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Atopy, asthma, and the mycobacteria

J M Hopkin

In this issue of Thorax there are two articles which add to
the observations on an inverse link between mycobacterial
exposure and atopic disorder, and to the larger story that
certain microbial exposures in early childhood may play a
key part in limiting immune dysregulation. Von Mutius
and colleagues report increasing tuberculosis notification
rates associated with a stepwise decrease in symptoms of
asthma and rhinoconjunctivitis in an international ecologi-
cal study,1 while Omenaas et al found no relationship
between IgE levels and tuberculin responses in Norwegian
adults vaccinated with BCG at 14 years of age.2

One potential explanation for the promotion of clinical
tolerance to allergens by certain microbial exposures may
be framed within two related immunological concepts.
Firstly, adaptive immune responses may be broadly
categorised into two antagonistic subtypes (Th1 and Th2),
each with its own set of molecular mediators or
cytokines.3–5 Secondly, the type of T helper (Th) adaptive
response to one antigen may influence the type of Th
response to a quite independent antigen through modifica-
tion of the cytokine profile of the immune milieu.6–8

In atopy there is over-reactivity of Th2 immune mecha-
nisms involving the cytokines interleukin (IL)-4, IL-5 and
IL-3, which leads to IgE production and eosinophilic
mucosal inflammation in response to many antigens.
Atopic or allergic responses to inhaled antigen or allergen
such as those from house dust particles are a potent factor
in the causation of asthma.6 9 10 Such vigorous Th2
immune responses are naturally seen in certain helminthic
infections when they provide an important element of pro-
tective immunity.11–13 What then is their origin, in dysregu-
lated form, in atopy?

Heterogeneous genetic factors are important because
genetic variants at a number of chromosomal locations are
linked to high IgE levels or asthma.14 Variants in the Th2
cytokine signalling pathway are important.15–17 In one
instance a genetic variant of the IL-4 receptor (IL-4Rá)
strongly predicted high IgE levels and asthma in certain
populations; experimental transfer of DNA has shown that
the variant significantly upregulates the IL-4Rá response to
IL-4 stimulation resulting in increased Th2 cell growth and
IgE synthesis.15 The existence of such Th2 promoting vari-
ants in human populations may relate to their potential to
enhance protective Th2 immune mechanisms against
helminthic infestation, a regular threat to mankind in cer-
tain environments now and almost ubiquitously so in the
past. The epidemiological relationship between helminth
infestation and atopy in currently underdeveloped coun-
tries is complex and unresolved, with suggestions that
atopic individuals may suVer less parasitisation and that
helminthic infection may moderate atopic disorder,
perhaps by saturating mast cell IgE receptors with
non-allergen directed IgE.18 Further investigations of these

relationships are required which need to take account of
genetic variants of Th2 signalling.

The acknowledged rapid rise in the atopic disorders in
developed communities points to important environmental
determinants of overactive Th2 immunity and to the likeli-
hood that these are related to socioeconomic
development.19 Dietary change and greater pollution by
indoor allergens or noxious agents more generally have
been considered candidate mechanisms, but change in the
patterns of microbial exposure is a potential mechanism
which crucially relates to immune development.6 20 One
temporal association with the increase in atopy in
developed communities has been a significant fall in expo-
sure to many microbes including the helminths already
referred to and Mycobacterium tuberculosis. Moreover, there
is a link between increased atopy and small sibships in
which there may be less sharing of various microbial expo-
sures than in larger sibships.21 Some data indicate that fetal
and neonatal allergen specific responses are naturally Th2
in the first instance, and that these need conversion
towards a Th1 type to produce the non-atopic state of
clinical tolerance to allergens; Th1 promoting microbial
exposures are the natural candidates for delivering such
tolerance.22 Experimental animal data suggest that com-
mensal organisms in the gut are essential for the tolerance
to allergen that usually results from oral exposure.23–25 It is
therefore interesting that two epidemiological studies have
linked early life treatment with antibiotics, potent reducers
of gut commensals, with subsequent atopic disorder.26 27

Other epidemiological studies have related less atopy with
early life exposure to measles, mycobacteria, and a range of
orofecal pathogens.28–30

A putative link between exposure to mycobacteria and
less atopy was illustrated in a study of Japanese children30 in
whom strongly positive tuberculin responses in early life
were associated significantly with less asthma, rhinocon-
junctivitis, and eczema in later childhood. The positive
tuberculin responses in early life were also associated with
lower IgE levels and dominance of Th1 over Th2 in the
peripheral blood cytokine profiles at 12 years of age. One
part of this inverse relationship might be attributable to
genetic determinants of Th1/Th2 skewing in these children
who were born into a population with a notification rate for
tuberculosis of about 100/100 000 and who were immu-
nised with BCG as neonates. However, other observations
within the study pointed to environmental influences,
including the likelihood of varying exposures to mycobac-
teria. The scale of the strong tuberculin responses
suggested natural early life exposure to M tuberculosis in
addition to BCG in many of the children. The prevalence
of strong tuberculin responses in the children was only
about 60% of that in their parental generation, a rapid
decline beyond genetic explanation which was temporally
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related to the sharp fall in notified infectious tuberculosis
in the Wakayama population.30

In fact, mycobacteria elicit particularly strong protective
Th1 immune responses. Mycobacterial lipoproteins bind
to macrophage bound Toll-like receptors (TLRs) and this
interaction leads to prominent synthesis of IL-12, and
hence prominent Th1 switching and secretion of interferon
(IFN)-ã and tumour necrosis factor (TNF)-á,31 the
cytokines shown to repress Th2 immune mechanisms in
both in vivo and in vitro experiments.5 32–35 Repression of
Th2 immune mechanisms and hence atopy by mycobacte-
rial exposure therefore appears possible; in the case of M
tuberculosis this may be as part of the development of pro-
tective Th1 mediated immunity in healthy subjects but not
in patients with tuberculous disease in whom protective
Th1 responses are often impaired.36 Adams et al37 reported
that, in South Africans heavily exposed to both mycobacte-
rial and helminthic infections, tuberculous disease was
associated with high total and parasite specific IgE levels
which fell significantly only after successful antitubercu-
lous chemotherapy.

The results reported by Von Mutius et al in this issue of
Thorax are fascinating in this respect.1 In their international
ecological study they matched WHO derived tuberculosis
notification rates to the prevalence of atopic symptoms in
nearly a quarter of a million children within ISAAC and
found that an increase in notifications of 25/100 000 was
associated with an absolute decrease in wheeze ever of
4.7%. Whilst a number of interpretations are possible, the
tuberculosis notification rates might be regarded as surro-
gates of mycobacterial exposure within each community, as
the authors discuss with due caution; these results may
therefore support the concept that natural exposure to M
tuberculosis may have a role in inhibiting atopy on a world-
wide scale. As yet there is no information on whether
exposure to the non-tuberculous mycobacteria, ubiquitous
in soil and water, may also relate to less atopy, but this is an
important issue.

Formal experimental data on the inverse link between
mycobacteria and atopy come from recent experiments in
mice which uniformly showed that exposure to mycobacte-
ria had impressive Th2 limiting eVects.38–41 Thus, exposure
of mice susceptible to the experimental induction of allergy
with ovalbumin to diVerent mycobacterial preparations
results in a major limitation of systemic or pulmonary Th2
responses, pulmonary eosinophil infiltration, and anaphy-
lactic pulmonary reactions in response to allergens.
Subcutaneous injection of heat killed M vaccae, an
environmental mycobacterium with strong Th1 promoting
properties, inhibited production of IgE and IL-5 by splenic
cells.38 Intranasal BCG inhibited pulmonary eosinophilia
and IL-5 synthesis in response to ovalbumin and to the
nematode worm N brasiliensis, an eVect dependent on syn-
thesis of IFN-ã.39 Intravenous BCG promoted IFN-ã syn-
thesis and inhibited a range of Th2 phenomena including
secretion of IL-4/IL-5 and IgE/IgG1, airway eosinophilia,
and responsiveness to ovalbumin.40 The inhibition of oval-
bumin allergy in these experiments was related to the tim-
ing of mycobacterial exposure in relation to the ovalbumin
sensitisation procedure (the BCG was given prior to or
concurrently with ovalbumin sensitisation), the dosage of
organism, and the route of administration (for BCG the
intranasal route was more eVective in inhibiting ovalbumin
sensitisation than the intraperitoneal and subcutaneous
routes).

If mycobacterial preparations can limit experimental
allergy in mice, then the possibility that immunisation with
mycobacterial preparations could be developed to prevent
atopy and asthma in humans deserves serious considera-
tion. From the outset it seems likely that any mycobacterial

inhibition of atopy in humans should have its maximum
impact early in life—that is, before the establishment of
substantial Th2 allergen responsive clones. The objective
would be normalisation of the Th1/Th2 balance in allergen
specific responses with the production of clinical tolerance,
rather than the production of Th1 immune skewing with
the theoretical risk of promoting autoimmune disorder. It
is quite unlikely, given the impact of genetic factors on
atopy and the response to infections in humans, that any
benefit of mycobacterial immunisation in limiting atopy
would be uniformly eVective across a population. The
route of mycobacterial administration might be of decisive
importance; the murine data illustrate this point with res-
piratory delivery of BCG being most eVective in repressing
allergy, consistent with the human epidemiology in which
pulmonary exposure to M tuberculosis is strongly linked to
less asthma.1 29 Finally, co-exposures might be very relevant
to the inhibitory impact of any mycobacterial preparation
on atopy, including exposure to allergens, to antibiotics as
mentioned above, and to other immunisation agents, some
of which may have sensitising properties.26

There are now reported retrospective analyses of BCG
immunisation programmes in relation to atopy, but their
findings are conflicting.42–44 The report by Omenaas et al in
this issue of Thorax is relevant here.2 Alm et al42 have previ-
ously reported that the rates of atopic disorder were similar
in Norwegian children given BCG immunisation before six
months of age to those in a selected group of children who
had not received BCG, and in which the analysis focused
on children with a family history of atopy.43 Aaby et al
reported less atopy (by allergen skin prick testing) in
infants receiving BCG in Guinea-Bissau, particularly if the
BCG was administered in the first week of life.44 Omenaas
et al now report that tuberculin responses in young adult
Norwegians receiving BCG at 14 years of age were not
related to atopy as determined by skin prick tests or IgE
serological testing; the authors conclude that any such
relationship might only hold when mycobacterial exposure
occurs early in life.2

It is very diYcult to compare these studies and to draw
firm conclusions from them, particularly deciding whether
or not BCG given by intradermal injection inhibits atopy in
humans or whether it might if given very early in life. I sus-
pect that retrospective analyses cannot enable us to judge
the matter, given the vagaries of methods used and the
interaction of uncontrolled but important genetic and
co-exposure variables; the actions of BCG in preventing
tuberculosis under diVerent circumstances have been diY-
cult enough to judge. Prospective controlled studies, which
carefully take account of genetic and other variables, are
therefore urgently needed to test the potential of mycobac-
terial preparations or products given in early life to limit
atopic disorder in humans. BCG immunisation by
intradermal inoculation represents one safe and tested
method for investigation, but the advance of molecular
methodologies45 opens up other exciting possibilities.

The story linking the epidemic of atopy and asthma to
changing patterns of microbial exposure looks increasingly
interesting. The possibility that microbial products, as
educators of immunity, might be thoughtfully developed to
limit atopic disorder in many people is intriguing. What a
sweet irony it would be if the products of M tuberculosis, or
its cousins, could be used to control asthma.

J M HOPKIN
Experimental Medicine Unit,
University of Wales,
Swansea SA2 8PP,
UK
email: j.m.hopkin@swansea.ac.uk

444 Hopkin

 on A
pril 9, 2024 by guest. P

rotected by copyright.
http://thorax.bm

j.com
/

T
horax: first published as 10.1136/thorax.55.6.443 on 1 June 2000. D

ow
nloaded from

 

http://thorax.bmj.com/


1 Von Mutius, Pearce N, Beasley R, et al. International patterns of tuberculo-
sis and the prevalance of symptoms of asthma, rhinitis, and eczema. Thorax
2000;55:449–53.

2 Omenaas E, Jentoft HF, Vollmer WM, et al. Absence of relationship between
tuberculin reactivity and atopy in BCG vaccinated young adults. Thorax
2000;55:454–8.

3 Mosmann TR, Sad S. The expanding universe of T-cell subsets: Th1, Th2
and more. Immunol Today 1996;3:138–46.

4 Mosmann TR. Cytokine secretion patterns and cross-regulation of T cell
subsets. Immulol Res 1991;3–4:183–8.

5 Parronchi P, De Carli M, Manetti R, et al. IL-4 and IFN (alpha and gamma)
exert opposite regulatory eVects on the development of cytolytic potential
by Th1 and Th2 human T cell clones. J Immunol 1992;149:2977–83.

6 Hopkin JM. Mechanisms of enhanced prevalence of asthma and atopy in
developed countries. Curr Opin Immunol 1997;6:788–92.

7 Szabo SJ, Dighe AS, Gubler U, et al. Regulation of the interleukin (IL)-12R
beta 2 subunit expression in developing T helper 1 (Th1) and the Th2 cells.
J Exp Med 1997;5:817–24.

8 Ryan M, McCarthy L, Rappuoli R, et al. Pertussis toxin potentiates Th1 and
Th2 responses to co-injected antigen: adjuvant action is associated with
enhanced regulatory cytokine production and expression of the co-
stimulatory molecules B7–1, B7–2 and CD28. Int Immunol 1998;5:651–62.

9 Yabuhara A, Macaubas C, Prescott SL, et al. Th2-polarised immunological
memory to inhalant allergens in atopics is established during infancy and
early childhood. Clin Exp Allergy 1997;11:1261–9.

10 Szabo SJ, Glimcher LH, Ho IC. Genes that regulate interleukin-4
expression in T cells. Curr Opin Immunol 1997;6:776–81.

11 Capron M, Capron A. Immunoglobulin E and eVector cells in schistosomia-
sis. Science 1994;264:1876–7.

12 Grencis RK. Th2-mediated host protective immunity to intestinal nematode
infections. Philos Trans R Soc Lond B Biol Sci 1997;352:1359–77.

13 Else KJ, Finkelman FD. Intestinal nematode parasites, cytokines and eVec-
tor mechanisms. Int J Parasitol 1998;28:1145–58.

14 Collaborative Study on the Genetics of Asthma (CGSA). A genome-wide
search for asthma suceptibility loci in ethnically diverse populations. Nature
Genetics 1997;15:389–92.

15 Mitsuyasu H, Izuhara K, Mao X-Q, et al. Ile50Val variant of interleukin-4
receptor (IL-4R) á chain upregulates IgE synthesis by B-lymphocytes and
predicts childhood asthma. Nature Genetics 1998;19:119–20.

16 Heinzmann A, Mao X-Q, Akaiwa M, et al. Genetic variants of IL-13 signal-
ling and human asthma and atopy. Human Mol Genet 2000;9:549-59.

17 Burchard EG, Silverman EK, Rosenwaner LJ, et al. Association between a
sequence variant in the IL-4 promoter and FEV1 in asthma. Am J Respir
Crit Care Med 1999;160:919–22.

18 Lynch NR, Hagel I A, Palenque M E, et al. Relationship between helminthic
infection and IgE response in atopic and nonatopic children in a tropical
environment. Allergy Clin Immunol 1998;101:217–21.

19 Woolcock AJ, Peak JK. Evidence for the increase in asthma worldwide. In:
The rising trends in asthma. Ciba Foundation Symposium 206. Chichester:
Wiley, 1997: 122–4.

20 Holt PG. Infections and the development of allergy. Toxicol Lett
1996;86:205–10.

21 Strachan DP. Allergy and family size: a riddle worth solving. Clin Exp Allergy
1997;27:235–6.

22 Prescott SL, Macaubas C, Smallacombe T, et al. Development of allergen-
specific T-cell memory in atopic and normal children. Lancet 1999;353:
196–200.

23 Sudo N, Sawamura S, Tanaka K, et al. The requirement of intestinal bacte-
rial flora for the development of an IgE production system fully susceptible
to oral tolerance induction. J Immunol 1997;4:1739–45.

24 Pulverer G, Koh L, Beuth J. Immunomodulatory eVects of antibiotics influ-
encing digestive flora. Pathol Biol Paris 1993;41:753–8.

25 Kerneis S, Bogdanova A, Kraehenbuhl JP, et al. Conversion by Peyers patch
lymphocytes of human enterocytes into M cells that transport bacteria. Sci-
ence 1997;277:949–952.

26 Farooqi IS, Hopkin JM. Early childhood infection and atopic disorder. Tho-
rax 1998;53:927–32.

27 Wickens K, Pearce N, Crane J, et al. Antibiotic use in early childhood and
the development of asthma. Clin Exp Allergy 1999;29:766–71.

28 Shaheen SO, Aaby P, Hall AJ, et al. Measles and atopy in Guinea-Bissau.
Lancet 1996;347:1792–6.

29 Shirakawa T, Enomoto T, Shimazu, et al. The inverse association between
tuberculin responses and atopic disorder. Science 1997;5296:77–9.

30 Matricardi PM, Rosmini F, Ferigno L, et al. Exposure to foodborne and
orofecal microbes versus airborne viruses in relation to atopy and allergic
asthma: epidemiological study. BMJ 2000;320:412–6.

31 Brightbill, HD, Libraty DH, Krutzik ST, et al. Host defence mechanisms
triggered by microbial lipoproteins through toll-like receptors. Science
1999;285:732–6.

32 Ria F, Penna G, Adorini L. Th1 cells induce and Th2 inhibit
antigen-dependent IL-12 secretion by dendritic cells. Eur J Immunol 1998;
6:2003–16.

33 Randolph DA, Carruthers, CJ, Szabo SJ, et al. Modulation of airway inflam-
mation by passive transfer of allergen-specific Th1 and Th2 cells in a
mouse model of asthma. J Immunol 1999;4:2375–83.

34 Li XM, Chopra RK, Chou TY, et al. Mucosal IFN-gamma gene transfer
inhibits pulmonary allergic responses in mice. J Immunol 1996;8:3216–9.

35 Gavett SH, O’Hearn DJ, Li X, et al. Interleukin 12 inhibits antigen-induced
airway hyperresponsiveness, inflammation, and Th2 cytokine expression in
mice. J Exp Med 1995;5:1527.

36 Beyers AD, Can Rie A, Adams J, et al. Signals that regulate the host response
to Mycobacterium tuberculosis. Novartis Found Symp 1998;217:145–9.

37 Adams JF, Scholvinck EH, Gie RP, et al. Decline in total serum IgE after
treatment for tuberculosis. Lancet 1999;353:2030–3.

38 Wang EC, Rook GAW. Inhibition of established allergic response to ovalbu-
min in BALB/C mice by killed Mycobacteria vaccae. Immunology
1998;93:307–13.

39 Erb KJ, Holloway JW, Sobeck A, et al. Infection of mice with
Mycobacterium bovis-Bacillus Calmette-Geurin (BCG) suppresses
allergen-induced airway eosinophila. J Exp Med 1998;4:561–9.

40 Herz U, Gerhold K, Gruber C, et al. BCG infection suppresses allergic sen-
sitization and development of increased airway reactivity in an animal
model. J Allergy Clin Immunol 1998;5:867–74.

41 Sano K, Haneda K, Tamura G, et al. Ovalbumin (OVA) and Mycobacterium
tuberculosis bacilli cooperatively polarize anti-OVA T-helper (Th) cells
toward a Th1-dominant phenotype and ameliorate murine tracheal
eosinophilia. Am J Respir Cell Mol Biol 1999;6:1260–7.

42 Alm J, Lilja G, Pershagen G, et al. Early BCG vaccination and development
of atopy. Lancet 1997;350:400–3.

43 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;3:240–54.

44 Aaby P, Shaheen S, Hall A, et al. Early BCG vaccination and reduction in
atopy in Guinea-Bissau. Eur Respir J 1998;12(Suppl 29):45.

45 Kline JN, Waldschmidt TJ, Businga TR, et al. Modulation of airway inflam-
mation by CpG oligodeoxynucleotides in a murine model of asthma. J
Immunol 1998;6:2555–9.

Atopy, asthma, and the mycobacteria 445

 on A
pril 9, 2024 by guest. P

rotected by copyright.
http://thorax.bm

j.com
/

T
horax: first published as 10.1136/thorax.55.6.443 on 1 June 2000. D

ow
nloaded from

 

http://thorax.bmj.com/

