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SUMMARY The background and aetiology of chronic cough were investigated by comparing 60
children under 6 years with simple cough, 60 children with asthma, and 60 controls. Both cough
and asthma were more common in boys and associated with a history of eczema, chest deformity,
and skin reactivity to inhaled allergens, but these findings were more prevalent in asthma than
cough. House dust mite sensitivity was found in 34 (57%) children with cough, 45 (75%) with
asthma, and six (10%) controls. Tests of immunological function showed some high concentrations
of IgM in groups with both cough and asthma, but high IgE concentrations, eosinophilia, and
lymphocytosis were significant only in asthma. IgGI and IgG2 concentrations were raised in some
children with cough or asthma, but the only low subclass concentrations were of IgG3 observed in
the group with cough. Children with simple cough represented a heterogeneous population but
many showed evidence of atopy. Major defects of immunity were not observed.

Cough is a symptom of respiratory disease but is not
an illness in itself. The most common cause is a self
limiting viral infection of the upper respiratory tract
which lasts from a few days to two to three weeks.'
A persistent or recurrent cough in a young child is a
familiar problem in paediatric practice but it can be
difficult to determine the aetiology. There may be
an identifiable chronic infection, for example,
pertussis or tuberculosis, a source of recurrent
infections, for example, cystic fibrosis or bronchiectasis, or a history suggesting aspiration. Cough
associated with wheeze and dyspnoea generally
indicates asthma.2-4 In many cases the coughing
child suffers from no recognisable disease but
complains of a non-productive cough without
wheeze that interrupts sleep, disturbs the family and
may restrict activity. The cough is frequently
resistant to innumerable remedies, which include
cough suppressants, decongestants, antibiotics, and

chronic cough to mild or early asthma precipitated
by house dust, exercise, or frequent viral infections
of the upper respiratory tract. Parents of asthmatic
children often recall frequent episodes of cough
before the child develops wheeze, and impaired lung
function or increased bronchial reactivity have been
reported in older children and adults with chronic
cough. 1'37 Exercise or nocturnal cough may be
attributed to asthma but there is little direct
evidence that cough alone indicates asthma in
children too young to cooperate with lung function
tests.
This study identifies 60 children under 6 years old
with chronic simple cough and compares their

medical history, physical findings, immunological
indices and skin reactivity to inhaled allergens with
60 children with asthma and 60 children without
respiratory symptoms. The purpose was to determine whether children with cough could be distinguished from those with asthma or from children
without respiratory symptoms with regard to
evidence of atopy or defects in humoral immunity
that could predispose to upper respiratory tract
infection.

inhalations.
Chronic persistent cough has been attributed to ill
defined conditions that reflect current opinions
rather than medical evidence. The literature cites
'post-nasal drip', enlarged adenoids, 'sinobronchitis', 'chronic bronchitis of childhood', and
more recently gastro-oesophageal reflux or recurrent Patients and methods
upper respiratory tract infection with impaired
immunity. -12 The current trend is to attribute In the cough group 60 children up to 6 years of age
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were recruited. They comprised all children referred
to a paediatric outpatient clinic with persistent
cough (lasting more than two months) or frequent
episodes of cough-that is, cough for one week each
month during the previous six months. The cough
was not associated with audible wheeze and medical
advisors had heard no added sounds on ausculation
of the chest. Three of the 60 children had been
referred initially to the ear, nose, and throat
department but cough was their predominant
symptom.
In the asthma group 60 children attending outpatients were studied. They were children in whom
asthma was defined as cough with wheeze, breathlessness, and bronchospasm during at least two
separate episodes over a period exceeding two
months. None was taking oral steroids.
Children with abnormal chest radiography (other
than hyperinflation and mild bronchial thickening),
evidence of systemic disease, and with ill defined
wheeze or bronchospasm were excluded from both
the cough and asthma groups.
The control group comprised 60 children of
similar age recruited from hospitals in the area.
They were admitted for routine surgical procedures:
circumcision (n=25), hernia (n= 15), orchidopexy
(n=5), strabismus (n=4), and minor urological
procedures (n=8); three were outpatients attending
for medical conditions other than those involving
the chest (encopresis, enuresis, and feeding problems). Children with a history of frequent respiratory infections and those admitted for ear, nose, and
throat surgery were excluded.
The children in the cough and asthma groups were
recruited consecutively but the inclusion of control
patients was adjusted to obtain a similar sex ratio to
those in the cough and asthma groups. Informed
verbal consent was obtained from a parent. The
study was approved by the ethical committees of
each district health authority.
The children in the cough and asthma groups were
examined by the consultant paediatrician (HML)
who completed a standard proforma, assisted by the
research sister (HT). The research sister herself
interviewed the parents of control children and
completed the questionnaire with the help of the
admitting surgical house officer. All children in the
study (180) were weighed and measured and the
measurements were plotted on centile charts.18
Children underwent skin prick tests with eight
common inhalent allergen extracts using Merck
reagents: house dust mite (Dermatophagoides pteronyssinus), house dust, cat fur, dog fur, grass pollen,
tree pollen, mixed feathers, mixed moulds and with
histamine and a control solution. All tests were
performed by the research sister. A wheal diameter

3 mm greater than any control wheal was regarded
as positive.
Five ml of blood was taken for: differential white
cell count, total serum immunoglobulins, immunoglobulin G subclasses, classical and alternative
complement pathway activity, and opsonisation
capacity. Whole blood was transported to the
immunology laboratory within two hours where
serum was separated and stored at -70°C.
LABORATORY METHODS

Full blood counts were measured on a Coulter S and
a manual differential count estimated on 100 cells.
Serum immunoglobins and complement components
C3 and C4 were measured by rate nephelometry
(Beckman Auto ICS). Classical complement
pathway activity (CH50) was measured by Mayer's
method'9 and alternative pathway activity by a
modification of the method of Platts-Mills and
Ishizaka.2'0 Immunoglobulin G subclasses (GI-G4)
were measured by single radial immunodiffusion
using suitable mouse monoclonal antibodies
assigned by an International Union of Immunological Societies/WHO Study (Binding Site Ltd).2'
The standard used was the UK SPSO1 calibrant
(SAS Protein Reference Unit). The sensitivity of the
assay ranged from 0 1 g/l for IgG, to 0-05 g/l for
IgG4.
Results were accepted only if the sum of the four
IgG subclasses was within 10% of the total IgG
measured by rate nephelometry. Total 1gE was
measured by an immunoradiometric assay (Hybritech
Tandem R IgE) and opsonisation of saccharomyces
cerevisiae by the method of Yamamura, Bolder, and
Valdimarsson and expressed as a percentage of a
normal human reference serum aliquoted and stored
at -700C.22
STATISTICAL METHODS
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Data from cough, asthma, and control groups were
presented on three by two contingency tables and
analysed using x2 (two degrees of freedom), and
when results indicated deviation from a null hypothesis (X2<0-05) each of the2 three groups was retested
against each other using xI (one degree of freedom),
with Yates's correction.
The immunological data were tested for a normal
distribution using a Kolmogorov-Smirnov test for
goodness of fit. Data analysis was based on nonparametric methods because of the skewed distribution of most of the immunological parameters.
Mann-Whitney U tests and Kruskal-Wallis one way
analysis of variance were used to compare values
between the three groups. The effects of age on the
data were examined visually by scatter plots and by
using Spearman rank correlation coefficients.

1595

Table 1 Sex and age distribution and medical and social history of children in study

No of boys (%)
No of girls (%)
Median age (years)
Age range (years)
No (%) with history of eczema
No (%) with possible whooping cough in previous year
No (%) with duration of respiratory symptoms >1 year
No (%) with asthma in parent or sibling
No (%) with smoker in household
No (%) with single or unemployed parent

Cough

Asthma

Control

(n=60)

(n=60)

(n=60)

44 (73)
16 (27)

42 (70)
18 (30)
2-7

45 (75)
15 (25)
4-2
0-5-6-4
7 (12)
8 (13)
0
13 (22)
25 (42)
9 (15)

3-4
0 5-59
16 (27)
6 (10)
21 (35)
20 (33)
33 (55)
15 (25)

0-5-6-2
(45)

27
0
35
23
33
13

(58)
(38)
(55)
(22)

Significance

*
*
*
*

*=p<0-05 by X2Results
SEX AND AGE DISTRIBUTION AND MEDICAL AND SOCIAL
HISTORY (TABLE I)
There were more boys than girls in both cough and
asthma groups. Controls were significantly older

than other children in the study (Kruskal-Wallis
analysis of variance: F=7-33, p=0001) but this was
considered in the statistical analysis. There was a
significant increase in a history of eczema in those
with asthma compared with controls (X1=14-8,
p=00003). Eczema was reported less often with
cough than with asthma (X2=3-62, p=0-05) but
more often than in the control group (X,=3-44,
p=006). No child with asthma gave a history of
possible whooping cough in the previous 12 months
(X2=8-06, p=0-018) but the diagnosis might not be
suspected in an asthmatic. In none of the children
with cough had pertussis been proved bacteriologically. More children with asthma gave a history of
respiratory symptoms exceeding one year than those
with simple cough (X2=5-66, p=0-017). In the cough
and asthma groups there were more children with a
family history of asthma, with a smoker in the
household, or with an unemployed or single parent,
but these findings were prevalent in control families
and failed to reach significance.

There were no significant differences between the
three groups in the frequency of neonatal respiratory illness, in a history of pneumonia or bronchiolitis
in the first year, or of urticarial reactions. Neither
the racial origin of the parents nor perception of
damp housing could be related to cough or asthma.
PHYSICAL EXAMINATION

The centiles for height and weight were plotted as a
histogram for each group and showed a similar
distribution in each. Chest deformity (troughing of
the rib cage or sternal bowing) was considered mild
or marked in 10/60 (17%) in children with cough,
27/60 (45%) with asthma, and in none of the
controls. Chest deformity was observed in significantly more children in the asthma than in the
cough group (X1=8-84, p=0003).
INVESTIGATIONS

Skin tests
Significantly more children with asthma or cough
reacted positively to skin testing than controls
(X2=63-3, p<0-0001) and the frequency of reactions
was higher in asthma than cough ( 2=4-03, p=004).
Reaction to house dust mite was the single most
common sensitivity (table 2).

Table 2 Skin test reactions to inhaled allergens

No (%) with one or more positive resultst
No (%) positive to house dust mite
No (%) with five or more positive reactions

*=p<0-05 by X2.
tWheal >3 mm.

Cough
(n =60)

Asthma
(n =60)

Control
(n=60)

Significance

38 (63)
34 (57)
15 (25)

48 (80)
45 (75)
24 (40)

6 (10)
6 (10)
0

*
*
*
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Differential white cell counts
Peripheral white cell counts were analysed in 56
children with cough, 58 with asthma, and in 60
controls. A moderate rise of the lymphocyte count
(5-0-10-0x109/l) was observed in 29 children with
asthma compared with 13 with cough and seven
controls (X2=21*17 p=00001) but a count exceeding
10$0x10 /l was found in only two children, both in
the cough group. A moderate rise of the eosinophil
count (0-5-1-0x109/l) was observed in 15 children
with asthma, five with cough, and in three controls
(X2= 12-51 p=0-002). Eosinophil counts exceeding
10xO109/l were recorded in only five children with
asthma, four with cough, and in one control; this
was not significant.
Alternative complement pathway
There was no significant difference in alternative
pathway activity between the three groups and no
dependence on age. Activity was low in 3/60
children with cough, 7/60 with asthma, and in 6/60
controls.
Immunoglobin and IgG subclass concentrations and
classical complement pathway (60 children in each
group)
Only IgG and IgM concentrations (for entire
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population and each group) were consistent with a
normal distribution, so suitable non-parametric tests
were used in preference to log transformation.23 All
serum concentrations except IgM and IgG were
highly correlated with age when the whole population was examined (Spearman rank correlation
coefficient, p<0-05). Scatterplots of age against
concentration were examined visually and a plateau
at 3 years was apparent. Each group was then
divided into those under 3 years and those 3 years
old or more. When the correlation coefficients were
recalculated for children aged 3 years and over the
effect of age was not significant for all indices except
IgA and IgE concentrations, which continued to
rise; hence only those over 3 years were included in
the comparative analysis.
In the age range 3-6-4 years there were 36
children with cough, 28 with asthma, and 46
controls. For all the immunological indices the
median, fifth, and 95th centile values were calculated from the control group in order to establish the
population's normal range (table 3). The cough and
asthma groups had significantly higher concentrations of IgM than the control group (Mann-Whitney
U test, p=0-02).
The IgE levels in the asthma group were much
higher than in cough or control groups. In all three
groups IgE showed a distribution skewed towards
Table 3 Fifth and 95th centile and median values for high concentrations. Even in the control group 6/46
immunology in 46 control children aged 3-6 years
children had values of IgE above a generally
accepted upper limit of 100 kU/l. Two of these
95th Centile
Median
5th Centile
children had reacted positively to skin testing but
7-5
<4-45
IgG (g/l)
>10-9
the other four had no evidence of atopy. There were
>1-12
<0*34
IgA (g/l)
0-66
no significant differences in the distribution of IgA
>1-29
<0-12
,gM (g/l)
0-81
and total IgG or IgG subclasses between the three
>540
<1-0
16-3
IgE (kU/I)
groups, but there was a trend towards high IgG,
>7-4
<3-25
5-22
IgG, (g/l)
0.99
>2-07
<0 37
IgG2 (g/l)
concentrations in cough (p=0-06) and high IgG2
>0-51
IgG3 (g/l)
<0-18
0-33
in asthma (Mann-Whitney U test,
concentrations
>0-84
0-2
<0-02
IgG4 (g/l)
In
order
to identify small subgroups of
p=009).
>47
36
<24
CH5, (U/103/l)
patients with immunological abnormalities contin0-92
<0-65
C3 (g/l)
>1-28
>0-22
0-15
<0-10
C4 (gil)
gency tables were drawn of those children with
>110
<73
Opsonisation
101-5
cough or asthma whose immunological indices fell
capacity*
outside the fifth to 95th centile range established
from the control, group (table 4). High IgG, and
*%Laboratory control.

Table 4 Immunological abnormalities in children with asthma and cough, outside the fifth and 95th centile range for
controls aged 3-6 years. Results are No (%)

High
High
High
High

IgM
IgE
IgG,
IgG2
Low IgG3

Cough
(n=36)

Asthma

Control

(n=28)

(n=46)

Si6nificance
(X,, p value)

11 (31)
0
11 (31)
0
11 (31)

8
8
5
5
2

(9)
(7)
(7)
(7)
(2)

15 35, 0-0008
8-17, 0-017

(29)
(29)
(18)
(18)
(7)

4
3
3
3
1

7-17, 0-027

7-51, 0-023

15 7, 0-0007

IgG2 concentrations were anparent in cough and
asthma. Low concentrations of IgG subclasses were
observed only for IgG3 and in children with cough
but the values were only just below the 5th centile
control level, hence this effect was not shown using
the Mann-Whitney U test. There were no significant
differences between the three groups for C3 or C4
concentrations, CH50, or opsonisation capacity
using either the Mann-Whitney U test or contingency
tables. An abnormality of more than one immunological variable was observed in a few children but
the numbers were too small to establish interrelationship. Similarly no correlation could be
shown between immunological data and positive
skin tests.
Discussion
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gastro-oesophageal reflux at night.' 3 Oesophageal
pH measurements were not undertaken but none of
the children had clinical or radiographic features
suggestive of inhalation.
There was no evidence that children with cough or
asthma suffered severe deficiencies of immunoglobulins or of IgG subclasses that have recently been.
associated with both atopy and recurrent upper
respiratory tract infections.12 28-30 Slightly low
concentrations of IgG3 were found in 31% of
children with cough but many (cough and asthma)
showed a rise of immunoglobulins indicative of a
stressed but not inadequate immunological system.
Below the age of 3 years immunoglobulin values
were strongly dependent on age and it was not
possible to establish a normal range from the small
numbers in the control group. In a much larger
population of healthy children, Isaacs et al reached a
similar conclusion and warned against making a
diagnosis of partial immunoglobulin deficiency from
a single sample.23 Defects in complement function
and opsonising capacity have been described in
children and adults with cough or recurrent respiratory infections,1' 31 but in the present investigation
low values were no more frequent than in healthy
controls.
There could be some bias in the comparison of
immunological data as the controls were from a
hospital population of children who were, by selection, free from intercurrent or recurrent infection,
unlike a random population sample.
The immunological protocol did not include
measurement of salivary IgA, functional antibody
response to immunisation, cell mediated immunity,
neutrophil function or interferon production.
Abnormalities of all these variables have been
reported in association with frequent infections and
with atopy.8lt 28 32
This review has shown many similarities between
simple cough and asthma, most obviously sensitivity
to house dust mite. A prospective study of the
cohort of the 60 children with cough is in progress in
order to explore precipitating factors and determine
whether chronic cough is a minor self limiting
symptom or one which heralds the onset of classical
asthma.

Most children with chronic simple cough showed
evidence of atopy in their reactions to skin testing
and their history of eczema. Cough and asthma were
both more common in boys; a male:female ratio
exceeding 2-0:1 is comparable with the male preponderance of childhood asthma reported in most
western countries and attributed in part to the
greater susceptibility of boys to respiratory
infections.
This study has not proved that cough in children
with atopy but no wheeze is equivalent to cough in
asthma. The observation of chest deformity in some
children with cough implied chronic airway obstruction but they had no other clinical evidence of
bronchoconstriction, and they were too young to
cooperate with tests of bronchial reactivity. The
cough could be due to IgE mediated hypersensitivity
to house dust mite with inflammatory reaction and
stimulation of cough receptors in the respiratory
tract but little or no bronchoconstriction and therefore no wheeze or breathlessness.
Previous studies have described 'cough variant
asthma' but in older children able to perform lung
function tests or in younger children who showed a
subjective response to bronchodilators.' '7 Only in
the present study have the features of simple cough
been compared with typical asthma or with healthy
controls.
There were no features of atopy in about 40% of This study was supported by grants from Lipha Pharmaceuticals
children in the cough group. Persistent cough for Ltd and the North Western Regional Health Authority. We are
more than two months excluded most viral infec- grateful to the surgical and anaesthetic staff of Trafford General
tions or pertussis but isolation of micro-organisms Hospital, the Royal Manchester Children's Hospital, and the
was not part of the protocol. Environmental Manchester Eye Hospital for their cooperation.
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