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SUMMARY

Immune parameters were compared in four groups of Ugandan subjects: HIV2and HIV1 adult patients

with active pulmonary TB (HIV2 PTB n � 38; HIV1 PTB n � 28), patients with HIV infection only

(n � 26) and PPD1 healthy controls (n � 25). Compared with healthy controls, CD4 and CD8 T cells

from patients with HIV and/or PTB expressed more activation markers (HLA-DR, CD38); their CD8 T

cells expressed more CD95 (pre-apoptosis) and less CD28 (co-stimulatory receptor). Peripheral blood

mononuclear cells (PBMC) of patients with either HIV or PTB were impaired in interferon-gamma

(IFN-g) production upon antigenic stimulation. PTB (with or without HIV) was characterized by

monocytosis, granulocytosis, increased transforming growth factor-beta 1 production and PPD-induced

apoptosis. In vivo CD4 T cell depletion, in vitro increased spontaneous CD4 T cell apoptosis and defects

in IFN-g responses upon mitogenic stimulation were restricted to HIV1 subjects (with or without PTB).

Overlapping and distinctive immune alterations, associated with PTB and HIV, might explain mutual

unfavourable influences of both diseases.
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INTRODUCTION

Protective immunity against Mycobacterium tuberculosis (MTB)

essentially depends on `cell-mediated immunity' (CMI), involving

interactions between MTB-specific CD4 T cells and cells of the

monocyte-macrophage (MO/MA) lineage [1±3]. A key factor in

MO/MA activation is interferon-gamma (IFN-g), produced by the

CD41 effector T cells [3±5]. The in vitro correlates of decreased

CMI in active pulmonary TB (PTB) include lowered IFN-g
production after stimulation with PPD or MTB antigens [1,4,5],

increased production of the immune suppressive cytokines

transforming growth factor-beta 1 (TGF-b1) and IL-10 [1,5] as

well as increased MTB-stimulated apoptosis [6]. Infection with

HIV, on the other hand, is characterized by a more generalized

defect in CMI, including decreased proliferative responses to

both antigens and mitogens [7,8], increased spontaneous and

activation-induced apoptosis [9,10] and deficient IFN-g production

in more advanced stages of HIV infection [11,12]. Both HIV

infection and PTB are also characterized by overproduction of MO/

MA-derived inflammatory factors, including tumour necrosis factor-

alpha (TNF-a), neopterin and b2-microglobulin [13]. During HIV

infection particular phenotypic changes are present in both CD4 and

CD8 T cell subsets, including increased expression of HLA-DR and

CD38 (related to immaturity and activation) [14], increased CD95

(related to apoptosis) [15,16] and decreased expression of CD28,

which is a receptor for the important co-stimulatory molecules of

the B7 family [17±22]. T cell phenotyping has not extensively

been studied in PTB, but we described an increased HLA-DR

expression on both CD4 and CD8 T cells [20].

MTB and HIV are well known to act synergistically both

clinically and pathogenically [21,22]. Most previous pathogenic

studies concentrated on each disease separately. In order to

establish the point at which immune parameters in PTB and HIV

interact, HIV2 and HIV1 controls were compared with HIV2 and

HIV1 PTB patients. The following in vivo parameters were

selected: major leucocyte subsets, T cell activation markers and

viral load (the latter in HIV1 subjects only). Immune function was

evaluated by measuring T cell proliferation, apoptosis and
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production of important cytokines (IFN-g , TGF-b1, TNF-a ) in

vitro. The relationship between immune parameters and clinical

staging of HIV and PTB infection was also investigated.

SUBJECTS AND METHODS

Subjects

Immune parameters were studied in four groups of subjects at the

CWRU Research Collaboration Tuberculosis Project at Mulago

Hospital and at the JCRC facilities in Kampala, Uganda.

Thirty-eight HIV2 and 28 HIV1 adults with sputum smear-

positive and culture-confirmed PTB were investigated before the

start of a 6-month short course chemotherapy. The PTB patients

were compared with 25 healthy HIV2 PPD1 and 26 HIV1

controls, with no signs or symptoms of acute AIDS-defining

event. Adult subjects (18±60 years) were enrolled in the study

after HIV pretest counselling and informed consent. Pregnant

women were excluded.

Routine lab determinations

In all subjects, total blood count, differential leucocyte count and

serum HIV ELISA testing were performed. In patients with PTB a

chest x-ray was performed and graded using a numeric scale [23].

Viral load

Viral load was determined in HIV1 controls and in the HIV1 PTB

co-infected patients by polymerase chain reaction (PCR) techni-

que, using Cobas Amplicor HIV-1 MonitorTM version 1.5 (Roche

Diagnostics, Branchburg, NJ).

Immune phenotypic studies

EDTA-whole blood (50 m l) were incubated with seven combina-

tions of MoAbs at 5 m l each (Becton Dickinson, Erembodegem,

Belgium). The major T cell subsets as well as monocytes were

counted using (i) anti-CD45±FITC 1 anti-CD4±PE 1 anti-CD3±

PerCP and (ii) anti-CD4±FITC 1 anti-CD3±PE 1 anti-CD8±

PercP. Activation and differentiation markers on CD4 and CD8 T

cells were measured with combinations of anti-CD4±FITC 1
anti-CD8±PerCP and one of the following: (iii) isotypic IgG1±PE

(background control); (iv) anti-HLA-DR±PE; (v) anti-CD38±PE;

(vi) anti-CD28±PE and (vii) anti-CD95±PE. After 30 min

incubation, erythrocytes were lysed (Becton Dickinson lysing

solution), the leucocytes were washed once with PBS±bovine

serum albumin (BSA) 1% pH 7´2 and fixed with 250 m l 1%

paraformaldehyde in PBS; samples were acquired in a FACScan

with the LYSYS II software and analysed with WinMDI software

version 2.4. The percentage cells within the CD4 or CD8 T

population, expressing HLA-DR, CD38, CD28 and CD95 (above

the threshold of channel 325) were calculated.

T cell functional parameters

Peripheral blood mononuclear cells (PBMC) were isolated from

lithium-heparinized whole blood by differential centrifugation

over Ficoll±Hypaque, washed three times with RPMI and

resuspended in medium RPMI 1640 (BioWhittaker, Verviers,

Belgium) supplemented with 1% l-glutamine and 5% normal

human serum, without antibiotics. One millilitre of PBMC (final

concentration 106/ml) was dispensed in 5-ml polystyrene culture

tubes, using the following culture conditions: (i) medium alone;

Table 1. Clinical and routine laboratory data of the four subject groups

Subject groups

n �
HIV2 PPD1

25

HIV2 PTB1

36

HIV1 PTB2

26

HIV1 PTB1

28

Clinical data

Age (years)

(mean, s.e.m.) 29´8 (1´9) 25´4 (0´8)* 32´2 (1´4)²² 29´5 (1´6)²

Sex ratio, M/F 19/6 26/10 11/15*² 11/17**²²

Body mass index (%) 31´0 (0´5) 30´6 (0´8)

Sputum FAB smear

scarce/11/21/3 1

(% of subjects) 3 17 19 61 7 14 32 47

Chest x-ray

grade 1/2/3

(% of subjects) 2´5 30´5 67 14 25 61

Laboratory data

Leucocyte count/m l 5104 (259) 9333 (711)** 4969 (346)²² 8014 (795)**³³

Granulocytes 2057 (154) 4326 (356)** 2040 (229)²² 4057 (532)**³³

Lymphocytes 2244 (140) 2253 (146) 2100 (134) 1911 (248)

Monocytes 803 (68) 2754 (323)** 829 (168)²² 2046 (214)**³³

CD4 T cell count 939 (56) 888 (54) 401 (60)** 303 (49)**²²

CDC classification

(% of subjects) 1, 2, 3

92 8 0 94 6 0 38´5 23 38´5** 25 32 43**²²

CD8 T cell count 524 (45) 485 (43) 1087 (85)**²² 926 (162)*²

Viral load (log) 4´9 (0´2) 5´2 (0´1)

Mean values ^ s.e.m. in each subject group are represented. Differences between the subject groups were calculated using Student's t-test for

independent samples:

*P , 0´05 and **P , 0´01 versus HIV2 PPD1 controls.

²P , 0´05 and ²²P , 0´01 versus HIV2 PTB1 patients.

³P , 0´05 and ³³P , 0´01 versus HIV1 PTB2 controls.

CD4 classes are according the CDC classification [40]: Class 1, CD4 $ 500/m l; Class 2, 200 $ CD4 , 500/m l; Class 3, CD4 , 200/m l.
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(ii) Candida albicans antigen (Hollister, Greer Laboratories,

Lenore, NC) at 20 mg/ml; (iii) PPD (provided by R. D. Wallis,

CWRU, Cleveland, OH) at 10 mg/ml; (iv) 5 m l MTB (live

avirulent H37Ra, 9´8 � 108 colony-forming units (CFU)/ml,

provided by R. Silver, CWRU); and (v) pokeweed mitogen

(PWM; Sigma, Bornem, Belgium) at 1 ng/ml. All cultures were

set up in triplicate and incubated at 378C with 5% CO2.

Measurement of TNF-a , IFN-g and TGF-b1

Supernatants (100 m l) were harvested from each triplicate after

16 h (� day 1 1) for TNF-a determination and after 90 h

(� day 1 4) for IFN-g and TGF-b1. These supernatants were

stored at 2708C. Cytokines were measured by ELISA: TNF-a
and TGF-b1 kits were from Quantikine HS (R&D Systems,

Minneapolis, MN) and the kit for IFN-g was from Endogen Inc.

(Woburn, MA). Results were expressed in pg/ml.

T cell proliferative responses

After harvesting the supernatants on day 4, triplicate PBMC

suspensions were mixed together, and from this mixture four

replicates of 150 m l were dispensed in 96-well plates. 3H-methyl-

thymidine (20 m l; 0´4 mCi) was added to each well and the plates

were incubated for 20 h at 378C. Cells were harvested on filter

paper and radioactivity measured using a Topcount scintillation

counter (Packard, Meriden, CT). Thymidine incorporation was

expressed in ct/min.

CD4 T cell apoptosis

Triplicate cultures of 106 PBMC from each subject were set up in
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Fig. 1. Differentiation markers on CD4 T cells (a) and on CD8 T cells (b). Whole blood from 23 HIV2 PPD1 controls (A), 36 HIV2

pulmonary TB (PTB)1 patients (hatched), 25 HIV1 PTB2 subjects (cross-hatched) and 25 HIV1 PTB1 patients (B) was incubated with

anti-CD4 FITC, anti-CD8 PerCP and one of the following PE-labelled monoclonals: isotypic control IgG1, anti-HLA-DR, anti-CD28, anti-

CD38 or anti-CD95. Using the isotypic control, the threshold of positivity in PE was fixed on channel 325 and the activation marker

expression was calculated as a percentage within the gated CD4, respectively, CD8 T cells. Results are given as mean ^ s.e.m. within each

patient group. The significance of differences between the groups was calculated using Student's t-test for independent samples, with the

following levels of significance: *P , 0´05; **P , 0´01; ***P , 0´001.
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1 ml medium with 10% fetal bovine serum and incubated for

4 days in a CO2 incubator at 378C, using the same conditions as

listed above. Apoptosis was measured using the TUNEL reagent,

combined with anti-CD4±PE surface labelling, as described [6].

Statistical analysis

All statistical analysis was performed using the SPSS program for

Windows (version 5.0.1). The results in each group of patients

were expressed as mean ^ s.e.m. To compare subject groups the

t-test for independent samples was used, and differences were

considered significant at P , 0´05. A simple factorial anova test

was performed to investigate the influence of covariates (CD4

count, age, sex) and correlations between various parameters

within each patient group were calculated with the two-tailed

Spearman's rank test.

RESULTS

Characteristics of the subject groups (Table 1)

The HIV2 and HIV1 controls, as well as the dually infected

subjects, were similar in age, but the HIV2 PTB1 patients were

significantly younger. Men predominated in the HIV2 groups

(controls and PTB patients), whereas both HIV1 groups contained

more women than men. HIV2 and the HIV1 PTB did not differ in

body mass index (BMI), degree of smear positivity or chest x-ray

grading.

Leucocyte, granulocyte and monocyte counts were higher in

the PTB patients (HIV2 or HIV1), compared with the respective

controls, but the absolute lymphocyte count was similar in the four

groups. As expected, CD4 T cell numbers as well as CD4/CD8

ratio (not shown) were significantly lower in the HIV1 than in the

HIV2 groups, but these parameters did not differ between the

HIV2 controls and HIV2 PTB patients. Moreover, the distribution

of CD4 counts, according to CDC classification, was similar in the

dually infected patients and in the HIV1 controls, but viral load

tended to be higher in the dually infected patients (P � 0´09).

Increased expression of activation markers on CD4 T cells and

CD8 T cells of HIV2 PTB1 and HIV1 PTB1 patients

Compared with the PPD1 healthy controls, a larger proportion of

CD8 T cells from the PTB patients (without HIV) expressed HLA-

DR, CD38, and CD95 (Fas), but a lower proportion was CD281.

Their CD4 T cells expressed more CD38, but less CD95. Amongst

the four patient groups, the HIV and PTB co-infected patients

showed the highest proportions of HLA-DR, CD38 and CD95, and

the lowest proportion of CD28 within both CD4 and CD8 T cells

(more pronounced in the latter subset). However, only the CD38

marker on CD8 T cells was significantly different between dually

and HIV-only infected subjects (Fig. 1a,b). A simple factorial

anova test indicated that the number of CD4 T cells was the main

determinant of CD38 expression in co-infected subjects with CD4

count , 200/m l (P , 0´05). In subjects with CD4 counts . 200/

m l however, both the CD4 T count and the presence of PTB

significantly contributed to enhanced CD38 expression.

Proliferation and apoptosis induced by antigenic and mitogenic

stimulation

Compared with healthy controls, PBMC from HIV2 PTB patients

showed similar proliferative responses to PPD, decreased

proliferation to Candida and an increased response to PWM (data

not shown). PBMC from HIV-infected subjects, with or without

PTB, proliferated less to PPD, Candida and PWM compared with

the HIV2 controls (data not shown).

In accordance with previous studies [15,16], we confirmed

that CD4 T cell apoptosis was systematically higher in the HIV1

groups (with or without PTB) compared with the respective HIV2

groups. This was particularly true in non-stimulated cultures and

in those stimulated with PPD or PWM (P , 0´01), but not in

those stimulated with MTB.

Comparing unstimulated and stimulated cultures within each

group indicated that PPD slightly, but significantly, increased

the CD4 T cell apoptosis in the HIV2 PTB patients, whereas

activation with PWM selectively enhanced CD4 T cell death in
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Fig. 2. Apoptosis of CD41 T cells after antigenic and mitogenic stimulation. Three replicate cultures of peripheral blood mononuclear cells

were incubated with medium, PPD, Mycobacterium tuberculosis (MTB) and pokeweed mitogen (PWM) from 24 HIV2 PPD1 controls (A),

30 HIV2 PTB1 patients (hatched), 14 HIV1 PTB2 subjects (cross-hatched) and 16 HIV1 PTB1 (B) patients. Apoptosis was assessed using

the TUNEL test in combination with anti-CD4±PE. Results are expressed as percentage of TUNEL (1) CD4 T cells. Indicated in the figure

are the statistical significant differences (paired t-test), between the non-stimulated and the stimulated cultures within each subject group.
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the HIV1 controls. Stimulation with MTB increased apoptosis in

all patient groups (Fig. 2: only the significance of differences

between spontaneous and stimulated apoptosis within each group

is indicated).

Decreased IFN-g and increased TGF-b1 production in HIV2 and

HIV1 PTB

IFN-g was strongly induced by PWM . PPD . MTB . Candi-

da in PBMC from HIV2 control subjects. Subjects with active

PTB only, showed a selectively decreased IFN-g production to

antigenic stimulation with Candida, PPD or MTB and a normal

response to PWM. In HIV-infected subjects, with or without PTB,

IFN-g production was lowered, after either antigenic or mitogenic

stimulation (Fig. 3a).

The spontaneous production of TGF-b was significantly

higher in cell cultures from PTB patients (with or without HIV)

compared with respective controls. Remarkably, TGF-b1 production

was not increased by any stimulation (Fig. 3b).

TNF-a was strongly induced by MTB . PWM . PPD .
Candida and did not differ much between the subject groups,

except for MTB-induced TNF-a , which was highest in patients

with PTB only (Fig. 3c).

Correlation between clinical and laboratory parameters

Influence of age and sex. In view of the younger age of

HIV2 PTB patients and the sex differences between the HIV2 and

HIV1 groups (Table 1), we wondered whether immunological

alterations were related to the HIV2 PTB infection per se or to

sex/age differences. Statistical correction (anova) for age

between the HIV2 PTB patients and the HIV2 controls did not

abrogate the changes of immune phenotype and function, with the

exception of the lowered CD95 on CD4 T cells from PTB patients,

which disappeared after age correction. Similarly, all significant

immune differences between the HIV2 and the HIV1 groups

persisted after correction for sex.

Effects of low CD4 counts. Amongst HIV1 subjects with or

without PTB, the subgroups with CD4 counts , 200 had a

significantly higher viral load (10´5 log/ml). T cells from HIV1

patients with low CD4 T counts expressed significantly more

HLA-DR, CD38 and CD95 and less CD28 (P , 0´05). PBMC

from patients with low CD4 counts displayed higher CD4 T

apoptosis in all conditions as well as lower proliferation and IFN-

g response to PPD and PWM. Clearly, most differences between

subgroups with higher and lower CD4 T counts were similar in

HIV1 subjects with or without concomitant PTB. Nevertheless,

only dually infected subjects with low CD4 counts also had a

significantly lower BMI (23´3%).

Correlates of sputum positivity and x-ray staging. In PTB

patients without HIV, far-advanced disease on x-ray (grade 3) was

associated with a higher degree of sputum positivity (P , 0´05).

Both of these disease parameters were associated with higher

granulocyte (P , 0´05) and lower lymphocyte counts

(P � 0´065) in vivo as well as with higher spontaneous TNF-a
(P , 0´05) and TGF-b1 production (P � 0´075) in vitro. In

HIV1 PTB patients however, the radiographic and sputum

gradings were not significantly correlated with each other.

Dually infected patients with 31 sputum tended to have lower

CD4 counts in vivo (P � 0´07) and their T cells displayed more

phenotypic evidence of activation: higher CD38, higher CD95 and

lower CD28 expression (P , 0´05).

DISCUSSION

The present study prospectively compared immune parameters, in

healthy subjects and patients with HIV and/or PTB. Some

alterations were particular for each disease: PTB was character-

ized by granulo-monocytosis in vivo and increased TGF-b1

production in vitro; whereas HIV-infected subjects showed the

expected in vivo CD4 T cell depletion, increased in vitro CD4 T

cell apoptosis and generalized hyporesponsiveness to in vitro

stimulation. These anomalies coexisted in dually infected

subjects, without evidence of a synergistic effect of HIV and

PTB. Other immune changes were present in both diseases, e.g.

aberrant in vivo T cell activation (increased HLA-DR, CD38,

decreased CD28) and decreased IFN-g production upon in vitro

antigenic stimulation. In general, these common alterations were

less pronounced in patients with PTB only, compared with HIV

only. Dual infection had an additive effect on CD38 expression in

patients with CD4 T counts . 200/m l. The effect of active PTB on

HIV viral load was limited to a non-significant increase of 1 0´5

log.

The expression of differentiation markers on peripheral T cells

is tightly regulated and relates to cell function. HLA-DR can

present antigenic peptides to the CD4±T cell receptor complex.

CD38 functions both as an adhesion molecule and as ecto-enzyme,

mediating ADP-induced Ca21 mobilization. Increased T cell

expression of HLA-DR and CD38 is associated with activation

and/or immaturity. Triggering of CD28 by co-stimulatory signals of

the B7 family enhances and prolongs cytokine production. Lowered

expression of CD28 reflects terminal differentiation, shortening of

the telomeres and cellular senescence. Finally, CD95 is a receptor

for pro-apoptotic signals [24±31].

During HIV infection changes in expression of these markers

are linked to immune dysfunction and disease progression. Our

present study confirmed HIV-associated up-regulation of HLA-

DR, CD38 and CD95 and down-regulation of CD28 on both CD4

and CD8 T cells in a disease stage-related fashion. It was

previously shown that these in vivo phenotypic changes correlate

with hyporesponsiveness to in vitro re-stimulation and with a

tendency to apoptosis. In addition, T cell (over)activation,

especially CD38 increase on CD8 T cells, predicts disease

progression in a CD4-independent way [14,17,18,32±38].

Increased HLA-DR expression on T cells of PTB patients in

association with serum markers of immune activation was

previously observed [28]. Our present data extend these findings

by showing up-regulation of CD38 and down-regulation of CD28,

especially on CD8 T cells from PTB patients. Since this pattern of

T cell activation is qualitatively similar in HIV and PTB, we

Fig. 3. Secretion of cytokines in cultured peripheral blood mononuclear cells (PBMC). PBMC from 23 HIV2 PPD1 controls (A), 31 HIV2

PTB1 patients (hatched), 24 HIV1 PTB2 subjects (cross-hatched) and 21 HIV1 PTB1 (B) patients, were cultured in vitro. The respective

stimuli are indicated on the abscissa. (a) IFN-g , (b) transforming growth factor-beta 1, (c) tumour necrosis factor-alpha were measured in the

supernatants by ELISA and results were expressed in pg/ml. The differences in cytokine secretion between subject groups were calculated

and presented as in Fig. 1.
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investigated whether similar immune dysfunction was associated

too.

Compared with healthy controls, PBMC from PTB patients

produced less IFN-g upon stimulation with mycobacterial

antigens, their spontaneous TGF-b1 production was increased,

but their stimulated TNF-a was not different from controls,

confirming previous data [39]. Remarkably, PBMC from PTB

patients responded poorly to Candida (proliferation and IFN-g),

whereas their IFN-g response to PWM was unaffected. In contrast, in

HIV-infected subjects, with or without PTB, proliferation and IFN-g
responses to all stimuli were decreased. These findings indicate

that immune deficiency during active PTB is not limited to MTB

antigens alone, but it is still less generalized compared with HIV

infection.

In a previous study, increased spontaneous as well as MTB-

stimulated CD4 T cell apoptosis were selectively present in PTB

patients [6]. The present data show no difference in spontaneous

apoptosis between PTB patients and controls. Stimulation of

T cells with MTB induced additional apoptosis in T cells from

patients, but also in controls. CD4 T cells from HIV1 subjects

displayed a more pronounced tendency to spontaneous and PWM-

induced apoptosis, confirming previous data [15,16,37]. Co-

infection with PTB had no additive effect on CD4 T cell death.

The differential effect of MTB and PPD suggests that the former

contains non-protein substances, directly or indirectly inducing

cell death.

Taking all data together, it seems that similar T cell phenotype

changes in PTB and HIV are reflected in T cell hyporesponsive-

ness to antigenic stimulation (e.g. decreased IFN-g to PPD).

Although apoptosis was much less pronounced in PTB, the PPD-

induced IFN-g production was inversely correlated with apoptosis

in both HIV infection and PTB. Remarkably, decreased IFN-g
was also inversely correlated with in vivo HLA-DR expression in

patients with PTB only, whereas in HIV1 patients (with or

without PTB) it was directly correlated with in vivo CD4 T cell

count, according to Spearman's rank test (data not shown).

Investigating the relation between clinical and biological

parameters of PTB revealed different associations in HIV2 versus

HIV1 patients. In subjects with PTB only, a far-advanced

radiographic stage and a strongly positive smear directly

correlated with the PTB-specific biological alterations, including

increased granulocytosis and TGF-b1 production, but there was

no association with any T cell marker. In contrast, in dually

infected subjects, far-advanced radiographic disease or grade 3

smears were associated with decreased CD4 T counts, aberrant T

cell phenotypes and increased T cell apoptosis. Clearly, in dually

infected subjects, PTB disease staging is correlated with typical

immune parameters of HIV infection.

In conclusion, pulmonary tuberculosis and HIV display partly

similar and partly distinct immune alterations. During active PTB,

inappropriate in vivo T cell activation and spontaneous production

of immune suppressive TGF-b may have a role in the observed

hyporesponsiveness to both mycobacterial and other (Candida)

antigens. In HIV-infected subjects, CD4 T cell depletion, together

with even more pronounced T cell activation, is involved in a

generalized hyporesponsiveness. In dually infected subjects, the

HIV-related changes dominate the overall immunological picture,

especially in patients with low CD4 T counts. Apparently, HIV

and PTB have additive effects: each infection provides specific

immune changes, which may contribute to the mutually

unfavourable effects of co-infection.
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