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Up to 70% of wheezing episodes in the first year
of life have been shown to relate to viral respira-
tory infections [1, 2]. In earlier studies virus isola-
tion rates were relatively low and varied signifi-
cantly between studies (9.8%-48.6%) depending
on different approaches in sampling and proces-
sing of the different materials [3-12]. These
proportions were, however, higher in cases than
in controls. RSV, rhinovirus and parainfluenza
virus were the most frequent isolates in wheezy
children [3, 5-8, 10]. In studies closely following
children over months [13] coronaviruses and
influenza viruses were also found in a significant
proportion of wheezing episodes. A recent study
using PCR techniques in addition to conventional
methods yielded much higher virus identification
rates. Johnston and coworkers [14] detected
viruses in 80% of nasal aspirates of asthmatic
episodes taken in 108 schoolage children over a
13 months period. In most of the episodes rhino-
viruses were found. During asymptomatic control
periods, the identification rate of rhinoviruses
amounted to 12%.
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Two major hypotheses have been proposed to
explain the association between viral infections
and wheezing [15]. One hypothesis states that
viral infections early in life damage the growing
Iung or alter host immune regulation. The second
hypothesis holds that respiratory infections are
more severe in infants and children with some
underlying predisposition. In this case, the
symptomatic viral infection is merely an indicator
of an otherwise silent condition, whereas viral
infections were causal risk factors if the first hypo-
thesis holds true. These two arguments are not
mutually exclusive. It is conceivable that severe
viral lower respiratory tract infections occur
primarily in infants and children with an inherent
predisposition, and that both the infection and
the predisposition contribute to the development
of wheezing illness or other long-term respiratory
abnormality.

There is still an ongoing debate about a potential
causal role of infection with respiratory syncytial
virus (RSV) for the subsequent development of
childhood asthma and atopy. RSV infections are
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very common in the first year of life. According to
Long and coworkers [15] 80% or more of all
infants are infected with RSV in the first year of
life, but lower respiratory tract illness is also
evident in about 40% of these children. Thus, a
significant proportion of children undergo
inapparent RSV infections in the first years of life
suggesting that host factors exist which determine
the manifestation of bronchiolitis after an RSV
infection.

Several investigators have followed children
with proven RSV bronchiolitis into later child-
hood. Most authors [16-18] reported reductions
in pulmonary function and increased frequency
of airway hyperresponsiveness in cases as compa-
red to controls. These results are, however, also
consistent with the notion of an underlying
premorbid respiratory abnormality rather than a
subsequent damage of the airways through the
RSV infection. Pullan and coworkers (18) for
example followed 130 infants and compared
them with matched controls. Of the RSV group
6.2% were wheezing at the age of 10 years as com-
pared to 4.5% of the control group. A slightly
increased prevalence of repeated mild episodes of
wheeze was found during the first 4 years of age
(38% vs 15%), but no increased rate of atopic
sensitization.

When considering the second hypothesis, several
risk factors associated with an underlying predis-
position to wheeze may be relevant. If wheeze is a
nonspecific symptom of airway narrowing then
either underlying abnormalities of lung and
airway structure which result in smaller airway
calibers, or a propensity to obstruct the airway
lumen by mechanisms such as airway hyper-
responsiveness may be relevant. There is some
evidence that asthmatics may be more susceptible
to acquire viral infections than healthy non-
asthmatic children [19, 20]. For example, Minor
and coworkers [19] observed that asthmatic
children experienced significantly more viral
respiratory tract infections than their nonasthmatic
siblings. Rhinoviruses use receptors on the cell
surface for cellular attachment. The most
common receptor is ICAM-1 [21] which has been
shown to be expressed more frequently in epithe-
lial cells of asthmatics than of normal subjects

[22].

In contrast to the studies discussed above, other
studies have reported an inverse relation between
asthma and the overall burden of infections.
In Papua New Guinea Anderson observed that
respiratory infections were more common among
young children in the Highlands, where the asth-
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ma prevalence was exceedingly low, than in the
coastal regions of the country, where asthma
occurred more frequently [23]. In the Fiji Islands.
Flynn and coworkers [24] reported that in the
indigenous children with frequent respiratory
infections and a high hospital admission rate for
pneumonia, the prevalence of asthma and airway
hyperresponsiveness was lower than in less expo-
sed children. Likewise, a higher prevalence of
bronchitis and respiratory infections was found in
East European countries, whereas atopic sensiti-
zation, hay fever, asthma and BHR were all signi-
ficantly lower than in Sweden or West Germany
[25, 26].

There is also increasing evidence that sibship
size contributes to the expression of atopy in fami-
lies. Many authors have shown that the number of
siblings is inversely related to the prevalence of
self-reported inhalant allergy, hay fever, atopic
eczema, skin test reactivity and the presence of
specific IgE anitibodies in the serum [27] in
children, adolescents and adults. Most reports
which were large enough to allow a separate
analysis of the influence of older and younger
siblings found a stronger relation with the
presence of older siblings than with vounger
brothers and sisters. David Strachan who first
described the phenomenon in 1989 [28] proposed
that «infection in early childhood, transmitted by
unhygienic contact with older siblings, or acquired
prenatally from a mother infected by contact with
her older children» may prevent the development
of allergic diseases. The strong inverse relation
between sibship size and the expression of atopy
in families may, however, also be atuributable to
other mechanisms. The number of older siblings
might be a surrogate measure for multiple
pregnancies in which feto-maternal immune
responses may change with each pregnancy. If this
notion were correct then not only the number of
older siblings but also the number of pregnancies
including miscarriages should be related to the
occurrence of atopic diseases in the offspring.

Yet, the results of other recent studies substan-
tiate the potential protective effect of infections
early in life on the development of mainly atopy
and to a lesser extent on asthma in later child-
hood. In Guinea-Bissau, West Africa, Shaheen
and colleagues followed children at the age of
0-6 years into young adulthood [29]. The subjects
with childhood measles had about half the rate of
atopic sensitization defined as skin prick test posi-
tivity to aeroallergens than those who had been
vaccinated and did not acquire measles (12.8% vs
25.6%). A recent report from Southern Italy
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showed that military students who were sero-posi-
tive for hepatitis A as a potential indicator of
hygiene had a significantly lower prevalence of
atopic sensitization to common acroallergens and
a lower prevalence of atopic diseases as compared
to their peers who did not have antibodies to
hepatitis A [30]. In a recent study from East
Germany the development of allergy at the age
of 5-14 years was significantly reduced if a child
from small families entered day nursery between
6-11 months of age as compared to 12-23 months
of life or after the second birthday (15.7% vs
21.8% vs 27%) [31]. In the prospective Tucson
Cohort Study, children who had non-wheezing
lower respiratory tract illnesses such as pneumo-
nia and tracheobronchitis in their first three years
of life had subsequently reduced skin test reactivi-
ty and depressed levels of total serum IgE at the
age of 6 years [52]. A potential protective effect of
parasitic infections e.g. in areas of the Developing
World has not yet been explored sufficiently.

Recent immunologic findings add biologic
plausibility to the hypotheses inferred from these
epidemiologic studies. In simplistic turns, two T
helper cell phenotypes develop from a common
ancestor cell. Different patterns of cytokine relea-
se are produced by these different T-helper cells.
Th2-like T-cells produce among other mediators
interleukin 4 (IL-4) and interleukin 5 (IL-5) and
thereby increase the production of IgE and attract
eosinophils to the lung. In contrast, Thl-like
T-cells produce among other cytokines inter-leu-
kin 2 (IL-2) and interferon gamma [33] which is
produced in the course of infectious diseases and
inhibits the production of IgE [34]. Thus, a
predominant activation of Thl-like T-helper-cells
in the course of recurrent viral or bacterial infec-
tions may prevent the proliferation of Th2-clones
and the development of allergic disease [33].

These findings have prompted investigators to
speculate about a potential harmful effect of
vaccinations and antibiotic use. This discussion
was further fueled by a recent paper by Shirakawa
and colleagues [35] who reported that, amongst
BCG immunized Japanese schoolchildren, asth-
matic symptoms and several indices of atopy were
significantly less likely in positive tuberculin
responders as compared to negative responders,
and that remission of atopic symptoms between
the ages of 7 and 12 years was much more likely in
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positive tuberculin responders. The interpreta-
tion of these findings has been debated intensively.
The inverse association between allergic status
and tuberculin reactivity may simply reflect the
imbalance of Thl/Th2 responsiveness characte-
ristic of atopic individuals who have been shown
to express smaller delayed type hypersensitivity
skin reactions to recall antigens than non-atopic
subjects [36]. This imbalance may relate to genetic
or other constitutional factors rather than to
exposure to Mycobacteria. Such an interpretation
is supported by findings of a Swedish group
showing that a single immunization for BCG after
birth does not affect the prevalence of atopic
diseases at schoolage [37].

Likewise, the role of vaccination for measles has
been questionned. The generalisability of the
findings from Guinea-Bissau, West-Africa, to
western populations must, however, be called in
question. In fact, several studies were unable to
detect an adverse effect of childhood immuniza-
tions on the development of allergic diseases [37,
38]. Moreover, there is no evidence to date to sug-
gest that the use of antibiotics may causally be
related to the inception of childhood asthma or
allergies. A recent retrospective study by Hopkin
and coworkers [39] showing a positive association
between antibiotic use and asthma must be inter-
preted with great caution since a potential severe
bias by reverse causation, i.e. children with
preexisting symptoms of asthma may receive
more antibiotics because of their disease, cannot
be excluded.

Therefore, a subject’s overall burden of conti-
nuing infections early in life and throughout
childhood which may be respiratory or gastroin-
testinal may direct the immune response towards
a predominant Thl-like response by suppressing
the Th2 pathway. A suppressed Th2 response may
then reduce the risk to develop atopy and asthma.
To date there exists no rationale to withhold
vaccinations or antibiotics where necessary, to
prevent the development of atopy or childhood
asthma. Infections by some respiratory viruses
such as RSV and rhinoviruses at certain stages of
lung maturation may unmask the manifestation
of asthma in a predisposed host. Again, it seems
very unlikely that avoidance of day care centres
will reduce the incidence and prevalence of child-
hood asthma.
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