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Respiratory virus infections and aeroallergens in
acute bronchial asthma
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SUMMARY Two hundred and fifty six attacks of acute bronchial asthma occurring in 169 children
aged over 2 years were studied during a two year period. More attacks occurred during spring and
autumn than at other times of the year. In 73 patients (29%) a respiratory virus infection was

diagnosed, with the same seasonal variation as the asthmatic attacks. Most of the virus infections
were caused by rhinovirus (45%) and respiratory syncytial virus (19%). There was no significant
correlation between asthmatic attacks in patients with birch pollen, grass pollen, or Clado-
sporium herbarum allergy and counts of the respective pollen or spores in the air. More seasonal
attacks occurred in patients with cladosporium allergy than in patients without cladosporium
allergy but there was no seasonal variation among birch or grass pollen allergic patients.
Information about exposure to animals was obtained in only 12% of attacks occurring in 121
patients with allergy to animal dander. The single precipitating factor most frequently associated
with acute asthma was respiratory virus infection.

Attacks of bronchial asthma may have many causes

in both the individual patient and among different
patients. Several different factors may precipitate
attacks, either separately or working together.'
Allergy, respiratory tract infections, and airway
irritants such as cigarette smoke are among the most
frequently mentioned. To evaluate the role of
respiratory virus infections in acute asthma and to
assess their importance in relation to other factors
such as aeroallergens, a two year prospective study
was undertaken among children in Oslo.
Epidemiological, clinical, and laboratory findings
are presented.

Patients and methods

Population and patients. Most children in Oslo with
diagnosed asthma or allergy, or both, are regularly
seen at the Allergy Unit of the Department of
Paediatrics, Ulleval Hospital and admissions to
hospital caused by these disorders are made to this
department. Between January 15, 1981 and January
15, 1983 all patients with acute bronchial asthma seen

at the allergy unit or admitted to the department of
paediatrics were considered for the study. To be
included patients had to be (a) above 2 years of age,
(b) have been previously diagnosed as asthmatic,
and (c) have had at least three previous attacks.
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Microbiological studies. Nasopharyngeal secretions
were collected on the morning after the patients'
admission to hospital or at the time of the outpatient
consultation. Secretions were collected during 247
of the 256 attacks included in the study. The
specimens were examined by immunofluorescence
for respiratory syncytial virus, parainfluenza virus 1
and 3, influenza virus A and B, and adenovirus
antigens. The specimens were also inoculated into
cell cultures of HeLa and LLC MK2 cells. The LLC
MK2 cell cultures were maintained in a medium
containing trypsin to enhance their susceptibility to
paramyxo- and myxoviruses.2 The nasopharyngeal
aspirates were examined for rhinovirus by inocula-
tion into Ohio-HeLa cells.3 The rhinoviruses were
identified by their cytopathic effect, chloroform
stability and acid lability as described by Grist et al.4

Acute and convalescent sera, usually obtained
after an interval of 14 days, were tested by the
complement fixation test for antibodies against
influenza A and B; parainfluenza 1, 2, and 3;
respiratory syncytial virus; and adeno (group) virus
antigens.4 Sera were also tested for IgG antibodies
against the human coronavirus strain OC 43 in an
enzyme linked immunosorbent assay. The antigen
was prepared from coronavirus infected Vero cells,
and the enzyme linked immunosorbent assay was as
described by Voller et al.5 Acute and convalescent
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sera were obtained from 199 of the 256 attacks
included in the study.
A patient was considered infected by a virus if the

virus was identified from the nasopharyngeal secre-
tions or if there was an appreciable difference in
antibody titre (at least fourfold) between acute and
convalescent sera.

Nasopharyngeal swabs were collected at
presentation for routine bacteriological examination
according to standard methods.6 Identification of
Haemophilus influenzae, Streptococcus pneumo-
niae, and Streptococcus pyogenes was considered to
be of potential pathogenic importance.

Allergy diagnosis. All patients included in the study
were evaluated by skin prick test,7 radioimmuno-
sorbent test (Phadebas-RIST, Phadebas-PRIST),
and radioallergosorbent test (Phadebas-RAST).8
The skin prick test was performed with the following
allergens: Dermatophagoides farinae, birch pollen,
grass pollen (timothy) (Spectralgen prick, Nyco,
Oslo) and Cladosporium herbarum, dog dander,
and cat dander (Soluprick, ALK, Copenhagen). At
presentation blood samples were taken for IgE
determination and eosinophil count. The IgE
determination was made by radioimmunosorbent
test for the first 9 months of the study and by paper
radioimmunosorbent test thereafter.9 The radio-
allergosorbent test was performed with the same
allergens as the skin prick test. The skin prick test
was evaluated according to the guidelines issued by
Aas and Belin.7 The radioallergosorbent test was
considered positive when at least class 2 was
obtained.
The patients were considered atopic by a com-

bined evaluation of the skin prick test and the results
of total IgE and specific IgE. To be atopic the
patients had to have a positive skin prick test and a
positive radioallergosorbent test or raised total IgE
(greater than 2 SD for age), or a positive radio-
allergosorbent test and raised total IgE.

Pollen and spore counts. Pollen registration in Oslo
was started in 1975 with a centrally located Hirst
pollen and spore trap. Spore counts were started
two years later. The pollen and spore registration
was made as described by Hirst'( so that concentra-
tions could be calculated as daily mean values and as
hourly values.
As the most frequent pollen allergies in Norway

are birch pollen and grass pollen allergy and the
most frequent allergy to moulds is C herbarum
allergy, these have been used in the study.

Statistical methods. Statistical analyses were per-
formed using the Wilcoxon-Mann-Whitney rank test

for two samples (W-M-W), the Pearson's correla-
tion coefficient (r), the Student's t-test, and the X2
test.

Results

Epidemiological findings. During the study period
256 attacks of acute bronchial asthma occurred in
the 169 patients included in the study. Fig. 1 shows
the distribution of the attacks according to the first
day of symptoms/two week period. The occurrence
of acute asthmatic attacks varied throughout the
study period with a pattern of increased frequency
during spring and autumn in both years. The
greatest number of patients were admitted during
the last half of August and throughout September in
both years. Few cases occurred during the summer
months.

Virological findings. A respiratory virus infection
was diagnosed in 73 (29%) of the patients suffering
acute asthmatic attacks. Most of the infections were
diagnosed by virus isolation or identification by
immunofluorescence but in 24 cases the virus
infection was detected by antibody titre rise only
(respiratory syncytial virus, 8 cases; parainfluenza
virus, 6 cases; adenovirus, five cases; influenza A
virus, one case; coronavirus, four cases). Fig. 1
shows the distribution of acute asthma with respira-
tory virus infection/two week period compared with
all acute attacks in the study. A positive correlation
was found between acute asthmatic attacks with
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Fig. 1 Acute asthmatic attacks among 256 patients/two
week period between 1981 and 1983. Identified respiratory
virus infections (n= 73) are shown.
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and without virus infection/two week period
(r = 0-53, 0-05> P>0-01).

Thirty three of the 73 virus infections were caused
by rhinovirus, which was most often encountered
during May and June, and August and September
(Fig. 1). The second most frequent virus was
respiratory syncytial virus and most of the 14
infections with this occurred during November and
December 1982, the time of the only major respira-
tory syncytial virus outbreak in Oslo during the
study period.
The three adeno viruses isolated were all type 2

and of the four strains of parainfluenza virus types 1,
3, and 4 were isolated. Of the three isolates of
influenza A virus, two were subtype H3N2 and one
subtype HINI.

Acute asthmatic attacks among patients with specific
aeroallergies. Fig. 2 shows the occurrence of attacks
in patients with birch pollen, grass pollen, and
C herbarum allergy, and the respective counts of
pollens and spores in the atmosphere. No correla-
tion was found between the amount of pollen/mi3 air

on the first day of symptoms and attacks of acute
asthma in patients with birch pollen or grass pollen
allergy, nor between spore counts and attacks of
asthma in patients with allergy to C herbarum. We
found no increased seasonal frequency of attacks
for patients with either birch pollen (X2 = 2-03,
P>0-1), or grass pollen allergy (x2 = 0.75,
P> 0-3) compared with patients without these
allergies. We did find, however, an increased
seasonal frequency for patients with cladosporium
allergy compared with patients without such allergy
(X2 = 6 06, 0.01<P<0.025).
No correlation was found between the number of

asthmatic attacks and weather conditions, measured
at the location of the pollen and spore counts,
including mean temperatures, total rainfall, and
mean barometric pressure/two week period.

Age and sex distribution. The mean age for patients
with acute asthma and respiratory virus infection
was 5 years 6 months and for patients without virus
infection 6 years 6 months. The age distribution of
the virus infected patients with acute asthma was
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Fig. 2 Counts of birch pollen, grass pollen, and spores of Cladosporium herbarum in the air at Blindern, Oslo (highest
valueltwo week period) and temporal distribution of acute asthmatic attacksltwo week period in patients with birch pollen,
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Table Atopy, total IgE, eosinophil counts, and potential pathogenic bacterial findings in nasopharyngeal swabs
at presentation in patients with acute asthma with and without respiratory virus infections

Atopy Mean eosinophil Mean total IgE Poisitive bacterial
No (%) count (x 106/1) findings

RIST Ulml PRIST kUll No (%)

With respiratory virus 48 (66) 283 (n=45) 551 (n= 19) 345 (n=37) 15 (21)
infection

Without respiratory virus 131 (72) 352 (n=141) 576 (n=67) 489 (n=94) 30 (17)
infection

P values X2=0-84, 04>P>03 P>023 P>0.40 P>0-15 0-5>P >04

RIST = radioimmunosorbent test; PRIST = paper radioimmunosorbent test.
Wilcoxon-Mann-Whitney rank test for two samples.

significantly lower than that of the patients without
virus infection (W-M-W, P = 0-02). The age range
extended from 2 years to 15 years in both groups. In
the virus infected group 29% were between 2 and 3
years of age, gradually decreasing to one per cent at
15 years of age, whereas in the group without virus
infections 24% were between 2 and 3 years of age,
gradually decreasing to one per cent at 15 years of
age.
More boys than girls presented with acute

asthmatic attacks (boys:girls = 1-75). We found no
significant difference in sex distribution for children
with respiratory virus infection (boys:girls = 1-70)
and children without respiratory virus infection
(boys:girls = 1.77), (X2 = 0-02, 0-8<P<0-9).

Allergy and bacteriological fmdings. Seventy per
cent of all patients with acute asthma were found to
be atopic. The Table shows that no difference with
regard to atopy was observed between patients with
respiratory virus infections and patients
without respiratory virus infections (X2 = 0X84,
0 3<P<0-4). Nor did we find any significant
difference between these two groups with re-
gard to mean eosinophil counts on presentation
(W-M-W, P> 0-23) or total IgE as measured by
radioimmunosorbent test (W-M-W, P> 0-40)
or paper radioimmunosorbent test (W-M-W,
P> 0-15) (Table). One hundred and twenty one of
the 256 attacks occurred in patients with allergy to
animal dander. In 14 of these we obtained informa-
tion about exposure to animals before symptoms
(12% of the attacks in patients with animal dander
allergy, five per cent of all attacks). The frequency
of virus infections among patients with animal
dander allergy (27%) was not significantly different
from the frequency of virus infections among all
patients (X2 = 0-17, 0*35> P> 0.30).

There was no significant difference between
potential pathogenic bacterial findings from naso-
pharyngeal swabs collected at presentation from

patients with and without virus infection (X2 = 0.5,
0*5> P> 0.4), as shown in the Table.

Discussion

Among the many factors associated with acute
asthma our study suggests an important role for
respiratory virus infections which occurred in nearly
one third of acute attacks. The association between
respiratory virus infections and acute asthma has
also been noted by others" and in our own previous
studies.'2 The virological results should be inter-
preted with care as we have no control information
from children without asthma in our study. Horn
and Yealland, however, found reasons for stating a
causal relation between the isolation of a viral agent
from the airways during acute respiratory illness. 13
The positive correlation between acute asthma

occurring with and without respiratory virus infec-
tion may indicate that even more of the attacks were
associated with virus infections. Thus it is possible
that more patients were infected by rhinovirus than
was detected, as the diagnosis of rhinovirus infection
is difficult. We only studied coronavirus infections
by a serological method using one human corona-
virus as antigen. Recently Isaacs et al found a high
frequency of coronavirus infection when testing
upper respiratory tract secretions from children with
acute asthma and with recurrent respiratory
infections. 14 Most of their coronaviruses belonged to
another antigenic group than that used in our study.
That more of the asthmatic attacks may have been
associated with respiratory virus infections is also
suggested by the similarity of the 'virus infected' and
the 'not virus infected' groups with regard to IgE
values, frequency of atopy, sex distribution, eosi-
nophilic counts, and bacterial results. Accordingly
we found little reason for classifying the asthmatic
children by the old terms 'extrinsic' and 'intrinsic'
asthma.
The seasonal variation of acute asthma peaked
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during spring and autumn, concurrently with the
most frequent detection of rhinovirus infections.
Only a few attacks occurred during the summer
months, at the time of the year when many children
are on holiday. In both years a sharp rise in number
of attacks occurred during August and September,
at the time of reopening of schools and children's
day care centres after summer. This also suggests an
important role for infections. All the different
respiratory virus groups were associated with acute
asthma but this was most pronounced for rhinovirus
and respiratory syncytial virus, as has been noted
previously."I 12 15
The frequency of potential pathogenic bacterial

findings from nasopharyngeal swabs was,not higher
among children with asthma than among children
without respiratory illness.16 We conclude, as did
Horn et al, 17 that the role of bacterial infections in
provoking asthma is probably minor.
The frequency of atopy among our patients with

acute asthma was high as was the frequency of
positive skin tests found among virus infected
asthmatics by Horn et al. 11 This underlines the
central role of reaginic allergy among asthmatic
patients. Our findings indicate, however, that birch
and grass pollen played only a minor role in acute
asthma. Jenkins et al showed similar results in
mortality from acute asthma.'8 Our findings among
patients with pollen and animal dander allergy
suggest that allergen exposure was a less frequent
provoking factor than respiratory virus infections.
On the other hand we found more seasonal

asthmatic attacks among patients with cladosporium
allergy. Moulds may be more important than poliens
in provoking acute asthma in susceptible patients, as
was also suggested by the positive correlation
between the occurrence of asthma deaths and the
counts of hyaline ascospores in the air found by
Jenkins et al. 18 The easier passage of spores through
the airways due to their smaller size than pollen may
partly explain the difference in occurrence of attacks
between patients with cladosporium and pollen
allergy. The longer season for cladosporium spores
than for pollen and hence the longer exposure may
induce late allergic reactions and increase the
non-specific bronchial hyperreactivity in these
patients, as was proposed by Cockcroft.19 This may
also explain the increased occurrence of attacks
during the last part of the season.

It is probable that several of the above mentioned
factors work together in precipitating acute asthma
in the individual patient.' In the present study the
single most frequent factor associated with acute
asthmatic attacks was respiratory virus infection.
The study of the epidemiology of respiratory virus
infections, the mechanisms of transmission of viral

disease, and treatment of viral disease are important
fields for research into the prevention of acute
asthma in children. As the pathogenicity of respira-
tory virus infections to cause bronchopulmonary
obstruction is becoming better understood20 new
means of prevention and control of acute asthma
may be found.
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Personal choice

Hazardous personal pets'
Salmonella gatuni was isolated from the stools of an 8 month old girl with diarrhoea. Her father keeps lizards
and the lizard faeces showed the same bacteria. (Manchester Public Health Laboratory).

Toxocara infection was confirmed in a 5 year old girl whose cat died with definite toxocariasis. (Cardiff
Public Health Laboratory).

Streptobacillus moniliformis was isolated from the blood culture of a 43 year old man who had been bitten
by his pet rat. (Stoke Public Health Laboratory).

Communicable Disease Report 83/47. London: Public Health Laboratory Service, 1983.


