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The purpose of this study was to investigate whether recent and previous
subclinical viral respiratory infection can explain the presence of increased
bronchial responsiveness to histamine. We studied a randomly selected
population of 495 children and adolescents, aged 7—16 years, from
Copenhagen. If the subjects had had symptoms of respiratory infection
recently, the examination was postponed for at least 6 weeks. Bronchial
hyperresponsiveness (BHR) to inhaled histamine was found in 79 (16%,) of
the subjects, of whom 28 had asthma. Forty-eight subjects (10%,) had
increased levels of serum IgM antibodies against either parainfluenza,
influenza, adenovirus, or respiratory syncytial virus (RSV), reflecting a
recently acquired infection. No association between BHR and antibodies
against respiratory viruses was found, as 7 (8.9%,) of the 79 subjects with
BHR and 41 (9.9%,) of the 416 subjects without BHR had viral antibodies.
Furthermore, no association between degree of bronchial responsweness
and viral antibodies was found. Moreover 251 individuals (51%,) had signs
of earlier RSV infection, i.e. IgG antibodies against RSV. No relationship
was found between age of the subjects and the presence of antibodies against
either respiratory viruses in general or IgG-RSV. No relationship was
found between the presence of antibodies against RSV and BHR;
furthermore, evidence of earlier RSV infection was unrelated to the level of
lung function and degree of bronchial responsiveness. We conclude that
increased bronchial responsiveness in asymptomatic, unselected
schoolchildren and adolescents is not likely to be caused by recent or
previous viral respiratory infections.

Clinical aspects

Acute viral respiratory infection is associated with increased degree of
bronchial responsiveness, wheezing, and reduced lung function. Sixteen
percent of an unselected group of children and adolescents were found to
have bronchial hyperresponsiveness and, to some degree, reduced lung
function. The present study showed, however, that increased degree of
bronchial responsiveness in population samples could not be explained by
recent or subclinical viral respiratory infection. Furthermore, reduced lung
function and asymptomatic bronchial hyperresponsiveness were found to be
unrelated to previous RSV infection, a finding which contradicts findings
in selected children with previous bronchiolitis. Our findings support the
presumption that RSV infection might not in all cases induce chronic
pulmonary disease.

Viral respiratory infections (VRI) have been shown
to trigger wheezing as well as an increase in bron-
chial responsiveness in asthmatic subjects (6, 17,
36). The relationship between respiratory infections
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and bronchial hyperresponsiveness (BHR) poses an
interesting problem, and increased knowledge may
provide insight into the pathogenesis of BHR in non-
asthmatic individuals.




Factors such as exposure to allergens (8), age (19),
and a family background of asthma (26, 32) are
known to influence the degree of bronchial respon-
siveness; furthermore, spontaneous changes in bron-
chial responsiveness to inhaled stimuli, such as his-
tamine, are well known in both asthmatic and
nonasthmatic subjects (27, 28). However, none of
these factors can fully explain, either alone or in
combination, the entire number of subjects with as-
ymptomatic BHR. Furthermore, no complete expla-
nation of the spontaneous variation of bronchial re-
sponsiveness in nonasthmatic subjects has been
found. Acute symptomatic viral respiratory infec-
tion, in nonasthmatic subjects, leads to temporarily
increased bronchial responsiveness (1, 12), and the
degree of bronchial responsiveness has been shown
to normalize within 6 weeks (1, 12). It is unknown,
however, whether asymptomatic BHR can be caused
by less severe viral infections, or whether asymp-
tomatic BHR can be explained by subclinical, un-
diagnosed, viral respiratory infections.

Thus, the purpose of the present study was to
investigate whether increased bronchial responsive-
ness to inhaled histamine in asymptomatic children
and adolescents can be explained by recent or pre-
vious, subclinical viral respiratory infections.

Material
Subjects

A random sample of 983 children and adolescents
living in the area surrounding the University Hos-
pital in Copenhagen was drawn from the civil reg-
istration list and invited to participate in the study
in 1986. All invited subjects were born in the first
week of each month, were aged 7—16 years, and were
Caucasian. A total of 527 (549, ) accepted the invi-
tation and were examined, of whom 262 were boys
and 265 were girls. A sample of 100 nonresponders
(families who did not respond when contacted by
letter) was contacted by telephone; the description
of the nonresponders has been presented in a pre-
vious paper (2).

All participants and their parents were interviewed
by one of the authors (VB) and completed a ques-
tionnaire about respiratory and allergic (atopic)
symptoms, i.e. symptoms of asthma (18), rhinitis
(sneezing, running or blocked nose, not associated
with colds), atopic dermatitis (an itchy dry rash on
face, arms, or legs), and urticaria (itchy, generalized,
irregular, wheal-like lesions) in themselves, their sib-
lings, and their parents (2). Twenty-six subjects (5%,)
refused to continue the histamine challenge test after
inhalation of saline or were unable to perform tech-
nically satisfactory FEV, maneuvers; furthermore,
six subjects were excluded because of systemic dis-
eases (n=5) or FEV, below 1.01(n=1). In cases of
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known seasonal allergy, the examination was per-
formed out of season. The definition of clinical
asthma was based upon seven questions suggested
by Hopp et al. (18). We found that 20 subjects had
positive responses to questions 1-6, and eight sub-
jects had positive responses to questions 1-3, plus
any one of questions 4-7, whereas 77 subjects re-
plied positively to only one question (Table 1). The
participating subjects (n = 495) were divided into two
groups.

Group 1. Children and adolescents with BHR (n="179).
Twenty-eight (35%,) subjects fulfilled the criteria for
having clinical bronchial asthma. All of these sub-
jects had current symptoms of asthma at the time of
this study. The median age of the subjects was 12
years (range 7—-16), the median serum IgE was
95 kU/1, and six of the 28 subjects had a negative
skin prick test. Fifty-one subjects with a PC,, lower
than 8 mg/ml histamine had no symptoms which
could be classified as definite asthmatic symptoms,
but 13 subjects had symptoms such as rhinitis or
eczema. The median age of the nonasthmatic sub-
jects was 10 years (range 7-16), 22 had a positive
skin prick test, and the median serum IgE was
99 kU/I. Eleven (229%,) of the 51 nonasthmatic sub-
jects claimed to have respiratory symptoms, whereas
40 individuals had no respiratory symptoms. Seven
of the 51 subjects had occasional cough, three had
experienced shortness of breath, and one subject
had experienced wheezing on one occasion.

Group 2. Children and adolescents without BHR (con-
trol subjects) (n=416). A total of 416 subjects had a
normal degree of bronchial responsiveness, i.e. a
PC,, histamine > 8 mg/ml, and no earlier or present
respiratory symptoms suggesting a diagnosis of
asthma. The median age was 12 years (7-16), 65
subjects had allergic disease, and the median serum
IgE was 90 kU/I. Sixty-six subjects (169 ) claimed

Table 1. Number of subjects with respiratory symptoms (1-7, Hopp et al. (18)) among
495 children and adolescents

Asthmatic  Nonasthmatic ~ Total
n=28 n=416 n=495

* Respiratory symptoms (Hopp et al. [18])
1) Doctor's diagnoses of asthma 20 0 20
2) Wheezy or dry cough 28 Al 99
Occasional dry cough . 25 70 95
3) Shortness of breath with wheezing 28 6* 34
4) Doctor's treatment of asthma 20 0 20
5) Received antiasthmatic medication 20 0 20
6) Did the medication help 20 0 20
7) Different factors and pulmonary symptoms 28 0 28
Total respiratory symptoms : 28 71 105

* Ali claimed to have unexplained attacks of dyspnea without wheezing.

4




Backer et al.

to have respiratory symptoms, whereas 350 individ-
uals had no respiratory symptoms. Sixty-three sub-
jects had occasional cough, three had experienced
shortness of breath, but none had experienced
wheezing.

The protocol was evaluated and approved by the
local ethical committee, and informed consent was
obtained from all participants. The Helsinki II Dec-
laration was adhered to throughout the study.

Methods

In subjects with recent or present symptoms of chest
infection, i.e. cough, dyspnea, and malaise in com-
bination with fever (>38°C), the examination was
postponed for 6 weeks from the day of initiation.

Lung function and bronchial challenge test

All subjects were asked to avoid antiasthmatic me-
dication in accordance with the recommendations
by Eiser et al. (11). The forced expiratory volume in
1 s (FEV,) (Vitalograph®), the forced vital capacity
(FVC), and the FEV,/FVC ratio were measured in
all participants. Predicted values (%, pred.) based on
the sex and height of the subjects were calculated
according to the method of Zapletal et al. (38). Bron-
chial responsiveness to inhaled histamine was mea-
sured according to the method described by Cock-
croft et al. (7). Histamine aerosol was generated by
a Wright nebulizer® with an output of 0.14 + 0.015
10~ 1/min~"'. Nine concentrations of histamine
were used, ranging from 0 (saline) to 8 mg/ml. Test-
ing was terminated when the maximum concentra-
tion had been reached, or when a decrease of at least
20%, of FEV, was observed. The percent reduction
in FEV, per pmol (A% FEV,/umol) of the last in-
haled concentration of histamine, i.e. the dose-
response slope (DRS), was calculated and used in
the analysis (25). The inspiration time was calcu-
lated as 409, of the inhalation period of 2 min. Be-
fore expression in log scale, 1.2%, decline in FEV,
per pmol was added to each value to eliminate
negative and zero values. The DRS was found to
increase with increasing degree of bronchial res-
ponsiveness; thus, a logDRS above 0.73 A% FEV,/
pmol histamine was suggestive of BHR, ie. a
PC,, <8 mg/ml.

Skin prick test and total serum IgE

A skin prick test with nine common aeroallergens
was performed in 524 (999 ) of the participating
subjects. The allergens used were birch, grass, mug-
wort, horse, dog, cat, house-dust mite (Dermato-
phagoides pteronyssinus), and two molds (Alternaria
iridis and Cladosporium herbarum). The strength of
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the allergens was 100000 BU/ml (Pharmacia), and
histamine HCl 10 mg/ml in 50%, glycerol was used
as positive reference; a negative reference was also
included. We used a 1-mm lancet, which was pressed
at an angle of 909, to the skin surface through a drop
of test solution. The urticaria reactions were read
after 15-20 min. The allergen wheal area was com-
pared with the histamine wheal and classified as
positive if the allergen wheal area was at least the
same size as the histamine wheal (+ + +), moder-
ate if the allergen wheal area was larger than the
negative control but smaller than the histamine wheal
(+ + and +), and negative if the allergen wheal area
was similar to the negative control (-). Three sub-
jects, of whom one had symptoms, were not willing
to have an allergen skin prick test performed.

Blood samples were drawn and stored at —20°C,
without thawing, for approximately 30 d, after which
the total serum IgE was determined by paper radio-
immunosorbent test (PRIST, Pharmacia, Copen-
hagen, Denmark). The IgE analysis was performed
in groups on 100 samples.

Serum immunoglobulin class-specific antibodies

Blood samples were analyzed as follows, by the
enzyme-linked immunosorbentassay (ELISA) tech-
nique.

IgM-ELISA. Detection of IgM virus antibodies was
performed as an immunoglobulin M antibody cap-
ture enzyme immunoassay, based on the principle
originally described by Duermeyer et al. (10) and
Flehmig et al. (13). Rabbit antihuman IgM (p-chain
specific, CODE A-425, Dako a/s, Glostrup) was
used as antibody capture in all six IgM-ELISAs
(100 pl/well corresponding to 1 antibody pg/well).
IgM immunoglobulin present in test sera was then
added to duplicate wells in 100 pl volumes diluted
1/100. Optimal dilution of crude viral antigen prep-
arations and corresponding control antigen from
noninfected cells (14, 15) were added in duplicate to
wells which had previously reacted with the serum
to be tested. Binding of viral antigen to IgM anti-
bodies was detected by the following indicator sys-
tems: 1) influenza A and B ELISA was performed
with monoclonal antibodies against A and B virions,
respectively (kindly supplied by Dr Nancy Cox, In-
fluenza Branch, Centers for Disease Control, At-
lanta, GA, USA), in combination with peroxidase-
labeled rabbit antimouse immunoglobulin conjugate
(Dakopatts, Code P-161); 2) adenovirus ELISA was
performed with peroxidase-labeled goat polyclonal
antibodies directed to Hexon protein, which is com-
mon to all adenovirus types (Biogenesis, UK, Code
N. 0151-9204); 3) parainfluenza types 1 and 2 and
RSV-ELISA were performed with biotin-labeled




polyclonal rabbit viral-specific antibodies (3) and
commercially available avidinperoxidase conjugates
(Dakopatts, Code P 360). Biotin-labeled rabbit an-
tibodies against RSV were commercially available
(Dako a/s, CODE E-346). Antibodies against parain-
fluenza virus were obtained in rabbits by three sub-
cutaneous injections of highly purified virus antigens
(33) in the presence of Freund incomplete adjuvant.
Antibodies were made virus-specific by solid-phase
absorption by means of a noninfected cell antigen
preparation covalently bound to CL-4B Sepharose
(Pharmacia, Uppsala), according to the manufac-
turer’s instructions.

Purity of viral antibodies was assessed by SDS-
PAGE and immunoblotting assays, before prepara-
tion of biotin conjugates. Biotinilation of antibodies
was performed according to the procedure kindly
provided by P. Grauballe, MD (Dako a/s). The op-
tical density (OD) was measured at a wavelength of
492 nm (OD 492) in an Immuno Reader NJ-2000,
Inter Med, TekNunc, Denmark. The ELISA E-value
was obtained automatically from the reader as the
OD 492 difference between the viral and control
antigen readings.

ELISA cutoff values were calculated as two stan-
dard deviations above the mean obtained from a
control group consisting of 100 individual serum
samples taken from children (0-17 years old) sub-
mitted to the State Serum Institute for various diag-
nostic purposes except diagnostic testing of respira-
tory disease. Performance of each IgM-ELISA was
evaluated in terms of specificity, by means of block-
ing experiments with sera from patients having acute
RSV, parainfluenza (1 and 2), and influenza (A and
B) viral infections, respectively. These sera were
taken from patients with positive virus isolations
from tracheal aspirates and/or nasopharyngeal
swabs. Accordingly, blocking experiments were per-
formed with serum samples from patients exhibiting
high IgM antibodies titers against other paramyx-
oviruses such as mumps and measles, corroborated
by clinical symptoms, and with sera from patients
with high levels of IgM-rheumatoid factor. Sera from
this category of patients were not able to block any
of the IgM-ELISAs even when tested at rather low
dilutions (1/10). On the other hand, complete block-
ing of patients’ IgM antibody was obtained when
acute serum samples from patients with positive
virus isolation were tested at different dilutions in
their corresponding ELISA (results not shown).

RSV-IgG-ELISA. RSV-IgG antibodies were de-
tected by ELISA technique with the classic indirect
approach in which viral and control antigen, at ap-
propriate dilutions, are directly adsorbed to the mi-
croplates. The ELISA E-value was obtained as de-
scribed for the IgM-ELISA.

Bronchial hyperresponsiveness in children

Statistical analysis

Data in contingency tables were analyzed by chi-
square (BHR vs. viral antibodies) or Fisher’s exact
test (respiratory symptoms vs. viral antibodies). The
relationships between age and viral antibodies, and
month of examination and viral antibodies were an-
alyzed by one-way analysis. Differences in logDRS,
FEV,, FEV,/FVC, age, and height among the three
groups were analyzed by the Kruskal-Wallis test.
When appropriate, the Mann-Whitney test was used
to analyze differences among the three groups.

Results

We found that 79 (16%,) of the subjects had BHR,
i.e. PC-20 <8 mg/ml; 40 claimed to have no respi-
ratory symptoms; 11 had monosymptomatic respi-
ratory symptoms; and 28 were classified as having
asthma. The subjects with asthma had increased
bronchial response to inhaled histamine (logDRS)
and reduced FEV, 9 pred., as compared with the
control subjects (P<0.01; Table 2).

Forty-eight of the 495 subjects (109%,) had immu-
nologic evidence of recent viral infection, as they had
detectable levels of serum IgM antibodies and/or
high levels of IgG antibodies against at least one of
six common respiratory viruses. Thirty-eight of the
48 subjects had IgM antibodies, whereas 10 had
signs of recent RSV reinfection (reactivated IgG-
RSV), and 3 were found to have signs of double

Table 2. Lung function, FEV,, % FEV, /vital capacity (VC), FEV, % pred, and histamine
challenge test, PC,, and log dose-response slope (DRS) in 495 children and adolescents.
Median values {range)

Bronchial hyperresponsiveness

Yes No
Asthma Nonasthmatic Control Total
n=28 n=51 n=416 population
1 2 3 n=495
FEV, 2.3 1.9 2.4 2.4
(1.1-4.1) (0.9-1.9) (1.0-6.1) (0.9-6.1)
%FEV, /VC 90.5 89.0 91.0 90.0
{73-99) (71-98} (61-99) (61-99)
FEV, (%pred) 88.7 93.8 96.9%* 96.1
{63-119) (55-123) (61-143) (55-143)
PCyo 2.0%* 5.6% >8.0 >8.0
{0.05-8.0) {0.05-8.0) (>8.0 (>8.0)
DRS A%FEV, /umol 1.21%%# 0.94%%* 0.36 0.41
{0.7-3.0) {0.7-3.0) (-2.0-07) (-2.0-3.0)

Mann-Whitney test:

*  P<0.05(1vs2).

**  P<0.01(1vs. 3and 2 vs. 3).
*#% p<0.001 (1 vs. 3and 2 vs. 3).
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Table 3. Test for specific viral antibodies (IgM and lgG ELISA) against six common
respiratory viruses in a population sample of 495 children and adolescents

Frequency of antibodies against respiratory viruses

% positive tests

Absolute no. n=495

lgM-ELISA

Parainfluenza 1 4 0.8

Parainfluenza 2 3 0.6

Influenza A 6 1.2

Influenza B 20 4.0

Adenovirus 8 1.6

RSV 0 0.0

Total 41 8.3
IgG-ELISA

RSV (high level) 10 2.0

RSV 251 50.7

infection (Table 3). No association between BHR
and viral antibodies against respiratory viruses was
found, as 7 (8.99% ) of the 79 subjects with BHR and
41(9.9%,) of the 416 subjects without BHR had viral
antibodies. Furthermore, no association between se-
vere bronchial responsiveness, i.e. a PC,, less than
4 mg/ml, and presence of viral antibodies was found.
No relationship was found between age of subjects
and presence of viral antibodies, whereas a signifi-
cant relationship was found between month of ex-
amination and presence of viral antibodies (P < 0.01).
Seventeen (35%,) of the 48 children with viral anti-
bodies had their sera samples taken during Febru-
ary and March, of whom 2 (129%) had BHR and 15
(88%,) did not. Furthermore, a significant relation-
ship between BHR and month of examination was
found (P <0.01): the highest frequency of BHR was
found during April/May and September/November,
whereas no increased frequency of viral antibodies
was observed during these periods. No differences
were found in the frequency of viral antibodies
among asthmatic (n =2, 7%,), nonasthmatic (n= 15,
10%,), and control (n =41, 10%,) subjects. Further-
more, no significant differences were found in the
frequency of the specific viral antibodies among the
three different groups (Table 4).

The degree of bronchial response to inhaled his-
tamine (Table 5) was found to be unrelated to evi-
dence of recent viral respiratory infection. Likewise,
no differences in FEV, %, pred. were found between
those who had no evidence of respiratory viral in-
fections and those who had had recent respiratory
viral infection (Table 5).

Eleven (22%,) nonasthmatic subjects with BHR
and 66 (16 %, ) control subjects without BHR claimed
to have respiratory symptoms (P = 0.4); however, no
significant relationship was found between antibod-
ies against respiratory virus and respiratory symp-
toms among nonasthmatic subjects, as compared
with controls; only 1 out of 11 subjects with BHR
(Group 1) and 6 out of 66 healthy controls without
BHR (Group 2) had both respiratory symptoms and
virus antibodies.

A total of 251 subjects (519, ) had evidence of past
infection with RSV, i.e. a detectable level of IgG
antibodies, of whom 225 had RSV IgG as the only
positive finding (Tables 3 and 5). No relationship
was found between presence of IgG-RSV and BHR
(Table 4). The level of bronchial responsiveness and
lung function was also found to be unrelated to the
presence of earlier RSV (Table 5).

Furthermore, detectable levels of IgM and IgG
antibodies against respiratory virus were unrelated
to sex and a history of wheezy bronchitis before the
age of 2 years.

Discussion
BHR and evidence of recent VRI

BHR is a characteristic feature of asthma (27) al-
though not entirely restricted to asthmatic children
(18, 27). Various factors are known to be of impor-
tance in the distribution of bronchial responsiveness
among children. Acute symptomatic respiratory in-
fections may lead to an increased degree of bronchial
responsiveness, decreased lung function, and in-
creased respiratory symptoms such as wheezing (12,
22, 23, 36, 37). Several studies have shown that
acute viral, but not bacterial, respiratory infections
can trigger symptoms of bronchial asthma (5) and

Table 4, Incidence of specific viral antibodies in 495 children and adolescents against parainfluenza viruses 1 and 2 (PARA1, PARA2), influenza A and B (INFLA, INFLB), adenovirus

(ADENO), and respiratory syncytial virus {RSV)

Frequency of antibodies against respiratory viruses

Immunoglobulin M

Immunoglobulin G

PARA1 PARA2 INFLA INFLB ADENO RSV* RSV
Asthmatic subjects (n=28) 0.0% 0.0% 0.0% 3.6% 3.6% 0.0% 50.0%
Nonasthmatic subjects with BHR {n=51) 0.0% 2.0% 2.0% 3.9% 2.0% 0.0% 47.1%
Nonasthmatic subjects without BHR (n=416) 1.0% 0.5% 1.2% 4.1% 1.4% 2.4% 50.5%

* Present reactivation of IgG antibodies.
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Table 5. Bronchial challenge test, log dose-response slope (DRS), and lung function,
FEV, %pred, in relation to specific respiratory virus antibodies. Median values {range).
Kruskal-Wallis (KW) and P values

Respiratory viral antibodies present in serum

none IgM and IgG-RSV*  1gG-RSV KW
1 2 3 (P=)
Subjects with BHR (n=79)
Number 39 7 33
DRS A%FEV, /umol 0.97 0.93 1.03 2.4
{0.7-2.7) {0.8-1.6) 0.7-3.00 (0.3
FEV, %pred 90 89 96 1.9
(55-123) (84-114) (70-119)  {0.4)
Subjects without BHR (n=416)
Number 183 41 192
DRS A%FEV, /umol 0.38 0.42 0.35 4.1
(-1.2-0.7) (-0.5-0.7) (-2.0-07) {0.1)
FEV, %pred 97 99 95 5.1
(71-143) (61-128) (65-128)  (0.08)
All subjects (n=495)
Number 222 48 225
DRS A%FEV, /umol 0.42 0.44 0.40 3.0
(-1.2-2.7) (-0.5-1.6) {-2.0-3.0) (0.23)
FEV, %pred 96 99 96 29
(55-143) {61-128) (65-128) (0.2)

* |gG-RSV reactivation.

increased bronchial responsiveness among healthy
subjects without provoking respiratory symptoms
(21). Furthermore, a well-known association be-
tween allergy (atopy) and increased bronchial re-
sponsiveness exists (27, 29). We found a significant
relationship between month of examination (April/
May and September/November) and increased de-
gree of bronchial responsiveness, a finding which
supports the thesis that a close relationship between
allergy (atopy) and bronchial responsiveness to in-
haled histamine may exist.

On the other hand, BHR in asymptomatic chil-
dren and adolescents cannot be entirely explained by
allergic background (27, 32), allergic symptoms (8,
29, 37), or atopic disease (27), as a multivariate re-
gression analysis of our data showed that these fac-
tors could explain only 23% of the variation in level
of bronchial responsiveness (unpublished data).
Therefore causal factors other than allergy and atopy
seem to be involved in the development of BHR, and
recent viral infection might be a potential provoca-
tive factor. We performed a serologic investigation
of antibodies against six respiratory viruses in un-
selected children and adolescents with and without
BHR. We found that 109, of the examined popula-
tion had serologic signs of recent viral respiratory
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infection. Since only a few serum samples from chil-
dren and adolescents with positive virus isolation
were available, it was not possible to provide data on
the sensitivity and specificity of the serologic tests.
In any case, clinical data of respiratory illness are of
uncertain value, since many of the respiratory vi-
ruses examined in the present study were accompa-
nied by similar symptoms. Vikerfors et al. (35) have
found that the sensitivity of the ELISA to influenza
A was 86%,, and Meurman et al. (24) have found
similar sensitivity of the ELISA-RSV (79%), sug-
gesting that a substantial number of children and
adolescents developed specific viral antibodies dur-
ing a viral respiratory illness. Nevertheless, the diag-
nostic value of serum antibodies against all respira-
tory viruses are at present not available. However,
these findings may still lead to an underestimation of
children and adolescents with recent viral infection.

In spite of the fact that none of the subjects had
had symptoms of respiratory infection within the
preceding 6 weeks, we found a relatively high num-
ber (439%,) of the subjects with antibodies against
viruses had IgM antibodies against influenza B virus
— probably caused by a known epidemic of influenza
B in Denmark just before the study period. We
therefore assume that children and adolescents with
mild or subclinical respiratory infection might have
developed specific antibodies. We found, however,
no increased frequency of BHR among children and
adolescents, aged 7—16 years, with antibodies against
any of the six respiratory viruses. Evidence of recent
respiratory virus infection was found in seven sub-
jects with BHR (PC,,<8) and 41 control subjects.
Furthermore, no correlation was found between se-
vere BHR (PC,;<4) or a generally increased de-
gree of bronchial responsiveness and serologic evi-
dence of recent respiratory viral infection, indicating
that viral infections could not explain the BHR
among asymptomatic schoolchildren and adoles-
cents.

Our findings are different from findings in other
studies (5, 12, 21). Yet, these earlier studies were
performed either in selected hospitalized younger
children (5) or in individuals with acute viral respi-
ratory illness (12, 21, 31). Previous studies of acute
respiratory infection have shown that the degree of
bronchial responsiveness increases on the third day
after the infection (20), reaching its peak in the sec-
ond week (4), after which it decreases to preinfection
levels within 6 weeks (1, 12). Therefore, if viral res-
piratory infection is the cause of BHR in asymptom-
atic subjects, it seems reasonable to believe that
measurement of serum antibodies, as performed in
the present study, can prove or refute the hypothe-
sis that asymptomatic BHR is caused by recent viral
respiratory infection. On the other hand, Vikerfors
et al. (35) found that serum antibodies against influ-
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enza A remain increased for at least 60 d, suggest-
ing that the subjects in the present study with viral
antibodies might have had respiratory illness within
the last 60 d. These findings indicate that the sub-
jects with antibodies might earlier have had BHR,
but then, more than 6 weeks later, had returned to
bronchial responsiveness within normal range, indi-
cating that we overestimated recent or subclinical
respiratory infection inducing BHR in the present
study. Thus, only two subjects (129, ) had BHR and
viral antibodies against influenza B, whereas 15 sub-
jects examined in the same period of 4 weeks, in
which the epidemic was going on, had bronchial
responsiveness within normal range. Furthermore, a
criticism is that an early VRI without the presence
of viral antibodies at the time of examination might
have been present; another is that no convalescent
sera were examined. No tendency, however, exists
towards correlation between bronchial response to
histamine and viral antibodies, and misclassification
of some subjects as having or not having viral anti-
bodies would not change the correlation; this sug-
gests that no major errors have been made.

BHR and previous VRI

Various respiratory viruses have been found to in-
duce an increase in bronchial responsiveness (5).
The virus identified, RSV, was the most frequent and
the most likely virus to provoke asthma (5). It is
unknown, however, whether RSV is the virus that
most frequently provokes asymptomatic BHR. It has
been shown that RSV infection is a frequent cause
of acute bronchiolitis, and that bronchiolitis may
lead to persistently increased bronchial responsive-
ness and decreased lung function (9, 30). Half of the
study population showed evidence of previous RSV
infection, which is in accordance with other studies
from Scandinavian countries (34). The subjects in
the present study with RSV antibodies had both the
same degree of bronchial responsiveness and level of
lung function as the subjects without signs of RSV
infection. The relationship between bronchiolitis and
reduction in lung function has been demonstrated in
children hospitalized because of VRI (16). These
former studies included younger children, and the
difference between our findings and these former
findings might be related to the range of age groups
in this population sample of schoolchildren. How-
ever, in the present study, we found no correlation
between young children, aged 7-10 years, and in-
creased bronchial responsiveness in the presence of
RSV antibodies. The differences between our find-
ings and the findings by others are, therefore, most
likely to have been caused by the unselected, cross-
sectional nature of our population. Another possible
explanation is that these children and adolescents
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had had their RSV infection late in their childhood
period, because it is known that RSV infections in
young children are associated with severe respira-
tory distress, whereas RSV in older children causes
only mild respiratory illness. It therefore seems likely
that only the more severe episodes of viral bronchi-
olitis cause persistent abnormalities in the airways,
whereas the risk in less severe respiratory infections
is negligible.

In conclusion, this study demonstrates that in-
creased bronchial responsiveness in otherwise
healthy children and adolescents is not likely to be
caused by recent viral respiratory infection, and, fur-
thermore, that common respiratory infections in
early childhood do not seem to be followed by per-
sistent BHR in later childhood and early adulthood.
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