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Our aim was to study the influence of infection with the respiratory syncy- 
tial virus (RSV) in non-hospitalized infants on sensitization to aeroallergens 
and the early manifestation of atopy. Six hundert and nine infants from the 
prospective German Multicenter Cohort Study on Atopy were included, 
38% of whom had an elevated atopic risk. RSV IgG and IgM antibodies 
were tested by ELISA with gradient purified RSV antigen. Specific IgE 
against mites, cat dandruff, birch and grass pollens and relevant nutritional 
antigens were tested with CAP-RAST-FEIA (Pharmacia, Sweden). Of the 
cord sera 99% were positive for RSV-IgG, 44.7% at one year and 64.2% 
(n=265) at two years of age. The positivity rate after 12 months varied with 
the season of birth, the number of siblings and the degree of exposure to to- 
bacco smoke; and correlated closely with attacks of wheezing during infan- 
cy. Twenty (2.8%) children were found to be sensitized against at least one 
aeroallergen at one year, and 28 (10.5%) at two years. By the first birthday, 
mite sensitization (n=3) could only be seen in the RSV-infected children; 
grass pollen sensitization (n=9) was associated with RSV seropositivity (lo- 
gistic regression model including the confounders mentioned above: with 
RSV IgG <p=0.048> and IgM <p=0.0006>), as was birch sensitization 
(n=5) with RSV IgM (p=0.009). No such differences could be detected at 
two years. No correlation of RSV seropositivity to any allergic manifesta- 
tion could be found. We conclude, that it is only in the first year of life, that 
RSV infection plays a significant role in promoting sensitization against 
aeroallergens, which do not at this time produce allergic symptoms. 
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In animal studies, RSV has been shown to promote 
allergic sensitization (1-3), and in infancy it is the 
most important cause of wheezing and bronchiolitis. 
It has been suggested that it may trigger bronchial 
obstruction and sensitization against aeroallergens 
up to three years of age (4) and cause asthma-like 
symptoms by inducing virus specific IgE-antibodies 
(3, or trigger allergic symptoms in children at high 
risk for atopy because of their genetic disposition. 
This latter idea is derived from old reports describ- 
ing the incidence of the symptoms of hay fever after 
virus-like illnesses in children (6). Later, as a result 
of small prospective studies with continuous moni- 
toring for viral antigens, the association of viral res- 
piratory tract infection with sensitization against 
aeroallergens was described (summarized in (7)). 

Conflicting data emerged last year from a large pro- 
spective study which showed that multiple respira- 
tory tract infections in infancy and childhood are 
associated with a reduction in the prevalence of al- 
lergic sensitization in schoolchildren (8). 

However, there has so far been no prospective 
study to decide whether RSV, the clinically most 
important respiratory tract virus in infancy, pro- 
motes allergic sensitization against aeroallergens or 
atopic manifestations in general. 

We took advantage of the German Multicenter 
Atopy Study (MAS 90), initially designed to monitor 
the predictive value of various clinical and immuno- 
logical parameters (including the known cofactors 
affecting the manifestation of atopy in infancy and 
early childhood), to answer the following questions: 
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1. Is RSV infection associated with early sensitiza- 
tion against aeroallergens up to the age of 24 
months? 

2. Are atopic manifestations (eczema, food allergy, 
rhinoconjunctivitis) associated with early RSV 
infection? 

Participants in the study 
Between January 1 and December 31 1990, 7609 
full-term newborns were screened for participation 
in the prospective German Multicenter Atopy Study 
(9). The group at risk for atopic manifestations in- 
cluded all infants with at least two atopic members 
in the immediate family circle and/or cord-blood 
containing IgE >=0.9 kUP (CAP-FEIA, Pharmacia, 
Sweden) (n=385). Controls were randomly selected 
from other newborns in the proportion 2:1, so that 
eventually 35.7% of the participants belonged to the 
high risk group. Informed written consent to partici- 
pation was obtained from 1314 families. The 
present study is a report on 609 individuals of whom 
not only cord serum was available together with a 
complete dataset of the clinical variables, but also a 
serum taken at 12 months of age. These eligibility 
criteria did not alter the socioeconomic and atopic 
risk characteristics of the sample. Neither were they 
statistically different in the 265 participants of 
whom we obtained a serum at 24 months. 

Procedure 

The infants were seen in the six pediatric outpatient 
clinics participating at 1, 3, 6, 12, 18, and 24 months 
after birth. At each visit, data on the atopic symp- 
toms of the infant and its family, infantile diseases, 
nutrition, development and behavior were obtained 
by questionnaires, and from a structured interview. 
In addition, data on environmental factors such as 
exposure to tobacco smoking and household pets, 
home conditions (size of house or apartment, rural 
or urban location, floor coverings, etc.) and other 
relevant sociodemographic factors were collected. 

At each visit a structured clinical ‘well baby’ex- 
amination was carried out by the study physician. 
Great attention was paid to atopic signs, especially 
skin manifestation. Depending on the diagnosis of 
the family physician, the findings of the study doc- 
tor and the parents’ reports of relevant atopic symp- 
toms, each child was placed into one of three 
groups: ‘not’, ‘probably’or ‘obviously’ atopic. Ob- 
vious asthma required at least one of the following 
features: (1) the diagnosis of wheezing bronchitis by 
the family doctor, reported by the parents; (2) symp- 
toms of wheezing more than twice since the last vis- 
it; (3) diagnosis of obvious wheezing bronchitis by 
the study doctor, due to the reported symptoms; (4) 
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diagnosis by the study doctor, due to the physical 
examination. Probable asthma required at least one 
of the following features: (1) symptoms of wheez- 
ing less than three times since the last visit; (2) diag- 
nosis of probable wheezing due to the reported 
symptoms; (3) diagnosis of probable wheezing due 
to the physical examination. 

‘Obvious atopic eczema’ required a combination 
of three or more characteristic morphological fea- 
tures at three typical locations (9). 

IgE antibodies 

The total IgE was measured in kU/1 with CAP- 
RAST-FEIA (Pharmacia, Sweden). Sensitization 
was defined as the presence of specific IgE-antibod- 
ies against at least one of the 8 major allergens 
(house dust mite, cat dandruff, birch and grass pol- 
lens, milk, chicken, wheat and soy in excess of 0.35 
kUP. 

RSV antibodies 

RSV-antibodies were determined by a sandwich- 
type ELISA. As the antigen, 110 ng of density gra- 
dient purified RSV in 75 pl  of 0.5 M bicarbonate 
buffer (pH 9.6) was added to each well of an ELISA 
plate (Maxisorb, Nunc, Wiesbaden, Germany) (10). 
After incubation for 1 hour at room temperature, the 
plates were kept at 4°C overnight. The unbound 
RSV proteins were washed off in two steps with 
PBS + 0.05% Tween 20 buffer. Incubation at room 
temperature with the same buffer was carried out for 
1 hour to reduce nonspecific binding. 75 pl of 1 : 100 
diluted serum was added to each well. After 1 hour 
incubation at 37” C ,  the unbound antibodies were 
washed off. The immunocomplexes were labeled 
for 1 hour with an alkaline phosphatase conjugated 
anti-human antibody at the appropriate dilution 
(Sigma, Deisenhofen, Germany). P-phenylphos- 
phate was used as a substrate. After 1 hour, the color 
reaction was stopped with 2 N sulfuric acid and ab- 
sorption determined at 405 nm (Anthos reader 2001, 
Anthos, Siegburg, Germany). 

A positive reaction was defined by two criteria: 
the absorption of serum had to be at least twice as 
high as a negative control and at least 0.10 higher 
than the reaction of the serum itself on the RSV un- 
coated control plate. 

Statistics 

The data were evaluated using the SAS statistical 
package. Differences between the RSV group and 
the non-infected group were tested for significance 
with the chi-square coefficient and Fisher’s two- 
tailed exact test, when appropriate. The relative risk 
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(RR) and 95% confidence intervals (CI) for sensiti- 
zation were calculated. Logistic regression tech- 
nique was used to control for confounders. A p 
value c 0.05 was accepted as significant. 

Results 
RSV antibodies 
Of the cord sera tested 99% were seropositive for 
specific RSV-IgG antibodies reflecting the mothers’ 
immunity. At 12 months, 44.7%, and after 24 
months, 64.2% were seropositive for specific IgG. 
The level of IgG antibodies in the cord blood did not 
predict the antibody status at one year. RSV-IgM 
was found in 12% of the children at one, and in 
23.4% at two years of age. Antibody prevalence did 
not differ between infants at risk for atopy and the 
controls. 

Seasonal e#ects - One-year-old children born in 
the first three months of the year (n=151) had a 
higher prevalence for RSV-IgG (54.1 %) than those 
born during the following quarters (n= 420, preva- 
lence 52,3 to 44.4%, p=0.006 for trend). This pat- 
tern was not seen after the second year of life. At 
this later age seropositivity for IgG ranged between 
56-70%, and for IgM between 15-27% according to 
the quarter. 

Siblings - RSV IgG seropositivity was seen in 
53.7% of infants with older siblings (n=258), com- 
pared with 39.4% for firstborn children (n=289, 
p=O.OOl). After two years, seropositivity was seen 

RSV-IgG 
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in 75% of children with older siblings, compared 
with 55.9% of those with none (p=O.OOl). 

Exposure to tobacco smoke - At one year of age, 
RSV IgG-antibody positivity was found to have a 
dose-dependent association with passive smoking: 
108/284 (38%) of the infants living in nonsmoking 
families were seropositive for RSV, whereas 87/174 
(50%) were seropositive in families with one, and 
52/93 (56%) in families with two or more smokers 
(p=0.002 for the 3x2 table). 

Clinical data 
The incidence of wheezing was recorded as one of 
the asthma-like symptoms (9). During the first 
month of life, no such symptoms occurred in our 
study population. The more convincing the history 
(obvious symptoms) the higher was the prevalence 
of RSV seropositivity at one year (p=O.OOl). Proba- 
ble (57 [10.1%] at 12 months and 29 [11,7%] at 24 
months) or obvious (44 [7.9%] at 12 months and 18 
[7,6%] at 24 months) asthmatic symptoms were re- 
ported in infants at atopic risk and controls in equal 
numbers. 

Atopic sensitization 
The total IgE at 12 and 24 months of age did not dif- 
fer between groups with (median: 6.35 kU/l at 1 
year; 15.1 kU/i at 2 years of age) or without (medi- 
an: 6.1 kU/l; 20.6 kUA) RSV antibodies. The num- 
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Table I .  Sensitization and RSV antibodies: the incidence of sensitization 
against at least one aeroallergen depending on the RSV antibody prevalence, 
and the relative risk (RR) with the 95% confidence interval (CI) for sensitiza- 
tion a t  one year. 

RSV-Antibodies IgM positive IgM negative RR (95% GI) 

IgG positive 3/56 (5.3%) 5/210 (2.3%) 2.2 (0.56-9.1). ~ ~ 0 . 3 7  
IgG negative 2/16(12.5%) 10/315(3.1%) 3.9(0.94-16.4). ~ 0 . 1  
all 5/72 (6.9%) 15/515 (2.9%) 2.4(0.91-6,5). PO.08 

ber of infants sensitized to at least one of the eight 
allergens tested was 89 (14.8%) after the first year, 
and 68 (25.8) after the second year of life. Twenty 
children (2.8%) with at least one sensitization 
against inhalant allergens were found at 12 months, 
and 28 (10.5%) at 24 months. The respective figures 
for nutritional allergens were 80 (13.1%) and 53 
(20%). Children of the risk group became sensitized 
easier than controls (Sensitization against at least 
one allergen: 22.3% versus 10.2% at 12 months [p< 
O.OOl], 31% versus 18.4% [p=O.O02] at 24 months). 

At 12 months, infants with a sensitization against 
any inhalant allergen showed no higher prevalence 
for RSV IgG-antibodies (40% versus 44.7%; n.s.). 
Table 1 gives the incidence of sensitization accord- 
ing to the RSV antibody status. Specific sensitiza- 
tion against dermatophagoides pteronyssinus (n=3) 
was only seen in RSV IgG seropositive children. In- 
fants sensitized against birch pollen showed a high- 
er prevalence for RSV IgM (60% were seropositive, 
compared with an 11.2% seropositivity in the unsen- 
sitized group; p=0.014). The same applied to those 
sensitized against grass pollen (40% versus 12%; 
p=0.015). Table 2 gives the number of specific sen- 
sitizations, and the relative risk of RSV seropositivi- 
ty. Figure 1 shows the percentages of specific sensi- 
tization related to RSV seropositivity. 

RSV infections during the second year of life, di- 
agnosed by seroconversion to RSV-IgG or RSV- 
IgM seropositivity at two years, were not predictive 
for sensitization against any of the eight allergens at 
24 months. 

In a first logistic regression model, recognized fac- 
tors for atopic sensitization such as sex, breast-feed- 
ing, exposure to smoking, RSV infections, season of 
birth, and membership of the high risk group for ato- 
py were tested for their effect on inhalant sensitiza- 
tion in general. Only members of the high risk group 
had a higher rate of sensitization at one year 
(p=0.0016). RSV-IgM seropositivity at one year had 
a small effect on sensitization (p=0.093). Exposure 
to smoking and the season of birth had no effect on 
sensitization. 

In a second model, the same factors for specific 
sensitization against pollen at one year were evalu- 
ated. Being seropositive for RSV IgM or RSV IgG 

Table 2. Relative risk for specific inhalant sensitization at one year of age de- 
pending on RSV-antibody status. P-values from Fisher's exact test 2-tailed. *) 
RR not calculated due to a zero sensitization in the RSV IgG negative group 

Sensitization RR of RSV antibody positivity (C I ) 

IgG IgM 

birch (n=5) 1.8(0.30-11) ~ 0 . 6 6  11 3(1.8-68) ~ 0 . 0 1 4  
6.2 (1.6-23) PO 015 0.62 (0.15-2.5) p=0.73 grass (n=9) 

cat (n=8) 0.62 (0.17-3 1) p=0.73 2.4 (0.48-12 3) ~ ~ 0 . 2 5  
mite (n=3) *) 3.5 (0.3-40) p=0.32 

was associated with grass pollen sensitization (IgG 
p=0.048, IgM p=0.0006). Sensitization against birch 
pollen was only associated with seropositivity for 
RSV-IgM (p=0.009). Season of birth, exposure to 
smoking, sex or membership of the high risk group 
did not influence the prevalence of sensitization 
against grass or birch pollen. 

Allergic manifestations 
RSV-antibody status was not associated with any 
other atopic manifestation such as eczema, gas- 
trointestinal reactions or rhinoconjunctivitis. 

Discussion 

The aim of this study was to evaluate prospectively 
the role of RSV infection in early sensitization 
against inhalant allergens and the early manifesta- 
tions of atopic disease. 

In order to obtain reliable results from such an 
analysis, the method of detecting RSV infections 
must be clearly understood. In comparison with 
some earlier authors (11) we were not in a position 
to examine every participant whenever she or he 
caught a cold and to take a sample and test it for 
RSV antigen. Since taking convalescent sera is nei- 
ther an adequate nor a standard diagnostic proce- 
dure (12), we could not - for ethical reasons - obtain 
a sufficient number of sera from infants with a prov- 
en RSV infection during their first year of life to 
make a classical sensitivity/specificity analysis of 
the ELISA used. However, using this test we could 
reproduce the recognized positive risk factors for 
early RSV infection. For those who are seropositive 
at one year, these include passive smoking (13-15), 
having older siblings and the season of birth (1 1). 
Furthermore, seropositivity on the first birthday cor- 
related almost exactly with the incidence of wheez- 
ing, which is the predominant feature of an RSV in- 
fection in infancy, irrespective of the atopic family 
history (16-19). This makes us confident that the 
measurement of the RSV antibody reliably reflects 
the occurence of the RSV infection in our sample 
population. 
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With regard to early specific sensitization, one 
first has to ensure that the total IgE at one year of 
age is not affected by the RSV antibody status. This 
is plausible, since total IgE at one year is best pre- 
dicted by the cord blood IgE (20). On the other 
hand, RSV is one of the viruses known for its low 
interferon induction (21), and it is thus very unlikely 
to influence negatively the production of total IgE. 

When considering the specific sensitizations, it is 
remarkable how house dust mite sensitization oc- 
curred in RSV infected infants only during the first 
year, even if the number of cases was too small to be 
statistically significant. The higher prevalence of 
RSV-IgM in the group of birch and grass sensitized 
infants also indicates the temporary adjuvant role of 
the RSV infection in sensitization by aeroallergens 
during the first year of life. The association of RSV 
IgM seropositivity (which means a recent infection) 
with sensitization to seasonal inhalant allergens may 
be confirmation of an early report by Frick (6) on 
older children. It is also in accordance with results 
obtained from animal models (1, 2). A synopsis of 
the latter publications allows us to regard the under- 
lying mechanism as a facilitation of sensitization by 
anatomical damage. This view is further supported 
by a case control study on children hospitalized for 
RSV bronchiolitis, who became prone to asthma as 
well as to inhalant sensitization up to the age of 
three years (22). 

According to our investigation, the effect of RSV 
modulation on aeroallergen sensitization of non hos- 
pitalized infants does not persist into the second year 
of life. From this age onward, the risk of sensitiza- 
tion resulting from an atopic family history clearly 
overrides the risk due to RSV infection (7, 19, 23).  
For this reason, we and other authors (11, 24) have 
been unable to detect any modifying effect of RSV 
infection, when looking for the atopic manifestations 
during infancy and early childhood which depend for 
the most part on sensitization to ingested allergens. 
Only in the prospective study on infants hospitalized 
for bronchiolitis food-IgE in three-year-olds was 
found more often in patients than in controls. How- 
ever, this study included highly selected RSV pa- 
tients, which is confirmed by the fact, that among 
them allergic sensitization was influenced more by 
bronchiolitis than by an atopic heredity. 

The observation that multiple respiratory infec- 
tions may offer protection against sensitization (25) 
is not contradictory to our own observations. In fact, 
RSV is only a poor inducer of interferon in compar- 
ison with other viruses, such as rhinovirus influen- 
zae and the viruses of influenza and parainfluenza, 
which also produce more clinical signs in older chil- 
dren (21). These latter viral infections are readily re- 
called by the parents in a retrospective study, and 
may prevent sensitization in accordance with the 

concept of an interferon driven upregulation of Th 1 - 
like helper cells. 
Taken as a whole, this prospective study fills in the 
gap in our knowledge of what RSV infection signi- 
fies for aeroallergen sensitization in non-hospital- 
ized children. During the first year of life it slightly 
promotes aeroallergen sensitization. This does not 
depend upon the atopic status. There is no demon- 
strable effect on atopic manifestations in the first 
two years of life, since these depend principally 
upon the atopic disposition of the child. 
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