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Abstract. Tuberculosis patients with pulmonary (N = 95) or lymph node disease (N = 23) were assessed
for Thl responses (PPD skin test and lymphocyte blastogenic and interferon y) and Th2 responses
(polyclonal and antigen specific IgE). Skin test responses to PPD and lymphocyte proliferative responses
to crude mycobacterial antigens (PPD, culture filtrate and sonicate) and recall antigens (tetanus toxoid and
streptolysin O) were significantly suppressed (p < 0.001) in patients with pulmonary disease compared to
endemic controls. However, mitogen (phytohemagglutinin) - stimulated responses were comparable in
patients and controls. Polyclonal and antigen specific (M. tuberculosis culture filtrate) IgE responses which
are considered to be surrogate markers for Th2 responses were significantly higher in patients with
pulmonary disease compared to healthy endemic controls (Mann Whitney analysis p<0.01). Patients with
lymph node disease showed strong ThI responses but did not show significant responses for either
polyclonal or antigen specific IgE. Thus overall suppression of T cell memory response was observed only
in patients with pulmonary disease but not in patients with lymph node disease suggesting that sequestration
of antigen in different compartments leads to differential activation of Th1 and Th2 responses. PPD skin
test responses were highly positive in endemic controls (47% positive) and household contacts (86%
positive). Furthermore, PPD positivity decreased with disease severity. Therefore PPD positivity ina BCG
vaccinated TB endemic area cannot be used as a diagnostic marker for active tuberculosis particularly in

advanced disease.

INTRODUCTION

Tuberculosis (TB) has always been a major prob-
lem for the developing world as one of the leading
causes of death due to a preventable disease. World
Health Organization estimates that Mycobacterium
tuberculosis (M.1b.) infects 1/3 of the world popu-
lation and accounts for 6.7% of all adult deaths, the
majority of which occur inthe developing world. In
1990 deaths estimated by WHO from various infec-
tious and parasitic disease were 1.9 million due to
tuberculosis compared to 0.2-0.4 million due to
diarrhea, malaria, and other tropical diseases in
decreasing order (Source: World Bank, World De-
velopment Report, 1993). It is expected that if this
situation persists, thirty million people will die
from TB in the next decade. This situation exists
despite the availability of effective antituberculous
drugs as well as a BCG vaccine. The emerging drug
resistance may be a contributing factor to the in-
creased incidence of tuberculosis, particularly in
TB endemic areas. However, the reasons for the
variable efficacy of BCG vaccination in different
populations is still not clear. Eight major prospec-
tive BCG vaccine trials have been carried out to
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assess the protective efficacy of BCG vaccination
in various populations. While BCG vaccination
decreased the incidence of disseminated TB quite
effectively, in the case of pulmonary tuberculosis
the protective efficacy varied from 0-80% in differ-
ent popula-tions and this was not related to differ-
ences in vaccine lots, racial differences or environ-
mental differences (Fine, 1988). The main message
that comes from these studies is that we still lack an
understanding as to what constitutes protective im-
munity, despite tremendous strides in the field of
immunology. The rational design of a more effec-
tive vaccine against tuberculosis requires a better
understanding of the pathogenesis of infection par-
ticularly during the early stages of infection and
establishment of disease. The current study ad-
dresses this issue.

Pakistan is a highly endemic area for tuberculo-
sis with an estimated incidence of 150 cases per
100,000 population. The incidence of H1V is still
relatively low compared to international figures.
There has been wide coverage with BCG vaccina-
tion since 1960 in Karachi, Pakistan. However,
very little is known regarding the pathophysiology
of the disease post BCG vaccination. We have
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previously published clinical characteristics and
drug resistance patterns in this area (Hussain ef a/,
1996). In this report we describe cellular immune
responses in patients with active tuberculosis and
their household contacts.

MATERIALS AND METHODS

Study subjects

Patients with active pulmonary and lymph node
tuberculosis presenting at Masoomeen Hospital in
Karachi, Pakistan between January 1991 and June
1992 [N = 119; Pulmonary = 95, lymphadenitis
(LN) = 23 Endobronchial (EB) = 1] were studied.
The clinical characteristics of these patients have
been described in detail previously (Hussain ef al,
1996). The diagnosis of pulmonary tuberculosis
was established by demonstration of acid fast ba-
cilliin sputum, and eventually confirmed by culture
of M.th. (Hussain et al, 1996). Twenty-three pa-
tients had lymph node tuberculosis based on histo-
logical findings and on biopsy of their lymph nodes
and had no evidence of lung involvement. Patients
had received not more than 90 days of
antituberculous treatment at the time of study.
Subsets of these patients were analysed for various
immunological parameters. Healthy endemic con-
trols (N=51) included employees of The Aga Khan
Hospital and were either laboratory workers or
faculty. None of the endemic controls had been
previously treated for tuberculosis or showed clini-
cal signs of disease. Healthy household contacts
(N = 59) were contacts of TB patients with active
pulmonary disease. All endemic controls and house-
hold contacts had been previously vaccinated with
BCG at the time of immunological assessment.
Venous blood was obtained with the informed con-
sent of the donor or their parents or guardians as
apropriate. PPD (5TU) (Connaught Labs, Ontario,
Canada) skin testing was administered to all pa-
tients and read at 72 hours by the same individual.

Antigens

Phytohemagglutinin (PHA) and pokeweed
mitogen (PWM) were purchased (Sigma Chemi-
cals, USA). Purified protein derivative (PPD) of
M.th. were obtained through the courtesy of Dr Jan
van Embden (RIVM, The Netherlands). M. tu-
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berculosis culture filtrate (M.tb. CF) and sonicate
(M.th. Son) were a gift from Dr HJ Kolk (The Royal
Tropical Institute, The Netherlands). The prepara-
tion of these antigens has been described previ-
ously (Verbon et al, 1990). Recombinant M. rb.
71K, M. tb. 64K and M. leprae 18K were obtained
through the courtesy of Dr Jan van Embden (Neth-
erlands) prepared with the support of UNDP/World
Bank/WHO Special Program.

Serum

Five milliliters of venous blood was collected
from both patients and controls and allowed to clot
overnight at 4°C. Serum was removed and centri-
fuged at 400 g for 15 minutes; the clear supernate
was distributed in 100l aliquots and frozen at -70°C
until use.

Assay of lymphocyte blastogenesis.

Peripheral blood mononuclear cells (PBMC)
were obtained from heparinized blood (30 ml) by
density sedimentation over Ficoll-Hypaque. Cells
were washed 3 times with medium (RPMI 1640;
BioWhittaker, Walkersville, MD, USA). Cells were
counted and suspended in complete medium (RPMI
1640 with 2mM L-glutamine, 100 mg/ml of gen-
tamicin, 15 mM HEPES and 10% pooled human
sera). Two hundred thousand cells per well were
placed in a round bottom microtiter tissue culture
plate (Falcon Products, Becton Dickinson, Oxnard,
CA, USA). PHA (1 pg/ml), SLO 1:100, tetanus
toxoid 1/50, PPD, M. tb. culture filtrate and M. ¢b.
sonicate (10 pg/ml), were added to triplicate wells
for each variable. These concentrations were found
to be optimal for each stimulant after testing a
series of concentrations. In control wells cells re-
ceived medium alone. The cultures were incubated
for 5 days in 5% CO, at 37°C. One microcurie of
SH-thymidine (specific activity 6.7 curies/mM
[Amersham, UK]) was added to each culture well
for the final 24 hours. Cells were harvested after
24 hours with a PHD harvester (Cambridge Tech-
nology, Cambridge, MA, USA) and *H-thymidine
content was measured in a scintillation counter.
Results were expressed as mean counts per minute
of the triplicates. A response was considered posi-
tive if the counts incorporated in experiments were
2 1,500 cpm higher than counts incorporated in
cells cultured with medium alone. Spontaneous
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incorporation of *H-thymidine in cultured cells
ranged between 500-1,000 counts per minute.

Assay for interferon yin culture supernatants of
stimulated PBMC’s

Supernatants were collected from stimulated
cells after 5 days and assayed for interferon gamma
secretionby ELISA based assays. Interferon gamma
standard was a UK reference obtained from the
National Institute of Biological Standards (NIBSC,
UK). Plates were coated with 100ul containing 2.5
ug/ml of mouse monoclonal anti human interferon
¥ (Genzyme, Cambridge, MA, USA) in carbonate
buffer 0.06M pH 9.6 and incubated overnight at
4°C. The plates were washed and incubated with
the reference and test samples for 2 hours at 37°C.
The plates were subsequently further incubated
(37°C) with rabbit polyclonal antibodies (1/1,000)
to interferon vy (gift of Dr J Blackwell, Cambridge,
UK). The revealing probe was goat anti-rabbit
immunoglobolin conjugated to horse radish
peroxidase (Jackson laboratories, Westgrove, PA,
USA) and OPD was color used as a substrate for
color development. The reaction was stopped with
4M H,SO, and the reaction read at 410 nm in a
Titerteck plate reader MR 600 (Dynatech).

Quantitation of polyclonal and M. tb. specific
IgE antibodies

Quantitation of PC and antigen specific IgE
have been described in detail previously (Hussain
etal, 1995). Plates were coated with purified rabbit
anti-human IgE at 2jig/ml. Sera were incubated for
2 hours at 37°C and subsequently overnight at 4°C.
Mouse monoclonal antibody HP6029 was added at
a 1:1,000 dilution and incubated overnight at 4°C.
Goat anti-mouse IgG conjugated to alkaline phos-
phatase was used as the revealing probe followed
by appropriate substrate. Between each step, the
plates were washed three times with PBS contain-
ing 0.05% Tween 20. An eight-point calibration
curve was developed with a standard reference
serum (myeloma PS; akind gift from Dr T Ishizaka)
with known amounts of IgE. All test sera were run
at a minimum of three serial dilutions. Values
falling in the mid-range of the dose response curve
were used to calculate the concentration of IgE in
test sera.
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For determination of IgE anti M. tb. culture
filtrate (M. tb. CF), Immulon 4 plates were coated
with 100 pl of M. ¢b. CF at 1pug/ml in carbonate
buffer pH 9.6 for 2 hours at 37°C and then over-
night at 4°C. PBS containing 5% BSA was added
for 2 hours at 37°C to block free sites. 100pl of sera
diluted in PBS containing 0.05% Tween 20 and
1.0% BSA was added and incubated for 2 hours at
37°C and then overnight at 4°C. Monoclonal anti-
bodies specific for IgE were added at saturating
concentrations of 1:500 (HP 6029), and further
incubated overnight at 4°C. Alkaline phosphatase-
labeled goat anti-mouse IgG was incubated for 2
hours at 37°C. The plates were finally developed
with alkaline phosphatase substrate. Each incuba-
tion was followed by three washes with PBS con-
taining 0.05% Tween 20 to remove unbound pro-
tein. For IgE antibodies, all sera were run at a
dilution of 1:10 in a single assay and the results for
these antibodies are expressed as optical density
(OD) readings.

Statistics was done on an Apple Macintosh com-
puter using Statview™ software packages. Mann-
Whitney analysis was used for comparison of pa-
tient and control groups.

RESULTS

Pulmonary disease severity as stratified by age
and gender of the patients is depicted in Fig I.
Patients with pulmonary tuberculosis were classi-
fied according to the extent of tissue involvement
on chest roentgenograms as minimal (PMN), mod-
erate (PMD) or advanced (PAD) disease. The
majority of patients in all age groups as well as in
both genders showed moderate pulmonary disease.
The age distribution among the two genders was
different with females showed peak level in the
second decade of life and subsequently decreasing
with age while males showed equal distribution
across all age groups. Immunological studies were
carried out in this group of patients.

Tuberculin skin test response

Skin tests showed a singificant negative correla-
tion with age in patients (N = 88; p < 0.03) using
Spearman Rank correlation. The scatter and linear
regression are depicted inFig 2. Table 1 shows the
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Fig 1-Disease severity in relation to age and gender.

percent of skin test positivity (cut off > 10 mm) and
mean diameters of induration in relation to disease
severity. As the extent of pulmonary disease in-
creased from moderate to advanced, both percent
positivity and the mean diameter of positive re-

tient.

sponses decreased indicating a down regulation of
delayed type hypersensitivity (DTH) in advanced
pulmonary tuberculosis. Patients with lymph node
disease showed the strongest tuberculin skin test
response with ulceration in the majority of cases. A
high percentage of healthy endemic controls (48%)
and household contacts (70%) were also positive.
The positivity in household contacts compared to
endemic controls is probably indicative of recent
exposure while positivity in endemic controls may
be due to previous BCG vaccination, However,
recent exposure cannot be ruled out in the endemic
controls even though there was no history of recent
exposure in this group.

Table 1

PPD skin test responses in relationship to disease severity.

Group ID N %Pos* Mean + SE
TB Pulmonary
iy PAD 13 62 95124
ii) PMD 59 81 14.1£0.9
iii) PMN 6 67 13.8 £ 4.8%**
TB lymphadenitis 23 100 20.8 +2.8
Household contacts 23 70 124x 1.6
Endemic controls 24 48 10.8 £ 2.0

* PPD Skin test was considered positive if the diameter of induration at 72 hours was > 10mm
** Mann-Whitney test was carried out to assess differences with endemic controls. All sifnificant values (p < 0.05) are

underlined.
except*** p = 0.09.

Vol 28 No.4 December 1997

767



SOUTHEAST ASIAN J TROP MED PuUBLIC HEALTH

Lymphocyte blastogenic responses (LTT)

We assessed the relationship of LTT to PPD and
PPD skin tests in 81 patients where paired re-
sponses were available (Fig 3). The in vitro and in
vivo tests of the response for PPD showed a highly
significant correlation when Spearman rank analy-
sis was carried out (p < 0.006).
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Fig 3—Correlation between skin test and LTT. Signifi-
cance was determined using Spearman rank ana-
lysis.

To compare cellular responses in patients during
active disease with healthy endemic controls, LTT
responses were assessed to a panel of mitogen/
recall antigens as well as mycobacterial specific
antigens (Fig 4a, 4b, 4c). Whereas LTT responses
to the mitogen PHA were comparable in the patient
and control groups, significantly depressed cellular
responses were detected to mycobacterial crude (p
< 0.01) and recombinant antigens (p < 0.001) as
well as recall antigens SLO and TT (p < 0.01).
These results suggest an overall suppression of
memory T-cell function. LTT responses in patients
withrespectto disease severity are shown for M. 1b.
sonicate only (Table 2) as responses to all three

-crude mycobacterial antigens containing slightly
different repertoires of antigens was similar. The
most depressed responses were observed in patients
with the most advanced pulmonary disease. LN
group did not show suppression of cellular re-
sponses as seen with the pulmonary group. These
findings parallel the skin test responses observed in
the same patient categories. However, both en-
demic controls and household contacts showed
stronger LTT responses than skin test responses,
indicating that in the early phase of the response,
cells other than Th1 subset may be proliferating in
response to mycobacterial antigens while later in
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Fig 4a,4b,4c—Comparison of LTT responses in patients
and endemic controls. Boxes indicate group
mean and the verlical line standard error
around the mean. Numbers in brackels
show group sizes. Filled boxes are values
for patients and open boxes indicate con-
trol values. Mann-Whitney analysis was
used to determine the significance between
the two groups. (*indicates p < 0.001).
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Table 2

Lymphoproliferative responses in relation to
disease severity.

Group 1D* N LTT (ACPM)**
TB pulmonary
i) PAD 13 9,401 + 2,439
ii) PMD 59 11,532+2,014
iii) PMN 6 18,917 + 8,149
TB lymphadenitis 23 49,200 £ 13,947
Household contacts 23 50,473 + 8,543
Endemic controls 34 47,544 + 8,758

* Mann-Whitney test was carried out to assess difference
with enemic controls. All values with p <0.05 are under-
lined.

** Lymphocytes were stimulated with 10pg/mi of PPD.
Group means are expressed as ACPM after deduction of
spontaneous incorporation.

the immune response the proliferating population is
mainly restricted to Th1 subset.

Interferon ¥y responses

Since chemotherapy can result in immunologi-
cal recovery a subset of pulmonary and lymph node
patients who had received < 30 days of treatment
were included in this group. Also asocio-economi-
cally matched group of healthy household contacts
of patients with active disease were included for

comparison of early immune responses after recent
exposure. As expected, the rank order of LTT and
interferon gamma responses were the same in the 3
groups (Table 3). Patients with pulmonary disease
showed significantly lower responses (p <0.05) for
both LTT and interferon y compared to household
contacts. Lymph node patients had slightly higher
responses for both LTT and interferon y but the
responses were not significantly different to those
of healthy household contacts. 1t would thus appear
that Thl responses are activated very early after
exposure to M. tb. and before the establishment of
disease. However, it is unclear if these responses
are progressively downregulated as the infection
establishes itselfor if individuals who do not mount
Th1 response (14% of HC were skin test negative)
are susceptible to disease establishment. This point
can only be clarified by carrying out follow up
studies on household contacts for development of
disease.

Polyclonal and antigen-specific IgE responses

As a surrogate marker of Th2 responses we also
determined IgE responses in patients with pulmo-
nary and lymph node tuberculosis and compared
them with healthy endemic controls. Significantly
raised polyclonal IgE responses were detected in all
patient groups as well household contacts. How-
ever, antigen specific IgE was significantly raised
only in pulmonary patients indicating that seques-
tration of antigen in the lung but not in the lymph
node results in a bias towards Th2 responses.

Table 3

Comparison of LTT and interferon vy in TB patients and controls.

Group [D N LTT (ACPM)* Interferon y**
TB pulmonary 29 14,135 = 2,831 497+ 8.3
TB lymphadenitis 12 35,129 £ 10,220 115+25.8
Household contacts 29 27,570 £ 3,939 111 £11.8

* LTT Lymphocyte transformation test (LTT) is expressed as ACPM incorporated after stimulation with 10 pg/ml of M.
tuberculosis culture filtrate after deduction of spontaneous incorporation.

** Interferon yreleased in LTT supernatants is expressed as international units/ml.

Statistical significance determined by Mann-Whitney analysis. Values underlined are significantly lower p < 0.01

compared to household contacts.
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Table 4

Distribution of polyclonal and M. tuberculosis specific 1gE antibodies in patients with active tuberculosis.

Group ID N PC IgE* 1gE anti CF**
TB pulmonary
iy PAD 30 2,002 + 844 0.113 £ 0.015
ii) PMD 105 2,809 + 932 0.105 + 0.006
TB lymphadenitis 23 954 + 625 0.099 £ 0.012
Household contacts 59 1,863 + 687 0.094 = 0.006
Endemic controls 51 506 + 192 0.084 = 0.006

* Results expressed as ng/ml
** Results expressed as OD @ 1/20 dilution

Student’s ¢- test was used to determine the significant differences in antibodies between endemic controls and patient
groups. Significantly raised (p < 0.05) values are underlined.

DISCUSSION

The nature of the immune response is critical in
determining the disease outcome in terms of protec-
tion or susceptibility both in experimental animal
models and in man. Suppression of Thl and aug-
mentation of Th2 responses has been associated
with disease progression due to several intracellular
pathogens (Modlin and Nutman, 1993; Romagnani,
1994; Reiner and Lackey, 1995). Although Thi
responses in tuberculosis have been well docu-
mented, ThO (characterized by production of amix-
ture of Th1 and Th2 cytokines) rather than Th2 cell
responses have been described in tuberculosis at
the systemic level (Barnes ef al, 1993; Del Prete et
al, 1993). Most of the clinical studies may have
been biased by small sample sizes. We have tried to
document the dynamic relationship between differ-
ent arms of the immune response by carrying out
concurrent analysis of Th1 (PPD skintest, LTT and
interferon y) and Th2 response (using IgE as a
surrogate marker) in patients with active tuberculo-
sis involving sequestration of M. tuberculosis in
different compartments (lung vs lymph node) and
household contacts of patients with active tubercu-
losis. The strength of this study is the dissection of
cellular responses in a large series of well-charac-
terized patients using a varied panel of myco-bacte-
rial, recall and recombinant antigens. The clinical
and hematological characteristics of this patient
group as well as humoral responses have been
previously reported (Hussain et al, 1995, 1996).
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We now report the cellular immune responses as
assessed by various parameters indicative of Thl
and Th2 activation. Our studies clearly demon-
strate that Th1 responses are consistently suppressed
only in patients with moderate to advanced pulmo-
nary tuberculosis.

Skin test response which is an indicator of de-
layed type hypersensitivity (Th1 response) showed
a decline with age as well as progressive disease.
This is in keeping with the observation that cohorts
of individuals show a declining prevalence of tu-
berculin reactivity with age (Grozbowki et al, 1964).
Cellular responses are known to decrease with age
due to many factors (Hannet et al, 1992). Thus PPD
skin test anergy may be contributed both by age and
disease status of the patients and the effect of both
variables should be kept in mind while interpreting
PPD skin tests in tuberculosis patients. One di-
lemma that arises due to introduction of BCG vac-
cination is the usefulness of PPD skin test as a
diagnostic marker in tuberculosis diseas¢ endemic
areas. Our results show a high rate of positivity in
healthy endemic controls, and decreased positivity
in moderate to advanced disease. Both variables
limit the usefulness of PPD skin tests as a diagnos-
tic marker of tuberculosis. Interestingly, there was
no effect of age on severity of disease since all age
groups showed a similar spectrum of lung involve-
ment. The highest percentage of patients in all age
group showed moderate pulmonary disease. This
was not because of early reporting at our clinic
which ranged between 1-3 months from the start of
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symptomatalogy; this is similar to the reporting
period in Cleveland, Ohio where a much higher
percentage of advanced disease is seen (unpub-
lished observations). One possibility is that the
decreased severity may be a consequence of BCG
vaccination which may confer partial immunity as
the majority of our patients had been vaccinated
previously. Another possibility is modulation and
downregulation of immune responses in disease
endemic areas which is a well documented observa-
tion for several parasitic infections in expatriates
such as the Peace Corps Volunteers from USA who
developed much more severe disease in African
countries than the indigenous population. How-
ever, for tuberculosis this has not been documented
so far. This issue can only be resolved by assessing
disease severity in BCG vaccinated areas where the
clinical spectrum of disease severity is known pre-
vaccination.

As an in vifro correlate of delayed type hyper-
sensitivity, lymphocyte blastogenesis was assessed
inresponse to several mycobacterial antigens. There
was excellent correlation between tuberculin skin
test reactivity and PPD-stimulated blastogenesis in
patients with tuberculosis. Overall suppression of
T-cell responses to M. tb. antigens was observed in
patients with active pulmonary disease as com-
pared to healthy endemic controls and extended to
other recall antigens; the level of suppression in-
creased with increasing lung involvement. These
observations parallel our PPD skin test observa-
tions in the same group of patients and support the
correlation observed between LTT and PPD skin
tests. Protective responses are associated with
activation of mononuclear phagocytes by Thl
cytokines particularly interferony which appears to
be central to anti-mycobacterial responses. To
address the issue of interferon y production in early
infection vs progressive disease, we studied a group
of newly diagnosed pulmonary patients (treated for
>30 days with moderate to advanced disease) and
their household contacts who were living in the
same environment, and therefore were actively ex-
posed and were derived from the same socio-eco-
nomic environment. Again, interferon y was lower
in patients with active pulmonary disease than in
household contacts who were exposed but had no
clinical signs of the disease. Patients with lymph
node disease showed concentrations similar to
household contacts. Thus sequestration of M. tb. in
the lymph node compartment results in strong Thl
responses. Similarly other studies have shown that
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in patients with tuberculous pleuritis, where se-
questration of M. tb. occurs in another compart-
ment, the pleural space and tissue surrounding the
lungs also have a highly antigen-responsive and
Th1 cytokine producing cell population compart-
mentalized to the pleural space (Ellner, 1978a;
Fujiwara er al, 1982; Barnes ef al, 1989). Barnes ef
al (1989) have found high levels of Th1 cytokines
interferon yand TNF o in the pleural fluid. Analy-
sis of the pleural fluid mononuclear cells by PCR
indicated selective concentrations of mRNAs en-
coding interferon y and IL10 in pleural fluid com-
pared with PBMCs of the same patients (Barnes ef
al, 1990) strongly supporting our conclusion that
antigen specific suppression is consistently present
in pulmonary patients and is not a general feature of
all clinical presentations of tuberculosis.

The observed suppression of Thl responses in
pulmonary disease was not related to the absence of
responsive T-cells as PHA responses were compa-
rable in both the control and patient groups. How-
ever, the observed suppression of cellular responses
may be related to depressed PPD-stimulated ex-
pression of IL-2 in far-advanced pulmonary tuber-
culosis (Toossi et al, 1985). Depressed PPD-stimu-
lated blastogenesis in patients with pulmonary tu-
berculosis appears due, at least in part, to a suppres-
sive influence of monocytes (Ellner et al, 1978b).
The mechanism of suppression involves direct
stimulation by PPD (Wallis et al, 1986) of monocytes
primed during the course oftuberculosis to produce
suppressive predictors such as IL-2R (Toossi ef al,
1990) and transforming growth factor-beta (Toossi
etal, 1995; Hirsch et al, 1996). CD16 lymphocytes
also suppress PPD-induced responses (Toossi ef al,
1989). The antigenic-specificity of suppression
through the monocyte depends on direct stimula-
tion by PPD and would not account for decreased
response to non-mycobacterial antigens as noted in
this and some other (Ellner, 1978), but not all
(Toossi e al, 1985) studies. Sequestration or lo-
calization of M. tb. in different compartments re-
sults in varying intensity of Th1 activation and the
ontogeny as well as the milieu of other cytokine
circuits activated (Toossi, 1996), rather than the
intensity of Th1 responses may be critical to disease
establishment.

These suppressive pathways seem to abate dur-
ing treatment of tuberculosis (Toossi ef al, 1989).
Therefore we studied a subset of pulmonary pa-
tients who had received < 30 days of anti-tubercu-
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lous chemotherapy for both lymphoproliferative
and interferon y studies so that the immune profile
would not be influenced by chemotherapy. The
profile of lymphocyte proliferative responses in
this subset (Table 3) was similar to that observed
for the larger panel with significant suppression of
LTT and interferon y responses in patients with
pulmonary disease. This may be due the fact that
the majority (> 65%) of our patient group were
newly diagnosed patients (< 30 days of chemo-
therapy). We are further investigating the effect of
varying duration of chemotherapy on different im-
mune parameters.

Withrespectto Th2 responses, our results clearly
show that as the pulmonary disease advances anti-
gen specific IgE responses rise. Patients with lymph
node disease who demonstrate the strongest Thl
responses do not show significantly raised antigen-
specific IgE responses. Interestingly, patients with
lymph node disease did show slightly elevated
polyclonal IgE responses which were not statisti-
cally significant. This may be due to either non-
specific polyclonal activation which is known to
occur during active tuberculosis or may indicate
increased incidence of parasitic infections in this
group. This is supported by our observation that
polyclonal IgE was also raised in household con-
tacts derived from the same socio-economic strata.
Elevated Th2 responses associated with depressed
Th1 responses in pulmonary patients are in keeping
with the cross regulation of Th1/Th2 responses
reported in the murine model (Bottomly, 1988).
Furthermore, different antigen presenting cells in
different compartments may also play a role in
activation of different T cell subsets. Thus alveolar
macrophages may be effective in activating Th2
cells while dendritic cells in the lymph node com-
partment shift the response towards a Th1 response.
Further dissection of local and systemic immune
responses at the cytokine level may identify addi-
tional aifferences between lymphadenitis and pul-
monary disease. It is of interest to speculate that
some of the mediators (“cross-modulatory cyto-
kines”) overexpressed by activated monocytes in
tuberculosis could themselves contribute to the
increased antibody levels by promoting isotype
switching and post-switch differentiation of B-
cells. We have previously reported polyclonal
activation of all isotypes but only selective in-
creases in antibody 1gG subclasses which was re-
stricted to IgG1 and IgG3 in pulmonary patients

772

compared to the control group and were highest in
patients with extensive disease (Hussain et al, 1995).
The relationship between cytokines, cellular and
antibody responses needs to be further clarified in
tuberculosis in order to understand disease
pathogenesis. We are now investigating the nature
of cellular and humoral responses in disseminated
disease where there is no lung involvement, to
identify surrogate markers for disease progression
and pathogenesis.
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