
Potential health effects from non-specific
stimulation of the immune function in early
age: The example of BCG vaccination

The immune response has profound repercus-
sions on health. This can be easily demonstrated
by considering the plethora of health problems
associated with immunosuppression. Whether it
is acquired or induced, immunosuppression has
been associated, so far, with excess risks of viral
and bacterial infections, and with several virally-
linked neoplasia such as Kaposi sarcoma (1),
cervical cancer (2), and lymphoproliferative dis-
orders (3). More generally, immunity also plays a
critical role in diseases which result from an
autoimmune response (e.g., lupus, insulin-depen-
dent diabetes mellitus) and conditions related to
an inflammatory process (e.g., Crohn�s disease,
asthma).
The damage caused by pathogens such as

viruses, bacteria, or by chemicals triggers the

immune system to induce an inflammatory
process, most notably via the complex inter-
actions between several T-cell populations,
including T helper (TH) and regulatory T (Treg)
cells. Upon their activation during infection, the
TH cells can be categorized in two subgroups
which differ in the cytokines they produce. The
TH1 cells produce pro-inflammatory cytokines
[interleukin (IL)-1, IL-2, c-interferon (IFN-c),
tumour necrosis factor (TNF)-a], and are
involved in delayed hypersensitivity reactions
such as in tuberculosis (TB), leprosy, sarcoidosis
(4). TH2 cells produce a distinct repertoire of
cytokines, including IL-4, -5, -9, -10, and IL-13.
The consequences of inducing TH1 vs. TH2
cells are biologically significant; whereas the
secretion of TH1 cytokines leads to cell-mediated
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immunity, the production of a predominantly
TH2 response will favour an antibody-dependent
immune response. Inflammation mediated by the
TH1 response normally resolves itself by negative
feedback brought about by the TH2 cytokines on
the TH1 cytokines. The production of TH2
cytokines follows closely that of the TH1, ensur-
ing that a balance is achieved. In chronic
inflammation, this balance is lost, either because
of the persistence of TH1 cytokines or through
lack of TH2 negative feedback (5). The produc-
tion of immunosuppressive cytokines, such as
IL-10, by Treg also contributes to the suppression
of TH1 responses. Inflammation is generally part
of the healing process, but may have negative
consequences if it becomes chronic. For several
cancers, chronic inflammation either because of
viral infection or from other sources seems to be
one of the steps in the carcinogenic process (5).
Inflammation is also thought to be part of the
mechanism linking hyperlipidemia to atheroscle-
rosis (6).
In contrast, allergic inflammation as observed

in allergies and asthma is driven by the TH2
lymphocytes. Following an initial contact with
antigen-presenting cells, most notably with anti-
gen-loaded dendritic cells, this subset of T-cells is
activated and via specific receptors leads to the
secretion of cytokines that promote airway
inflammation. The release of IL-4 will induce
the production of high levels of immunoglobulin
E (IgE) by B cells while further favouring the
development of TH2 cells. Other cytokines, such
as IL-5 and IL-9, will promote the recruitment of
eosinophils and mast cells, respectively, while IL-
13 will favour hyperplasia of goblet cells and
hypersecretion of mucus (7, 8). This cascade of
signals is, however, highly susceptible to the
regulatory activity of Tregs, which control TH

activity via direct cell–cell contact and secretion
of other immunoregulatory cytokines, such as
IL-10 and TGF-b (9, 10). The hypothesis most
consistently proposed in relation to the recent
rise in allergic disease and asthma in industrial-
ized countries thus relates to the development of
the immune response. The hygiene hypothesis
postulates that the decrease in exposure to
infectious diseases has resulted in the absence
of shifting of the immune system�s initial TH2
(allergic) response to a TH1 (non-allergic)
response (11), leading to the lack of a normal
process called immune deviation (12). One must,
however, keep an open mind that this simplistic
TH1 vs. TH2 paradigm may hide some yet
unknown mechanisms, as recently suggested by
studies showing that infections in the lungs with
pathogens can elicit a strong TH1 response

mimicking in several ways tissue damage and
symptoms observed in allergic inflammation (13).
However, the mechanisms by which a decreased
exposure to microbial agents early in life would
result in favouring a TH2 response are still
controversial and possibly implicate regulatory
mechanisms, most notably those mediated by
Treg populations (14).

Immune modulation

There are a number of exogenous exposures
which can modulate the immune response,
including medications (e.g., anti-inflammatory,
immunosuppressive drugs) as well as prophylac-
tic and therapeutic vaccines. The Bacillus Cal-
mette–Guérin (BCG) vaccine is an example of
such exogenous modulators of the immune
response. The BCG is a non-pathogenic strain
of attenuated live Mycobacterium bovis, which
was first used in the 1920s to vaccinate neonates,
children, and adults to protect them against
tuberculosis (TB). BCG vaccination stimulates
macrophages, which in turn induce the produc-
tion of cytokines by TH1 lymphocytes. The
resulting production of INF-c is known to have
an inhibitory effect on TH2 responses. By such a
stimulation, the immune response is balanced
towards a TH1 rather than a TH2 response (15).
As a result of its immunostimulatory potential,
BCG is used in immunotherapy for certain stages
of superficial bladder cancer (16). Its effect occurs
through non-specific pathways, e.g., by stimula-
tion of macrophages and tumour cytotoxic
natural killer (NK) cells (17, 18).

Influence of the immune response on health

There exist plausible immunological underlying
mechanisms that could explain beneficial and
detrimental associations between the cellular
immune response and several chronic diseases.
The mechanisms are complex and not yet clear,
but epidemiological studies have suggested that
markers of immune stimulation may be associ-
ated with increased or decreased risk of several
health conditions such as asthma, autoimmune
disorders, atherosclerosis and cancer.
We will herein provide a qualitative review of

the epidemiological literature for and against
hypotheses of an effect of early immune stimu-
lation on selected chronic diseases characterized
by inflammatory or autoimmune processes. We
will use the BCG vaccination as one example of
non-specific immune stimulation in early age.
Immunization with BCG can serve as a use-
ful model to assess the impact of early-life
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stimulation of TH1 cells, because of its demon-
strated TH1 immunostimulatory effects (19) and
its administration often occurring in the early
months of life. Our aim is to provide a general
overview of the epidemiological literature focus-
sing on the influence of BCG vaccination on the
following inflammatory or autoimmune diseases:
asthma and allergic diseases, Crohn�s disease
(CD), insulin-dependent diabetes mellitus
(IDDM), and specific cancers.

Asthma and allergic diseases

Asthma and allergic diseases such as atopy and
allergic rhinitis have been extensively studied in
relation to BCG vaccination. Several reasons
justify this scientific interest. Animal models have
convincingly showed that BCG immunization
hampers TH2 responses through an inhibition of
the secretion of IL-4, IL-5, IgE, and immuno-
globulin G1 (IgG1) (20–24). There is also the
possibility that BCG could induce antigen-spe-
cific immune suppression by inducing high levels
of IL-10. In vitro culture of lymphocytes from
individuals stimulated with the purified protein
derivative (PPD) resulted in the production of
high levels of IL-10 among PPD-anergic subjects
(25). IL-10 is an anti-inflammatory cytokine
playing an important role against the develop-
ment of allergic and asthmatic disease. The fact
that increased IL-10 synthesis by T-cells has been
shown to be beneficial in the treatment of asthma
and allergy supports the hypothesis that IL-10-
producing Treg cells play an important role in
controlling the development of allergic inflam-
mation (26, 27). In fact, an eventual hope for the
treatment of allergic airway disease is to design
therapies that stimulate endogenous antigen-
specific Treg cell function or that induce de novo
Treg activity. Interestingly, a threefold increase in
the number of circulating Treg in patients with
TB as compared with healthy controls was
documented, concomitant to an elevated level
of IL-10 and TGFb-1 (28). The ability of IL-10
to inhibit pro-inflammatory cytokine production,
major histocompatibility complex class II expres-
sion, maturation, and antigen-presenting func-
tion of dendritic cells, as well as its ability to
suppress IgE-induced cytokine production by
mast cells are among the numerous mechanisms
by which this cytokine can inhibit asthma (29).
As for TGF-b, a pleiotropic cytokine with
significant anti-inflammatory and immunosup-
pressive properties, its role in the control of TH2
response in airway inflammation remains under
discussion. Indeed, although this cytokine is well
known to inhibit T-cell proliferation (30) and

that mice lacking a functional TGF-b receptor
type II (TGF-bRII) at the surface of their T-cells
develop severe autoimmune diseases (31), mice
lacking this molecule still suppress their target
cells (32). However, as reduced expression of
TGF-b correlates with a stronger inflammatory
response and mucus production in an experi-
mentally-induced asthma model (33), it is likely
that the secretion of TGF-b by Treg plays a yet
undefined role in the regulation of TH response in
airway inflammation. Depletion of Treg in
peripheral blood monocytic cells also increased
the number of Mycobacterium tuberculosis anti-
gen-specific IFN-c-producing T-cells in patients
with TB, further supporting the hypothesis that
Treg cells contribute to the suppression of TH1-
type immune responses (28).
In a critical review of the epidemiological

literature on the association between early-life
microbial exposure and prevention of allergic
disease based on the hygiene hypothesis, Kemp
and Björkstén underline the fact that some
studies have shown protection among those
exposed to microbial agents early in life, but
have been limited in terms of assessing whether
these agents act via a lack of immune deviation in
early childhood (12). Studies have suggested a
decreased risk of allergic diseases and asthma
among those with recurrent mild upper respira-
tory viral infections in childhood (34, 35) and
with day care attendance used as a proxy for
early exposure to infectious agents (36, 37).
Table 1 provides a summary of epidemiological
studies focussing on the association between
BCG vaccination or a positive tuberculin
response (a marker of TH1-mediated acquired
immunity) and the risk of asthma and allergic
diseases. Among the 23 studies identified, most
were generally consistent with the absence of
such associations (38–47) or an effect limited to a
subgroup only (48–53). Nevertheless, a protective
effect was noted in seven studies (54–60). There
was substantial variation in terms of population,
size, study design, BCG strains and doses,
adjustment variables, although these factors did
not appear to predict the direction of the
associations. Exposures considered included
either BCG vaccination per se, most often
assessed through parental report, vaccination
records, presence of BCG scar or, conversely,
tuberculin reactivity measured by standard
tuberculin skin tests. Outcomes comprised a
wide range of conditions ascertained by self-
report and clinical evidence, e.g., serology and
skin-prick test. BCG vaccination was perinatal in
most studies. In populations vaccinated at
another time point, no association emerged

BCG vaccination and chronic health conditions
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between age at vaccination and any of the
outcomes considered. Ethnicity has been sug-
gested as an effect modifier (61), possibly as a
result of differences in genetic susceptibility as
well as in early-life microbial exposures (50).
Overall, our review suggests that, despite the
number of studies already conducted, the effect
of early-life TH1 stimulation on allergic diseases
and asthma remains incompletely elucidated,
as was previously suggested based on earlier
literature (62).

Crohn�s disease

Crohn�s disease is an inflammatory disease of the
gastrointestinal tract, of mostly unknown
aetiology. It is generally thought to result from
a complex combination of genetic, environ-
mental, and immunological factors. Familial
aggregation and racial variations have pointed
to genetic factors and indeed some were identi-
fied (63). The NOD2 gene encodes for an
intracellular receptor for bacterial lypopoly-
saccharides, which in turn activates NFjB,
a transcription factor that enhances the produc-
tion of inflammatory mediators. The NOD2 gene
product may confer susceptibility to CD by one
or both of these mechanisms: (i) alteration of the
recognition of microbial pathogens; (ii) over-
activation of NFjB in monocytes (64). Impaired
innate immunity, leading to a delayed recruit-
ment of neutrophils at sites of bacterial penetra-
tion, could result in bacterial persistence and in
the development of chronic inflammation (65).
The recent rise in incidence observed in several
countries is compatible with a dual involvement
of environmental and genetic factors (66). Expo-
sure to infections during childhood has been
investigated in relation to the development of
CD. Results have been inconsistent, some studies
suggesting a protective effect of childhood infec-
tions (67, 68), others suggesting an increased risk
of CD among children more exposed to patho-
gens (69–72). A lack of exposure to parasitic
infections in childhood may be responsible for a
reduced TH2 immune response unable to coun-
terbalance the chronic uncontrolled inflamma-
tory reaction with an overly strong and lasting
TH1 immune response in CD (73, 74). This would
suggest that not only the timing of infections in
childhood, but also the type of infections need to
be considered in further epidemiological studies.
A study focussing on Mycobacterium avium
subspecies paratuberculosis (MAP) as a risk
factor for CD showed a seemingly protective
effect of BCG vaccination on infection with
MAP (75).Ta
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The epidemiological evidence specifically
addressing the association between immunization
with BCG and CD is very sparse. We could
identify only one such study. In this case–control
study conducted in France on 222 cases and 222
matched controls, BCG vaccination was associ-
ated with an approximately threefold increase in
risk of CD, with a dose-response according to the
number of BCG immunization doses per subject.
Although the point estimates were imprecise,
these results remained after adjustment for sev-
eral factors including family history of inflam-
matory bowel diseases (76). CD is predominantly
driven by a TH1 immune response (73). The
early-life modulation of the immune system
towards the TH1 pathway by BCG vaccination
could be one of the several factors eventually
leading to an increased risk of CD.

Insulin-dependent diabetes mellitus

Insulin-dependent diabetes mellitus, or type 1
diabetes, is an autoimmune condition in which
insulin-producing pancreatic islets b cells under-
go immune-mediated destruction. Autoreactive
T-cells are thought to target autoantigens within
the b cells (77). In experimental immunostimula-
tion therapies, some agents such as macrophage
activators (78), Freund�s adjuvant (79–81), and
BCG (82, 83) have prevented the onset of IDDM
in mice or rats seemingly by tipping an autoim-
mune response towards a non-destructive TH2
response. In humans, it has been hypothesized
that early-age BCG vaccination would be asso-
ciated with the risk of IDDM (84). Epidemio-
logical studies on BCG vaccination in relation to
IDDM are summarized in Table 2. The few
studies conducted to date provided no consistent
evidence of an association. However, in one
study, the lower proportion of birth-vaccinated
IDDM cases diagnosed at a very young age as
compared with non-vaccinated cases suggested a
possible temporary boost of the immune function
after vaccination (85). Conversely, another study
reported a higher cumulative risk of IDDM in
BCG-vaccinated children, among those positive
for islet autoantibodies (86). In a descriptive
study, BCG vaccination was associated with a
lower prevalence of autoantibodies among vac-
cinated IDDM cases (87).

Cancer

A decade ago, infectious agents were first recog-
nized as human carcinogens according to the
IARC Monographs Programme on the Evalua-
tion of Carcinogenic Risks to Humans. In 1994, Ta
bl
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two of this programme�s monographs were
devoted to infectious agents, one focussing on
hepatitis viruses (88), the other on schistosomes,
liver flukes and Helicobacter pylori (89). There
are now about a dozen infectious agents consid-
ered as being carcinogenic, several of which are
viruses.
Aside from specific infectious agents, there was

and still is debate over whether more general
immune factors come to play in promotion or
protection against cancer. Burnet and Thomas
proposed, under the immunosurveillance hypo-
thesis, that immunosuppression increased cancer
risk through the lack of normal elimination of
aberrant cells, allowing them to progress into
neoplastic lesions (90). Experimental evidence
showing that athymic nude mice did not experi-
ence increased cancer incidence (91) and early
studies of transplant recipients, among whom a
few but not many cancers were in excess (92, 93),
did not strongly support the hypothesis. Recent
experimental evidence has revived the debate
over the immunosurveillance hypothesis when it
was shown that the immune system, through the
action of lymphocytes and IFN-c, could prevent
the development of tumours and influence their
immunogenicity (94). New models also suggest
that tumour neoplastic progression and malig-
nant conversion depend on a fine balance
between pro- and anti-inflammatory reactions
resulting from the cytokines produced by the
TH1 and TH2 subsets of T-cells in the peritumo-
ural environment (5).
Associations between markers of early immune

stimulation and some malignancies, predomi-
nantly leukaemias and lymphomas, have been
observed in epidemiological investigations.
Among these markers were factors such as
neonatal and childhood vaccinations, day care
attendance, childhood infections, birth order and
number of siblings (37, 95–99). Studies focussing
on BCG vaccination and cancer are summarized
in Table 3. In the early 1970s, a decreased
leukaemia mortality rate among individuals who
had received neonatal BCG vaccination was
reported (100, 101). This report triggered several
reactions in the scientific community: some crit-
icizing the methods (102, 103), others cautiously
presenting somewhat convergent results (104,
105). These results were reproduced in a few
countries (106). In two large clinical trials, BCG
vaccination was associated with increased inci-
dence of lymphosarcoma and Hodgkin�s disease
(107), and with stomach, kidney, and lympho-
poı̈etic cancers (lymphosarcoma, lymphoma,
Hodgkin�s disease and leukaemia) (108). Several
authors have underlined the fact that in studies Ta
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suggesting a protective effect, the BCG vaccine
was administered neonatally (107–110). More
recently, results from a European multi-centre
population-based case–control study suggested
that BCG vaccination was associated with a
decreased incidence of melanoma (111), and with
better melanoma survival (112). Some have
hypothesized that the effect of BCG on immune
maturation, especially in neonates, would confer
a protection against leukaemia and melanoma
(106, 109, 113).

Conclusion

In summary, there is increasing, but still incon-
sistent evidence that vaccinations and childhood
infections may play a role in the normal matu-
ration of the immune system, and in the devel-
opment and balance of immune regulatory
pathways. Several epidemiological studies have
focussed on a possible link between BCG vacci-
nation and the development of asthma and
allergic diseases, but this issue remains unclear.
Much fewer investigations have addressed
chronic diseases just as pertinent because of their
inflammatory and autoimmune characteristics,
such as IDDM, CD, and cancer. Despite null
results in a majority of studies, the evidence for
an association observed in some populations
deserves to be further explored.
There appear to be several chronic conditions

for which a modulation of the immune function
could play an aetiological role. Altogether, this
raises the possibility that common or related
immunological mechanisms could be involved in
the development of these seemingly different
conditions. The study of BCG vaccination and
of other well-documented sources of immune
stimulation in the early years of life has the
potential to contribute crucial knowledge on the
complex influences that might have a long-term
impact on chronic diseases. Further population
health studies are needed to shed more light on
the role of the immune function and its modu-
lation on health and disease. Although such a
research area is currently considered to be a
potentially fertile research avenue, there remain
considerable knowledge gaps to be filled. The
general hypothesis of a role of the immune
maturation and function in the development of
chronic diseases has hardly been tested in the
context of population-based studies. And this is
largely because of the paucity of markers of the
immune function in the population. Given the
potential public health implications, it is imper-
ative to acquire a better understanding of the role
of the modulation of the immune function in the

aetiology of such chronic health conditions in the
population.

Acknowledgments
This work was supported by the Canadian Institutes for
Health Research (CIHR) Grant # MOP-152257, and partial
support was provided by a grant from the Canadian Cancer
Etiology Research Network, with funds from the National
Cancer Institute of Canada. Dr Rousseau is recipient of a
salary award from CIHR. Drs Parent and St-Pierre are
recipients of salary awards from the Fonds de la recherche
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