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Abstract
Background—An ecological analysis was
conducted of the relationship between
tuberculosis notification rates and the
prevalence of symptoms of asthma, allergic rhinoconjunctivitis, and atopic eczema
in 85 centres from 23 countries in which
standardised data are available. These
essentially comprised countries in Europe
as well as the USA, Canada, Australia, and
New Zealand.
Methods—Tuberculosis notification rates
were obtained from the World Health
Organization. Data on the prevalence of
symptoms of asthma, rhinitis, and eczema
in 235 477 children aged 13–14 years were
based on the responses to the written and
video questionnaires from the International Study of Asthma and Allergies in
Childhood (ISAAC). The analysis was
adjusted for gross national product (GNP)
as an estimate of the level of aZuence.
Results—Tuberculosis notification rates
were significantly inversely associated
with the lifetime prevalence of wheeze and
asthma and the 12 month period prevalence of wheeze at rest as assessed by the
video questionnaire. An increase in the
tuberculosis notification rates of 25 per
100 000 was associated with an absolute
decrease in the prevalence of wheeze ever
of 4.7%. Symptoms of allergic rhinoconjunctivitis in the past 12 months were
inversely associated with tuberculosis notification rates, but there were no other
significant associations with other ISAAC
questions on allergic rhinoconjunctivitis
or atopic eczema.
Conclusions—These findings are consistent with recent experimental evidence
which suggests that exposure to Mycobacterium tuberculosis may reduce the risk
of developing asthma.
(Thorax 2000;55:449–453)
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The reasons for the increase in the prevalence
of asthma and other atopic disorders such as
eczema and allergic rhinitis1 and the inter-

national patterns of the prevalence of these
diseases2 are largely unknown. In particular,
they cannot be explained by the established
putative risk factors such as allergen exposure
and air pollution which do not appear to be
strongly related to the underlying population
prevalence.2–5 This has led to consideration of
factors that may programme the initial susceptibility to asthma and/or atopy which have
changed in temporal association with the
increasing trends in prevalence worldwide, are
consistent with international prevalence patterns, and for which biological plausibility exists
with respect to an underlying mechanism.
One such hypothesis is that the lack of exposure in early childhood to infections such as
tuberculosis, measles, and diphtheria may
increase the risk of developing atopic disorders
such as asthma.6 7 Interest has focused particularly on the role of Mycobacterium tuberculosis
which is known to induce Th1 type immune
responses, suppressing the development of
Th2 type immune responses that are characteristic of atopic disorders.8–10 Epidemiological
evidence for the association of this immunological response with a reduced risk of
developing asthma comes from the study by
Shirakawa et al11 who reported that, among
Japanese schoolchildren aged 12–13 years,
asthmatic symptoms were one half to one third
as likely in positive tuberculin responders as in
negative responders, and that remission of
atopic symptoms between the ages of seven and
12 years was 6–9 times more likely in positive
tuberculin responders. The positive tuberculin
responders had significantly lower levels of the
Th2 cytokines interleukin (IL)-4, IL-10, and
IL-13 and higher levels of the Th1 cytokine
interferon (IFN)-ã. The interpretation of these
findings has been debated intensively. The
inverse association between allergic status and
tuberculin reactivity may simply reflect the
imbalance of Th1/Th2 responsiveness characteristic of atopic individuals who have been
shown to express smaller delayed type hypersensitivity skin reactions to recall antigens than
non-atopic subjects.12 This imbalance may
relate to genetic or other constitutional factors
rather than to exposure to mycobacteria. However, the alternative hypothesis which suggests
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that exposure to M tuberculosis reduces the risk
of developing asthma and/or atopy is equally
conceivable. The reduction in the incidence of
tuberculosis in many countries during the
1900s may have contributed to the concurrent
increase in the prevalence of asthma and other
atopic diseases.
To investigate these hypotheses further we
have conducted an ecological analysis of the
relationship between tuberculosis notification
rates and the prevalence of symptoms of
asthma, allergic rhinitis, and atopic eczema in
countries in which standardised data are available.
Methods
The analysis was based on the data for 13–14
year olds from the International Study of
Asthma and Allergies in Childhood
(ISAAC).2 13–15 ISAAC involved 463 801 children in this age group in 155 collaborating
centres in 56 countries, of which 304 796 were
in the 99 centres in 42 countries which used the
optional asthma video questionnaire. The
analyses in this paper were, however, confined
to those countries in which the tuberculosis
notification rates were considered to be of sufficient validity16—namely, countries in western,
northern, central and eastern Europe as well as
the USA, Canada, Australia and New Zealand
(a full list is given at the end of the paper).
These involved 235 477 children in 85 centres
in 23 countries, of which 143 551 were in 52
centres in 17 countries which used the optional
video questionnaire. The first centre survey
took place in 1991, but most of the data were
collected during the period 1994–5.
For each country the annual tuberculosis
notification rates per 100 000 during 1980–2
were obtained from the World Health
Organization17 and were averaged over these
three years. This time period was chosen
because it corresponded to the period during
which participants in the ISAAC study were
infants.
The analyses involved the key questions of
symptoms of asthma, allergic rhinoconjunctivitis, and atopic eczema from the ISAAC written
and video questionnaires.18 The asthma ques-

tions used were those on wheeze ever and
wheeze in the last 12 months, and on asthma
ever from the written questionnaire.2 13 The
video asthma question used was the sequence
on wheeze at rest in the last 12 months. These
questions were chosen because they have been
shown to have the greatest validity19 and
because the video question on wheeze at rest
was used in both versions of the asthma video.
The questions on rhinitis used were those on
symptoms of rhinitis ever, rhinitis in the last 12
months, and rhinoconjunctivitis in the last 12
months.14 The questions on atopic eczema
used were those on eczema ever, and on symptoms of an itchy rash ever and in the last 12
months.15
For each of these questions the data were
analysed by multiple linear regression with one
data point for each centre, weighted by the
inverse variance of the prevalence estimate for
the centre, and adjusted for the gross national
product (GNP) of the country in which the
centre was based.20 The level of aZuence of a
country was considered to be a potential
confounder since increasing industrialisation
and aZuence involve changes in lifestyle and
environmental exposures which could be related to asthma risk, as well as to the decreased
risk of tuberculosis infections.21 Inclusion of
GNP in the model only led to a minor increase
in the standard errors for the tuberculosis coefficients, indicating that multicollinearity was
not a significant problem.
Results
Table 1 shows the findings for the 85 centres
from 23 countries considered to have valid
tuberculosis notification data and comparable
prevalence data for symptoms of asthma, allergic rhinoconjunctivitis, and atopic eczema.
Tuberculosis rates were significantly inversely
associated with the prevalence of all four
asthma questions considered in the univariate
analyses (table 1, fig 1). All of these inverse
associations were reduced when the analysis
was adjusted for GNP, but three of the four
asthma questions (wheeze ever, asthma ever,
and the video question) still showed significant
inverse associations. These analyses showed,

Table 1 Regression analysis of the prevalence of symptoms of asthma, rhinitis and eczema (by centre) against tuberculosis
notification rates adjusted for gross national product (GNP) and weighted by the inverse variance of the prevalence in each
centre: countries with valid tuberculosis notification data*
Univariate regression

Standardised for GNP

Symptom

CoeYcient

Standard
error

Written asthma questionnaire
Wheeze ever
Wheeze in last 12 months
Asthma ever

−0.284
−0.164
−0.198

0.062
0.043
0.028

<0.001
<0.001
<0.001

−0.187
−0.052
−0.131

0.081
0.055
0.036

0.024
0.344
0.001

Video asthma questionnaire
Wheeze at rest in last 12 months

−0.135

0.030

<0.001

−0.091

0.037

0.018

Rhinitis questionnaire
Rhinitis ever
Rhinitis in last 12 months
Rhinitis with itchy/watery eyes in last 12 months

−0.324
−0.275
−0.168

0.054
0.049
0.025

<0.001
<0.001
<0.001

−0.119
−0.083
−0.073

0.063
0.057
0.029

0.062
0.148
0.015

Eczema questionnaire
Itchy rash ever
Itchy rash in last 12 months
Eczema ever

−0.083
−0.082
−0.094

0.038
0.031
0.047

0.029
0.010
0.048

0.050
0.022
0.061

0.042
0.035
0.056

0.244
0.544
0.278

*Europe, USA, Canada, Australia, New Zealand.

p value

CoeYcient

Standard
error

p value

Downloaded from http://thorax.bmj.com/ on September 22, 2017 - Published by group.bmj.com
International patterns of tuberculosis and prevalence of asthma, rhinitis, and eczema

451

60

Wheeze ever (%)

50
40
30
20
10
0
0

10

20

30

40

50

60

70

80

Tuberculosis notification rate per 100 000
Figure 1 Wheeze ever (written questionnaire) by tuberculosis notification rate in countries
with valid tuberculosis notification data (85 centres, 23 countries).

for example, that an increase in the tuberculosis notification rates of 25 per 100 000 was
associated with an absolute decrease in the
prevalence of wheeze ever of 4.7%.
Symptoms of allergic rhinoconjunctivitis in
the past 12 months were inversely associated
with tuberculosis notification rates in both the
univariate and adjusted analyses (table 1).
There were no other significant associations
with the key questions from the rhinitis
questionnaire or the eczema questionnaire
when the analysis was adjusted for GNP. The
rhinitis questions showed non-significant negative associations after adjustment for GNP,
whereas the significant negative associations
for the eczema questions became (nonsignificantly) positive.
Discussion
This study has identified that there is a significant inverse correlation between the prevalence
of asthma and tuberculosis notification rates in
countries where standardised data are available. These findings are consistent with the
hypothesis that exposure to M tuberculosis in
early childhood may reduce the risk of
developing asthma. Before considering these
findings further it is necessary to discuss the
potential sources of bias.
The first consideration is the accuracy of the
data on which the calculations were based. The
main concern related to the accuracy of the
tuberculosis notification rates published by the
World Health Organization. Unfortunately,
these data can only be considered to be reliable
from certain regions in the world, with those
emanating from Africa, Asia, Central and
South America being regarded as highly
inaccurate and grossly under-representing the
prevalence of tuberculosis in most of the countries in these regions.16 Our analysis has therefore been based on data from those 23
countries in which the WHO has recommended that it could be considered to be of
acceptable accuracy. Tuberculosis notification
rates are national figures which may not accurately reflect local patterns of infection. Random misclassification of exposure is, however,
likely to bias results towards the null underestimation of the true eVect.22
A related issue is whether a measure of
tuberculous infection such as tuberculin testing
would have been a more appropriate marker of

exposure to M tuberculosis than the tuberculosis
notification rates. Although tuberculin sensitivity would represent a direct method for assessing the exposure of a population to M tuberculosis, these data are not available in
standardised form in more than a few
countries23 and their interpretation is confounded by BCG vaccination which varies
between countries. Furthermore, tuberculin
reactivity is also a delayed type hypersensitivity
reaction which is aVected by the Th1/Th2 balance, thereby inversely relating to atopy.12 In
contrast, tuberculosis notification rates estimate the prevalence of diseased individuals in a
population, predominantly adults. In children,
M tuberculosis is almost exclusively transmitted
from infectious adults by inhalation of airborne
droplet nuclei.24 The tuberculosis notification
rates may thus be a better estimate of children’s
exposure to M tuberculosis than tuberculin
responses.
The data used for the prevalence of asthma,
allergic rhinoconjunctivitis, and atopic eczema
were derived from the recently published
ISAAC study which employed standardised
methodology including both written and video
questionnaires.2 18 For the written questionnaires standard guidelines for translation from
English were provided in an attempt to
decrease diYculties associated with the use of
the questionnaires in many diVerent languages. These guidelines included the use of
translators familiar with asthma terminology,
consultation with the local community, backtranslation into English by an independent
translator, and pilot testing of the translation.
The asthma video questionnaire was designed
to provide more accurate recognition of clinical asthma and to avoid problems of translation of terms such as “wheeze”. Furthermore,
both written and video questionnaires have
been validated using objective measures of
traits closely associated with asthma such as
atopic sensitisation and airway hyperresponsiveness.25
A second and perhaps more major limitation of our study is the fact that it is based on
ecological analyses—that is, we have based the
analyses on countries rather than individuals.
The limitations of ecological analyses are well
known.26 In particular, although we know that
tuberculosis is negatively associated with
asthma risk across the countries included
in this analysis, we do not know whether
this applies to individuals within these countries.
Even if the “ecological fallacy” is not itself a
major problem, low tuberculosis notification
rates may be a surrogate for other aspects of
aZuence which are associated with an increased risk of asthma. Recent findings from
Sweden do, in fact, point towards a significant
modification of the relation between atopy and
tuberculin test reactivity by aZuence of the
country of origin.27 It is reassuring that, in the
data presented here, the inverse association
between tuberculosis and asthma prevalence
was maintained when the analysis was adjusted
for GNP. However, in most instances the
regression coeYcient was reduced by about
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one half after adjustment for GNP, and it might
have been reduced further if “aZuence” could
have been controlled for more precisely.
Thus, there are some factors (particularly
random inaccuracies in the tuberculosis and
symptom prevalence data) that are likely to
have biased our results towards the null28
whereas other factors (ecological bias, uncontrolled confounding by level of aZuence) could
have biased our results away from the null. The
analyses presented here cannot therefore be
regarded as conclusive in themselves, but
should be considered together with other
experimental and epidemiological evidence. In
this context, the findings are consistent with
the evidence from experimental8–10 29 and population based11 studies and with the trends of the
increasing prevalence of asthma and atopic
diseases worldwide.
In particular, the major finding was a
significant inverse correlation between the
tuberculosis notification rates and the prevalence of asthma symptoms in the 23 countries
from which suYciently valid data for both
measures were available. It could be calculated
that an increase in cases of tuberculosis of 25
per 100 000 population was associated with an
absolute reduction in the prevalence of asthma
symptoms of 4.7 per 100 persons. Risk eVects
of similar magnitude were observed when the
video questionnaire was used, suggesting that
these findings are unlikely to be due to translation problems with the written questionnaire. Weaker eVects were seen for wheeze in
the past 12 months which may be attributable
to the fact that a significant proportion of
adolescents lose their symptoms during
puberty.
In contrast to the findings in relation to
asthma, there was no consistent significant
relationship between tuberculosis rates and
the prevalence of rhinitis or atopic eczema
after adjustment was made for GNP, although
there was a significant association with rhinoconjunctivitis. While these findings may suggest that the eVects of tuberculosis relate to the
development of asthma rather than atopy per
se, the finding that symptoms of rhinoconjunctivitis are more closely related to skin test
positivity than symptoms of rhinitis alone30
would not support this interpretation. An
alternative interpretation concerning the discrepant findings for the diVerent disorders is
that infection with M tuberculosis predominantly aVects the lungs, resulting in a local
immune response, but may not induce systemic responses as shown in animal models.29
In this respect, the ability of M tuberculosis to
persist in the lungs throughout life, prevented
from causing active or disseminated disease by
the host’s ongoing immune response, may be
relevant.
In conclusion, this study is consistent with
the recent experimental and epidemiological
evidence which suggests that exposure to M
tuberculosis may reduce the risk of developing
asthma. Prospective clinical studies are now
needed, not only to test the hypothesis that
early childhood exposure to organisms such as
M tuberculosis can influence the risk of develop-

ing asthma, but also to examine whether a
Mycobacterium-based vaccine may reduce the
risk of asthma as has recently been shown in
animal studies.31
The following 23 countries were included in the analysis of the
questionnaire data: Albania, Austria, Belgium, Estonia, Finland,
France, Georgia, Germany, Greece, Ireland, Italy, Latvia,
Poland, Portugal, Romania, Russia, Spain, Sweden, United
Kingdom, Canada, USA, Australia and New Zealand.
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ISAAC Steering Committee.
Funding: the ISAAC International Data Centre including the
Health Research Council of New Zealand, the Asthma and
Respiratory Foundation of New Zealand, Glaxo Wellcome
International, the Child Health Foundation of New Zealand,
the Hawke’s Bay Medical Research Foundation, the Waikato
Medical Research Foundation, Glaxo Wellcome New Zealand
Ltd, and Astra New Zealand. The regional coordinating centres
were supported by Glaxo Wellcome International Medical
AVairs. The collaboration in Europe was partially funded by the
EU Biomed programme.
1 Woolcock AJ, Peat JK. Evidence for the increase in asthma
worldwide. In: The rising trends in asthma. Ciba Foundation
Symposium 206. Chichester: Wiley, 1997: 122–34.
2 ISAAC Steering Committee Worldwide variation in
prevalence of symptoms of asthma, allergic rhinoconjunctivitis and atopic eczema: ISAAC. Lancet 1998;351:1225–
32.
3 Anderson HR. Air pollution and trends in asthma. In: The
rising trends in asthma. Ciba Foundation Symposium 206.
Chichester: Wiley, 1997: 190–203.
4 Sporik R, Ingram JM, Price W, et al. Association of asthma
with serum IgE and skin test reactivity to allergens among
children living at high altitude. Tickling the dragon’s
breath. Am J Respir Crit Care Med 1995;151:1388–92.
5 Cookson WOCM, MoVatt MF. Asthma: an epidemic in the
absence of infection? Science 1997;275:41–2.
6 Hopkin JM. Mechanisms of enhanced prevalence of asthma
and atopy in developed countries. Curr Opin Immunol
1997;9:788–92.
7 Martinez F. Role of viral infections in the inception of
asthma and allergies during childhood: could they be protective? Thorax 1994;49:1189–91.
8 Schluger NW, Rom WN. The host immune response to
tuberculosis. Am J Respir Crit Care Med 1998;157:679–
91.
9 Orme IM, Andersen P, Boom WH. T cell response to Mycobacterium tuberculosis. J Infect Dis 1993;167:1481–97.
10 Fearon DT, Locksley RM. The instructive role of innate
immunity in the acquired immune response. Science 1996;
272:50–3.
11 Shirakawa T, Enomoto T, Shimazu S, et al. The inverse
association between tuberculin responses and atopic disorder. Science 1997;275:77–9.
12 Hovmark A. An in vivo and in vitro study of cell-mediated
immunity in atopic dermatitis. Acta Dermatovenerol 1975;
55:181–6.
13 ISAAC Steering Committee. Worldwide variations in the
prevalence of asthma symptoms: International Study of
Asthma and Allergies in Childhood (ISAAC). Eur Respir J
1998;12:315–35.
14 Strachan D, Sibbald B, Weiland S, et al. Worldwide
variations in prevalence of symptoms of allergic rhinoconjunctivitis in children: The International Study of Asthma
and Allergies in Childhood (ISAAC). Pediatric Allergy
Immunol 1997;8:161–76.
15 Williams H, Robertson CF, Stewart AW, et al. Worldwide
variations in the prevalence of symptoms of atopic eczema:
The International Study of Asthma and Allergies in Childhood. J Allergy Clin Immunol 2000 (in press).
16 Styblo K, Rouillon A. Estimated global incidence of smearpositive pulmonary tuberculosis. Unreliability of oYcially
reported figures on tuberculosis. Bull Int Union Tuberc Lung
Dis 1981;56:118–26.
17 World Health Organization. Tuberculosis: a global emergency:
case notification update. Global tuberculosis programme.
Geneva: World Health Organization, 1996.
18 Asher I, Keil U, Anderson HR, et al. International Study of
Asthma and Allergies in Childhood (ISAAC): rationale and
methods. Eur Respir J 1995;8:483–91.
19 Shaw R, Woodman K, Ayson M, et al. Measuring the prevalence of bronchial hyperresponsiveness in children. Int J
Epidemiol 1995;24:597–602.
20 United Nations Development Programme. Human development report. New York: Oxford University Press, 1994.
21 Matricardi PM, Franzinelli F, Franco A, et al. Sibship size,
birth order, and atopy in 11,371 Italian young men. J
Allergy Clin Immunol 1998;101:439–44.
22 Rothman KJ, Greenland S. Precision and validity in epidemiologic studies. In: Rothman KJ, Greenland S, eds. Modern epidemiology. 2nd ed. Philadelphia: Lippincott, 1998:
115–34.

Downloaded from http://thorax.bmj.com/ on September 22, 2017 - Published by group.bmj.com
International patterns of tuberculosis and prevalence of asthma, rhinitis, and eczema

23 Cauthen GM, Pio A, Ten Dam HG. Annual risk of tuberculous infection. Geneva: World Health Organization, 1988.
24 Hilman BC. Pulmonary tuberculosis and tuberculous infection in infants, children, and adolescents. In: Hilman BC,
ed. Pediatric respiratory disease. Diagnosis and treatment.
Philadelphia: WB Saunders, 1993: 311–20.
25 Shaw RA, Crane J, Pearce N, et al. Validation of a video
questionnaire for assessing asthma prevalence. Clin Exp
Allergy 1992;22:562–9.
26 Morgenstern H. Ecologic studies. In: Rothman KJ,
Greenland S, eds. Modern epidemiology. 2nd ed.
Philadelphia: Lippincott, 1998:459–80.
27 Strannegard IL, Larsson LO, Wennergren G, et al.
Prevalence of allergy in children in relation to prior BCG
vaccination and infection with atypical mycobacteria.
Allergy 1998;53:249–54.

453

28 Copeland KT, Checkoway H, McMichael AJ, et al. Bias due
to misclassification in the estimation of relative risk. Am J
Epidemiol 1977;105:488–95.
29 Erb KJ, Holloway JW, Sobeck A, et al. Infection of mice with
Mycobacterium bovis: Bacillus Calmette-Guérin (BCG)
suppresses allergen-induced airway eosinophilia. J Exp Med
1998;187:561–9.
30 Braun-Fahrländer CH, Wüthrich B, Gassner M, et al and
the SCARPOL team. Validation of a rhinitis symptom
questionnaire (ISAAC core questions) in a population of
Swiss schoolchildren visiting the school health services.
Pediatr Allergy Immunol 1997;8:75–82.
31 Wang CC, Rook GA. Inhibition of an established allergic
response to ovalbumin in BALB/c mice by killed Mycobacterium vaccae. Immunology 1998;93:307–13.

Downloaded from http://thorax.bmj.com/ on September 22, 2017 - Published by group.bmj.com

International patterns of tuberculosis and the
prevalence of symptoms of asthma, rhinitis,
and eczema
Erika von Mutius, Neil Pearce, Richard Beasley, Soo Cheng, Ondine von
Ehrenstein, Bengt Björkstén and Stephan Weiland
Thorax 2000 55: 449-453

doi: 10.1136/thorax.55.6.449
Updated information and services can be found at:
http://thorax.bmj.com/content/55/6/449

These include:

References
Email alerting
service

Topic
Collections

This article cites 22 articles, 7 of which you can access for free at:
http://thorax.bmj.com/content/55/6/449#BIBL
Receive free email alerts when new articles cite this article. Sign up in the
box at the top right corner of the online article.

Articles on similar topics can be found in the following collections
Asthma (1782)
Child health (843)
Ear, nose and throat/otolaryngology (218)
TB and other respiratory infections (1273)

Notes

To request permissions go to:
http://group.bmj.com/group/rights-licensing/permissions
To order reprints go to:
http://journals.bmj.com/cgi/reprintform
To subscribe to BMJ go to:
http://group.bmj.com/subscribe/

