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Selective infection of lower respiratory tract by respiratory
viruses in children with recurrent respiratory tract infections

D ISAACS, J R CLARKE, D A J TYRRELL, H B VALMAN

Abstract

Thirty preschool children presenting with recurrent
respiratory infections and their unaffected siblings were
observed prospectively for a year. The index children
experienced more episodes of acute respiratory infection
than their siblings. Respiratory viruses were the major
cause of respiratory infections. The index children had
lower respiratory tract disease, predominantly wheeze,
during 34% of proved respiratory virus infections com-
pared with 11% of such infections experienced by the
control children (p < 002). Atopic children had an in-
creased tendency to wheeze that did not reach signifi-
cance, but atopy was not associated with increased sus-
ceptibility to respiratory infections.

Introduction

There is a large group of children with recurrent respiratory
tract infections who are seen by their general practitioners and
by paediatricians and for whom conventional immunological
tests show no cause for their increased susceptibility to infec-
tions.' It is not known whether such children are experiencing
mainly viral or bacterial infections. The association between
wheezy bronchitis and respiratory virus infections is, however,

Northwick Park Hospital and Clinical Research Centre, Harrow,
Middlesex HAl 3UJ

D ISAACS, MRCP, MRC research fellow (present address: Royal Alexandra
Hospital for Children, Camperdown, NSW 2050, Australia)

J R CLARKE, BSC, laboratory technician
D A J TYRRELL, FRCP, deputy director, Clinical Research Centre
H B VALMAN, FRCP, consultant paediatrician

well documented. Horn and colleagues isolated respiratory
viruses from tissue culture in 146 (24°',) of 554 episodes of acute
wheezy bronchitis in children aged 0 to 12 years, and half of the
viruses isolated were rhinoviruses.' The same workers isolated
rhinoviruses in large numbers from the sputum of children with
wheezy bronchitis, suggesting lower respiratory tract multipli-
cation of the virus.3
Some, but not all, children who wheeze during virus infec-

tions are atopic.4 Atopy and increased bronchial lability are
thought to be determined independently, since children with a
persistent increase in bronchial lability after bronchiolitis are
not atopic.' It is not known whether atopy is associated with an
increased susceptibility to respiratory infections; Minor et al
suggested that asthmatic children are more susceptible to
respiratory virus infections than their non-asthmatic siblings,6
but the total number of respiratory infections experienced by
asthmatic and non-asthmatic children in their study was identi-
cal and atopic status was not specified.
We undertook a prospective study of 30 preschool children

with recurrent respiratory infections and their unaffected sib-
lings.

Patients and methods

Thirty children aged 6 months to 6 years presenting consecutively
to the paediatric department with recurrent upper or lower respiratory
tract infections (or both) were admitted to a prospective study. The
index children were reported by their parents to have had at least 10
infections in the previous year and all had an unaffected sibling in the
same age range who acted as control. Sibling pairs were observed
prospectively for a year from admission to the study. The sibling
control group was 14 years older on average than the index group
(p < 0-05 by the Student's paired t test). The mean age of the index
group at presentation was 2-2 years. Only one index child and one
control sibling were under one year of age at presentation.

 on 24 M
ay 2023 by guest. P

rotected by copyright.
http://w

w
w

.bm
j.com

/
B

r M
ed J (C

lin R
es E

d): first published as 10.1136/bm
j.284.6331.1746 on 12 June 1982. D

ow
nloaded from

 

http://www.bmj.com/


BRITISH MEDICAL JOURNAL VOLUME 284 12 JUNE 1982

Index and control children were visited at home by one of us (DI)
during each respiratory episode, a clinical diagnosis was made
according to the criteria of Court7 and recorded, and specimens of
respiratory secretions were obtained for viral and bacterial cultures.
Nose and throat swabs were taken with sterile serum-coated wool
swabs and broken into viral transport medium containing penicillin,
streptomycin, and amphotericin for viral culture and plated on to blood
and chocolate agar plates for bacterial culture. A neonatal mucus
extractor and mucus trap (Chilton Surgical ME/30) was used to take a

nasopharyngeal aspirate, to which 2 ml of viral transport medium was

added. Specimens for virus isolation were transported to the laboratory
frozen on solid carbon dioxide and stored at - 70°C until cell cultures
were available. Specimens were put up in roller-tube cultures on
monolayers of MRC-5 fibroblasts, Ohio HeLa cells, LLC-MK2
monkey kidney cells, and fetal tonsil cells.8 Viruses were serotyped by
virus neutralisation tests where possible.9 Rhinoviruses were identified
by acid lability test-namely, a 100-fold reduction in titre after treat-
ment at pH 4 for two hours.9
Venous blood was taken from index and control children at presen-

tation, and total serum IgE concentration was measured by a double
antibody inhibition radioimmunoassay technique."' Children under-
went prick tests at presentation with eight common inhalant allergen
extracts: Dermatophagoides pteronyssinus, house dust, cat fur, dog fur,
grass pollen, tree pollen, mixed feathers, mixed moulds, and a control
solution (Bencard). Skin tests were read at 15 minutes and were posi-
tive if a weal was present with a diameter 2 mm or more greater than
that of any control weal.il 1 Children with one or more positive skin
reactions were defined as atopic.""12
The study was undertaken with the prior approval of the Northwick

Park Hospital ethical committee.
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experienced by the control siblings (see fig 1). This difference was

highly significant (p < 0-01) when the results were compared by
weighted two-way analysis of variance of the logits of the proportions
(this analysis is equivalent to a paired t test but allows for a variable
number of episodes experienced by each child). The index children
had upper respiratory tract infection in 180 (64%) of the 279 episodes
compared with 143 (88%) of the 162 episodes experienced by control
siblings. Middle respiratory tract infections accounted for seven (2%)
episodes in index children and three (2%) in controls. These dif-
ferences were not significant.

VIRUS ISOLATION AND ILLNESS

Viruses were isolated from tissue culture in 38% of acute infectious
episodes, the virus isolation rates from index and control groups being
40%o and 360/ respectively (see table I). Rhinoviruses accounted for
over half of all viruses isolated from each group. We did not attempt
to isolate coronaviruses, and we did not succeed in isolating any

influenza or parainfluenza viruses. There was no difference in the
proportions of different viruses isolated from index and control groups.

The incidence of lower respiratory tract infection during proved
virus infections was virtually identical to that during all episodes. The
index children had lower respiratory tract infection during 34% of
proved virus infections, compared with 110% of infections experienced
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Results

The 30 index children each experienced from three to 16 clinical
episodes of acute respiratory infection in a year with a mean of 9 3 ±
SD 3 3 episodes/child/year, while the control siblings experienced
from one to 1 1 episodes, mean 5 4 +2 7 episodes/child/year. Even after
adjustment for age, which was related to the incidence of infections,
the difference in the means was highly significant when analysed by
paired t test (p < 0 001).
The index children had lower respiratory tract infection in 92

(33%0) of their 279 episodes compared with 16 (10°,h) of 162 episodes

TABLE I-Viruses isolated from specimens from naso-
pharynx during acute respiratory infections

Index Control
(n = 250) (n = 127)

Viruses:
Rhinovirus 59 24
Echovirus 12 7
Adenovirus 10 6
Respiratory syncytial virus 7 3
Coxsackievirus 6 3
Varicella 3 2
Mumps 1 1
Rubella 1

Total 99 46

Total serum IgE
(IU)
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Total serum IgE concentration of study children related to normal range of
Kjellman et al.6 * = Index children; A= control children;* or X~ four or

more episodes of wheeze/year.

TABLE iI-Clinical diagnosis in association with positive virus isolations

Lower respiratory
Upper respiratory tract Middle respiratory tract tract

Upper respiratory
Common cold tract infection Tonsillitis Otitis media Croup Wheezy bronchitis Pneumonia

Index children
Rhinovirus 11 18 9 2 2 17 1
Echovirus 1 7 3 0 0 1 0
Respiratory syncytial virus 0 1 0 1 0 4 1
Coxsackievirus 2 1 1 0 0 2 0
Adenovirus 2 1 1 0 0 5 1

Control children
Rhinovirus 11 3 3 1 3 3 0
Echovirus 2 2 2 0 0 1 0
Respiratory syncytial virus 0 1 1 0 0 1 0
Coxsackievirus 2 1 0 0 0 0 0
Adenovirus 1 1 3 1 0 0 0

1
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by the control children (p < 0 02). Since viruses were isolated in the
same proportions from index and control children, the index children
had selective infection of the lower respiratory tract by respiratory viru-
ses. Table II shows the clinical diagnosis made in association with
illnesses from which viruses were isolated,'314 and clearly shows that all
viruses tended to cause wheezing in the index children.

ATOPY

On the strict diagnostic criteria of Pepys4 -namely, one or more
positive reactions to skin tests to common inhalant allergens-eight
index children and seven control children were atopic. When total
serum IgE concentrations were compared with the normal range
documented by Kjellman et al"5 13 of the index children and five con-
trol children had concentrations more than 2 SD above the geometric
mean for age (see figure). All eight index children with positive re-
actions to skin tests but only three of the seven control children with
positive skin test results had raised total serum IgE concentrations.

Positive skin reactions and raised total serum IgE concentrations
were both associated with an increased incidence of recurrent wheez-
ing, though this increase did not reach significance. Six (400,) of the
15 children with positive skin reactions had four or more episodes of
wheezing per year compared with eight (19%0) of the remaining 45
children with negative reactions (x2= 1 9, p 0 1). Seven (39% ) of the
18 children with raised total serum IgE concentrations, and seven
(170°) of the 42 children with normal serum IgE concentrations
wheezed on four or more occasions (x2= 27, p = 0 1).
We examined the relation between positive skin reactions, raised

total serum IgE concentrations, and the number of infections experi-
enced to determine whether the atopic children in the study were more
susceptible to infection. Children with positive skin reactions did not
have an increased incidence of respiratory infections compared to
those with negative reactions (6 9 I±SD 2 9 v 7 5 X-3 8; t=0 3,
p >0 5). Similarly, children with raised total serum IgE concentrations
had the same incidence of infections as children with normal serum
IgE concentrations (7 4 -SD 2-9 v 7 3±3 6; t=0 1, p>-05).

Discussion

We studied a group of 30 children, whose parents' impression
that they were having more infections than their siblings was
confirmed. The index children were younger and this contri-
buted to their increased susceptibility, but even allowing for age
they were significantly more susceptible to infections than their
siblings.
Most infections were caused by respiratory viruses. Our bac-

teriological data, presented elsewhere,16 showed that bacteria
caused less than 10% of all infections and bacterial super-
infection was not an appreciable problem in these children. We
have good evidence that their infections were caused primarily
by respiratory viruses. A virus isolation rate of 380% compares
favourably with other ambulatory studies of respiratory illnesses
thought to be caused by viruses.2 17-20 Interferon was present
in the children's nasopharyngeal secretions during 45 of 103
episodes from which viruses could not be cultured.21 We did not
attempt to isolate coronaviruses, which have been estimated to
cause 15% of naturally occurring colds,22 and we could not avoid
freezing specimens, which considerably reduces the yield of
myxoviruses such as influenza, parainfluenza, and respiratory

23syncytial viruses. Our study design precluded taking paired
sera, which would have boosted our rate of positive virus identi-
fication.24
Our index children not only had increased susceptibility to

respiratory virus infections, but they also had an increased
incidence of lower respiratory tract infection with wheeze during
infections. This tendency to wheeze was only partially explicable
in terms of atopy, since not all children with recurrent wheeze
were atopic. Wheezing in young children may be partially
mechanical owing to the small calibre of the airways.25 We have
also shown that defective production of interferon-a may con-
tribute to recurrent wheezing2l; four of our index children had
defective production of interferon-a associated with recurrent
infections and wheeze. These children's relative inability to
eliminate locally acting viruses such as rhinoviruses from the

nasopharynx might lead to spread of the virus to the lower
respiratory tract.3

The work was generously supported by the Medical Research
Council and the Nuffield Foundation. We thank Dr A D B Webster
and Dr T A E Platts-Mills for advice and help and Jean Tuer for
performing the IgE assays. The fetal tonsil cells were obtained from
Dr S E Reed. Statistical analysis was performed by Mr D G Altman.
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