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Mycobacterium tuberculosis (Mtb) infection
remains widespread, but the disease is generally
limited to the primary infection stage. Patients
with an immune defect or impaired immunity are
more prone to develop the disease. A total of 8–10
million individuals are affected worldwide every
year. A good understanding of Mtb immunity is
therefore important to prevent tuberculosis or to

develop new vaccines, based on immunomodula-
tors already used for various diseases, and on the
knowledge acquired since the unravelling of the
genomic structure of Mtb.
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Tuberculosis was a major cause of mortality in
Europe up to and including the 19th century. In 1801
for instance, 1000 deaths per 100000 inhabitants
were attributed to tuberculosis in England. These
cases represented 30% of all deaths [1]. With the im-
provement of socio-economic conditions and the
development of preventive measures against poten-
tial infectious agents, mortality due to tuberculosis
started to decrease. Since the introduction of anti-
biotics in 1946, tuberculosis was thought to be no
longer a threat in developed countries. 

Despite this progress, the World Health Organi-
sation (WHO) estimates that about one third of the
world’s population is currently infected with Myco-
bacterium tuberculosis (Mtb), and that 1.4–2.8 mil-
lion people die of tuberculosis every year [2]. This
failure to control the tuberculosis epidemic has been
attributed to insufficient use of effective treatment
schemes in developing countries, the spread of multi-
drug resistance and the emergence of AIDS. An HIV

positive individual infected with Mtb is estimated to
have an 8% per year risk of developing the active dis-
ease [3]. By contrast, the lifetime probability for a
normal individual to develop active tuberculosis in
his lifetime is only 5–10%. HIV infection and the re-
sulting decrease in immunity represent the greatest
risk factors with regard to tuberculosis and are far
more important than risks such as malnutrition, im-
munosuppressive drugs, diabetes, silicosis, or gas-
trectomy. 

Young children and elderly people have the
highest risk of developing not only active tuberculo-
sis, but also the disseminated form of the infection.
This is due to their relatively weak immune defences,
as a result of an immature system in the former, and
to age-related immune dysfunctions in the latter. In
this article, we will review current data and knowl-
edge on the immune mechanisms against tuberculo-
sis, as well as some disorders caused by newly discov-
ered immune defects or HIV infection.
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Introduction

Acquisition of immunity against M. tuberculosis

In 1880, R. Koch described a delayed hyper-
sensitivity reaction to mycobacterial extracts, first
in guinea pigs and then in human patients with ac-
tive tuberculosis [4]. In 1934, Seifert obtained a
more purified extract of Mtb proteins (PPD),
which later became the reference used in tuber-
culin tests. Although these bacterial extracts are
useful for the diagnosis of latent tuberculosis, as
they produce a delayed hypersensitivity reaction in
sensitised subjects, they do not confer immunity
against the disease. Only infections with attenu-

ated bacillus, such as M. Bovis Calmette-Guérin
[5], or with M. tuberculosis itself, confer some de-
gree of protection against a secondary infection
with Mtb. Immunity cannot be transferred to an-
imals by immune serum, but requires the transfer
of lymphoid cells, as originally demonstrated by
M. Chase in 1945. More precisely, the transfer of
CD4 but not CD8 T lymphocytes will protect im-
munodeficient mice [6]. It is therefore clear that
memory CD4 lymphocytes are required to main-
tain immune protection against Mtb.
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Protective anti-mycobacterial immune re-
sponse involves mainly T lymphocytes activating
the macrophages and their microbicidal functions
through the release of interferon γ (IFNγ) [7]. This
leads to the formation of granulomas, crucial to the
containment of mycobacteria. Macrophages/den-
dritic cells are found in the centre of these granu-
lomas, along with mycobacteria surrounded by T
lymphocytes which provide the proper activation.

Priming of naive T lymphocytes against myco-
bacterial antigens is thought to occur in the
proximal draining lymph nodes and to rely on a
particular subset of phagocytic cells, the dendritic
cells (DCs). Indeed, DCs have the unique ability
to activate naive lymphocytes after their migration
from infectious sites. They capture antigens and
take them to the lymph nodes, where they will ex-
press high amounts of presentation molecules,
such as MHC-I or II, as well as co-stimulatory
molecules, such as CD80 and CD86 [8], and solu-
ble factors, such as IL-12, IL-18 or IL-23. DCs
provide a tight surveillance network around the
airways and the vessels, and in the loose connective
tissue. It has been shown recently that Mtb enters
DCs after binding to the recently identified lectin
DC specific inter-cellular adhesion molecular-3
grabbing non-integrin (DC-SIGN). By contrast,
complement receptor 3 (CR3) and the mannose
receptors, which are the main M. tuberculosis re-
ceptors on macrophages, appear to play a minor
role, if any, in mycobacterial binding to DCs [9].
The mycobacterial specific lipoglycan lipoarabi-
nomannan (LAM) is identified as a key ligand of
DC-SIGN. Also, it appears that human immunod-
eficiency virus (HIV) is captured by the same re-
ceptor DC-SIGN [10], allowing the entry of both,
HIV and M. tuberculosis in DCs in vivo. This is
likely to influence bacterial persistence and com-
promise host immunity against Mtb [9]. There-
fore, DC-SIGN might account for several patho-
logical and immunological aspects of M. tubercu-
losis infection in subjects co-infected with HIV
and unable to provide an adequate immune re-
sponse, which leads to enhanced incidence of me-
diastinal adenitis and disseminated tuberculosis.

Toll-Like Receptor-2 (TLR-2) has been
shown to play an important role, as it is able to ma-
ture DC myeloid precursors into competent anti-
gen-presenting cells expressing CD1 proteins (a,
b, c). Mycobacteria were shown to provide two sig-
nals for the activation of lipid reactive T cells: lipid
antigens that activate T cell receptors, and lipoid
adjuvant that activates antigen-presenting cells
(APCs) through TLR-2 [11].

After their priming in lymph nodes, memory
CD4 and CD8 T cells become central components
of the acquired immune system and are therefore
the basis for successful immunity/vaccination. The
requirement for DCs to prime the CD4 and CD8
T cell response following Mtb infection was con-

firmed using selective depletion of these DCs in a
murine model (12). In vitro, once both CD4 and
CD8 lymphocytes have been activated, they be-
come cytotoxic for mycobacteria and the
macrophages containing them. 

The ability of CD4 and CD8 T cells to kill in-
tracellular pathogens has been shown to depend on
their capacity to attract infected cells as well as on
their secretion of cytolytic and antimicrobial effec-
tor molecules. For instance, CD8 T cells can re-
lease chemokines, such as CCL5, which efficiently
attract M. tuberculosis infected macrophages. In
vitro, infected macrophages trigger the expression
by CD8 T cells of granulysin and perforin, two
compounds which are highly active against drug-
sensitive and drug-resistant M. tuberculosis clini-
cal isolates [13].

Natural killer cells (NK cells) are also bacteri-
cidal against mycobacteria. These killer lympho-
cytes can be activated in the presence of foreign
antigens, even when APCs are absent. These NK
cells are innate immune effectors that produce im-
munoregulatory cytokines, which are critical to
early host defence against viral, bacterial and par-
asitic pathogens. Recently, it has been reported
that reciprocal activation interactions occurred be-
tween NK cells and DC cells via mechanisms de-
pendent on cell-cell contact and soluble factors
[14]. 

It is reported, that IFNγ and monokines, such
as IL-15 and IL-18, play a crucial role in the reg-
ulation of CD8 T cells against Mtb infection by
NK cells. NK cells improve also the function of γδ
T cells, another type of lymphocytes which play a
role in the immune response against Mtb [15].
These cells are cytolytic and could potentially kill
mycobacteria. These cells are also potent secretors
of IFNγ and might be able to activate macro-
phages. 

Resting monocytes or macrophages cannot
kill or inhibit the growth of mycobacteria. Their
activation requires the release of a number of cyto-
kines by lymphocytes, such as interleukin 2, 
IFNγ or Tumour Necrosis Factor (TNF). IFNγ
up-regulates a variety of macrophage functions,
including production of TNF, toxic oxygen
species, and nitric oxide by the induction of nitric
oxide synthase. The release of oxygen radicals ap-
pears to be only partially correlated with the bac-
tericidal capacity of macrophages. In fact, nitric
oxide seems to be more important, at least in mice,
although the role of lysozyme, proteases, and hy-
drolases should not be neglected [7]. TNF by it-
self does not inhibit the growth of mycobacteria,
such as M. avium, but it might be more important
than IFNγ in inducing human macrophage bacte-
ricidy. Experimental models and clinical trials have
accumulated evidence identifying TNF as a key
factor in host defences against mycobacteria infec-
tions. TNF by itself does not inhibit the growth of
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mycobacteria, but it acts as a second signal for T
cell activation, as well as for macrophage activa-
tion. Impaired granuloma formation, reduced bac-
tericidal mechanisms, and alteration of mycobac-

terium-induced TH1 type immune response have
been observed. Total and partial neutralisation of
TNF had different effects on cell-mediated immu-
nity against mycobacteria [16].
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Role of antibodies against mycobacteria

Although antibodies against Mtb may not
allow the transfer of immunity against tuberculo-
sis, they seem to have an opsoning role and thereby
improve phagocytosis by macrophages or the cyto-
toxic actions of killer lymphocytes. The ability 
of human antibodies induced by Mycobacterium
bovis bacillus Calmette-Guérin (BCG) vaccina-
tion has been studied recently. Serum samples
from volunteers, who had been vaccinated twice at
a 6-month interval, showed significant increase in
lipoarabinomannan specific antibodies. Internali-
sation of BCG by phagocytic cells was significantly
enhanced in post-vaccination serum samples. Fur-
thermore, the inhibition effects of neutrophils and

monocytes/macrophages on mycobacterial growth
were significantly enhanced by BCG-induced anti-
bodies. BCG-induced antibodies were shown to
significantly enhance the cell-mediated immune
response with an increased proliferation and IFNγ
production in mycobacterium specific CD4 and
CD8 T cells. Mycobacterium specific antibodies
seem capable of enhancing both innate and cell-
mediated immune responses to mycobacteria [17].
It is possible that their absence in the late stage of
AIDS could favour the dissemination of atypical
mycobacteria, at least those belonging to the M.
avium complex [18]. 

+ –

–

+



Immunology of tuberculosis 360

Mycobacterial antigens

Koch obtained the first extracts from myco-
bacteria in 1880. Nearly 60 years later, in 1949,
Siebert described three classes of proteins and two
classes of polysaccharides. The recently completed
sequencing of the M. tuberculosis genome is seen
by many as a turning point in tuberculosis vaccine
research [19]. There is no doubt that the identifi-
cation of approximately 4000 genes will help iden-
tify new M. tuberculosis antigens. However, it
must be acknowledged that a number of highly im-
munogenic antigens, such as the culture filtrate
protein Ag 85 and ESAT as well as the stress pro-
tein hsp 65, had already been identified through
intelligent and tenacious research, long before ge-
nomic data were available. Clearly, genome se-
quencing must be followed by comparative and
functional genomics to profit from the data that
are now available. Specific antigens from Myco-
bacterium tuberculosis are currently used in clini-
cal settings as new diagnostic tests involving T cell
proliferation assays. These tests quantifying the in-
terferon released in supernatants or around the T
lymphocytes provide very sensitive and specific
tools to detect M. tuberculosis infection [20].

The relevance of comparative genomics for 
tuberculosis vaccine research has recently been
demonstrated. Comparative hybridisation of DNA
microarrays showed genetic divergence of M. tu-
berculosis, evolved during the derivation and
maintenance of the BCG vaccine strains [21]. The
cause of the genetic divergence might be bi-direc-
tional. Progressive attenuating mutations may
have been selected over time, when BCG strains
with fewer side effects were systematically chosen.
At the same time, due to the wide spread use of
BCG, M. tuberculosis could have adapted to this
vaccine by selective pressure against the strains ex-
pressing the same prominent antigens as BCG.
The DNA microarray technology might help to
develop new vaccines more rationally by identify-
ing specific antigens, and to regularly adapt an ex-
isting vaccine to the genetic variations of the
pathogens. There is now strong evidence that
mycobacterial lineages are adapted to particular
human populations. If confirmed, these findings
will have important repercussions for tuberculosis
control and vaccine development [22].

Mycobacterial capacity to alter immunity 

A gene family occupying 2% of the genome is
required for synthesis of the complex lipids that
play both structural and immunomodulatory roles
in Mtb. In the synthesis pathway of the cell wall,
associated lipid relevant glycosyltransferase and
methyltransferase have been shown to build these
lipids. Among these lipids, phenolic glycolipids are
only associated with some clinical isolates and they
enhance their virulence by modulating host im-
mune responses [23]. These findings should pave
the way for new therapeutic approaches. 

Mtb infected cells produce methylglyoxal, a
tuberculostatic compound, which participates in
mycobacteria-induced host cell apoptosis, which is
crucial for killing mycobacteria, and which allows
cross priming of T cells in tuberculosis [24]. Tran-
scription analyses of Mtb from lung specimens ob-
tained from patients with tuberculosis revealed
marked up-regulation of the genes encoding gly-
oxylase, which detoxify methylglyoxylase and in-
crease resistance of Mtb.

The mechanisms responsible for insufficient
T cell-dependent protection in response to BCG
vaccination and Mtb infection remain unclear, but
regulatory T cells (Treg) may be involved. Specific
transcription factors seem in some vaccine compo-
nents to induce Treg cells. Should Treg cells turn
out to suppress optimal immune response to Mtb
or BCG, vaccination strategies may have to focus
on reduction of Treg cells development [25].

Improved understanding of how Mtb resists
and adapts to stress encountered during infection
is paving the way toward new interventions. Tre-
halose, the major intracellular sugar of mycobac-
teria, protects against cellular stress. It is a compo-
nent of glycolipids and is involved in the transport
of mycolic acids during cell wall biogenesis. Its
biosynthesis may provide targets to improve de-
fences against Mtb [25].

Host genetics favouring Mtb infections

Susceptibility to tuberculosis in humans is a
polygenic trait, including increased concordance
of disease in monozygotic compared to dizygotic
twins and increased susceptibility among given
populations. Numerous genes have been identi-
fied, each of which contribute to the susceptibility,

to varying degrees, of a given population. Genes
encoding HLA-DRB1, Vitamin D receptor and
Natural Resistance-Associated Macrophage Pro-
tein – 1 (NRAMP-1) have all been found to play a
role in human susceptibility to develop mycobac-
terial disease. Similarly, mutations in IFNγ recep-
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tor 1 or 2, STAT 1, IL-12 p40 and IL-12 R b1 all
lead to a decrease in IFNγ production or efficiency
in humans and favour pathogen virulence. Pro-
moter variation in the DC-SIGN, the major re-
ceptor for Mtb, is associated with tuberculosis in
European and Asian populations. Cathepsin Z ex-
pressed in early phagosomes, the adaptor of toll-
like receptor signalling MAL (TIRAP), comple-
ment receptor 1 (CR1 or CD35) or intracellular
pathogen resistance (Ipr1), which appears to fos-
ter macrophage apoptosis and confers resistance to

Mtb, have been found to play a role in polymor-
phism or defects leading to increased risk for ac-
tive tuberculosis in single studies [26]. Recent
studies in Korean patients have shown that micro
satellite polymorphism in intron II of the human
toll-like receptor 2 gene is associated with the
development of tuberculosis disease [27]. Finally,
autoantibodies directed against IFNγ have recently
been associated with the infection of 3 patients
with non-virulent mycobacteria [28].

Lung immunity and HIV

Selective depletion of CD4 lymphocytes is a
hallmark of HIV infection, which destroys CD4
lymphocytes by its own cytopathic effects. T cells
of HIV-infected individuals have an impaired pro-
duction of IL-2 and of IFNγ [29]. These cells can
also be targeted by antibodies directed against the
protein gp120. 

Monocytes and macrophages have CD4 re-
ceptors and can therefore be infected by HIV. HIV
infection of monocyte / macrophages reduces the
cells’ chemotaxis as well as the use of their Fc and
C3 receptors, which in turn hinders their recruit-
ment and their ability to clear bacteria. However,
their production of superoxide and TNF appears
to be preserved. As mentioned above, DCs can be
infected and can disappear due to the cytotoxic ef-
fect of lymphocytes targeting them or to the cyto-
pathic effect of HIV itself. The number of DCs is
decreased in asymptomatic HIV-infected individ-
uals and in patients with AIDS, but more impor-
tantly, they are also functionally impaired [30].

Pulmonary disease may occur in HIV-infected
individuals as a result of a CD8 T cell influx into
the lungs, clinically diagnosed as lymphoid inter-
stitial pneumonitis. Late in the course of HIV in-
fection, the number of CD8 T cells declines. De-
pletion of CD8 T cells may be associated with the
development of cytomegalovirus and mycobacter-
ial infections. 

HIV infection also impairs the functional ca-
pacities of CD8 T cells. CD8 T cells obtained from
the lungs of HIV-infected individuals do not lyse
appropriate targets in vitro. 

Antibody responses to specific antigens are
impaired in HIV-infected individuals. B cell ab-
normalities begin early in HIV infection with fail-
ure to produce antibodies in response to mitogen
at the time of HIV seroconversion, before T cell
function is affected [29].

New vaccinal and immunomodulatory approaches

The combination of antigens provided by
“natural” pathogens may not be suitable to induce
a specific and efficient immune defence. Indeed, it
has been demonstrated that Mtb produces at least
one potent antigen (19 Kd lipoprotein), which in-
duces an immune response that actually weakens
defences against infection in an animal model.
Other attenuated mycobacteria have so far not
shown better protective efficacy than BCG itself. 

DNA vaccination has an impressive effect in
mice but not in humans so far, and the risk of trig-
gering autoimmunity has not been cleared up to
date. A gene vector carrying the genetic informa-
tion directly into the antigen-presenting cells
could greatly improve the efficacy of DNA vacci-
nation. Both adenoviral and lentiviral vectors
achieve efficient gene transfer to human dendritic
cells and are therefore considered as potential vac-
cine vectors. However, the efficacy of these viral
gene vectors must be weighed against safety con-
cerns, which are even more relevant in prophylac-

tic vaccination than in gene therapy [32]. Recently,
immunisation against Mtb was achieved in mice,
reducing infection and wasting, using dendritic
cells retrovirally transduced with mycobacterial
antigen 85A gene, and eliciting a specific cellular
immunity including cytotoxic T lymphocyte activ-
ity specific to an epitope on antigen 85A [31].

Plasmid and replication defective adenovirus
vectors encoding IL-23 greatly stimulated de-
fences against aerosolised Mtb in murine models.
Interleukin-23 is a heterodimeric cytokine that
shares IL-12 p 40, but contains a unique p19 sub-
unit similar to IL-12 p 35. Il-23 increases T cell re-
sponse like IL-12, as shown by elevated levels of
IFNγ and IL-17. IL-23 gene delivery in the lung
is well tolerated in these models and also opens
new therapeutic avenues [33]. 

The use of biodegradable plastic microspheres
can help target antigen-presenting cells and
thereby enhance the immune response involving
cytokines or DNA vectors. 



Immunology of tuberculosis 362

Correspondence:
Professor Dr. med. Laurent P. Nicod
Pulmonary clinic and policlinic
Inselspital
CH-3010 Bern
Switzerland
E-Mail: laurent.nicod@insel.ch

References

1 Murray JF. The white plague: down and out, or up and coming?
J. Burns Amberson lecture. Am Rev Respir Dis. 1989;140(6):
1788–95.

2 Dye C, Scheele S, Dolin P, Pathania V, Raviglione MC. Con-
sensus statement. Global burden of tuberculosis: estimated in-
cidence, prevalence, and mortality by country. WHO Global
Surveillance and Monitoring Project. JAMA. 1999;282(7):
677–86.

3 Selwyn PA, Hartel D, Lewis VA, Schoenbaum EE, Vermund
SH, Klein RS, et al. A prospective study of the risk of tubercu-
losis among intravenous drug users with human immunodefi-
ciency virus infection. N Engl J Med. 1989;320(9):545–50.

4 Collins FM. The immunology of tuberculosis. Am Rev Respir
Dis. 1982;125(3 Pt 2):42–9.

5 Calmette A. L’infection bacillaire et la tuberculose chez
l’homme et chez les animaux. Paris: Masson et Cie. 1936.

6 Orne IM. Characteristics and specificity of acquired immuno-
logic memory to Mycobacterium tuberculosis is mediated by
human monocyte complement receptors and complement com-
ponent C3. J Immunol. 1988;140:3589–93.

7 Flynn JL, Chan J. Immunology of tuberculosis. Annu Rev Im-
munol. 2001;19:93–129.

8 Mellman I, Steinman RM. Dendritic cells: specialized and reg-
ulated antigen processing machines. Cell. 2001;106(3):255–8.

9 Tailleux L, Schwartz O, Herrmann JL, Pivert E, Jackson M,
Amara A, et al. DC-SIGN is the major Mycobacterium tuber-
culosis receptor on human dendritic cells. J Exp Med. 2003;
197(1):121–7.

10 Geijtenbeek TB, Kwon DS, Torensma R, van Vliet SJ, van Duijn-
hoven GC, Middel J, et al. DC-SIGN, a dendritic cell-spe-
cific HIV-1-binding protein that enhances trans-infection of T
cells. Cell. 2000;100(5):587–97.

11 Roura-Mir C, Wang L, Cheng TY, Matsunaga I, Dascher CC,
Peng SL, et al. Mycobacterium tuberculosis regulates CD1 anti-
gen presentation pathways through TLR-2. J Immunol. 2005;
175(3):1758–66.

12 Tian T, Woodworth J, Skold M, Behar SM. In vivo depletion
of CD11c+ cells delays the CD4+ T cell response to Mycobac-
terium tuberculosis and exacerbates the outcome of infection. 
J Immunol. 2005;175(5):3268–72.

13 Stegelmann F, Bastian M, Swoboda K, Bhat R, Kiessler V, 
Krensky AM, et al. Coordinate expression of CC chemokine
ligand 5, granulysin, and perforin in CD8+ T cells provides 
a host defense mechanism against Mycobacterium tuberculosis.
J Immunol. 2005;175(11):7474–83.

14 Gerosa F, Baldani-Guerra B, Nisii C, Marchesini V, Carra G,
Trinchieri G. Reciprocal activating interaction between natural
killer cells and dendritic cells. J Exp Med. 2002;195(3):327–33.

15 Zhang R, Zheng X, Li B, Wei H, Tian Z. Human NK cells pos-
itively regulate gammadelta T cells in response to Mycobac-
terium tuberculosis. J Immunol. 2006;176(4):2610–6.

16 Guler R, Olleros ML, Vesin D, Parapanov R, Garcia I. Differ-
ential effects of total and partial neutralization of tumor necro-
sis factor on cell-mediated immunity to Mycobacterium bovis
BCG infection. Infect Immun. 2005;73(6):3668–76.

17 De Valliere S, Abate G, Blazevic A, Heuertz RM, Hoft DF. En-
hancement of innate and cell-mediated immunity by antimyco-
bacterial antibodies. Infect Immun. 2005;73(10):6711–20.

18 Schnittman S, Lane HC, Witebsky FG, Gosey LL, Hoggan
MD, Fauci AS. Host defense against Mycobacterium-avium
complex. J Clin Immunol. 1988;8(4):234–43.

19 Cole ST, Brosch R, Parkhill J, Garnier T, Churcher C, Harris
D, et al. Deciphering the biology of Mycobacterium tuberculo-
sis from the complete genome sequence. Nature. 1998;393
(6685):537–44.

20 Ferrara G, Losi M, D’Amico R, Roversi P, Piro R, Meacci M,
et al. Use in routine clinical practice of two commercial blood
tests for diagnosis of infection with Mycobacterium tuberculo-
sis: a prospective study. Lancet. 2006;367(9519):1328–34.

21 Behr MA, Wilson MA, Gill WP, Salamon H, Schoolnik GK,
Rane S, et al. Comparative genomics of BCG vaccines by whole-
genome DNA microarray. Science. 1999;284(5419):1520–3.

22 Gagneux S, DeRiemer K, Van T, Kato-Maeda M, de Jong BC,
Narayanan S, et al. Variable host-pathogen compatibility in
Mycobacterium tuberculosis. Proc Natl Acad Sci U S A. 2006;
103(8):2869–73.

23 Reed MB, Domenech P, Manca C, Su H, Barczak AK,
Kreiswirth BN, et al. A glycolipid of hypervirulent tuberculosis
strains that inhibits the innate immune response. Nature.
2004;431(7004):84–7.

24 Schaible UE, Winau F, Sieling PA, Fischer K, Collins HL,
Hagens K, et al. Apoptosis facilitates antigen presentation to T
lymphocytes through MHC-I and CD1 in tuberculosis. Nat
Med. 2003;9(8):1039–46.

25 Kaufmann SH, Cole ST, Mizrahi V, Rubin E, Nathan C. Myco-
bacterium tuberculosis and the host response. J Exp Med.
2005;201(11):1693–7.

26 Pan H, Yan BS, Rojas M, Shebzukhov YV, Zhou H, Kobzik L,
et al. Ipr1 gene mediates innate immunity to tuberculosis. Na-
ture. 2005;434(7034):767–72.

27 Yim JJ, Lee HW, Lee HS, Kim YW, Han SK, Shim YS, et al.
The association between microsatellite polymorphisms in in-
tron II of the human Toll-like receptor 2 gene and tuberculosis
among Koreans. Genes Immun. 2006;7(2):150–5.

28 Kampmann B, Hemingway C, Stephens A, Davidson R, Good-
sall A, Anderson S, et al. Acquired predisposition to mycobac-
terial disease due to autoantibodies to IFN-gamma, J Clin In-
vest. 2005;115(9):2480–8.

29 Beck JM. The immunocompromised host: HIV infection. Proc
Am Thorac Soc. 2005;2(5):423–7.

30 Fortis C, Poli G. Dendritic cells and natural killer cells in the
pathogenesis of HIV infection. Immunol Res. 2005;33(1):1–21.

31 Nakano H, Nagata T, Suda T, Tanaka T, Aoshi T, Uchijima M,
et al. Immunization with dendritic cells retrovirally transduced
with mycobacterial antigen 85A gene elicits the specific cellu-
lar immunity including cytotoxic T-lymphocyte activity specific
to an epitope on antigen 85A, Vaccine. 2006;24(12):2110–9.

32 Dreher D, Kok M, Pechere JC, Nicod LP. New strategies
against an old plague: genetically engineered tuberculosis vac-
cines. Schweiz Med Wochenschr. 2000;130(50):1925–9.

33 Happel KI, Lockhart EA, Mason CM, Porretta E, Keoshkerian
E, Odden AR, et al. Pulmonary interleukin-23 gene delivery in-
creases local T-cell immunity and controls growth of Mycobac-
terium tuberculosis in the lungs. Infect Immun. 2005;73(9):
5782–8.



What Swiss Medical Weekly has to offer:

• SMW’s impact factor has been steadily 
rising. The 2005 impact factor is 1.226.

• Open access to the publication via
the Internet, therefore wide audience 
and impact

• Rapid listing in Medline
• LinkOut-button from PubMed 

with link to the full text 
website http://www.smw.ch (direct link
from each SMW record in PubMed)

• No-nonsense submission – you submit 
a single copy of your manuscript by 
e-mail attachment 

• Peer review based on a broad spectrum 
of international academic referees

• Assistance of our professional statistician
for every article with statistical analyses

• Fast peer review, by e-mail exchange with
the referees 

• Prompt decisions based on weekly confer-
ences of the Editorial Board

• Prompt notification on the status of your
manuscript by e-mail

• Professional English copy editing
• No page charges and attractive colour 

offprints at no extra cost

Editorial Board
Prof. Jean-Michel Dayer, Geneva
Prof. Peter Gehr, Berne
Prof. André P. Perruchoud, Basel
Prof. Andreas Schaffner, Zurich 

(Editor in chief)
Prof. Werner Straub, Berne
Prof. Ludwig von Segesser, Lausanne

International Advisory Committee
Prof. K. E. Juhani Airaksinen, Turku, Finland
Prof. Anthony Bayes de Luna, Barcelona, Spain
Prof. Hubert E. Blum, Freiburg, Germany
Prof. Walter E. Haefeli, Heidelberg, Germany
Prof. Nino Kuenzli, Los Angeles, USA
Prof. René Lutter, Amsterdam, 

The Netherlands
Prof. Claude Martin, Marseille, France
Prof. Josef Patsch, Innsbruck, Austria
Prof. Luigi Tavazzi, Pavia, Italy

We evaluate manuscripts of broad clinical
interest from all specialities, including experi-
mental medicine and clinical investigation.

We look forward to receiving your paper!

Guidelines for authors:
http://www.smw.ch/set_authors.html

All manuscripts should be sent in electronic form, to:

EMH Swiss Medical Publishers Ltd.
SMW Editorial Secretariat
Farnsburgerstrasse 8
CH-4132 Muttenz

Manuscripts: submission@smw.ch
Letters to the editor: letters@smw.ch
Editorial Board: red@smw.ch
Internet: http://www.smw.ch

The many reasons why you should 
choose SMW to publish your research 

Editores Medicorum Helveticorum

S w i s s  M e d i c a l  W e e k l y

E s t a b l i s h e d  i n  1 8 7 1

F o r m e r l y :  S c h w e i ze r i s c h e  M e d i z i n i s c h e  W o c h e n s c h r i f t

O f f i c i a l  j o u r n a l  o f t h e  S w i s s  S o c i e t y  o f  I n f e c t i o u s

d i s e a s e s ,  t h e  S w i s s  S o c i e t y  o f  I n t e r n a l  M e d i c i n e

a n d  t h e  S w i s s  R e s p i r a t o r y  S o c i e t y


