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Table 1. 1L-5 and IFN~y expression of nasal mucosal T lymphoocytes from
OVA-sensitized mice”

RSV-infected mice (%) Sham-infected mice (%)

6.2
114

11.9
17.4

IL-5
1FN-v

OVA, ovalbumin; RSV, respiratory syncytial virus.
*Mean of two groups and each group consisted of T lymphocytes collected
from nasal mucosa of seven mice.
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Fig. 2. The number of nasal rubbing attacks in ovalbumin (OVA)-
sensitized mice following OVA provocation. Respiratory syncytial virus
(RSV) infection in OVA-sensitized mice induced a dramatic enhancement of
number of attacks. The anti-IL-5 treatment reduced the enhancement in
some degree and the topical administration of the neurckinin (NK)-1/NK-2
receptor antagonist did more.
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Fig. 3. The number of eosinaphils in the nasal mucosa. Respiratory
syncytial virus (R8VY) infection markedly increased the eosinophil infiltration
in ovalbumin (OVA)-sensitized mice. The treaiment with anti-IL-5-anti-
bodies reduced the number significantly but not with neurokinin (NK)-1/NK-
2 receptor antagonists,

RSV replication on day 4 was significantly reduced in
OV A-sensitized mice. However, the use of anti-IL-5 did not
exhibit any influence on viral replication and no reduction in
viral shedding was observed in anti-IL-5-treated OVA-
sensitized mice (Fig. 5).

Discussion

The above studies were designed to examine the mechanism
of nasal hypersensitivity observed during viral infections. A

murine RSV infection model was used in which the
quantitative analysis of nasal rubbing attacks was evaluated
as a measure of nasal hypersensitivity. Sneezes in mice are not
clearly distinguishable as in humans and are difficult to
guantify precisely. The evaluation of nasal obstruction is also
difficult, because mice cannot survive by breathing orally.
BALB/c mice are known to be sensitive to allergic reactions
[27], particularly in the lower respiratory tract, although their
nasal reactivity to histamine and other antigens is quite low
(data not shown). While C57BL/6 mice are known to mount a
Thl dominant immune response {28], IgE production is
inducible in these animals if the correct adjuvant, such as
alum, is used, and nasal hypersensitivity can be observed after
the topical administration of histamine or antigens. In light of
the above and because RSV replication in the nose of BALB/
c mice is tolerated well by these animals, we chose to use
C57BL/6 mice in our study.

The observations summarized in this report suggest that
experimentally induced infection with RSV results in
significant enhancement of nasal sensitivity to OVA and
histamine in previously sensitized animals. OVA-sensitized
animals also exhibited increased expression of IL-5 and IFN-
v and pronounced accumulation of eosinophils in the nasal
mucosa after RSV infection.

The mechanisms underlying the development of hypersen-
sitivity states after viral infections such as RSV have not been
clinically defined. It is possible that viral infection-associated
mucosal damage; recruitment of mast cells, eosinophils and
other cellular mediators of hypersensitivity; and activation of
cholenergic, adrenergic or non-adrenergic non-cholinergic
neurogenic mechanisms may play an important role in the
development of mucosal hypersensitivity states [29-31}.

In the present studies, pre-treatment with anti-IL-5 resulted
in significant decrease in the accumulation of eosinophils.
However, such treatment did not influence the degree of viral
induced hypersensitivity. In fact, anti-IL-5 treatment was
associated with decreased viral elimination in the nasal cavity,
and as a resull cosinophils may be associated with accelerated
RSV elimination. It has been shown that eosinophil cationic
protein and eosinophil-derived neurotoxin may act as
rebonuclease-dependent antiviral agents [32]. In the present
studies, it is interesting to note that use of IFN-y was
associated with increasing eosinophil counts but did not
influence nasal hypersensitivity reactions. Thus, although
eosinophils may play an important role in viral induced
allergic inflammation [33, 34], eosinophils did not gseem to
contribute to nasal hypersensitivity to OVA in the current
experimental setting. JFN-v is a classical Thl cytokine that
has been shown to reduce allergic reactions when adminis-
tered during sensitization [35]. However, treatment of OVA-
sensitized animals with anti-IFN-y neutralizing antibody did
not decrease nasal sensitivity to OVA during RSV infection.

The observation of particular interest in the current studies
is'the significant reduction of nasal hypersensitivity detected
after the use of NK-1/NK-2 antagonists, although such
treatment did not influence eosinophil counts. Recently, it has
been shown that infection with RSV frequently is associated
with activation of NK receptor sites [36-38]. Tachykinin
family of neuropeptides such as substance P have been shown
to exhibit strong blinding affinity for NK receptors especially
NK-1. Such receptor-neuropeptide interactions are associated

© 2005 Blackwell Publishing Ltd, Clinical and Experimental Allergy, 35:679-634

38



Vial infection and nasal hypersensitivity

Influence of IFN-y or of anti-IFN-y antibodies on OVA- sensitized mice
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Fig. 4. Influence of IFN-y and anti-IN-y antibodies on ovalbumin (OVA)-sensitized mice. The nasal administration of IFN-y increased the number of
eosinophifs, but did not affect the nasal symptoms. Anti-IFN-y treatment had no effect on either nasal symptoms or eosinophil numbers.
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Fig. 5. Respiratory syncytial virus (RSV) replication in the nasal mucosa
on day 4 after RSV inoculation. Replication was reduced in ovalbumin
{OVA)-sensitized mice, but this reduction was abolished in anti-IL.-5-treated
OVA-sensitized mice. Non-OVA-sensitized mice were used as controls, -

Control

with a wide variety of biologic inflammatory effects, including
changes in vascular permeability, mucous secretion, lencocyte
chemotaxis and bronchoconstriction [39-41]. It is thus
suggesied that RSV-associated increase in allergic nasal
hypersensitivity to OVA and possibly to other allergens
may in part be related to activation of neuropeptide receptors
during acute viral infection of the nasal mucosa.

It is possible that increased eosinophil recruitment is
mediated by chemokines induced by IFN-y. Recently
induction of eotaxin 3 and IP-10 by IFN-y in mucosal cell
cultures has been demonstrated after experimental RSV
infection in in vivo settings [42-44]. Based on these reports
and the present studies, it is proposed that a possible
relationship exists between 1FN-y and induclion, recruitment
and/or activation of cosinophils in allergic sensitization in the
nasal mucosa during viral infections.
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