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Anaphylactic sensitization to aeroantigen during respiratory
virus infection
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Summary

Background Virus infections frequently exacerbate asthma, and in some cases may even
precipitate its onset. Although this association is well known, experimental investigation
has been hampered by the lack of adequate models.

Objective The effects of acute respiratory virus infection on sensitization to aereoallergen
were investigated in this study.

Methods Nebulized ovalbumin was used as an aeroantigen in normal mice, and in those
infected with respiratory syncytial virus or influenza A.

Results Both viruses caused transient iliness. Ovalbumin inhalation did not induce specific
serum antibodies unless the mice were infected at the time of nebulization. In exposed
uninfected mice cutaneous challenge with ovalbumin caused no response, but caused acute
systemic illness and collapse if previous pulmonary exposure had occurred during respiratory
infection. Mice that collapsed in response to cutaneous ovalbumin were found to have IgG1
specific to ovalbumin that was not found in the other mice. Intracellular cytokine staining of
splenocyte cultures showed ovalbumin-specific production of IL-4 was enhanced by virus
infection during exposure. In CD8T cells, ovalbumin-specific interferopproduction was

also enhanced by co-infection with influenza. Both viruses were equally associated with the
induction of anaphylaxis.

Conclusion These results show that infection with respiratory viruses powerfully augments
cellular and humoral immune responses to aeroantigen and provide an experimental model
that allows such effects to be investigated.
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hospital in the first year of life [3]. Sigurst al. [4] showed
that respiratory syncytial virus (RSV) bronchiolitis during
A link between respiratory virus infection in infancy and the the first year of life was an important factor in the develop-
development of asthma has been postulated for many yeansient of asthma. Children who had severe RSV bronchiolitis
Wheezing after severe infantile bronchiolitis is commonwere more likely to develop skin-prick sensitization and
and bronchial hyperresponsiveness to direct testing can beerum IgE to common food and inhaled allergens. RSV
shown, even many years later [1]. Children with asthma whdronchiolitis was the single most important risk factor for
become sensitized to environmental allergens have beehis, and a family history of atopy or asthma further increased
found to be more likely to continue to have symptoms [2].the risk.

Acute bronchiolitis is the commonest cause of admission to Allergic asthma is characterized by airways inflam-
mation, even in mild disease. Specifically, this inflammation
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certain antigens and switching to lg isotypes such as IgEafter infection, days 11-20 after infection or days 18-27
IgE binds to the high affinity IgE receptor, £#R1, on mast after infection. Mice were weighed regularly as an indica-
cells and primes them for activation by further antigen [8,9].tion of the severity of illness. After 10 nebulizations the
FceR1 expression is pronounced on eosinophils, basophilmice were left for 5 days.

and monocytes in atopic individuals [10]. Mast cells and
eosinophils also release IL-4 and IL-5 further favouring a
TH2 state [11,12].

In this study the effects of acute respiratory virus infec-A sterile solution of 500 mg/mL ovalbumin in PBS was
tion on sensitization of BALB/c mice to nebulized oval- prepared. On the fifth day after the last ovalbumin challenge
bumin were examined. Using this mouse strain, ovalbumira cnf area was shaved on the abdomen of the mice and an
sensitization has been shown using repeated nebulizatidntradermal injection of 2QL of ovalbumin solution given
[13]. In this model, mice develop allergic responses includ<{total dose 10 mg). Mice primed by intraperitoneal (i.p.)
ing airway hyperresponsiveness, allergen specific IgE anihjection of 20QuL alum precipitated ovalbumin either once
IgG1, and cutaneous hypersensitivity [13,14]. This study(10 days earlier), twice (two months earlier and 10 days
shows that intercurrent viral infections greatly enhanceearlier) and unprimed mice were used as controls. The mice
sensitization to this aeroantigen. were observed for 2h. The mice were given a lethal dose
(3 mg) of pentobarbital i.p. and exsanguinated. The serum
was kept for enzyme linked immunosorbant assay (ELISA).

Intradermal challenge

Methods

Animals, infections and sensitization Measurement of Ig to ovalbumin

Eight—12-week-old female BALB/c mice were obtained ELISA plates (96-well; Maxisorp, Nunc-Nalgene, Hereford,
from Harlan Olac (Harlan Olac, Bicester, UK). Mice were UK) were coated with 10@L/well 0.1 mol/L NaHCQ
kept in pathogen free conditions throughout. All bedding,pH 8.2 containing mg/mL of either rat anti-mouse IgE,
water and feed was dust-free and sterilized. Cages wenat anti-mouse IgG1 or rat anti-mouse IgG2a and incubated
covered with filter tops and kept in a filter cabinet. overnight at 4C (antibodies from Serotec, Oxford, UK).

Mice were lightly anaesthetized with ether and infectedAfter washing three times with PBS/0.05% Tween the plates
intranasally with 510° plaque forming units, A2 strain were blocked with 20QL/well 2% BSA in PBS for 1h at
RSV (86uL), 86uL of influenza virus (X31) or 8@L of 37°C. After washing as above, 100 of a 1/10 dilution of
PBS (mock infection). X31 strain influenza virus was aserum in 1% BSA in PBS was then added to each well and
kind gift from Dr Alan Douglas from the National Institute the plates incubated for 1 h at 33.
of Medical Research, Mill Hill, London, UK (4096 Digoxigenin was conjugated to ovalbumin using a digoxi-
haemagglutination units/5f and it was diluted 1:100 in genin conjugation kit (Boehringer Mannheim, Lewes, UK).
PBS before infection). RSV was prepared as described by¥he ratio of ovalbumin:digoxigenin conjugation was 1:40.
Banghamet al. [15]. The plates were washed again as above and:1L8@ell of

A transparent plastic container measuring 40 cm by 30 cndigoxigenin-conjugated ovalbumin was added (diluted 1:50
and 30 cm in height was used as a chamber for nebulizationn 1% BSA in PBS). The plates were then incubated for 1 h
Mice were placed in the container, the lid replaced and that 37°C and then washed three times as before. Horseradish
entire container placed in a class 1 cabinet. A Ventstreameroxidase (HRP) -conjugated sheep antidigoxigenin Fabs
nebulizer (Medic-Aid, Pagham, UK) was filled with either 1% (Boehringer Mannheim) were diluted 1:3000 in 1% BSA in
ovalbumin in PBS or PBS alone and attached to the nebuliza?BS and 10@.L/well was then added. The plates were then
tion container. The nebulizer was driven by compressed air dhcubated at 37C for 1h. After washing, O-phenylene-
a rate of 10L/minute. Nebulization occurred for 20min adiamine (OPD) substrate was added (0.034% in citrate-
day for 10 days, the total volume per nebulization wasphosphate buffer) and left for 15 min for colour develop-
12 mL of liquid. After each nebulization the containers werement, the reaction was stopped with 802 mol/L H,SO,
thoroughly cleaned and dried before reuse. and the plates read at 490nm. Absorbance readings for
different groups were compared using Mann—Whitney test
Study protocol for significance at 0.95.
After intranasal infection the mice were exposed daily for
20 min to nebulized 1% ovalbumin in PBS, for 10 con-
secutive days. Control mice had nebulization with PBSSpleens were removed from the mice by careful aseptic
alone. The nebulization occurred either from days 4-13echnique and disrupted by compression through a cell

In vitro splenocyte culture with ovalbumin
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strainer (Falcon, Fisher Scientific, Loughborough, UK).5ug/mL of rat anti-IL-4 (11B11, IgG1) conjugated to
They were placed in RPMI (Sigma, Poole, UK) with 10% fluorescein isothiocyanate (FITC) anch&mL of phyco-
fetal calf serum, penicillin 5&/mL, streptomycin 5@g/mL  erythrin (PE) -conjugated rat anti-mouse IFNAN18 PE)
(pen./strep.) and glutamine 3@@/mL. Splenocytes and incubated for 30 min at room temperature. After 2
(3x 10°well) were plated in 24-well tissue culture dishes washes, saponin was removed by washing with PBS/BSA/
(1.5 mL total volume/well) for 72 h with different concen- Azide to close permeabilized cells before the addition of the
trations of ovalbumin (4, 20, 100 and 5@§/mL). appropriate dilutions of either quantum red-conjugated
rat anti-mouse CD4 (IgG2a, Sigma), rat anti-mouse CD8
(lgG2a, Sigma) or isotype matched control (to define back-
ground for flow cytometric (FCM) analysis). Conjugated
anti-cytokine antibodies were a kind gift of Dr Anne
For intracellular cytokine staining splenocytes were stimu-O’Garra (DNAX, Palo Alto, CA, USA). FCM analysis
lated for 4h at 37C with 50 ng/mL phorbol 12-myristate was performed using an Epics ELITE flow cytometer/cell
13-acetate (PMA; Sigma) and 500 ng/mL ionomycin (Cal-sorter (Coulter, Luton, UK).
biochem, Nottingham, UK). All cell incubations were
performed in non-tissue culture plastic grade tubes t%esults
prevent adherence of cell populations during stimulation.
Ten micrograms per m|II|I|'Fre brefeldm A. (Sigma) was Effect of ovalbumin nebulization on weight loss during
included for the last 2 h of incubation to disaggregate the”. "~ :
X S - viral infection
Golgi complex, thereby allowing intracellular cytokines to
accumulate. Once stimulated, cells were harvested, washédice exposed to ovalbumin nebulization lost and regained
in isoton (azide-free balanced electrolyte solution; Coultethe same amount of weight as controls (PBS alone). Weight
Electronics Ltd, Luton, UK) and fixed in 2% formaldehyde loss followed the same time course in mice exposed to
in hypertonic PBS for 20 min at room temperature. ovalbumin as those given PBS alone (Fig. 1). In different
Fixed cells were then transferred to conical tubes andxperiments there was some variation in the percentage of
stained for intracellular cytokines. The cells were firstweight lost in RSV-infected mice, being sometimes greater
permeabilized with 0.5% saponin diluted in PBS containingor less than the percentage seen after influenza infection.
1% BSA and 0.1% sodium azide (PBS/BSA/Azide) for However, the timing of weight loss and recovery was
10 min at room temperature. Once permeabilized, all subeonsistent: influenza-challenged mice lost weight from
sequent washes and antibody dilutions were performed iday 2, whereas RSV-infected mice lost weight after day 4
this permeabilization solution at room temperature unlespost-infection. Peak weight loss occurred at day 6 or 7 after
otherwise stated. Cell suspensions were then treated witinfection, followed by steady recovery.

Intracellular cytokine staining and flow cytometric
analysis

Mock RSV Influenza

M Ovalbumen exposed

MOr 5 Nebulized vehicle

105

100

Fig. 1. Weight loss in experimental groups.
Mock infected mice did not lose weight
whether they were exposed to ovalbumin or.
nebulized vehicle alone from days 4-10
inclusive. Mice infected with RSV or
influenza A lost weight, but the weight loss
was unaffected by ovalbumin nebulization.
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Acute anaphylactic shock on intradermal infection cells. The influenza virus infected mice had more IL-4-
rProducing cells than RSV-infected mice where the differ-

Intradermal injection of ovalbumin caused acute collapse i . )

. . : . . ; .~ _ence from mock infected mice was less marked. When the
mice given inhaled ovalbumin during acute respiratory virus " :
infection (Table 1). The mice became immobile and percentage positive was compared with the dose of oval-

: bumin in the culture, the differences become clearer. A dose

appeared unwell. The mucosae and nose became cyanosge . L .
PP y response effect on cytokine production is seen in CBéls

rather than the normal pink appearance and the respirator . n ) ! .
effort increased. Bleeding by transection of the femoral ut not in CD4 cells: at hlghgr concentrations of oval-
' bumin more CD8 cells are positive for both IL-4 and IRN-

artery was found to be impossible during this period becauan all cultures the production of IL-4 by CD8cells was
of cardiovascular shut down. These changes occurred 1 Righer than IFNy. However, only in influenza-infected

20min after injection. Mice allowed to recover from this mice did CD4" cells produce more IL-4 than IFN:

anaphylactic collapse appeared normal 2h later. Acute Exposure to ovalbumin during acute respiratory virus

collapse was only seen in mice given ovalbumin nebulization . . - )
L . . . . ... Infection leads to ovalbumin-specific IgG1 production. An
after virus infection and not in mock infected animals; it did . L .
LT . IgG1 response to ovalbumin was detected in mice sensitized
not occur in virus-infected animals exposed to PBS nebus . N )
I . by ovalbumin nebulization, only if they also had an acute
lization instead of ovalbumin. Acute collapse was not seen : . : . . ; i
L ! . viral respiratory infection (Fig. 3). Mice given alum pre-
in mice challenged with ovalbumin on days 11-20 or days . . o :
S . . cipitated ovalbumin i.p. 10 days earlier were used as a
18-27 after virus infection. Anaphylactic collapse was seen " .. . . A
; . ) T . positive control. Mice exposed to ovalbumin nebulization
in every animal tested, when primed by virus infection and : )
. o : after mock infection had no detectable IgG1 response to
ovalbumin nebulization from days 4—13. Control animals

given i.p. alum precipitated ovalbumin (alum/ova.) eitherovalbumm' No significant IgG2a against ovalbumin was

) : X ﬁletectable except for control mice given alum-precipitated
once or twice (as above) also became immobile and unwe g )
ovalbumin i.p. 10 days earlier.

on intradermal ovalbumin challenge given 10 days after the Specific IgG1 response to ovalbumin was only seen when

last alum/ova dose. . o . .
Virus infection enhances TH2 cytokine production by ovalbumin nebulization was performed during the period of
acute weight loss (days 4-13). Mice given RSV or in-

splenocytes from mice exposed to ovalbumin. Intracellular,

. - : fluenza, and then exposed to nebulized ovalbumin during
cytokine staining of cells demonstrated higher IL-4 produc- : :
R L o the period of recovery (days 11-20) or after weight was
tion in splenocytes from mice infected with influenza and

RSV than mock infected (Fig. 2). Interestingly a higher regained (days 18—-27) had no detectable IgG1 to ovalbumin

: o ) (Fig. 4). Influenza infection was associated with higher
proportion of CD8 cells were positive for IL-4 than CD4 levels of IgG1 to ovalbumin than RSV infection. This did

not appear to reflect the severity of illness, since mice lost

o o . more weight after RSV infection than after influenza.
Table 1. Collapse after cutaneous ovalbumin in sensitized mice

Discussion
Pulmonary challenge

A role for respiratory viruses in predisposing to asthma is an

RSV Influenza PBS attractive but controversial hypothesis [16,17]. Recently it
has been suggested that virus exposure in early life has at

Ovalbumin +++ +++ +/=  most a minor role in the aetiology of wheezing and may in
PBS - - - fact be protective against both allergies and asthma [18].

Martinez has argued that acute respiratory viruses produce
Mice exposed to ovalbumin nebulization during acute RSV orpredominantly TH1 responses and may inhibit the develop-
influenza (from day 4 for 10 days) collapsed when challenged withment of TH2 cells that are associated with allergy [2]. This
intradermal ovalbumin 18 days after they were infected. Micestudy has shown that mice can be sensitized to ovalbumin
infected but not exposed to ovalbumin nebulization and uninfectedyithout the need for adjuvants if they have an acute respira-
mice did not collapse on intradermal ovalbumin challenge. Miceyqy, virg] infection. Indeed intradermal ovalbumin challenge

exposed to ovalbumin during convalescence (from day 11 for 1 n such mice was associated with acute anaphylaxis. Acute
days) or after recovery (from day 18 for 10 days) did not collapse - . . . .

. : anaphylactic shock in mice is accompanied by marked
on intradermal ovalbumin challenge. Mouse response to challeng

was rated on a scale of (no response) ta- + + (moribund). The ﬁypoactlwty that can be reversed with opiate antagomsts
data are representative of two separate experiments with six micét9]- It can be mediated through IgE or IgG1, both of which
group for ovalbumen exposed and five mice/group PBS exposedind to mast cells in the mouse. In some strains (CTS, DS,
+ + + indicates that all the mice in the group became severely iIl.C57BL/6) anaphylaxis is far less common in younger mice
— indicates that no mice in the group appeared ill in any way. (1.5—2.5 months). In other strains, such as BALB/c, DBA/2
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Fig. 2. Flow cytometric analysis of IL-4 and
interferon+ production in spleen cells cultured &7 573
with ovalbumin. Spleen cells from mock 16.1% 0.2% 17.8% lo0.5%

infected mice, mice infected with RSV or 102 102
influenza were exposed to 528/ml of :
ovalbuminin vitro. At 72 h, cells were stained &
for CD4 or CD8, fixed permeabilized and 3
stained for intracellular IL-4 and interferon- &
Spleen cells from control mice showed only low
levels of production of either cytokine.
Ovalbumin exposure during infection with RSV
caused a small but appreciable number of
antigen-specific cytokine-producing T cells to
appear. This augmentation was greater in mice
infected with influenza A. The data reflect the
pooled spleen cultures from three separate mice. IFN-y

a
IL-4

"hoz 107l ' 100 ho' hoz 103
IFN-y

»
»

and C3H, anaphylaxis can be produced at all ages [20]. ThEL3]. Others have shown that isotype switching in the mouse
main mediator for anaphylactic shock in mice is platelet-occurs from IgM to 1IgG1 and then IgE [23]. In the work of
activating factor released from mast cells [21]. IgG1l isSchwarzeet al. [24]. RSV infection enhanced airways
thought to be more effective than IgE in producing systemichyperresponsiveness but did not enhance ovalbumen speci-
sensitization in some strains [22]. As far as the authors aréic IgE or IgG1 levels. This result is consistent with data
aware, this mouse model is the first to produce acute androm this study, which show that IgG1 production and
phylactic shock to an allergen, without the use of adjuvantsanaphylaxis could only be demonstrated if exposure to
Recent data indicates that mice can be sensitized tovalbumen occurred during the peak of illness.

ovalbumin and other protein antigens via the respiratory Previous authors have suggested that respiratory virus
route [14]. By this method of sensitization, mice developinfection may have a role in augmenting allergic responses.
allergic responses including allergen specific IgE, 1gG1Previous studies have exposed mice to alum precipitated
cutaneous hypersensitivity and airway hyperresponsiveness/albumin (alum/ova) during influenza infection [25,26];

© 1998 Blackwell Science LtdClinical and Experimental Allergy28, 1501-1508
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2 02 * o * afo = L} @ » 0.2 @o=  @o= Fig. 3. Ovalbumin-specific production of
IgG1. Ovalbumin nebulization (filled
PBS FLU RSV P N BG symbols) during infection with influenza or
RSV caused high levels of ovalbumin-
specific IgG1 to be generated (centre panels).
Ovalbumin-specific IgG1 levels were
10G2 comparable with or in excess of those caused
gh<sa by i.p. injection of alum precipitated
1.0 1.01 ovalbumin (far right panel). Ovalbumin
E ' ’ nebulization did not produce a detectable
o P=n.s. P=n.s. P=n.s. IgG1 response in the absence of infection (far
g‘_’ left panel). Nebulized vehicle alone (open
£ 06} 06} symbols) was not associated with specific
o IgG1 production. (N is normal mouse serum,
2 . BG is ELISA background). Although i.p.
s o { x injection of ovalbumin precipitated with
S 0.21 ggk 320 i o] & - =, 8°8 '0_2 L o alum generated specific IgG2a and IgE _
2 o » e responses, no such responses occurred in
< 1 1 1 1 ! 1 L L L mice exposed to inhaled ovalbumin,
PBS FLU RSV IP N BG regardless of virus infection (not shown).

and during RSV infection [27], suggesting an augmentatiorconstant level throughout the acute phase when infants have
of the allergic response to ovalbumin seen with alum/ovaa primary infection. In the work of Kudlacet al for
alone. In each case no direct measurement of IgE or IgG&xample, ovalbumin exposure was limited to 2 days sepa-
was made but passive cutaneous anaphylaxis (PCA) wasated by a week and commenced on day 7 or day 19 after
used as an indirect measure of sensitization. Freitledat  infection and when parainfluenza antigen was no longer
also used ovalbumin sensitization during RSV infectiondetectable in the lung [29]. This may have had a very
with and without alum [28]. IgE was again assessed bydifferent effect on the ovalbumin response. In this studies,
PCA and no IgE was found without the use of adjuvant.exposure to ovalbumin was not associated with sensitization
Acute anaphylactic shock was not seen. Kudlacz andf it occurred during the recovery or convalescent phases of
Knippenberg recently showed that sensitization of guineaacute respiratory viral infection.

pigs to ovalbumin during parainfluenza virus infection Primary sensitization to an allergen would be unlikely
diminishes lung histamine release on re-challenge withthrough an intact mucosal epithelium. The normal respira-
ovalbumin [29]. However, their findings and interpretation tory mucosal surface has evolved in an environment rich
may not conflict with data from this study. Firstly, although in airborne pollens, grasses and other antigens. However,
acute RSV infection is associated with a vigorous THlinflammation of the respiratory mucosal epithelial surface
antiviral response, individual RSV proteins may inducemay allow the entry of allergens, or the exposure of mast
TH2 responses [30]. Alwaet al. have shown that immunity cells, B cells and T cells to allergens in a cytokine-rich
to the G protein of RS virus is associated with TH2 responsesnvironment and lead to sensitization. Respiratory virus
when splenocytes from primed mice are re-expdsedtro infections are common and can cause severe airways
to RSV [31]. Secondly, the timing of antigen exposure mayinflammation. They are especially common in childhood.
be very important. Levels of environmental antigens, suctRSV outranks all other respiratory infections as a cause of
as house dust mite, moulds and pollens, are likely to be at severe respiratory illness in young children during a time
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Allergic sensitization during viral infection 1507

Flu RSV useful discussions, Dr Anne O’'Garra (DNAX, CA, USA)
1.6~ for providing reagents for intracellular cytokine staining,
Dr Tracy Hussell for RSV preparation, Dr Alan Douglas
from NIMR (UK) for his gift of influenza virus.

Funding: The Wellcome Trust, UK.

References

O O O O

1 Pullan CR, Hey EN. Wheezing, asthma, and pulmonary dys-
0.8 function 10 years after infection with respiratory syncytial
virus in infancy. British Medical Journal Clinical Research
Ed 1982; 284:1665-9.
% 2 Martinez FD. Role of viral infections in the inception of asthma
0.4+ OI and allergies during childhood: could they be protective?
Thorax 1994; 49:1189-91.
3 Heilman CA. From the National Institute of Allergy and
%‘&:%& ® @'@. B Infectious Diseases and the World Health Organization,
0 L1 1 | L 11 | Respiratory syncytial and parainfluenza viruses. J Infect Dis
A B C D A B C D 1990; 161:402-6.
4 Sigurs N, Bjarnason R, Sigurbergsson F, Kjellman B, Bjork-
Fig. 4. Ovalbumin-specific IgG1 induction according to the time of sten B. Asthma and immunoglobulin E antibodies after respira-
sensitization. Mice exposed to ovalbumin after infection with  tory syncytial virus bronchiolitis: a prospective cohort study
influenza (left panel) or RS virus developed strong IgG1 responses with matched controls. Pediatrics 1995; 95:500-5.
to ovalbumin only if nebulization was performed from day 4 for 10 5 Bousquet J, Chanez P, Lacoste JY et al. Eosinophilic inflam-
days (A) but not if administered from day 11 for 10 days (B), from mation in asthma. N Engl J of Med 1990; 323:1033-9.
day 18 for 10 days or if exposed to PBS nebulization alone (D). 6 Broide DH, Gleich GJ, Cuomo AJ et al. Evidence of ongoing
mast cell and eosinophil degranulation in symptomatic asthma
. . . . . airway. J Allergy Clin Immunol 1991; 88:637—48.
when their relatively immature immune system is exposed 7 ropinson DS, Hamid Q, Ying S et al. Predominant TH2-like
to a wide range of antigens for the first time. bronchoalveolar T-lymphocyte population in atopic asthma. N
Mucosal surfaces such as the gut and lung are continu- Engl J Med 1992; 326:298—304.
ously exposed to soluble antigens. They have a role in8 Gounni AS, Lamkhioued B, Delaporte E et al. The high-
preventing harmful immune responses to non-pathogenic affinity IgE receptor on eosinophils: from allergy to parasites
substances that do reach the body interior as well as or from parasites to allergy? J Allergy Clin Immunol 1994;
vigilance against pathogens [32]. Tolerance has been linked 94:1214-6. _ . _ N
to the expression of immunosuppressive cytokines such ag Gounni AS, Lamkhioued B, Ochiai K et al. High-affinity IgE
IL-4, IL-10 and TGF# [33]. It is striking that the cytokines receptor on eosinophils is involved in defence against parasites.
. . . Nature 1994; 367:183—6.
that are involved in the generation of tolerance and th

i . f di | . ved i lerai 0 Maurer D, Fiebiger E, Reininger B et al. Expression of func-
amelioration of disease are also Involved In allergic tional high affinity immunoglobulin E receptors (#RI) on

responses. In the context of an inflamed mucosal surface mnonocytes of atopic individuals. J Exp Med 1994; 179: 745-50.
these immunosuppressive cytokines may contribute to th1 mosmann TR, Coffman RL. Heterogeneity of cytokine sec-
development of allergy. retion patterns and functions of helper T cells. Adv Immunol
Overall, these results strongly suggest a role for acute 1989; 46:111-47.

respiratory viral infection in the induction of TH2 responses12 Romagnani S. Induction of TH1 and TH2 responses: a key role
to allergens. The finding of acute anaphylactic shock after for the ‘natural’ immune response? Immunol Today 1992;
sensitization was dramatic and unexpected. Both T- and 13:379-81. ,

B-cell responses to ovalbumin were generated without thé3 Reénz H, Smith HR, Henson JE, Ray BS, Irvin CG, Gelfand
use of adjuvants. This model offers novel insights into £V Aerosolized antigen exposure without adjuvant causes
the immunopathology associated with respiratory virus increased IgE production and increased airway responsiveness

. . . . ; in the mouse. J Allergy Clin Immunol 1992; 89:1127-38.
infections and defines further the links with allergy and 14 Saloga J, Renz H, Lack G et al. Development and transfer of
asthma.

immediate cutaneous hypersensitivity in mice exposed to
aerosolized antigen. J Clin Invest 1993; 91:133-40.
Acknowledgements 15 Bangha_m CR, Cannon MJ, Ka_rzon DT, As_konqs BA.

Cytotoxic T-cell response to respiratory syncytial virus in
The writers are grateful to Dr Gideon Lack for advice and  mice. J Virol 1985; 56:55-9.

Absorbance at 490 nm

o]
o

© 1998 Blackwell Science LtdClinical and Experimental Allergy28, 1501-1508



1508 D. R. O’'Donnell and P. J. M. Openshaw

16 Strachan DP. Hay fever, hygiene, and household size. BM26 Sakamoto M, Ida S, Takishima T. Effect of influenza virus

1989; 299:1259-60. infection on allergic sensitization to aerosolized ovalbumin in
17 Shaheen S. Discovering the causes of atopy. BMJ 1997; mice. Journal of Immunology 1984; 132:2614—7.

314:987-8. 27 Leibovitz E, Freihorst J, Piedra PA, Ogra PL. Modulation of
18 Martinez FD. Viral infections and the development of asthma.  systemic and mucosal immune responses to inhaled ragweed

AmJ Respir Crit Care Med 1995; 151:1644—7. antigen in experimentally induced infection with respiratory

19 Amir S. Opiate antagonists reverse the hypoactivity associated syncytial virus implication in virally induced allergy. Int Arch
with systemic anaphylaxis in mice. Pharmacol Biochem Behav  Allergy App Immunol 1988; 86:112—6.
1984; 20:483-5. 28 Freihorst J, Piedra PA, Okamoto Y, Ogra PL. Effect of

20 Harada M, Nagata M, Takeuchi M, Ohara T, Makino S, respiratory syncytial virus infection on the uptake of and
Watanabe A. Age-dependent difference in susceptibility to  immune response to other inhaled antigens. Proceedings of the
IgE antibody- and IgG1 antibody-mediated passive anaphy- Society for Experimental Biology and Medicine 1988; 188:191—
lactic shock in the mouse. Immunol Invest 1991; 20:515-23. 7.

21 Amorim CZ, Cordeiro RS, Vargaftig BB. Involvement of 29 Kudlacz EM, Knippenberg RW. Parainfluenza virus type 3

platelet-activating factor in death following anaphylactic infection attenuates the respiratory effects of antigen challenge
shock in boosted and in unboosted mice. Eur J Pharmacol in sensitized guinea pigs. Inflammation Research 1995;
1993; 235:17-22. 44:105-10.

22 Harada M, Nagata M, Takeuchi M, Makino S, Aburahi S. High 30 Openshaw PJ, O’Donnell DR. Asthma and the common cold:
susceptibility of cataract Shionogi (CTS) mice to passive  can viruses imitate worms? Thorax 1994; 49:101-3.
anaphylactic shock mediated by allogeneic IgE and 1gG131 Alwan WH, Kozlowska WJ, Openshaw PJ. Distinct types of
monoclonal antibodies. Immunol Invest 1991; 20:305-15. lung disease caused by functional subsets of antiviral T cells.

23 Siebenkotten G, Esser C, Wabl M, Radbruch A. The murine IgG1/ J of Exp Med 1994; 179:81-9.

IgE class switch program. Eur J Immunol 1992; 22:1827—-34. 32 Holmgren J, Czerkinsky C, Lycke N, Svennerholm AM.

24 Schwarze J, Hamelmann E, Bradley KL, Takeda K, Gelfand Mucosal immunity: implications for vaccine development.
EW. Respiratory syncytial virus infection results in airway Immunobiology 1992; 184:157-79.
hyperresponsiveness and enhanced airway sensitization ®3 Hancock WW, Sayegh MH, Kwok CA, Weiner HL, Carpenter
allergen. J Clin Invest 1997; 100:226—-33. CB. Oral, but not intravenous, alloantigen prevents accelerated

25 Holt PG, Vines J, Bilyk N. Effect of influenza virus infec- allograft rejection by selective intragraft Th2 cell activation.
tion on allergic sensitization to inhaled antigen in mice.  Transplantation 1993; 55:1112-8.

International Archives of Allergy and Applied Immunology
1988; 86:121-3.

© 1998 Blackwell Science LtdZlinical and Experimental Allergy28, 1501-1508



