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ABSTRACT
Objective: Although the prevalence of asthma and
atopy has been noted to have increased in recent
decades, patterns of asthma prevalence have,
traditionally, been difficult to track. Most reports on
trends in childhood asthma have been cross-sectional
measuring the prevalence in cohorts of similar aged
children at different time points. The aim of this paper
is to report on the prevalence of symptoms in the
same cohort at two separate time points.
Design: Retrospective cohort study.
Setting: Community-based study, Central Manchester.
Participants: MANCAS1, study n=5086, participation
n=2414. MANCAS2, study n=6338, participation
n=1608. Children born in a hospital in Manchester
within specified dates and still living or attending a
school in Central Manchester were eligible for
inclusion. Children on an ‘at-risk’ register or living with
short-term carers were excluded.
Outcome measures: Data on respiratory symptoms
were collected at two separate time points using parent
completed questionnaires.
Results: Response rate for MANCAS1 was 47.5% and
25.4% for MANCAS2. There were 801 individuals for
whom a response to both studies was received. There
was a significant reduction in the prevalence of night
cough (29.5% vs 18.3%, McNemar <0.01) and
antibiotic use for respiratory infections (9.1% vs 4.3%,
McNemar <0.01) between the two study time points.
The prevalence of hay fever/eczema increased
(41.6% vs 46.9%, McNemar <0.01) between the two
studies. There was no significant difference in the
prevalence of wheeze, exercise-induced wheeze or
asthma medication.
Conclusions: Although this report of respiratory
symptom prevalence in the same population at two
time points over a 7-year period shows a constant
burden of asthma symptoms, there is some suggestion
of variability in asthma symptom prevalence within the
cohort as the children matured while the burden of
allergy symptoms increased.

INTRODUCTION
The prevalence of asthma and atopy has
been noted to have increased in recent

decades1 with reports of a decrease or flat-
tening of the prevalence in more recent
times.2 However, patterns of asthma preva-
lence have, traditionally, been difficult to
track as different definitions of disease and
different methodologies have been used in
different age and ethnic groups worldwide.3

The International Study of Asthma and
Allergies in Childhood (ISAAC)4 was
designed to measure the prevalence and
identify trends in asthma and allergy in chil-
dren worldwide using standardised methods.
ISAAC 1 and 3 studies have now reported on
worldwide prevalence and trends in cohorts
of similar aged children at different time
points.1 Most other reports on trends in
childhood asthma have also been cross sec-
tional measuring the prevalence in cohorts
of similar aged children at different time
points. Very few studies have followed the
same cohort as they age and measured the
prevalence in the same children at two or
more time points as was done by Frank et al.5

ARTICLE SUMMARY

Article focus
▪ Prevalence of respiratory symptoms in the same

population of children at two time points—at age
6–11 years and at age 13–17 years.

Key messages
▪ No overall change in prevalence of wheeze,

wheeze with exercise or asthma medication in
the cohort between the two study periods.

▪ Gender differences in wheeze prevalence disap-
peared between childhood and adolescence.

Strengths and limitations
▪ Major strength of the study is the inclusion of

the same population of children at two separate
time points which allows the study to follow the
natural course of respiratory symptoms in these
children.

▪ Major limitation is the low response rate which
might have exposed the study to response bias.
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MANCAS16 and MANCAS2 were studies carried out
7 years apart in a cohort of children to investigate differ-
ences in the prevalence of asthma and atopy in BCG vac-
cinated and non-vaccinated children in Manchester. As
part of the MANCAS studies data were collected on
respiratory symptoms when the cohort was aged between
6 and 11 years and again when they were aged between
13 and 17 years of age. This paper reports on the preva-
lence of symptoms at two separate time points in those
who responded to both studies.

BACKGROUND
MANCAS1
MANCAS1 was set up to investigate the theory that the
immunomodulating properties of BCG vaccination
could reduce the risk of asthma and/or atopy for chil-
dren given the vaccination as neonates.
St Mary’s Hospital in Manchester routinely offers BCG

vaccination for all babies born there. In November 1994,
after the discovery that 857 infants had accidently been
given an overdose of BCG vaccination7 the hospital sus-
pended this policy and re-introduced it in October 1996.
This inadvertently presented an ideal opportunity to

investigate the relationship between BCG vaccination
and atopic diseases as it provided a unique population
of children born during a period of time when vaccin-
ation policy in the city’s main maternity hospital
changed twice within a relatively short period of time.
Children born in St Mary’s Hospital in Manchester

between 1 July 1993 and 31 December 1993 and between
18 November 1994 and 31 March 1997 who were still resi-
dent or attending a school in Greater Manchester were
eligible for inclusion in MANCAS1. Children born
between 1 January 1994 and 17 November 1994 were
excluded as they were eligible for vaccination during the
period when higher than recommended doses of BCG
were administered. Vulnerable children (on an at-risk
register) and children living with a short-term carer were
also excluded. Eligible children were identified from a
primary care trust (PCT) database. Parental agreement
to disclose contact details and medical information held
by the PCT was sought before release of data to the study
team. Ethical approval for the study was obtained from a
Manchester Local Research Ethics Committee.
Questionnaires, based on the ISAAC questionnaire,4

were posted to the parents/guardians who had not
objected to disclosure by the PCT. BCG vaccination
status as well as other recommended childhood immuni-
sations was determined from records held by the PCT.
MANCAS1 included 5086 children and there were

2414 responders to the questionnaire, a response rate
of 47.5%. Demographic data were available for com-
parison between responders and non-responders.
Responders were likely to be older than non-responders
(6.28 vs 6.18 years, p=<0.01) and there were significantly
more male responders than male non-responders
(53.6% vs 50.7%, p=0.04).

The overall prevalence of wheeze in the past
12 months was 20.3%, and 38.8% of children were
reported to have a history of hay fever or eczema. The
prevalence of wheeze was lower for children given neo-
natal BCG vaccination (OR 0.68, 95% CI 0.53 to 0.87).

MANCAS2
MANCAS2 was designed to follow up these children
7 years later and, because MANCAS1 had identified an
association between neonatal BCG vaccination and a
lower prevalence of wheeze, children who had been eli-
gible for vaccination when the high-dose BCG was admi-
nistered were included to investigate if there was a dose–
response relationship. Vulnerable children (on an at-risk
register) and children living with a short-term carer
were excluded. MANCAS1 had not included a provision
for the follow-up study so new ethical approval for the
study was obtained from a Manchester Local Research
Ethics Committee.
The methodology for MANCAS2 also differed in

several other respects. Although eligible children were
again identified on the PCT database on this occasion
the letter of invitation and the questionnaire were sent
in the same communication by the PCT with the explan-
ation that return of the questionnaire constituted
consent for release of contact and medical data held by
the PCT to the study team.
Although the children in this study were now aged

13–17 years and ISAAC questionnaires for this age group
are generally directed to the children themselves, the
questionnaire in MANCAS2 was directed to the parents
to facilitate comparison with MANCAS1. The question-
naire was similar to that used in MANCAS1 with the add-
ition of questions adapted from the ISAAC rhinitis and
eczema questionnaires.4 BCG vaccination status, as well
as other recommended childhood immunisations, was
determined from records held by the PCT.
The study population for MANCA2 consisted of 6338

children. This was larger than that for MANCAS1 due to
the addition of children born during the period when
high-dose BCG was administered and also because
parents were not given the choice to opt out before
receipt of a questionnaire. There were 1608 responses, a
response rate was 25.4%. Comparisons were not possible
between responders and non-responders in MANCAS2
as data for non-responders were not accessible to the
study team due to the different methods of obtaining
consent to disclose information.
The overall prevalence of wheeze was 15.1%, and

45.1% of respondents reported a history of hay fever or
eczema. No statistically significant differences were
noted for respiratory or allergy symptoms between those
who did and did not have neonatal BCG vaccination in
MANCAS2.

Current study
This paper reports on the prevalence of the main
respiratory outcomes at two time points for those who
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responded to both MANCAS studies (MANCAS1&2).
The prevalence is compared between the two time
points and the statistical significance of any differences
was calculated using the McNemar test.
Differences between those who responded only to

MANCAS1 and those who responded to MANCAS1+2
were examined using data from MANCAS1 when the
cohort was aged between 6 and 11 years of age.

RESULTS
There were 801 individuals for whom a response to
MANCAS1&2 was received. The prevalence of the main
respiratory outcomes measured in each of the studies for
these 801 respondents is shown in table 1. There was no
significant difference in the prevalence of wheeze,
exercise-induced wheeze or asthma medication. There was
a significant reduction in the prevalence of night cough
and antibiotic use for respiratory infections between the
two time points. The prevalence of hay fever/eczema
increased in the cohort between the two studies.
Responders to MANCAS1&2 were aged 7–11 years

when they responded to MANCAS1, 55.4% were male.

The most common ethnic group was white at 59.6%,
followed by Pakistani at 15.9%. The prevalence of
wheeze in MANCAS1 for those with data available from
MANCAS1&2 was 17.7% and 41.6% had a history of hay
fever/eczema.
Responders to MANCAS1 only were aged 6–11 years

and 52.8% were male. The most common ethnic group
was white at 56.7%, followed by Pakistani at 15.5%. The
prevalence of wheeze was 21.8%, and 37.5% had a
history of hay fever/eczema.
There were statistically significant differences within

the age range for those who responded to MANCAS1
only and those who responded to MANCAS1&2.
Responders to MANCAS1&2 were slightly older. There
was no significant difference in gender and, when amal-
gamated into four broad categories, there were no sig-
nificant differences in ethnic origin. There were no
significant differences for history of hay fever or eczema.
The difference in the prevalence of wheeze was statistic-
ally significant (table 2).
There were gender differences for the prevalence

of wheeze in MANCAS1 but not MANCAS2. For respon-
ders to MANCAS1 only, the prevalence of wheeze was

Table 1 Responders to both MANCAS1 and MANCAS2 studies

Wheeze in past

12 months

Exercise

induced wheeze Night Cough

≥3 courses

antibiotics

Asthma

medication

History hay

fever/eczema

MANCAS1

N=801

17.7% (139) 11.7% (93) 29.5% (231) 9.1% (72) 14.8% (117) 41.6% (322)

MANCAS2

N=801

15.7% (123) 12.5% (99) 18.3% (143) 4.3% (34) 14.7% (116) 46.9% (363)

Missing data 16 8 19 12 12 27

McNemar test 0.15 0.60 <0.01 <0.01 1.00 <0.01

Table 2 Characteristics of responders to MANCAS1only and to MANCAS1&2

Responders MANCAS1 only N=1613 Responders MANCAS1&2 N=801

AGE when responded to MANCAS1

6 years 0.4% (6) 0% (0) χ2trend=236.92
P<0.017 years 78.4% (1264) 45.2% (362)

8 years 13.3% (214) 32.2% (258)

9 years 7.1% (114) 19.5% (156)

10 years 0.9% (14) 3.0% (24)

11 years 0.1% (1) 0.1% (1)

Male Gender 52.8% (851) 55.4% (444) χ21 1.54
P=0.22

Ethnic origin

White 56.7% (900) 59.6% (468) χ23 3074
P=0.29Asian 20.6% (327) 21.1% (166)

Black 16.2% (257) 13.5% (106)

Other 6.4% (102) 5.7% (45)

43 missing data

Hay fever/eczema 37.5% (595) 41.2% (323)* χ21=2.96, p=0.09
Wheeze in past 12 months 21.8% (350) 17.5% (140)* χ21=5.89, p=0.02

*Slightly different prevalence for wheeze and hayfever/eczema than in table 1 because of slight variations in number of missing data in the
analyses.
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23.7% for males and 19.1% for females (χ21=3.90,
p=0.05). For responders to MANCAS1&2, the prevalence
of wheeze for males in MANCAS1 was 20.1% and for
females it was 14.3% (χ21=4.54, p=0.03). For responders
to MANCAS1&2, the prevalence of wheeze in
MANCAS2 was 17.5% for males and 13.4% for females
(χ21=2.55, p=0.11).

DISCUSSION
This paper details the prevalence of respiratory out-
comes in a cohort of children who responded to both
phases of the MANCAS study. The response rate for
both studies was lower than anticipated, particularly so
for MANCAS2. However, a publication from our centre8

reports that response to postal questionnaires has been
falling in recent years and suggests that survey fatigue
and reluctance to reveal personal information as pos-
sible reasons. In contrast to MANCAS2 where return of
the questionnaire signified consent to participate poten-
tial participants in MANCAS1 were sent a letter describ-
ing the study and asking parents to return a refusal slip
if they did not wish to participate. A study in Sweden9

which compared different approaches for consent in
postal questionnaire surveys reported a higher response
for the approach used in MANCAS1 when compared
with the approach used for MANCAS2. The modifica-
tion in the method of obtaining consent between the
two MANCAS studies was necessary in order to comply
with research ethics committee guidelines but might
account for some of the differences in the response rate
between the studies.
Missing data imputation was not considered an appro-

priate measure for addressing the low response rate as it
was not possible to derive an accurate model due to the
large amount of missing data.
Because of the low response rates the MANCAS

studies are at increased risk of bias if those with respira-
tory symptoms were more likely to respond than those
without such symptoms. The significantly lower preva-
lence of wheeze in MANCAS2 suggests that this was not
the case. Furthermore, a comparison of the prevalence
reported in the MANCAS studies with the prevalence
reported in other studies of respiratory symptoms in
children in the UK does not show an overwhelming
preponderance of symptoms in the MANCAS studies,
suggesting that responder bias is unlikely to have unduly
skewed the prevalence identified in MANCAS. Using a
different cohort of children in Manchester, a study
carried out in the same centre reported a 12-month
prevalence of 22% for wheeze for children aged up to
16 years in 2001 while the prevalence of night cough
was 25%, and 14% reported using asthma medication in
the past 12 months.5 An ISAAC written questionnaire
study on the Isle of Wight identified 18.9% prevalence
of current wheeze among 10 years olds10 and Malik
et al.11 reported a prevalence of wheeze in the past
3 years of 22.2% for 9–12 year olds in Aberdeen.

The prevalence in MANCAS2 is derived from parental
responses to questions rather than from the participants
themselves. Possibly the prevalence for each of the out-
comes measured would have been different if the ado-
lescents themselves had completed the questionnaire
but parental completion was retained to streamline, as
much as possible, the methods employed for both
MANCAS studies. A study comparing parental and self-
reported responses to an ISAAC asthma questionnaire
reveals higher current symptom prevalence reported by
the adolescents than by the parents, more particularly so
for wheeze after exercise.12 If a similar discrepancy
occurred in our study then it is possible that significant
differences in the prevalence would have been observed
between the two studies. However, parents were encour-
aged to discuss the study with their child and to obtain
their child’s agreement before participating in the study.
This is likely to have increased the possibility of both the
child and parent completing the questionnaire together,
a factor noted by Braun-Fahrlander et al12 to increase
conformity between parental and adolescent response.
A more recent study reported no significant differences
between parent and adolescent responses to an
ISAAC-based asthma questionnaire in a cohort of 13–14
year olds in a longitudinal asthma and allergy study.13

Gender differences in the prevalence of wheeze disap-
peared between the two time points supporting data
from other studies that report gender shifts in the preva-
lence of asthma during puberty with higher prevalence
in male children, similar prevalence during puberty and
higher female prevalence in adulthood.14–17

Despite the gender shift there was no difference in
the prevalence between the two time points hinting
perhaps at an ever changing pattern of clinical manifest-
ation of respiratory symptoms that cannot be unravelled
from point prevalence data. Strachan et al17 report on a
complex and changing pattern of respiratory symptom
prevalence in a cohort followed from birth where
various patterns of remission and relapse are observed
over a 33-year period. At least two-thirds of the children
in Strachan’s study who wheezed at age 16 years had first
wheezed before the age of 5 years. The Tucson
Children’s Respiratory Study showed that wheezing pat-
terns are established by the age of 6 years and do not
change up to age 16 years for children with respiratory
symptoms in the preschool years.18

In the cohort who responded to both MANCAS
studies there was no change in the prevalence of
wheeze, wheeze with exercise or use of asthma medica-
tion over a 7-year period suggesting that, for this cohort,
those who wheezed in early childhood continued to do
so in adolescence, although the gender reconciliation
indicates a shifting pattern within the cohort.
The significant decrease in antibiotic use for respiratory

infection might suggest a decrease in respiratory infections
suffered by children as they age or alternatively might
indicate a growing reluctance among GPs (prescribers) to
use antibiotics as a first-line treatment option.19
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The significant decrease in night cough might signal
maturation of the cough reflex pathway20 but also corre-
sponds with adult data describing medically driven falls
in adult nocturnal symptoms.21 22

The increased lifetime prevalence of hay fever/eczema
might simply reflect the additional time available for these
disorders to manifest in adolescence. Increases in hay
fever and eczema in children in recent decades have also
been reported in other studies.23 24

CONCLUSION
Although this report of respiratory symptom prevalence
in the same population at two time points over a 7 year
period shows a constant burden of asthma symptoms
there is some suggestion of variability in asthma symptom
prevalence within the cohort as the children matured
whilst the burden of allergy symptoms increased.
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