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Abstract: Cytokine behavior of T-lymphocytes is not very clear when a patient is co-infected with 
Leishmania donovani and HIV. To achieve this we studied groups of patients comprising of VL 
infected, HIV infected and HIV-VL co-infected cases. As compared to lone infections by either of the 
infecting agent, the co-infection cases showed greatly diminished CD4 T-cell counts and slightly 
enhanced values of cytokines (IFN� and IL4). The effect of 63 KDa antigenic fraction of L. donovani, 
previously reported by our group as having potential immunoprophylaxis effects, was also studied for 
its effect on T-cell cytokine pattern in the co-infection cases. It was interesting to find that this 
antigenic fraction showed an increase in the proportion of CD4 T-cells secreting IFN� in both VL 
(alone) and HIV-VL co-infection groups. 
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INTRODUCTION 

 
 The Visceral Leishmaniasis infection affects many 
individuals worldwide and clinical resistance to the 
drug of first choice-pentavalent antimonials, is also 
reported [1]. The VL patients remain immune to re-
infection, unless the immune system is suppressed as a 
result of other infections such as human 
immunodeficiency virus type I (HIV I) infection [2] in 
which case the visceral disease may re appear. There 
are clear indications that Th-1 response of CD4+ T cells 
is protective and easy to be induced and maintained in 
these patients infected with Leishmania donovani [3]. 
The identification and evaluation of several important 
Leishmanial antigens which preferentially stimulate a 
Th1 response rather than a Th2 response against 
Leishmania may be vital to develop a vaccine strategy 
for effective control of the disease. However, the spread 
of HIV infection in many of the VL cases are 
continuously reported [3-5]. Both HIV and Leishmania 
exert several overlapping effects on immune cells and 
their effecter functions [6]. This necessitates, therefore, a 
revival of works on defined antigens, particularly 
through examining their impact on HIV-driven 
immunological responses. One stumbling block in the 
path towards effective control via vaccination has been 
the problem of identifying the immunological 
mechanisms, which these antigens may target, 
particularly those that underlie T cell unresponsiveness 
and accompanies the disease. Several defined antigens 
of Leishmania, i.e. dp72, gp63, gp46, Leishmania 

eukaryotic initiation factor (LeIF) and 
lipophosphoglycan-associated proteins have been 
studied but all attempts to limit VL infection via 
vaccination whether in humans or canine have shown 
little, if any, success [7-13]. Glycoprotein 63(Gp63) is a 
major surface glycoprotein expressed on promastigotes 
and amastigotes of all Leishmania species. Reports are 
available to suggest that it protected resistant CBA mice 
against L.major infection [14]. There is further evidence 
that gp63 may play important role in attachment, 
successful presentation of Leishmania parasite on MHC 
class II molecule and thereafter CD4+ T cell response 
in VL infection (Bimal et al unpublished data). In the 
present study, we have compared the T cell responses to 
soluble Leishmania donovani antigen versus gp63 
protein in patients infected either with L donovani alone 
or with an HIV co-infection. 
 

MATERIALS AND METHODS 
 
Source of leishmanial antigen: L. donovani parasites 
were grown at 24°C in Schneider’s medium (Sigma, St. 
Louis, MO) supplemented with 20% heat inactivated 
fetal calf serum (GIBCO, Life Technology, India), 
20mM L-Glutamine, 100 units mL�1 of penicillin and 
50 µg mL�1 of gentamycin at pH 7.4. Soluble 
Leishmania antigen (SLA) was prepared from late log 
phase promastigotes after few passages in liquid culture.  
Briefly 200x106 promastigotes per mL were washed 
thrice in 5 mL of cold sterile PBS. After 5 cycles of 
freeze and thaw, the suspension was centrifuged at 
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10,000xg for 20 min. at 4°C and the supernatant 
containing soluble Leishmania antigens were collected 
and stored at –70°C till further use. The protein 
concentration was measured by Lowry’s method. The 
potential role of many antigens in immunoprophylaxis 
against VL has recently been reported by our group 
[15,16]. The 63kDa protein antigen used in the study was 
derived from L. donovani promastigotes 
(MHOM/IN/80/Dd8). Briefly, cultured promastigotes 
were harvested in the late log phase (6-7days), washed 
thrice in cold phosphate buffered saline, pH 7.2-
7.4(PBS) and lysed by boiling for 5 min. in sample 
buffer. Antigen extract thus prepared were subjected to 
SDS-PAGE using 12.5% resolution under reducing 
conditions [17]. Gel slice containing the antigenic 
proteins were then placed into a micro centrifuge tube, 
grinded and incubated in extraction buffer. Gel slurry 
was transferred to Nanosep MF device that contained 
Bio-inert modified nylon with polypropylene filtrate 
receiver and spun. Lower chamber containing protein in 
buffer was collected, while upper chamber of gel was 
rinsed and spun again to get any un-separated specific 
protein left in the process. A 500-µl sample of 100 µg 
mL�1 protein solution containing 63kDa protein 
antigenic fragment was centrifuged at 5000x g in 
Nanosep device to a final volume of 50µl. Resulting 
retentate was checked for size and concentrated sample 
was recovered in two washes of 20µl de-ionized water 
for use into downstream application at later stages in the 
study. 
 
Subjects: A total of 20 subjects (aged between 17 to 40 
years) of both sexes were studied after obtaining their 
informed consent. It included 5 patients with acute VL 
from endemic areas, 5 patients of acute VL co-infected 
with HIV, 5 patients infected with HIV alone and 5 
apparently healthy individuals who represented an 
endemic area. Measurement of body temperature, body 
weight, liver and spleen size, total and differential WBC 
count, haemoglobin, blood sugar, serum creatinine and 
prothromin, ECG and chest X-rays were performed in 
all cases. All the patients in the VL and co-infection 
group presented characteristic signs and symptoms of 
VL infection and diagnosis was confirmed by presence 
of L. donovani in the Giemsa stained spleen aspirate 
and positive serology (DAT). The serological result was 
further confirmed by PCR. The HIV infection in 
subjects with HIV alone or in co-infection with VL was 
confirmed by HIV EIA (Lab system Kit, Finland) and 
rapid test (NEVA HIV, Cadila, India) and these patients 
were not undergoing any treatment at the time of this 
study. All the healthy controls were negative for all 
disease symptoms and matched the diseased cases by 
sex and age (± 2years). Any subject who had been 
treated for VL in the past was excluded from study. 
 The immunological evaluation of the reactivity of T 
lymphocytes to the leishmanial antigen in VL and HIV-
VL co-infection groups was carried out before 

commencement of treatment. These evaluations 
included T-cell subpopulation analysis (CD4 versus 
CD8), which was later corroborated with cytokine level 
(interferon-gamma and Interleukin-4) in culture 
supernatants after Leishmania specific stimulation, with 
whole L. donovani SLA or with SDS PAGE 
fractionated Leishmania antigen (63KDa). Blank 
controls were included in all experiments that were not 
given any specific stimulation. 
  
Lymphocyte isolation and in vitro cultures: 
Peripheral Blood Mononuclear Cells (PBMNCs) were 
isolated from each of the blood samples by 
centrifugation through Ficoll PaqueTM (Emerson 
Biosciences, Sweden) gradients [30] . The crude isolates 
of PBMNC were purified by washing in Phosphate 
Buffer Saline (PBS, Bangalore Genei, India) and then 
centrifuged (800xg, 15 min.) over Histopaque. The 
PBMNC, collected from the layer immediately above 
Histopaque were washed thrice in PBS before being 
used further. All cultures were carried out using RPMI 
1640 supplemented with 2mM L-glutamine, 10% heat 
inactivated LPS/endotoxin free Fetal Calf Serum 
(GIBCO, Life Technology, India), 5x105mM 2-
mercaptoethanol and antibiotics (100U mL�1 Penicillin, 
50 µg mL�1 Gentamycin and 100 µg mL�1 
Streptomycin)(Himedia Laboratories Pvt.Ltd., India). 
 
Immunofluorescent staining to determine 
lymphocyte profile ex vivo and after antigen 
stimulation: PBMNC (2x106) from VL patients and 
HIV co-infected VL patients were incubated with 
fluorescein isothiocyanate (FITC) or phycoeryhtrin (PE) 
labeled antibody solutions for 20 minutes at 4°C for ex 
vivo staining of lymphocytes for surface markers. The 
antibodies used were anti-CD4-FITC and anti-CD8-PE. 
After staining, the preparations were washed with 
0.09% sodium azide PBS, fixed with 200 µl of 2% 
formaldehyde in PBS and kept at 40C until data were 
acquired using a fluorescence-activated cell sorter 
(FACS). For the evaluation of the impact of antigen 
specific stimulation on lymphocyte profile PBMNC 
(2x106) from VL patients and HIV co-infected VL 
patients were pulsed with L. donovani parasite (50:1 
ratio) and cultured in the presence of 10µg SLA or 20 
µg of 63KDa L. donovani antigens. Unstimulated 
control cultures were set up in parallel to obtain the 
background data in the absence of any particular 
stimulation. All cultures were maintained at 37 °C in a 
water saturated air atmosphere containing 5% CO2 in 
air. Cultured cells were later stained with labeled 
antibodies specific for different human cell surface 
antigens (anti-CD4-FITC or anti-CD8-PE) as indicated 
above.  
Cytoplasmic cytokine assay: PBMNC were analyzed 
for the expression of intracellular cytokines as described 
below. Briefly, about 2.0x106 cells were cultured in 24- 
well plates in 1 mL cultures for 24 h with either medium 
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alone, 63kDa antigen (at 20 µg mL�1 final 
concentration), SLA (at 10 µg mL�1 final concentration) 
or a positive control of 20 µg mL�1 PHA.After 
stimulation period of two hours all the cultures, except 
the control, were pulsed with Leishmania donovani. 
Brefeldin-A (1µg mL�1) was added to culture during the 
last 4-hrs of culture to impair protein secretion by the 
golgi complex. The cells were later harvested using ice 
cold PBS plus azide, stained for CD4 surface markers 
using anti-CD4-PE antibodies and fixed with 2% 
formaldehyde. The fixed cells were permeabilized with 
a solution of saponin and stained for IFN-gamma using 
FITC-labeled antibodies. Isotype control panels (FITC 
and PE-labeled immunoglobulin control antibodies) 
were run in parallel to all experiments. Unbound 
antibodies were removed by washing the cells twice 
with wash buffer before each sample was resuspended 
in 450 µl stain buffer containing 1% paraformaldehyde 
for examination of fluorescence in a FACS Calibur flow 
cytometer.  
 
Flow cytometric analysis of samples: Lymphocytes 
were analyzed for expression of surface markers and 
intracellular cytokines using the Cell Quest software on 
a FACS Calibur flow cytometer. Limits for the quadrant 
markers were always set based on negative populations 
and isotype controls. For analysis of CD4 and CD8-
positive lymphocytes, quadrants were always set for 
CD4 and CD8 high populations so as not to include 
CD4 low-positive monocytes and macrophages and 
CD8 low-positive NK cells respectively. 
 
Statistical analysis: All experiments were carried out 
in triplicate with two sets of observations taken in each 
case. All data were analyzed for statistical significance 
using the Student’s t-test. 
 

RESULTS AND DISCUSSION 
 
 As illustrated in Table 1, the CD4+ T cell counts 
are markedly reduced in all the groups of patients 
(p<0.01). Leishmania infection seems to cause 
reduction in the number of CD4+ T cells and a co-
infecting HIV further enhances this effect. This 
observation is quite in consent with the previous reports 
on lymphocyte profile in VL and co-infection cases [18-

20]. The CD8+ T cell counts showed varied patterns in 
all the three groups. It was lower than healthy control in 
the VL cases but was higher in both HIV and co-
infection cases. The resulting CD4/CD8 ratio was 
greatly reduced in   both   HIV   and co-infection cases. 
Change observed in the CD4/CD8 ratio in VL cases was 
not significant   in   comparison   to the healthy values 
for the same. 
 

Table 1: Immunological profile in HIV cases co-infected with VL 
Parameter HIV HIV+VL VL Control 
CD4 325.1 162.33 453.00 1099 
 ±254.09 ±144.60 ±265.80 ±429.06 
CD8 1304.1 840.33 222 653 
 ±683.40 ±295.43 ±96.85 ±287.58 
CD4/CD8 0.230 0.298 2.153 2.046 
 ±0.171 ±0.180 ±1.062 ±1.66 
IFNγ 174.1 175.78 135.80 105.22 
 ±127.3 ±14.87 ±36.92 ±4.65 
IL-4 174.00 207.15 104.235 16.387 
 ±69.27 ±8.295 ±36.291 ±0.358 

CD4 and CD8 cell counts are expressed in cells/mL; cytokine 

concentrations are expressed as pg/mL (values expressed as mean± 

S.D.) CD4 and CD8 count (expressed as cells/mL) was done using 

Cell Quest Software of Flow-Cytometry. Cytokine concentrations in 

the patient sera have been expressed as pg/mL .The levels of CD4+ T-

cells and CD8+ T-cells in the co-infection group differs considerably 

from VL or HIV infection cases alone .The CD4+ T-cell count is 

greatly diminished in all the three groups, being most marked in HIV-

VL co-infection cases. The CD8+ T-cell counts showed varied 

patterns in all the three groups. It was lower than control in the VL 

cases but was higher in both HIV and in co-infection cases. Infection 

with HIV, either alone or in co-infection with L. donovani seems to 

greatly alter the CD4/CD8 ratios, reducing them greatly in 

comparison to the healthy control group. Concentrations of cytokines 

showed remarkable variations within the groups studied (discussed in 

text).  
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Fig. 1: Interferon gamma response induced by 63kDa antigenic 

fraction stimulation in cases of Visceral Leishmaniasis. 
PBMNCs (2x106 cells/mL) incubated in RPMI-1640 medium 
supplemented with 20%FCS were stimulated with SLA 
(Soluble Leishmania Antigen) from L. donovani (10µg) or 
63 kDa protein (10µg) at 37°C in 5% CO2 for 24 hours. The 
cells were later harvested, stained for CD4 surface markers 
and intracellular interferon gamma using appropriate 
antibodies and analyzed using a flow cytometer. While SLA 
stimulation failed to induce any significant  impact  on   the   
frequency   of   CD4 cells and interferon gamma release, the 
63kDa antigen increased   both   the  frequency of CD4 cells 
and also their  expression of the cytokine, IFN-gamma by 
significant amounts 
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Fig. 2: Impact of 63kDa antigenic fraction stimulation on CD4 

population and IFN-gamma release in cases of VL-HIV Co-
infection. PBMNCs (2x106 cells mL) incubated in RPMI-
1640 medium supplemented with 20%FCS were stimulated 
with SLA (Soluble Leishmania Antigen) from L. donovani 
(10µg) or 63 kDa protein (10µg) at 37°C in 5% CO2 for 24 
hours. The cells were later harvested, stained for CD4 surface 
markers and intracellular interferon gamma using appropriate 
antibodies and analyzed using a flow cytometer. While SLA 
stimulation failed to induce any significant impact on the 
frequency of CD4 cells and interferon gamma release, the 
63kDa antigen increased both the frequency of CD4 cells 
and also their expression of the cytokine, IFN-gamma  

 
 The serum levels of Th1 and Th2 cytokines, 
namely interferon gamma and interleukin-4 
respectively, were also measured. The increase 
observed in interferon –gamma levels produced in all 
patient groups was insignificant when compared to 
control (p>0.5). The high levels of IFN-gamma in VL, 
HIV and co-infection group compared to healthy 
control group have also been reported earlier in many 
studies [21-23]. When compared within groups no 
statistically significant difference was observed, 
although co-infection group recorded a higher IFN 
gamma value than VL (alone) group. As healthy 
subjects had no prior exposure to the parasite, there was 
no question of antigen presentation and hence IFN-
gamma level was low. Interferon gamma, usually 
produced by the CD4 T cells, is the key mediator in 
promoting the cellular immune response activation in 
human VL patients. Interestingly, HIV-VL group 
produced higher IFN-gamma than VL (alone) group. It 
appears that apart from CD4+, other cells such as CD8+ 
T cells also participated in IFN-gamma production 
resulting in an increased IFN-gamma release in co-
infection group compared to VL (alone) group. On the 
other hand, interleukin–4 (IL-4) produced in all patient 
groups was significantly higher when compared to 
healthy control (p<0.01). Within groups, co-infected 
patients recorded a much-enhanced IL-4 production in 
comparison to VL (p<0.01). HIV cases produced lesser 
IL-4 compared to co-infection cases but it was 

statistically insignificant (p<0.20). A more pronounced 
increase observed in IL-4 levels in all the three groups 
of patients, provides support for association of this 
cytokine with pathogenicity of the disease concerned. 
 It is known that VL infection is marked by 
profound immunosuppression in the form of lack of T-
cell responsiveness to Leishmania antigen [18,22,24,25], but 
there is little data regarding the T-lymphocyte behavior 
for cytokine production in HIV-VL co infection cases. 
It is also known that preferential expansion of either one 
of the two subsets of CD4+ T cell, Th1 (IFN-gamma 
and IL- 2 releasing cells) or Th2 (IL-4, IL-5, IL-10 
releasing cells) dictate the outcome of Leishmanial 
infection [26-28]. The failure to resolve the disease is 
largely attributed to this unresponsiveness of T cells for 
induction of a protective response. Moreover, relatively 
little is known regarding the extent to which these 
cytokines are implicated in supporting HIV infection in 
VL patients. The present study demonstrated that the 
elevation in the levels of IL-4 was about two-fold higher 
in the co-infection group than in the VL cases. Our 
results with IL-4 are thus further advancement to the 
previous reports where it has been suggested that HIV-I 
inhibits Leishmania induced lymphocyte proliferation 
and that TNF-alpha secretion is important in this 
process [6]. Further studies are required to elucidate the 
mechanism through which IL-4 may up-regulate HIV 
gene expression in a VL patient. 
 We further studied the proliferative responses of 
CD4+ T cells and also their capacity to produce 
interferon gamma in response to soluble Leishmania 
antigen (SLA) and the 63kDa polypeptide fraction. SLA 
stimulation failed to increase CD4+ T cell counts 
(11.27% ±0.77) in comparison to unstimulated control 
(11.83% ±1.14). It also failed to induce significant 
increase in interferon gamma production by CD4+ T 
cells (2.51% ±0.36) as against the control figure of 
1.81%±0.057 (Fig. 1). This was true in both VL and 
HIV-VL co-infection cases. This observation complies 
with the previous reports of T cell unresponsiveness in 
VL and HIV-VL cases [29]. 
 Further studies with the 63kDa polypeptide fraction 
from L. donovani promastigotes indicated its potential 
to override this immunosuppression induced by 
infection in VL cases with or without HIV co-infection. 
 In the VL group, 63kDa stimulation was observed 
to induce significant increase in CD4+ T cell 
population. The frequency of CD4+T lymphocytes 
increased from 11.83 % ±1.14 in control to 18.51% 
±0.44 (p<0.02). This antigen specific stimulation was 
also capable of overcoming the immunosuppression for 
IFN-gamma production from T cells. The frequency of 
IFN-gamma+-CD4 cells was as low as 1.81% ±0.05 in 
unstimulated controls and increased to 5.035% ±0.1 
upon 63kDa specific stimulation (p<0.05) (Fig. 1). 
 Moreover, the 63KDa L. donovani polypeptide 
fraction showed to be equally potent in increasing the 
frequency of CD4+ T-cell in the HIV-VL co-infection 
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group of patients. While SLA stimulation caused a less 
significant increase from 3.94% ±1.13 in control to 
6.37%±2.61, stimulation with 63kDa antigen induced 
an almost four-fold increase to 15.6% ±4.68 (p<0.05) 
(Fig. 2). A remarkable increase was also induced in the 
interferon gamma response from CD4+ T-cells upon 
antigen specific stimulation. 2.92% ±0.91 cells were 
shown positive for IFN-gamma as compared to only 
0.435% ±0.35 in unstimulated controls (p<0.02). The 
results presented by us clearly identify an important 
immunomodulatory role of the 63kDa antigenic fraction 
of Leishmania donovani promastigotes. 
 Control of the visceral infection requires 
identification of such Leishmania components that can 
potentially stimulate the protective immune response in 
VL patients. In the wake of the increasing occurrence of 
HIV-VL co-infection cases, it is further necessary to 
identify potential prophylactic agents that may be 
equally efficient in supporting the protective cellular 
responses in VL cases with or without HIV co-infection. 
Our report on 63kDa antigen with a revelation that it 
may be instrumental in overcoming the paucity of CD4+ 
T-cell and the unresponsiveness of these cells for IFN-
gamma release, places it as a promising candidate with 
a vaccine prospect. 
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