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ABSTRACT: In the experience of both authors, children referred for investiga-
tion of a chronic productive cough often do not fit conventional diagnostic cate-
gories. The aim of this study was to answer two questions: 1) do such diagnostic
orphans exist? and, 2) if so, can they be classified in a clinically useful manner?

Eighty one previously undiagnosed children referred with a history of more than
3 months productive or rattly cough were studied prospectively. Investigations con-
sisted of a detailed history, physical examination, and an extensive set of clinical
investigations. Sixty randomly selected asthmatic children served as demographic
controls.

Children fell into three groups: 23 had newly diagnosed conditions, such as cys-
tic fibrosis, or were indistinguishable from asthma; 24 had a history of major med-
ical interventions (cardiac surgery, chemotherapy, tracheo-oesophageal fistula
repair); 34 had a history of significant early respiratory tract infections, usually
combined with poor social conditions. The latter group differed significantly from
asthmatic controls in a wide range of demographic and clinical comparisons. Native
American children were overrepresented

The results of this study suggest that early respiratory insults (whether viral or
medical) can induce self-perpetuating inflammation, manifesting as a chronic pro-
ductive cough and intermittent wheeze. The associations between poverty and infant
chest infections or early invasive medical treatment with subsequent chronic res-
piratory disease are clearly definable and probably justify diagnostic terms dis-
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tinct from asthma, particularly for use in epidemiological studies.
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The classification of children with chronic or recur-
rent wheezing episodes has always been a contentious
issue. In the past, such terms as asthmatoid bronchitis
[1], chronic bronchitis [2] and wheezy bronchitis [3] were
used to describe poorly-defined conditions with common
clinical features of cough and wheeze. The confusion pro-
bably contributed to the well-reported misdiagnosis [4]
and inappropriate treatment of asthma [5]. These terms
were subsequently considered to have little clinical val-
ue [6], and were slowly abandoned in favour of "asthma"
as a single diagnosis for children with recurrent wheez-
ing.

In the absence of a widely-accepted clinical defini-
tion of asthma, controversy persists over the classifica-
tion of wheezy children. ConNeTT [7] divided the current
debate into "lumpers", who would include all wheezy
children within the umbrella of asthma [8], and "split-
ters", who believe there are definable subgroups of asth-
ma that deserve separate diagnostic terms [9, 10].

In the experience of both authors, there are appre-
ciable numbers of children referred to a paediatric res-
piratory clinic who do not conform to any conventional
diagnostic categories. The hallmark of such patients is
a chronic productive or rattly cough, usually accompa-
nied by palpable chest crackles, audible wheezing, and

recurrent hospital admissions throughout winter. There
is frequently a history either of poor social conditions
or previous complex medical interventions.

This simple descriptive study was designed to answer
two questions: 1) are there significant numbers of chil-
dren with chronic productive coughs who do not fit the
usual disease categories, particularly asthma? and 2) if
such diagnostic orphans exist, can they be classified in
a clinically useful manner?

Methods

Patient selection

Over a 2 year period (December 1993 to December
1995), all 81 children referred to the respiratory clinic
of British Colombia's Children's Hospital, who fulfilled
the following criteria, were prospectively studied: 1)
productive or rattly cough, with or without wheezing,
on most days for three consecutive months or more; and
2) exclusion of children with known causes of produc-
tive cough (cystic fibrosis, immunodeficiencies, bronchi-
ectasis and bronchopulmonary dysplasia).
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Similar criteria were used in a study of paediatric
bronchitis in Lisbon [11]. The time period was chosen
to exclude children with a chronic cough following a
respiratory tract infection which, in our experience, usu-
ally lasts less than 2 months. Referrals were not solicit-
ed. Over the same time period, 60 children who fulfilled
our definition of asthma, were randomly selected, based
on their hospital numbers, to act as an epidemiological
control group.

Investigations

Patients selected from the two study groups (chronic
productive cough and asthmatic controls) underwent a
complete history and physical examination, that includ-
ed standardized, demographic questions. All children in
the productive cough group were then investigated fully
to determine, as far as possible, a reason for the cough.
Each child completed chest radiograph, pulmonary func-
tion tests (if old enough), Mantoux test, sweat chloride
test, full blood count, and immunoglobulin levels. If clini-
cally indicated, subsequent tests included chest comput-
ed tomography (CT)-scan, flexible or rigid bronchoscopy,
expanded immune investigations and lung biopsy. No
institutional approval was given to perform any tests in
asthmatics other than those immediately indicated by
the history and physical examination.

Definition of asthma

Despite an extensive literature, there is no single defi-
nition of asthma that satisfies everyone. Prior to referral,
all patients had been examined by at least one physi-
cian, making it possible to base the definition on a histo-
rical set of clinical observations. Asthma was diagnosed
when the following criteria were fulfilled: 1) episodic or
chronic wheeze, with or without a nonproductive cough,
noted on examination by a referring physician; 2) exac-
erbation of cough and wheeze by upper respiratory tract
infections, exercise or airborne allergens; and 3) favour-
able response to conventional asthma therapy.

Statistical analysis

Discrete variables are expressed as absolute numbers
for each group with percentage occurrence given in
parentheses. The variables were compared using Fisher's
exact test. Continuous variables are expressed as meantsp
and were compared by unpaired t-test. A p-value of less
than 0.01 was considered significant for all tests, in
order to compensate for the increased chance of a type
I error due to the use of multiple comparisons.

Results

Final diagnoses: chronic productive cough cohort

Despite extensive investigations and the presence of
significant pulmonary disease, surprisingly few of the

Table 1. — Final diagnoses made in 81 children referred
with a history of more than 3 months productive cough

Underlying pathology Pts
n

Paediatric chronic bronchitis* 34
Indeterminate 14
Prior complex oncology treatment* 12
Prior complex cardiac surgery* 8
Prior tracheo-oesophageal fistula repair* 4
Idiopathic bronchiectasis 3
Immunodeficiency 2
Ciliary dyskinesia 1
Foreign body 1
Tuberculosis 1
Cystic fibrosis 1

Total 81

Patients with known pre-existing cystic fibrosis, bronchopul-
monary dysplasia or immunodeficiencies were excluded from
the study. *: 2 Down's syndrome; *: 1 Down's syndrome.

81 patients could be fitted into a conventional diagnos-
tic category (table 1). They broadly fell into one of three
groups.

The first group contained 23 patients with conven-
tional diagnoses. Nine had clearly defined conditions
ranging from immunodeficiencies to an unrecognized
foreign body. The remaining 14 fulfilled the criteria for
asthma except for the presence of a productive, rather
than a nonproductive cough, and were classified as "inde-
terminate".

In the second group of 24 children, the only abnorma-
lity discovered was a common past history of signific-
ant medical interventions. Two general patterns emerged:
12 children were survivors of complex cancer chemo-
therapy, and the remainder had a history of complicated
postoperative courses following either cardiac surgery (8
children) or repair of a tracheo-oesophageal fistula (4
children). The descriptive term "iatrogenic lung disease"
(ILD) was used to refer to this group.

The third group of 34 children shared several demo-
graphic and clinical features, that clearly distinguished
them from the asthmatic control group (table 2). This
included a low incidence of eczema and asthmatic fam-
ily history, and a high incidence of poor social condi-
tions and hospital admission in infancy for pneumonia.
This group was considered sufficiently different from
the asthmatic controls to justify the use of a separate
diagnostic term "paediatric chronic bronchitis" (PCB).

It is interesting to note that children with Down's syn-
drome were overrepresented in four of the diagnostic
subgroups.

Clinical comparison: asthma and PCB

Table 2 shows the results of demographic and clini-
cal comparisons between the 34 children with PCB and
the control group of 60 children with asthma.

Compared to the asthmatic controls, a typical child in
the PCB group was more likely to be a male from a
poor social background; nearly 75% of the mothers smok-
ed, and the father was absent or unemployed in over
50% of the cases. Hospital admission for pneumonia in
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Table 2. — Comparative clinical data for 34 cases of paediatric chronic bronchitis and 60
asthmatic controls

PCB Asthma p-value
Pts n 60
Sex M/F (male %) 26/8 (76) 29/31 (48) <0.01
Ist symptoms yrs 0.5£0.7 2.5%2.4 <0.001
Ist presentation yrs 0.8+0.7 32424 <0.001
Hospital administration <1 yr 21 (62) 4 @) <0.001
Chronic otitis media* n 14 (41) 1 ) <0.001
Eczema n 3 ) 19 (32) <0.01
Family history of asthma* n 5 (15) 37 (62) <0.001
Maternal smoking n 25 (74) 16 (27 <0.001
Native American Indian¥ n 8 (24) 1 2) <0.001
Father absent n 11 (32) 4 7 <0.01
Father present but unemployed n 7 (21) 0 ) <0.001
Hyperinflation on CXR 15 (44) 26  (43) NS
Bronchial wall thickening on CXR 11 (32) 51  (85) <0.001
Streaky densities on CXR 21 (62) 11 (18) <0.001
Patchy densities on CXR 15 (44) 11 (18) <0.01

Absolute values are presented and percentage in parentheses, or as meantsp. *: defined as history
of tympanic perforation or tympanostomy tubes; #: defined as the diagnosis of asthma in a first
degree relative; #: defined by mother's ethnic group; PCB: paediatric chronic bronchitis; M: male;

F: female; CXR: chest radiography; Pts: patients.

infancy was 10 times more likely compared to the asth-
matic group. Children of Native Indian parentage were
significantly overrepresented. Chronic otitis media, per-
sistent nasal discharge and patchy or streaky densities
on chest radiography were frequent coexisting findings,
that were significantly more common in the PCB group.

Compared to the PCB group, active eczema and a
family history of asthma were four times more common
amongst the asthmatics. Bronchial wall thickening on
chest radiography was also significantly more common
in the asthmatic group.

The children included in the ILD group shared only
one similarity: a common past history of complex med-
ical treatment. They were, individually, too diverse in
social and medical backgrounds to warrant any com-
parison to the asthmatic controls.

Discussion

A cohort of 81 children with chronic productive cough
studied, in order to determine, as far as possible, a clini-
cal diagnosis. Despite extensive investigations, at least
two-thirds of the group (58 children) did not clearly
fit any current paediatric diagnostic category. Twenty
four of these children were united by a common history
of significant invasive medical therapy at an early age
(chemotherapy, cardiac surgery, prolonged mechani-
cal ventilation). The remaining 34 children shared many
common features, including poor social backgrounds and
hospitalization for significant respiratory tract infec-
tions at an early age. In our experience, such children
consume large amounts of medical attention. For con-
venience, we refer to the two groups as: iatrogenic lung
disease (ILD) and paediatric chronic bronchitis (PCB),
respectively.

Distinguishing between two groups of coughing chil-
dren using only clinical observation is a difficult task.
Argument inevitably arises about whether these are se-
parate diseases or simply asthma exacerbated by pover-
ty and previous medical therapies. Although there are

no clinical or social features unique to either group, the
low incidences of eczema and family history of asth-
ma, combined with the total social and clinical picture
of the children that we have labelled PCB, offer some
support for our belief that this is a separate disease entity.
Children in the ILD group are too diverse for this cate-
gory to be anything more than a convenient descriptive
term.

Given the complex nature of tracheo-oesophageal fis-
tula repair, prolonged chemotherapy and cardiac sur-
gery, it is not surprising that some of the survivors suffer
from chronic respiratory disease. As a group, such chil-
dren are common visitors to referral respiratory clinics
and warrant more research than is currently available
[12, 13]. Individual clinical courses are as variable as
the past medical histories but, taken as a group, the term
"ILD" reflects the unproven but logical assumption that
these children are suffering from the chronic effects of
early respiratory insults.

The adverse effects of poor living conditions on res-
piratory health in children have been known for many
years [14]. Whether this effect is due to parental smok-
ing [15], air pollution [16], poor access to health care
[17] or poor nutrition [18] is difficult to establish. Chron-
ic lung damage resulting from early chest infections with
such organisms as respiratory syncytial virus [19] or ade-
novirus [20] is also well described. Whatever the exact
cause, it seems reasonable to assume that the combina-
tion of severe respiratory tract infections in early life and
poor social conditions produces, in some children, chro-
nic pulmonary inflammation that becomes self-perpetu-
ating, and is manifested by a chronic productive cough
with frequent exacerbations throughout childhood [21].

Whilst it is well-recognized that the acute mortality
from respiratory tract infections amongst children of dev-
eloping countries is roughly 30 times higher than it is in
Canada [22], the chronic respiratory morbidity amongst
survivors is not widely appreciated. In the experience of
both authors, PCB is a common condition amongst poor
children worldwide. The overrepresentation of Native
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American Indians amongst children with PCB is diffic-
ult to explain. Early adenoviral infection has been incrim-
inated as the cause of chronic, postinfectious respiratory
disease in Native American Indians [23], ethnic Finns
[24] and New Zealand Polynesians [25]. Whether this
represents a genetic predisposition amongst some eth-
nic groups or whether membership of an ethnic group
is acting as a marker for other factors is debatable.

Our hypothesis that early respiratory insults (whether
medical or infectious) can cause chronic self-perpetu-
ating respiratory inflammation is supported by two recent
bronchoscopic studies. HEINO et al. [26] studied seven
children referred because of a productive cough lasting
more than 3 months, and GAILLARD et al. [27] studied
31 children referred with a loosely defined history of re-
current bronchitis. In both cases, bronchoscopy revealed
chronic airway inflammation. Biopsies showed surface
epithelial loss with oedema and lymphocytic inflam-
mation in the submucosa. We were only able to justify
the use of flexible bronchoscopy in six of the 34 chil-
dren with PCB. However, our findings of lymphocytes
and bacteria on suction samples are very similar to those
of an earlier study by SmitH et al. [10].

Although the criteria used to define PCB and ILD are
relatively crude, we believe there is sufficient evidence
to separate these children from a cohort of asthmatics.
Apart from differences in management and prognosis,
our main justification for defining separate terms is to
avoid losing valuable clinical data in epidemiological
studies. For example, there is good evidence to suggest
that early childhood infections, in the setting of poor
social conditions (i.e. PCB), predispose a child to the
development of chronic bronchitis in adulthood [28, 29].
Large scale prospective studies to determine the orig-
ins of this disabling condition will be limited if all cough-
ing and wheezing children are labelled as asthmatics.
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