuHV-4
infection, BALB/c mice were vaccinated with FI-PVM Ags (or Ctrl Ags), then challenged i.n. with 3·102 PFU of PVM (or PBS) and euthanized 5, 6
or 7 days later. Experimental outline (a). Infectious PVM virions in lungs at days 5, 6 and 7 after PVM i.n. challenge (b). PVM genomic copies in
lungs at day 6 after PVM challenge. Statistics are highlighted for differences between Mock/Ctrl Ags/PVM and MuHV-4/Ctrl Ags/PVM groups.
(c). Neutralisation of purified PVM virions by diluted sera from BALB/c mice euthanized at day 6 after PVM i.n. challenge (d). Data are presented
as means ± SEM (and individual values in c). *P ≤ 0.05 and ***P ≤ 0.001 (one-way ANOVA and Bonferroni post-tests). Data are representative of
two independent experiments.
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Fig. 4 MuHV-4 infection does not affect the PVM vaccine sensitization phase but significantly impairs the Th2 response upon PVM
respiratory challenge. a–c Thirty days after i.n. Mock or MuHV-4 infection, BALB/c mice were vaccinated with FI-PVM Ags, then challenged i.n.
or in footpad with the equivalent of 5·104 PFU of inactivated PVM virions (or PBS) before euthanasia 5 days later. Experimental outline (a). Ex
vivo mediastinal lymph node (MLN) or popliteal lymph node (PLN) cells proliferation (b) and cytokine production (c) after restimulation for 48
h with heat-inactivated (HI) PVM Ags. d–f BALB/c mice were primary vaccinated (2 s.c. injections of 10 µg of FI-PVM Ags at 14-day intervals)
then i.n. Mock or MuHV-4 infected and finally challenged i.n. 30 days later with 3·102 PFU of PVM (or PBS). Experimental outline (d). Absolute
numbers of total leucocytes, of AMs, of lymphocytes, of eosinophils and of neutrophils in BALF (e). Histological analysis of lung sections
stained with hematoxylin and eosin (H&E) (f). Data are presented as means ± SEM. ***P ≤ 0.001, **P ≤ 0.01 and *P ≤ 0.05 (one-way ANOVA and
Bonferroni post-tests).
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Fig. 5 MuHV4-trained AMs are not directly associated with the protection against PVM-induced immunopathologies. a–c Mock-infected
CD45.1+ recipient BALB/c mice received no AMs or were transferred i.n. with AMs purified from BALF of CD45.2+ donor mice Mock infected or
infected (for 30 days) i.n. with MuHV-4. Three days after cell transfer, recipient mice were infected i.n. with 3·102 PFU of PVM and were
monitored for weight loss until euthanasia. Experimental outline (a). Evolution of weight (b). Flow cytometry (c) of cells from BALF (6 days after
PVM intranasal challenge) to assess chimerism (CD45.1 vs CD45.2) of AMs (live CD45+ autofluorescent CD11c+); expression of MHC class II by
resident and transferred AMs and proportion of BALF neutrophils (gated as live non-autofluorescent CD11c−SSCintCD11b+Ly6G+), monocytes
(live non-autofluorescent CD11c−CD11b+Ly6G−Ly6C+) and T cells (live non-autofluorescent CD11b−Ly6G-MHC-II−CD3+). d, e Mock-infected
CD45.1+ recipient BALB/c mice were transferred or not with AMs as described in (a) before being vaccinated by FI-PVM, then i.n. challenged
with 3·102 PFU of PVM and euthanized 7 days later. Experimental outline (d). Flow cytometry of cells from BALF (e) to assess chimerism of AMs,
expression of MHC class II by resident and transferred AMs as described in panel c, and, proportion of eosinophils (live non-autofluorescent
CD11c−SSChiCD11bintSiglecF+ in BALF).
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exacerbated pro-inflammatory profile of these cells in absence of
previous MuHV-4 infection.
Finally, to investigate if monocytes are the main determinants

of worsening (in Mock/PVM mice) or regulation (in MuHV-4/PVM

mice) of inflammation after PVM infection, antibody-mediated
depletion of CCR2+ cells was performed32 from day 3 to day 7
after PVM challenge (Fig. 6f). Despite significant monocyte
depletion (Fig. 6g), all Mock/PVM mice showed equivalent clinical
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signs and were all euthanized at day 7 for ethical reasons. By
contrast, all MuHV-4-infected mice were fully protected against
PVM immunopathology, regardless of the presence or not of
monocytes (Fig. 6h–j). Accordingly, numbers of PVM plaque
forming units (PFUs) in the lungs (Fig. 6h) were similar between
depleted or not depleted mice but significantly reduced in MuHV-
4 compared with Mock-infected mice. Thus, despite previous
MuHV-4 priming, monocytes do not directly modulate immune
defence against heterologous PVM infection.

MuHV-4 infection improves the effector CD8 response against
PVM through MuHV-4 and PVM specific CD8 T cells
MuHV-4-infected mice display increased number of CD8 T cells in
the airways (Fig. 1b). To characterize the response of these cells, we
compared the phenotype of lung CD8 T cells isolated from Mock
and MuHV-4-infected mice submitted to the PVM vaccine protocol
or to the PVM primo-infection (Fig. 7a–c). This experiment revealed
that MuHV-4 infection results in accumulation of lung memory CD8
T cells displaying an enhanced ability to produce IFNγ (Fig. 7b, c). In
particular, MuHV-4/FI-PVM/PVM mice displayed the higher percen-
tage of CD8 T cells producing IFNγ (Fig. 7b, c). It has been shown in
other models that viral infections induce infiltration of lung
memory CD8 T cells that contribute not only to immune defence
against re-infection with the same virus,33,34 but also against
infection with unrelated viruses.35 Therefore, to test the specificity
of this better CD8 T cell response, we assessed MuHV-4 and PVM
specific lung CD8 T cells response with H-2Kd-peptide tetramers
(Fig. 7d, e). Interestingly, beside the expected presence of MuHV-4-
specific CD8 T cells in all MuHV-4-infected mice, this experiment
highlighted that MuHV-4/Ctrl Ags/PVM displayed a better CD8
response against PVM than corresponding mice non-infected by
MuHV-4 (Fig. 7d, e). As expected, ex vivo restimulation of lung cells
with either MuHV-4 or PVM peptides (Fig. 7f, g) identified MuHV-4-
specific CD8 T cells in MuHV-4-infected mice and PVM-specific CD8
T cells in PVM-infected mice. Strikingly, higher numbers of IFNγ+

CD8 T cells were observed in MuHV-4/Ctrl Ags/PVM after
restimulation with either MuHV-4 or PVM peptides (Fig. 7f, g).
These results highlight therefore that MuHV-4 infection induces the
presence of MuHV-4 specific memory CD8 T cells. Importantly, it
also shows that, upon PVM heterologous challenge, more PVM-
specific CD8 T cells are observed in MuHV-4-infected mice. Finally,
both MuHV-4 and PVM peptides induce higher numbers of IFNγ+

CD8 T cells in MuHV-4/Ctrl Ags/PVM mice.
To further investigate whether the MuHV-4-enhanced CD8

T cells response is necessary for the protection against PVM-
induced pneumopathologies, we treated mice with anti-CD8
depleting antibodies at PVM challenge (Fig. 8a–i). While this
protocol only partially depleted lung CD8 T cells (Fig. 8b, f), it
profoundly affected PVM-induced immunopathologies. Indeed,
CD8 T cells depletion impaired the capacity of MuHV-4 infection to
protect against pneumovirus vaccine-related Th2 hypersensitivity
(Fig. 8c, d). Similarly, depletion of these cells reduced the capacity
of MuHV-4-infected mice to control PVM replication and markedly
increased weight loss and clinical score of these mice (Fig. 8g–i).

Finally, in order to test if lung CD8 T cells from MuHV-4-infected
mice are sufficient for the protection against PVM-induced
pneumopathologies, we adoptively transferred lung CD8 T cells
isolated from mice infected by MuHV-4 for 1 month to recipient
mice previously vaccinated with FI-PVM or control Ags. One day
after transfer, these mice were infected with PVM (Fig. 8j–n). While
CD8 T cells from MuHV-4-infected mice did not prevent from lung
eosinophilia in the PVM vaccine-induced immunopathology, they
provided protection against PVM infection in non-vaccinated mice
as revealed by the absence of weight loss and pulmonary
neutrophilia (Fig. 8m, n).
Altogether, these results demonstrate that the MuHV-4

enhanced CD8 T cells response is required for protection of
MuHV-4-infected mice against both PVM-induced immunopathol-
ogies. Moreover, these cells are sufficient to mediate protection
against the PVM-induced disease in non-vaccinated mice.

DISCUSSION
There is considerable variation in disease susceptibility between
individuals. While genetic factors account for at most 50% of the
immune variation, environment, and especially symbiotic and
pathogenic microorganisms, appears to be the main determinant
of immunological diversity.10,36 This diversity is particularly
observed for RSV infections in children and ranges from mild
symptoms to severe pneumopathology requiring hospitaliza-
tion.37 While RSV-induced immunopathologies are not yet well
defined, identification of key environmental factors shaping these
responses could contribute to develop new prevention
approaches and therapies. In this study, we examined how the
immunological environment of a previous ɣHV infection impacts
the development of pneumovirus-induced diseases. We found
that MuHV-4 infection strongly attenuates Th2 PVM vaccine-
enhanced disease without preventing the development of an anti-
PVM vaccine immunity. Moreover, we also observed that previous
MuHV-4 infection confers clinical protection against heterologous
PVM infection which is otherwise lethal. In both cases, CD8 T cells
appeared to be central to this protection.
The FI-PVM vaccine used in this study was prepared similarly to

the RSV “lot 100” vaccine tested in the early 1960s. This vaccine
led to the development of severe respiratory complications when
vaccinated children subsequently encountered natural RSV infec-
tion (80% had to be hospitalized with 2 death cases).3 Several
decades later, there is yet no licensed RSV vaccine despite 50 years
of effort to understand the pathogenesis of this vaccine-enhanced
disease and to develop new vaccine approaches.38 Here, we
showed that while FI-PVM vaccine induced a similar neutralizing
antibody response in both Mock and MuHV-4-infected mice
(Fig. 3), MuHV-4 infection completely protected against vaccine-
mediated Th2 immunopathology (Fig. 1). Moreover, protection
was also observed when MuHV-4 infection occurred after FI-PVM
vaccination (Fig. 4). This therefore suggests that the immune
environment in which infectious pneumovirus challenge is
encountered is of major importance and not the immune

Fig. 6 Monocytes from MuHV-4-infected mice do not directly mediate clinical protection against PVM. a, b Thirty days after i.n. Mock or
MuHV-4 infection, BALB/c mice were vaccinated with FI-PVM Ags (or ctrl Ags), then challenged i.n. with 3·102 PFU of PVM (or PBS) and
euthanized 5 days later. Experimental outline (a). Flow cytometry quantification of monocytes in BALF and in lung (live CD45+ non-
autofluorescent CD11c−CD11b+Ly6G-Ly6C+) (b). c–e BALB/c mice were infected or not with MuHV-4, challenged i.n. 30 days later with 3·102

PFU of PVM (or PBS) and euthanized 7 days later. Experimental outline (c). Frequency of Sca1+, MHC-IIhi, IL15Rα+, TNFα+ or iNOS+ lung
monocytes (gated as in b) (d). Flow cytometry of lung cells pre-gated as neutrophils (live CD45+ non-autofluorescent CD11c−SSCintCD11-
b+Ly6G+) or as monocytes (live CD45+ non-autofluorescent CD11c−CD11b+Ly6G−Ly6C+) (e). f–j BALB/c mice were infected or not with
MuHV-4, challenged i.n. 30 days later with 3·102 PFU of PVM (or PBS) and treated i.p. with anti-CCR2 depleting antibodies (20 µg) or isotype
controls at days 3, 4, 5, 6 after PVM challenge. Experimental outline (f). Absolute numbers of lung monocytes (gated as in b) (g). Quantification
of infectious PVM virions in lungs at day 7 after PVM challenge (h). Comparison of weight curves (i) and of clinical score (j) between groups.
Data are presented as means ± SEM (b, d, i, j) or as means and individual values (g–h). ***P ≤ 0.001, **P ≤ 0.01 and *P ≤ 0.05 (one-way ANOVA
and Bonferroni post-tests). The data are representative of two independent experiments.
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Fig. 7 MuHV-4 infection improves the effector CD8 T cells response against PVM. a–g Thirty days after i.n. Mock or MuHV-4 infection, BALB/
c mice were vaccinated with FI-PVM. Ags (or ctrl Ags), then challenged i.n. with 3·102 PFU of PVM (or PBS) and euthanized 7 days later.
Experimental outline (a). Absolute numbers of total lung leucocytes (live CD45+) and effector memory T cells (live CD45+ non-autofluorescent
CD11c−CD11b-CD3+CD8+CD62L-CD44 hi); frequency and absolute numbers of IFNγ+ effector memory T cells after restimulation with PMA
and ionomycin during 4 h before intracellular staining (b). Representative flow dot plots of CD8 T cells and IFNγ+ CD8 T cells (live CD45+ non-
autofluorescent CD11c−CD11b-CD3+CD8+CD62L−CD44hi) (c). Representative flow dot plots (d) and total numbers (e) of MuHV-4 specific
ORF65131–140 H-2Kd tetramer and PVM specific P261–270 H-2Kd tetramer stainings of lung cells 7 days after PVM challenge. Representative flow
dot plots (f) and total numbers (g) of lung IFNγ+ CD8 T cells (live CD45+ non-autofluorescent CD11c−CD11b−CD3+CD8+CD62L−CD44hi) after
restimulation with MuHV-4 specific peptides (M291–99 and ORF65131–140) or with PVM specific peptides (P261–269 and F304–313) during 4 h before
intracellular staining. Data are presented as means ± SEM. *P ≤ 0.05; **P ≤ 0.01 and ***P ≤ 0.001 (one-way ANOVA and Bonferroni post-tests).
Data are representative of two independent experiments.
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environment in which the vaccine is administered. These results
obtained with MuHV-4 can be paralleled with the fact that
previous immunity to influenza virus protects from the immuno-
pathology induced by an RSV attachment protein vaccine.39 These

observations could help us rethinking the cause of this
immunopathology and to develop new prevention approaches
against pneumoviruses based on the education of the lung
microenvironment.
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This immune environment appeared also to be important in the
context of PVM primary infection as it determined the nature of
the inflammation and survival of the mice (Figs. 1 and 2). The
influence of other microorganisms on lung microenvironment and
on subsequent pneumovirus infections had already been
described. Thus, oral supplementation with Lactobacillus johnsonii
mediates airway mucosal protection through immunomodulatory
metabolites and altered function of immune cells such as
dendritic cells.40 These results remind also the concept of
heterologous anti-viral immunity that takes into account the
influence that immune responses to one virus can have on that of
another.41,42

Here, we showed that MuHV-4 infection induced a long-term
infiltration of CD8 T cells in the lung, capable to express protective
effector functions in response to heterologous challenge (Fig. 7).
These results are in contrast with many studies on RSV infection in
mice that have shown that RSV-specific CD8 T cells are involved in
immunopathology leading to exacerbated morbidity and mortal-
ity.43–48 In that context, it is important to note that RSV replication
in mice differs from infection in humans and the model also lacks
several pathological features of RSV natural infection in infants,
including the predominance of neutrophils in airway exudates and
the extensive bronchiolar epithelial destruction.49 The use of PVM
in mice allows us to assess the potential involvement of CD8
T cells in a natural host–pathogen relationship. Interestingly, we
showed that lung MuHV-4 experienced CD8 T cells play a crucial
role in the provided protection against both PVM-induced
immunopathologies. Indeed, CD8 T cells infiltrating the lung after
MuHV-4 infection appeared to be necessary (Fig. 8e–i) and
sufficient (Fig. 8j–n) to inhibit the PVM primary pathology. In
contrast, they were required (Fig. 8a–d) but unable to protect
alone (Fig. 8j–n) from the Th2 PVM vaccine-enhanced disease. This
absence of protection could be related to this particular
experimental design but could also reveal that other partners
are required in that context.
Another question was related to the mode of activation and to

the specificity of these CD8 T cells. We first showed that MuHV-4
infected mice display more effector memory CD8 T cells in the
lung than their Mock-infected counterparts (Fig. 7b, c). Interest-
ingly, these cells appeared to be more reactive to ex vivo non-
specific restimulation (Fig. 7b, c). This therefore suggest that,
in vivo, these effector memory CD8 T cells could be easily
activated upon PVM challenge through TCR-independent bystan-
der activation as described.50,51 Second, a large proportion of
these cells is likely MuHV-4 specific as revealed by tetramer
staining (Fig. 7d, e). Interestingly, after PVM superinfection, these
cells responded better to ex vivo restimulation with MuHV-4
peptide suggesting here also some degree of pre-activation by
this heterologous PVM infection (Fig. 7f, g). Importantly, these
MuHV-4-experienced CD8 T cells were sufficient to confer
complete protection against PVM infection (Fig. 8j–n). Finally,
MuHV-4 infected mice developed also a better specific CD8

response against PVM as revealed by PVM-specific tetramer
staining (Fig. 7d, e) and ex vivo restimulation with a PVM peptide
(Fig. 7f, g). This observation could be explained by an indirect role
of these MuHV-4 experienced CD8 T cells in triggering recruitment
and/or activation of other immune players.52 Similarly to what has
been shown in other models,53 these CD8 T cells producing IFNγ
could act as “helper” cells, supporting the ability of dendritic cells
to produce cytokines such as interleukin-12 (IL-12) p70 and
promoting therefore specific heterologous CD8 response against
PVM. This relationship will have to be studied in the future. These
CD8 T cells could also have a regulatory phenotype as already
observed after MuHV-4 infection.54 Accordingly, in the PVM
primary infection model, we observed a significant production
of IL-10 in the BAL (Fig. 1i) suggesting that these CD8 T cells could
mediate protection through immunomodulatory effects. Further
experiments will have to be performed to distinguish between an
improved viral clearance and regulation of immunopathology or
both. Finally, we have recently shown that MuHV-4 protects
against allergic asthma by inducing the long-term replacement of
resident AMs with regulatory monocytes.11 As monocytes are also
recruited during primary PVM infection (Fig. 6), we hypothesized
that monocytes from MuHV-4-infected mice, primed for regulatory
functions, could prevent development of PVM-induced immuno-
pathology. In contrast, in Mock-infected mice, monocytes could
trigger or reinforce deleterious inflammation upon PVM infection.
However, depletion of monocytes during PVM i.n. infection did
not lead to any difference in clinical signs nor in control of viral
burden. While this result has allowed ruling out a direct influence
of pre-educated monocytes on the outcome of PVM challenge, it
did not exclude a potential importance of monocytes, recruited
during the acute phase of MuHV-4 infection, in educating lung
CD8 T cells for long-term enhanced cytotoxic capacities. Crosstalk
between monocytes and lung infiltrating CD8 T cells following
MuHV-4 infection will therefore need to be investigated more
deeply.
Similarly, CD8 T cell homing to the respiratory mucosa after

adenovirus infection has been shown to induce long-lasting
modifications on AMs, beneficial to host defence against bacterial
superinfection.55 Here, adoptive transfer of AMs from MuHV-4
infected mice was not sufficient to prevent PVM-induced
immunopathologies (Fig. 5). However, host resident AMs, not
affected by MuHV-4, were still present and could have supported
active PVM replication,56 eliciting the release of pro-inflammatory
mediators57 such as IL-6.28 It could be worthwhile in the future to
distinguish between the potential deleterious impact of the host
AMs during PVM acute infection and the regulatory role of MuHV-
4-trained AMs,11 and to decipher the role of CD8 T cells in that
context.55

Altogether, our results have shown that previous ɣHV infection
induce a profound immunomodulation allowing protection of the
host from pneumovirus-induced diseases. CD8 T cells appeared to
play a central role in this protection. These results open

Fig. 8 CD8 T cells infiltrating the lung after MuHV-4 infection are necessary and sufficient to protect from PVM primary infection. a–d
BALB/c mice were infected or not with MuHV-4, submitted to PVM vaccination, challenged i.n. 30 days later with 3·102 PFU of PVM and treated
i.p. with anti-CD8 depleting antibodies (100 μg) or isotype controls at days −4, −2, 0, and 2 after PVM i.n. challenge. Mice were euthanized at
day 5 after PVM challenge. Experimental outline (a). Absolute numbers of effector memory CD8 T cells and of IFNγ+ effector memory CD8
T cells in lungs (live CD45+ non-autofluorescent CD11c−CD11b-CD3+CD8) (b). Absolute numbers of eosinophils (live non-autofluorescent
SSChiCD11bintSiglecF+), and of neutrophils (live non-autofluorescent CD11c−SSCintCD11b+Ly6G+) in BALF (c) or in lung (d). (e–i) BALB/c mice
were infected or not with MuHV-4, challenged i.n. 30 days later with 3·102 PFU of PVM, and treated i.p. with anti-CD8-depleting antibodies
(100 μg) or isotype controls at days −4, −2, 0, 3, 5 after PVM i.n. challenge. Mice were euthanized at day 7 after PVM challenge. Experimental
outline (e). Absolute numbers of effector memory CD8 T cells and of IFNγ+ CD8 T cells in lungs (live CD45+ non-autofluorescent
CD11c−CD11b−CD3+CD8+CD62L−CD44hi) (f). Quantification of infectious PVM virions in lungs (g). Comparison of weight curves (h) and of
clinical score (i) between groups. (j–n) CD8 T cells were purified from CD45.2+ BALB/c mice infected for 1 month with MuHV-4 and adoptively
transferred into Mock CD45.1 BALB/c mice previously submitted or not to the FI-PVM vaccine protocol. Recipient mice were then challenged i.
n. with 3·102 PFU of PVM and euthanized 6 days later. Experimental outline (j). Representative flow plots of CD45.1+ and CD45.2+ CD8 T cells
(live CD45+non-autofluorescent CD11c−CD11b−CD3+CD8+) isolated from BALF (k) and lung (l) of PVM challenged recipient mice.
Comparison of weight curves between groups (m). Absolute numbers of BALF and lung eosinophils (gated as in c, d) (n).
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perspectives for vaccination against pneumoviruses and highlight
that some so-called pathogens could be revealed as beneficial for
their host.

METHODS
Mice
Female BALB/c mice (Envigo, Venray, The Netherlands) were
housed according to the guidelines of the European Convention
for the Protection of Vertebrate Animals used for Experimental
and other Scientific Purposes (CETS no. 123). The protocol was
approved by the Committee on the Ethics of Animal Experiments
of the University of Liege (Permit nos. 1367 and 1706). Mice were
used at 7–8 weeks of age and were randomly assigned to the
various groups.

Cells
BHK-21 fibroblasts (ATCC CCL-10) and Raw 264.7 (ATCC TIB-71)
were grown in DMEM supplemented with 2 mM glutamine, 100 U
penicillin/mL, 100mg streptomycin/mL and 10% FCS.

Viruses
The wild type MHV-68 strain of MuHV-4 was grown on BHK cells
and was purified and titrated as described.11 The highly
pathogenic strain J3666 of PVM was maintained via continuous
in vivo passages. Stocks were produced in vitro in BHK-21 cells at
32 °C, concentrated and purified (sucrose cushion and tartrate
gradient as decribed11). Infectious PVM particles were quantified
by plaque assay in BHK-21 cells.

Mouse infections and challenge with inactivated PVM
I.n. infections (in 50 µl of PBS) were performed under isoflurane
anaesthesia with 1·104 PFU in the case of MuHV-4 and with 3·102

PFU in the case of PVM. Mock-infected mice received 50 μl of PBS.
For the inactivated PVM challenge, mice received the equivalent
of 5.104 PFU of PVM inactivated in 0.1% Triton X-100 for 3 h at 4 °C.

PVM vaccine preparation and administration
FI-PVM Ags were prepared as described.16 RAW 264.7 cell line
were inoculated with PVM at a multiplicity of infection of 0.05.
Ninety-six hours after infection, the cells were scraped and
sonicated to release cell-associated virions. Infected-cell debris
were removed by low-speed centrifugation (1000 × g, 20 min) and
formalin was added (1/3000) to the clarified supernatants for 48 h
at 37 °C. FI-PVM were collected by ultracentrifugation (100,000 × g,
2 h), washed twice with cold PBS and finally resuspended in PBS.
Protein concentration was determined by Bradford assay. Ctrl Ags
were produced similarly from parallel cultures of uninfected RAW
264.7 cells. The loss of infectivity was confirmed by plaque assay.
Isoflurane anesthetized mice were inoculated subcutaneously (s.c.)
on days 0 and 14 with either 100 µl containing 10 µg FI-PVM in
alum adjuvant (Pierce Biotechnology), Ags/alum ratio 3/1, or with
100 µL Ctrl Ags with alum in parallel.

Clinical evaluation
The clinical scoring was performed in accordance with the
evaluation grids provided by the local ethical commission. Mice
were assessed daily for weight loss and clinical symptoms. In
particular, different parameters were monitored: activity, posture,
gait, coat, type of respiration, state of activity, and deshydratation.
Excessive loss of body weight (>25%) or obvious sign of suffering
were considered as limit points in the experiments.

ELISA, quantitative PCR, and measurement of PVM viral loads
Quantification of MuHV-4 specific antibodies by ELISA and
quantification of MuHV-4 genomic and cellular DNA copies by
quantitative PCR were performed as described.58 PVM genomes
from lung tissue were measured by quantitative RT-PCR with dual

standard curve as previously described.16 Infectious PVM loads at
euthanasia were quantified by plaque assay from co-culture of
lung homogenate dilutions with BHK-21 permissive cells.

Anti-PVM neutralisation assay
Serum was serially diluted (1/3 to 1/729) in DMEM. PVM virions
(100 PFU) were incubated at 37 °C for 2 h with 200 µL of each
serum dilution. Samples were then titrated on BHK-21 cells.

BAL, cytology, and cytokine measurement
After euthanasia, the trachea was catheterized and BAL was
performed by two consecutive flushes of the lungs with 1 ml of
ice-cold PBS containing EDTA and protease inhibitors. Cell density
in BALF was determined using a hemocytometer after Tuerk
solution staining (Sigma-Aldrich). Differential cell counts in BALF
were determined by flow cytometry. Concentrations of BALF
cytokines were measured by ELISA (Ready-SET-Go, eBioscience).

Lung histology
Lungs were fixed in 5% formalin, paraffin embedded and cut into
5-μm sections that were then stained with hematoxylin-eosin
before analysis.

Preparations of cell suspension from organs
To harvest lung cells, mice were perfused with ice-cold PBS
through the right ventricle. Lung lobes were then collected into
HBSS medium containing 1mg/ml collagenase D (Roche) and 50
μg/ml DNase I (Roche), processed with a gentleMACS dissociator
(Miltenyi) and incubated for 30 min at 37 °C. Cell suspensions were
finally washed and treated with erythrocytes lysis buffer
(eBioscience). For MLN and PLN cells, LNs were harvested, and
single-cell suspensions were prepared using a sterile syringe
plunger. For all preparations, cells were finally strained through a
70 µm filter.

Restimulation of MLN and PLN cells
A total of 2·105 LN cells were cultured in a 96-well plate in RPMI
medium supplemented with 2 mM glutamine, 100 U penicillin/mL,
100mg streptomycin/mL, 10% FCS and 50 µM β-mercaptoethanol,
with or without heat-inactivated (HI)-PVM (equivalent of 2·105 PFU
inactivated by incubation during 30min at 70°). After a 4-day
culture at 37 °C, total cells were counted to estimate proliferation
and culture supernatants were assayed for IL-4, IL-5, IL-13 and IFN-
ɣ by ELISA (Ready-SET-Go, eBioscience). For restimulation with
peptides, cells were stimulated with MuHV-4 specific peptides
(M291–99 and ORF65131–140) or with PVM-specific peptides (P261–269

and F304–313) at 37 °C during 4 h before intracellular staining.

Flow cytometry
Labelling of cells was performed at 4° in FACS buffer (PBS
containing 0.5% BSA, 2 mM EDTA and 0,01% sodium azide). Cells
were first incubated for 20min with a purified rat anti-mouse
CD16/CD32 (eBioscience) to block Fc binding. Multicolour staining
was performed for 30 min by using various panels of
fluorochrome-conjugated antibodies: antibodies to CD45 (30-
F11, BV510 or PE-Cy7), MHC-II (M5/114.15.2, PE-Cy7 or efluor 450),
CD3e (145-2C11, APC-Cy7, APC or PE), CD8 (53-6.7, AlexaFluor488,
APC or PE), CD4 (RM 4-5, PerCP-Cy5.5 or APC), CD19 (MB19-1, APC-
Cy7), Ly6G (1A8, APC-Cy7 or APC), SiglecF (E50-2440, Alexa-
Fluor647 or PE), CD11b (M1/70, APC-eFluor780 or BV711), CD11c
(N418, PerCP-Cy5.5 or AlexaFluor700), Ly6C (HK1.4, BV785 or PE-
Cy7), and Ly6A/E (D7, FITC), CD215 (DNT15Rα, PE), CD44 (IM7, PE-
cy7), CD62L (MEL-14, FITC), CD45.1 (A20, APC), CD45.2 (1O4, V500)
from BioLegend or from BD Biosciences and antibody to CCR2
(475301, PE), from R&D Systems. Dead cells were stained using
Fixable Viability Stain 510 (0.4 µgml−1, BD Bioscience,) or Fixable
Viability Dye eFluor780 (1000× dilution, eBioscience). For intracel-
lular cytokine staining, cells were cultured at 37 °C in RPMI
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medium complemented with 2 mM glutamine, 100 U penicillin
ml−1, 100mg streptomycin ml−1 and 5% FCS for 4 h in the
presence of brefeldin A (10 µgmL−1, eBioscience), monensin (2
µM, eBioscience), and restimulating agent. To achieve unspecific
restimulation, cells were incubated with phorbol 12-myristate 13-
acetate (PMA, 20 ngmL−1, Sigma-Adlrich) and ionomycin (1 µg
mL−1, Sigma-Adlrich). Following surface and viability stainings,
cells were fixed in 2% paraformaldehyde overnight and washed
with permeabilization buffer (eBioscience) before being incubated
with antibodies against IFN-γ (clone XMG1.2, PE, BioLegend), TNFα
(MP6-XT22, BV711, BioLegend) or NOS2 (CXNFT, PE, eBioscience),
in permeabilization Buffer for 20 min at 4 °C. For intranuclear
staining for transcription factors, cells were fixed and permeabi-
lized using Foxp3/Transcription factor staining buffer set
(eBioscience) following the manufaturer’s instruction and incu-
bated 20min at 4 °C with antibody against either GATA-3 (TWAJ,
PE) or FoxP3 (FJK-16s, eFluor 450) from eBioscience diluted in
permeabilization buffer. All samples were processed on a BD LSR
Fortessa X-20, equipped with 50-mW violet 405-nm, 50-mW blue
488-nm, 50-mW yellow–green 561-nm and 40-mW red 633-nm
lasers. Data were analyzed with FlowJo v10 (Treestar).

Tetramer staining
MHC/peptide tetramers for MuHV-4 ORF65131–140 H-2Kd and PVM
P261–270 H-2Kd epitopes, conjugated to phycoerythrin and
allophycocyanin respectively were obtained from the National
Institutes of Health Tetramer Core Facility (Emory University,
Atlanta, GA). Lung cells were stained with tetramers for 30 min at
RT and further stained with antibodies against surface markers as
described above.

AM and CD8 isolation and transfer
AMs were purified by positive CD11c MACS selection (Miltenyi
Biotech), according to the manufacturer’s protocol, from BALF of
mock or MuHV-4 infected mice 30 days after infection. AM purity
was checked by flow cytometry (autofluorescent CD11c+ living
cells) and was confirmed to be >95%. For transfer experiments,
8 × 105 AMs in 75 µl of PBS were injected i.n. into naive CD45.1+

congenic BALB/c mice under isoflurane anesthesia. Three days
after AM transfer, recipient mice were superinfected with PVM or
vaccinated with FI-PVM twice and superinfected with PVM as
described in Fig. 5.
CD8 T cells were purified by negative CD8 MACS selection

(Miltenyi Biotech), according to the manufacturer’s protocol, from
lung of CD45.2+ mice infected with MuHV-4 for 30 days. CD8
T cells purity was checked by flow cytometry (non-autofluorescent
CD45+CD11c−CD3+CD8+ living cells) and was confirmed to be
>90%. A total of 106 CD8s in 75 µl of PBS were injected i.n. under
isoflurane anesthesia into naive CD45.1+ congenic BALB/c mice
that have been previously submitted or not to FI-PVM vaccine
protocol. One day after CD8 transfer, recipient mice were
superinfected with PVM as described in Fig. 8.

In vivo antibody treatments and monocyte or CD8 depletion
For monocyte depletion, α-CCR2 antibody (clone MC21, 20 μg/
dose in 200 μL PBS, i.p.) was administered for 5 consecutive days.
A similar concentration of rat IgG was used as a control antibody.
CD8 T cells were depleted by treating mice with an α-CD8
antibody (clone YTS 169.4, 100 μg/dose in 200 μL PBS, i.p.) 4 or 5
times every other days. Control mice received rat IgG at a similar
concentration at the indicated time points.

Statistical analysis
Each experiment was repeated at least two times, n ≥ 5 in each
experimental group. Data were presented as individual values or
means ± SEM. The differences between mean values were
calculated by the use of ANOVA-1 followed by Bonferroni post-
test. p values ≤ 0.05 were considered as statistically significant.
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