
EDITORIAL

Soluble immunological markers of disease activity in tuberculosis

C. Saltini*, V. Colizzi**

The obtention of a microbiologically confirmed diag-
nosis of tuberculosis (TB), assessment of the extent and
intensity of disease activity, and follow-up of the patient
response to treatment are all encumbered by our still lim-
ited ability to quantify the infectious load using the micro-
biological tools available in current practice. In this
context, a number of attempts have been made to deter-
mine the role that soluble disease markers could play as
diagnostic and prognostic indicators in pulmonary, pleural
and extrapulmonary TB. As in other lung diseases, mole-
cules which become overexpressed during immune cell
activation have been measured in biological fluids such as
serum, pleural fluid and the epithelial lining fluid (ELF) of
the lower respiratory tract of TB patients, with the intent of
gauging the activation of the immune system in response to
the TB bacillus, to assess disease activity and predict the
disease course.

A number of specific and nonspecific immune marker
studies have thus appeared in the literature in the last twenty
years. Among them Mycobacterium tuberculosis-specific
serum antibodies, the T-lymphocyte enzyme adenosine
deaminase, the macrophage activation product neopterin,
the mononuclear cell surface protein b2 microglobulin,
soluble T-cell interleukin (IL)-2 receptors as well as sol-
uble CD4 and CD8 receptors, macrophage and T-cell
adhesion molecules and acute phase reactant proteins have
all been proposed as indicators of disease activity in pul-
monary and extrapulmonary TB [1±5] and as diagnostic
and prognostic indicators in tuberculous pleural effusions
[6]. More recently, the cytokines tumour necrosis factor
(TNF-a), IL-1, IL-6, interferon gamma (IFN-c) and IL-12
and the chemokines IL-8, monocyte chemotactic peptide-
1 (MCP-1) and regulated on activation, normal T cell
expressed and secreted (RANTES) have been found to be
elevated in the bronchoalveolar lavage fluid or serum of
patients with active disease and have been proposed as
markers of disease activity [7±12]. However, none of
these markers has shown itself as unarguably better than
the measurement of haemoglobin concentration and of
erythrocyte sedimentation rate, which are the most inex-
pensive and generally used inflammation markers.

By analogy with the other major disease caused by a
mycobacterium, leprosy, in which a relationship between
the type of immune reaction, the immunopathology and the
clinical course has been characterized in the lepromatous
and tuberculoid forms of leprosy [13], the identification of
immunological markers of the "classic" pathological ex-
pressions of disease, i.e. the exudative and productive

forms of TB, has been attempted, although not as success-
fully. Based upon the leprosy model, a spectrum of im-
munopathological reactions was identified in TB in 1977
[14], whereby the tuberculin reaction and the level of spe-
cific antibodies in serum were proposed as the markers
of a spectrum of clinical presentations. In that study, the
self-limiting course and the good response to chemother-
apy of paucibaciliary productive or reactive TB was asso-
ciated with a strong tuberculin reactivity. Conversely, the
precipitous course and poor response to treatment of
multibaciliary TB, a reactive disease with a low tuber-
culin responsiveness and a strong antibody reaction. Since
then, understanding of the mechanisms of cell-mediated
immunity has advanced apace, and the terms T helper cell
(Th)-1 (indicating the type of reactions dominated by the
release of IL-12, IL-2 and IFN-c and associated with
granulomatous diseases) and Th2 (the type of reactions
dominated by IL4 and IL-5 and associated with allergy)
[15] have become part of the pulmonologists allergolo-
gists jargon and several studies have been published
showing that, as expected, the local immune response in
pulmonary TB is dominated by a Th1 response [16],
whereas the systemic blood T cells are characterized by a
relative inability to produce the Th1 cytokine IFN-c [17].
There is some evidence that although the immune resp-
onse to the TB bacillus of those individuals with latent
TB infection or with paucibaciliary TB is dominated by
Th1, that of those affected by active disease is, at least in
part, a Th2-type response, suggesting that a Th1/Th2 di-
chotomy may exist here, as in leprosy, and may correlate
with the classic disease immunopathological presenta-
tions of exudative and productive TB.

Recently, a central role in the development of TB has
been attributed to TNF-a, a cytokine capable of inducing
fever and weight loss, i.e. the typical symptoms of the dis-
ease. It has been proposed that immunity and protection
against the offending agent are provided by a protective
reaction called cell-mediated immunity, which is charac-
terized by macrophage production of IL-1 and IL-12 lead-
ing to IL-2 and IL-2 receptor expression and to CD4 T cell
proliferation and polarization toward IFN-c production, i.e.
toward a Th1-type reaction. Ultimately, this reaction will
elicit the activation of macrophages, resulting in a reduc-
tion in the proliferation and spread of the mycobacterium,
thereby helping in the control of the progression of the in-
fection. On the other hand, another type of reaction, the de-
layed-type hypersensitivity (DTH) reaction, may be initiated
by the activated macrophages which generate large amounts
of TNF-a, thereby amplifying the release of chemokines
such as MCP-1 and RANTES at the site of infection, lead-
ing to an exaggerated influx of naive monocytes and lym-
phocytes from the blood and to tissue-damaging reactions
such as caseation and liquefaction [18].
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In this context, the cytokine study described TSAO et al.
[19] in this issue of the Journal is important in that it
confirms that TNF-a is released at a higher concentration
at the site of disease activity in those patients with more
extensive lung disease, constitutional symptoms of fever
and weight loss. Although it fails to demonstrate a
correlation between the levels of the cytokine and those of
its soluble receptors, a finding that previously suggested
the presence of a TNF-regulating loop whereby the elev-
ation of the cytokine induced its own soluble inactivators,
it lends further support to the idea that the cytokine TNF-
a plays a central role in the progression of disease,
probably through the elicitation of and exaggerated DTH
reaction and the development of the typical immuno-
pathology of severe TB: caseation and liquefaction.

This study may disappoint clinicians looking for the
serum marker of disease activity since it indicates that in
TB, as well as in other lung diseases such as sarcoidosis
and berylliosis, the markers of disease activity need to be
measured in the lung ELF. This notwithstanding, the study
is important since it confirms that the levels of TNF-a in
ELF can predict disease status, thereby suggesting that this
marker might be of use in the clinical setting, gauging
disease activity by measuring the DTH reaction induced by
TB bacilli. Importantly, these findings are also consistent
with the important clinical observation that thalidomide, a
TNF-a inhibitor, alleviates the fever, weakness and, most
importantly, the progressive weight loss that accompany
the release of TNF-a in severe TB and in combined TB
and human immunodeficiency virus infection [20, 21].

Over the years, a number of reports appeared which
described the empirical use of prednisolone to reduce in-
flammation in tuberculosis and to improve its clinical
course, alas without convincing proof of efficacy and
clinical benefit [22]. In this context, the identification of
reliable cytokine markers strongly associated with the im-
munopathology of the exaggerated delayed-type hyper-
sensitivity reaction to tuberculosis infection and with
disease progression may be of help in designing and
carrying out studies aimed at rational immune interven-
tions in tuberculosis, in conjunction with the newer and
more powerful measurement of the mycobacterial load
during the course of disease and during treatment [23].
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