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ABSTRACT:  Soluble interleukin-2 receptor (sIL-2R) is a marker of T-lymphocyte
activation.  We have undertaken a study to examine the serum sIL-2R levels in
patients with pulmonary tuberculosis (TB) and the changes following anti-TB
chemotherapy.

Forty four patients with pulmonary TB or tuberculous pleural effusion were
recruited.  Serum was collected from the patients before and at 1, 2, 4 and 6 months
after initiation of anti-TB chemotherapy.  Serum sIL-2R level was measured by an
enzyme immunoassay.

The mean sIL-2R level before treatment was 1,452±103 (SEM) U·ml-1, which was
significantly higher than that of healthy control subjects (374±30 U·ml-1).  There
was no significant change in the sIL-2R level at 1 month, but there was a gradual
reduction from the second month onwards.  At the sixth month the mean sIL-2R
level was 1080±81 U·ml-1, which was significantly lower than that before treatment.
However, despite clinical improvement, the sIL-2R levels at the sixth month were
still significantly higher than those of control subjects.

We conclude that sIL-2R levels were elevated in patients with pulmonary TB and
there was a gradual reduction following anti-TB chemotherapy.  However, the
sIL-2R levels were still higher than control subjects at completion of treatment,
suggesting a delayed resolution of the inflammation in patients with pulmonary
TB.
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It has long been recognized that T-lymphocytes are
essential in the immunity against tuberculosis (TB) [l–
3].  The interaction of mycobacteria with alveolar macro-
phages leads to activation of T-lymphocytes.  As a result,
interleukin-2 receptor (IL-2R) molecules are expressed
on their cell surface [4] and soluble IL-2R (sIL-2R) mole-
cules are released into the circulation [5].

As this soluble receptor retains some of the biologi-
cal activities of the cell-associated IL-2R molecule, in-
cluding its capacity to bind IL-2 efficiently [6], it is
possible that sIL-2R could play a regulatory role in the
immune response.  Although the exact immunological
role of sIL-2R is not well-established, it may serve as a
marker of disease activity in patients with systemic
lupus erythematosus, rheumatoid arthritis [7], haema-
tological malignancies [8] and pulmonary disorders,
such as asthma [9], lung cancer [10] and tuberculosis
(TB) [11].  In patients with old inactive TB, the serum
sIL-2R levels were not significantly different from
those of normal control subjects.  In contrast, active pul-
monary TB is associated with markedly elevated sIL-
2R levels [11].  

The effect of anti-TB chemotherapy on the cellular

immune response is unclear. It has been suggested by
some studies that anti-TB drugs may have an immuno-
suppressive effect [12], which may be reflected in the
sIL-2R levels.  We have undertaken a study of the sIL-
2R levels in patients with pulmonary TB and have in-
vestigated their serial changes following treatment, to
find out whether sIL-2R may serve as a marker of dis-
ease activity and the immune response following anti-
TB chemotherapy.

Patients and methods

Forty four consecutive patients (31 males and 13 fe-
males) with newly diagnosed active pulmonary TB
were recruited into the study.  Their mean age was 57
yrs (range 16–89 yrs).  Thirty three of them had pul-
monary parenchymal lesion and 11 had pleural ef-
fusion.  The diagnosis of TB was confirmed by positive
smear and/or culture of tubercle bacilli in sputum, or
the presence of caseating granulomata on pleural biopsy
specimens. None of the patients had clinical evidence
of the acquired immunodeficiency syndrome and none
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were on corticosteroids or other immunosuppressive
agents.  Patients with co-existing connective tissue dis-
orders, haematological malignancies, and pulmonary
diseases, such as asthma and lung cancer, were excluded
from the study.

Blood samples were taken from the patients before
initiation of anti-TB treatment and after informed con-
sent was obtained.  Blood samples taken from 41 healthy
volunteers (17 males and 24 females) with a mean age
of 31 yrs (range 21–47 yrs) were used as controls.  Serum
was separated from the clotted whole blood after cen-
trifugation at 2,000×g for 15 min and stored at -70°C
before sIL-2R assay.  The patients were then treated with
standard anti-TB drugs consisting of isoniazid (300 mg
q.d.), rifampicin (450-600 mg q.d.), pyrazinamide (1.5-
2 g q.d.) and ethambutol (15 mg·kg-1 q.d.) for two
months followed by isoniazid and rifampicin for four
months [13].  During each follow-up visit at monthly
intervals, the patients were assessed for their symptoms,
and sputum specimens were sent for mycobacterial cul-
ture.  Chest radiographs were taken at roughly two
monthly intervals.  After completion of anti-TB treat-
ment for 6 months, the patients were then reassessed
at three monthly intervals up to one year.  A patient was
considered cured if he had negative mycobacterial cutures
on three separate occasions, together with resolution of
symptoms and signs of healing on chest radiograph.
Blood samples were again taken at 1, 2, 4 and 6 months
after initiation of anti-TB treatment.  All serum samples
were randomly assigned code numbers, and assayed in
a single batch without the knowledge of the clinical sta-
tus or stage of treatment of the patients.

Serum sIL-2R level was measured by a commercial
enzyme immunoassay (T-Cell Diagnostics, Cambridge,
MA, USA) as described previously [9], using a sand-
wich technique with two different monoclonal anti-
bodies that recognize different epitopes of the sIL-2R.
sIL-2R values are expressed in units per ml (U·ml-1);  one
unit per ml sIL-2R is equivalent to 8.85 pg per ml sIL-
2R.  The detection limit of the kit is 24 U·ml-1 sIL-
2R.  All samples were assayed within a single batch and
the intra-assay precision is 6.5%.

Data analysis

All data are expressed as mean±SEM unless other-
wise stated, and the p<0.05 degree of significance was
accepted.  Group data on the sIL-2R levels were com-
pared using Mann-Whitney test.  Serial changes in
sIL-2R levels were examined by analysis of variance
(ANOVA), and any significance was further sought by
least significance difference.

Results

The serum sIL-2R levels of the patients before and
after anti-TB treatment are shown in figure 1.  The sIL-2R
levels before treatment (1,452±103 U·ml-1) were markedly
raised compared to control subjects (374±30 U·ml-1).
After anti-TB chemotherapy there was a progressive

reduction in the sIL-2R levels.  The sIL-2R levels at 1,
2, 4 and 6 months after treatment were 1,251±94, 1,191±
83, 1,118 ±85 and 1,080±81 U·ml-1, respectively.  There
was no significant difference between the sIL-2R lev-
els before and at 1 month after anti-TB chemotherapy.
From the second month onwards, there was a gradual
decline in the sIL-2R levels, which were significantly
lower than those before treatment.  All except two pat-
ients had sputum culture negative from the first month
onwards. These two patients were culture negative from
the second month onwards.  For these two cases, the
sIL-2R levels showed a gradual decline similar to the
other cases (Case No. 1: 1,173, 1,032, 853, 901 and 841
U·ml-1 at 0, 1, 2, 4 and 6 months, respectively; Case
No. 2: 1,491, 1,209, 953, 714 and 162 U·ml-1 at  0, 1,
2, 4 and 6 months, respectively).

After completion of anti-TB chemotherapy at 6 months,
all the patients were clinically cured and none of the
patients had persistence of mycobacteria in their sputum.
However, the sIL-2R levels at the sixth month were
still significantly higher than those of control subjects
(p<0.001).  If we define the normal range of serum sIL-
2R value as mean+2 SD (i.e. 758 U·ml-1),  then 40 patients
(91%) had raised sIL-2R levels before treatment.  At
completion of anti-TB chemotherapy after 6 months,
31 patients (70%) still had raised sIL-2R levels.  If we
divide the patients into two groups: 1) patients with

p<0.001

p<0.001

p<0.05
4000

3000

2000

1000

0

Upper  limit
of  normal
range

p<0.001

sI
L-

2R
  U

·m
l-1

Normal
controls

0 1 2 4 6
Months

Fig.  1.  –   Changes in soluble interleukin-2 receptor (sIL-2R) level
following anti-tuberculosis (TB) chemotherapy.  ∆: normal;     : tuber-
culosis involving lung parenchyma;   ❏: tuberculous pleural effusion.
Horizontal bars indicate mean value.
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parenchymal lesions; and 2) patients with tuberculous
pleural effusion (fig. 1), there was no significant differ-
ence in the sIL-2R levels between the two groups through-
out the course of treatment.

Discussion

T-lymphocytes have been shown to play an important
role in the immunity against mycobacterial infections
[1–3].  This is confirmed by studies which show that
bronchoalveolar lavage fluids from patients with active
TB revealed more T-cells than control subjects [14, l5].
The activated T-lymphocytes produce lymphokines that
help to prevent macrophages from leaving the site of
inflammation, induce fusion and giant cell formation,
chemotaxis and enhanced killing by macrophages [1].
As a result of mycobacterial infection and the subse-
quent T-lymphocyte activation, sIL-2R molecules are
released into the circulation [5].

Although IL-2R are also expressed on B-cells and
monocytes, the majority of cells bearing IL-2R are T-
lymphocytes [16].  Therefore, the serum levels of sIL-
2R may be used as a serological indicator of T-lympho-
cyte activation.  In patients with active TB, the cell lines
producing sIL-2R is not certain.  Because IL-2R was de-
tected predominantly on T-lymphocytes after stimulation
by purified protein derivative (PPD) [17], we have reason
to believe that T-cells are the major source of sIL-2R in
patients with active TB.  However, an in vitro study has
demonstrated the expression of IL-2R by peripheral
blood monocytes from patients with active pulmonary TB
[18].  Therefore, monocytes may contribute to the pool
of circulating sIL-2R in patients with active TB.  Further
studies to evaluate the cell lines producing sIL-2R in pa-
tients with TB are warranted.  Since activation and prolif-
eration of T-lymphocytes and monocytes are associated
with the expression of IL- 2R and subsequent release of
sIL-2R, an elevated sIL-2R level in patients with TB pro-
vides a good marker of ongoing cell activation, and,
thus, may be useful in evaluating the disease phase and
the response to treatment.

The effect of anti-TB chemotherapy on the immune
system is controversial.  Some studies have demonstrated
that anti-TB chemotherapy has no effect on immune res-
ponse [19], whilst others have suggested that cell-mediated
immunity is inhibited [12].  Serial measurements of se-
rum sIL-2R level may be another way to assess the effect
of anti-TB chemotherapy on the immune responsiveness
in patients with pulmonary TB.  It may also be interesting
to evaluate if different drug regimens could have diffe-
rent or similar effect on T-lymphocyte and monocyte acti-
vation by serial sIL-2R measurements.  In one study,
the sIL-2R levels were persistently raised up to three
months after initiation of anti-TB chemotherapy [20]. 

In our present study, there was no significant change
between the levels before and at one month after treat-
ment.  However, from the second month onwards,  there
was a gradual but significant decline in the serum sIL-
2R levels.  At the completion of anti-TB chemotherapy
for six months, the sIL-2R levels were significantly
lower than those before treatment (1,080±81 vs 1,452±

103 U·ml-1, p<0.001), although the levels at six months
were still higher than those of control subjects (374±
30 U·ml-1, p<0.001).  

In patients with bacterial infections the sIL-2R levels
rapidly come down with antibiotic treatment [21], and in
patients with asthma the sIL-2R levels decline with
steroid treatment [9].  Therefore, the prolonged elevation
of sIL-2R in patients with pulmonary TB is unlikely to
be due to long half-life of sIL-2R.  It is more likely to
be the result of prolonged antigenic stimulation and the
subsequent activation of the T-lymphocytes and mono-
cytes.

Serial measurements of sIL-2R level may be used to
monitor the response to treatment.  This is particularly
useful when anti-TB chemotherapy has been started em-
pirically on clinical or radiological grounds alone.  A
gradual decline in sIL-2R level is consistent with myco-
bacterial infection, whilst a rapid decline in sIL-2R
level is more suggestive of bacterial infection.  Failure
to respond to treatment will be indicated by a persistent
rise in the sIL-2R levels.  In these cases, further inves-
tigations are indicated to make a definitive diagnosis
rather than to continue empirical treatment.  Further-
more, in patients with tuberculous lesions on chest ra-
diographs with questionable activity, the sIL-2R level
may be a further indicator to aid the decision on in-
itiation of treatment.  A normal sIL-2R level is sug-
gestive of inactive disease and vice versa.

The gradual decline of sIL-2R levels in our patients
from the second month onwards is more likely to be
the result of clinical improvement than an inhibition of
cellular immunity by anti-TB chemotherapy.  How-
ever, the sIL-2R levels were still higher than control
subjects at the sixth month, suggesting a delay in the
resolution of pulmonary inflammation despite clinical
improvement.  Other studies have also demonstrated
increased levels of inflammatory markers, such as cir-
culating vascular cell adhesion molecule (cVCAM-1)
in patients who had recently completed anti-TB treat-
ment [22].  Another study has shown persistent lym-
phocytic alveolitis in patients with miliary TB at the
end of anti-TB treatment [23].  In our previous study,
we found that in patients with pulmonary TB treated
over 12 months before, the sIL-2R levels were not
different from that of normal [11], therefore we can
extrapolate that the sIL-2R levels will slowly decline
from the end of treatment down to the normal  range
after a few months.

The role of the elevated sIL-2R in the immunity
against TB is uncertain.  It could indicate an inappro-
priate activation of T-lymphocytes and macrophages/
monocytes, which may have harmful consequences.  The
perpetuation of the inflammatory response and lympho-
cytic alveolitis in the lungs of patients with pulmonary
TB may lead to impairment of gaseous exchange.  Cyto-
kines derived from T-cells can have adverse physiolog-
ical effects, including high fever, nausea, diarrhoea,
hypertension, pulmonary oedema and endothelial leakage
[24].  The beneficial effects of corticosteroids in some
cases of TB [25, 26] may be mediated through the mod-
ulation of T-cell function.  This may also explain the
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potential effect of corticosteroids in reducing the mor-
tality during treatment in some cases of TB [27].

On the other hand, a prolonged elevation of sIL-2R
reflecting a continued activation of T-lymphocytes and
monocytes/macrophages may have a possible protective
role.  Living mycobacteria are typical long-lasting para-
sites within tuberculous lesions, and their antigenic
components could be presented by macrophages to CD4
specific T-lymphocytes.  The prolonged activation of T-
lymphocytes and monocytes/macrophages may have
important protective roles against the long-lasting myco-
bacterial infection.  The role played by sIL-2R in the
inflammation could be different in the early phases (many
actively growing mycobacteria, high antigenic load) or
in the late phases during chemotherapy (low antigenic
load).  In addition different subsets of T-lymphocytes
could be activated and could proliferate during early
and late phases of immune response to mycobacterial
antigens [28], so that the same elevation of sIL-2R may
indicate activation of different T-lymphocyte subsets with
different immunological roles.

In conclusion, we have found that serum sIL-2R lev-
els were markedly elevated in patients with active pul-
monary TB and that there was a gradual decline from
the second month after initiation of anti-TB chemo-
therapy.  However, the sIL-2R levels were still signi-
ficantly higher than control subjects after six months
of treatment, indicating a delay in the resolution of
the inflammatory response despite successful anti-TB
chemotherapy.  The role of the prolonged elevation of
sIL-2R in patients with TB awaits further investigation.
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