
J Cell Immunol. 2020
Volume 2, Issue 6

Journal of Cellular Immunology                Research Article

https://www.scientificarchives.com/journal/journal-of-cellular-immunology

A Native 51 kDa Leishmania Membrane Protein Revealed 
as a Novel Antigenic Candidate for Immuno-Diagnosis of 
Human VL and PKDL diseases

Mohd Kamran#, Sarfaraz Ahmad Ejazi#, Anirban Bhattacharyya, Nicky Didwania, Nahid 
Ali*

Infectious Diseases and Immunology Division, Indian Institute of Chemical Biology, Jadavpur, Kolkata-700032, India
#Authors contributed equally

*Correspondence should be addressed to Nahid Ali; nali@iicb.res.in

Received date: July 07, 2020, Accepted date: September 15, 2020

 Copyright: © 2020 Kamran M, et al. This is an open-access article distributed under the terms of the Creative Commons 
Attribution License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original author  
and source are credited.

301

Introduction

Visceral leishmaniasis, a life threatening protozoan 
parasitic disease, is mainly caused by Leishmania donovani 
complex and is prevalent in the Indian subcontinent, 
East Africa and Brazil. VL patients even after successful 
treatment might show other clinical revelations of skin 
called post kala-azar dermal leishmaniasis (PKDL) [1]. 

Although there is substantial decline in the incidence of 
VL in some areas, the disease is still prevalent in most of 
the endemic regions with newer areas of infection being 
continuously reported [1]. Classical VL diagnosis relies on 
microscopic observation of the parasite from splenic and 
bone marrow aspirates [2,3]. For PKDL, slit-skin smear or 
biopsy specimens derived from skin lesions are examined 
for presence of the parasite [4,5]. These procedures 
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are quite painful, risky and require expertise for their 
operation. Acute infection of VL results in production of 
antigen-specific antibodies which remain in the blood of 
patients for several years. Various serological methods such 
as ELISA, direct agglutination test (DAT), western blot etc. 
are available to detect Leishmania specific antibodies in 
patients. However, these assays are limited to laboratory 
settings [6]. Development of a rapid diagnostic test (RDT) 
based on recombinant antigens makes diagnosis in a field 
setting comparatively easier. rK39 antigen based RDT are 
routinely used for diagnosis of VL patients especially in 
the Indian subcontinent. However, this test is not equally 
effective for all endemic regions [1,7,8]. Recently number 
of serological tests using kinesin-based recombinant 
antigens such as rK28, rKE16, rKLO8 have been 
described [9-11]. Out of these, rK28 based RDT has better 
performance in Sudan whereas sensitivity of rK39-based 
RDT is low [1,12]. Earlier we have reported the diagnostic 
importance of Leishmania membrane antigens (LAg) and 
its components through various techniques such as ELISA, 
immunoblot assay and strip test in the Indian subcontinent 
[13-15] and other parts of the world [16]. Recently, we have 
investigated the antigenicity and protective efficacy of nine 
antigenic components of LAg and indicated 34 and 51 kDa 
native antigens as potential leads for VL diagnosis. 

In the current study we have validated the sero-reactivity 
of 51 kDa antigen and one of its immunogenic epitopes 
with VL patients in the indirect ELISA. We have also 
characterized the potential of 51 kDa antigen for the 
noninvasive diagnosis of PKDL through urine.

Materials and Methods

Study cohort

Archive serum samples from VL patients (n=58) and 
urine of PKDL patients (n=23) were included in this 
study. All the VL patients were initially confirmed with 
routine rK39 strip test. Parasites were detected from the 
splenic or bone marrow aspirates of VL patients and from 
skin slits of PKDL patients. A total of 10 serum and 12 
urine samples were used from endemic healthy controls. 
Besides, 10 serum and 12 urine samples of nonendemic 
healthy individuals were included as controls. Samples 
from diseases other than VL were from 3 malaria, 4 
tuberculosis, 2 viral fever and 1 typhoid patients.

Electroelution and western blotting:

Leishmania promastigote antigens (LAg) as described 
previously [17] were separated in 10% SDS-PAGE. Protein 
band of 51 kDa was excised from the gel and electroelution 
was done as per the manufacturer’s protocol (Model-422; 
Bio-Rad). Electroeluted fraction of the protein was dialyzed 
against PBS and the purity was checked on SDS-PAGE. 

For western blotting, LAg (5μg/lane) was resolved by SDS-
PAGE and transferred onto nitrocellulose membrane. The 
membrane was blocked in bovine serum albumin (5%) 
and incubated overnight in primary anti-EF1-α polyclonal 
antibody (1:1000 dilution). Next day the membrane was 
incubated in secondary antibody (HRP-anti human) at 
room temperature for 2 h and the blot was developed 
using Image Lab software (Bio-Rad, CA, USA).

Indirect ELISA for antibody detection

Antibody capture ELISA was performed in 96-well 
bottom plates (Maxisorp Nunc; Thermo Fisher Scientific, 
MA, USA) as described previously [17]. Briefly, 51 kDa 
electroeluted antigen (1μg/well) in phosphate buffer 
(100μl/well) was used to coat the plates overnight in 
4°C. Next day, the coated plate was washed in PBS with 
Tween-20 (0.01%) and blocked with 1% BSA in PBS for 1 
h at 37°C. Subsequently serum samples with a dilution of 
1:2000 and urine sample (1:10) was added for 2 h at 37°C 
followed by secondary antibody (peroxide conjugated 
antihuman IgG; 1:4000) for 1 hour. Finally, TMB 
(3,3′,5,5′-Tetramethylbenzidine) substrate was added 
and the reaction was stopped using 2 N Sulfuric acid. The 
absorbance was recorded at 492 nm wavelength using 
ELISA plate reader (RS232C; Thermo Fisher Scientific, 
MA, USA).

Statistical analysis 

Nonparametric statistical analysis was performed using 
the Mann-Whitney U test for unpaired samples. GraphPad 
Prism software 7, San Diego, CA, USA was used for all the 
statistical analysis. The P<0.05 was taken as significant 
consideration. ROC curves were drawn for each ELISA 
and cut off values were determined where maximum 
sensitivity and specificity was achieved.

Results

Electroelution of 51 kDa protein from LAg and its 
reactivity in immunoblot assay

Earlier we have reported the 51 kDa antigen of LAg to be 
an excellent bonafide candidate antigen for diagnosis of 
VL [17]. Further in the previous study we have identified 
this antigen as elongation factor1-α (EF1-α) through mass 
spectrometry [15]. In this study LAg was purified from 
the promastigote membranes of the L. donovani. 51 kDa 
protein was excised from the Coomassie stained SDS-
PAGE gel of LAg and subjected to electroelution (Figure 
1A). To validate the identity of this antigen, 51 kDa protein 
was accessed by the immunoblot assay of LAg with anti 
EF1-α polyclonal antibody raised in mice (Figure 1B).  
Reactivity of polyclonal antibody with 51 kDa antigen of 
LAg confirmed its identity as EF1-α.
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Sero-reactivity of electroeluted 51 kDa protein in 
ELISA

In our previous study we demonstrated the reactivity of 
native 51 kDa antigen with 23 VL sera [17]. In this current 
study we extended the experiment with 58 more serum 
samples along with 10 samples each from endemic and 
nonendemic healthy individuals as well as from diseases 
other than VL. We found a substantial increase (P<0.0001) 
in the serum antibody titre of VL patients as compared to 

healthy controls and symptomatically similar diseases 
(Figures 2A & 2B). Out of the 58 VL samples examined 
only one showed absorbance below the cutoff line. The 
antigen did not show any cross reactivity with endemic 
and nonendemic healthy controls. However, it did cross 
react with two other diseases sera, one from patient 
of malaria and another having viral fever. The overall 
ELISA experiment showed 98.27% sensitivity and 93.33% 
specificity.  ROC curve of the experiment is depicted in 
Figure 2B.

 

Figure 1 

 

 
  

Figure 1. SDS-PAGE of Leishmania promastigote membrane antigens (LAg) and Immunoblot assay 
with anti-elongation factor1-α (EF1-α) polyclonal antibodies. A. LAg (5μg) was run on 10% SDS-PAGE 
and visualized by Coomassie blue. Lane M1 corresponds to molecular weight markers and lane L1 depicts different 
components of LAg including 51 kDa. B. LAg was run on SDS-PAGE and gel was electro-transferred to nitrocellulose 
membrane. The blot was probed with anti-elongation factor1-α (EF1-α) polyclonal antibodies. Lane M1, molecular 
weight markers (150-15 kDa), lane L1; LAg probed with anti-EF1-α (51 kDa).

Figure 2. 

 

 

 
 

  

Figure 2. Indirect ELISA using purified electroeluted 51 kDa antigen of LAg with VL sera. A. IgG 
immune-reactivity of 51 kDa antigen with serum samples from 58 VL patients (VL; n=58), 10 symptomatically similar 
other diseases (OD; n=10) including 3 malaria, 4 tuberculosis, 2 viral fever and 1 typhoid patient serum samples, 10 
nonendemic healthy controls (NEHC; n=10) and 10 endemic healthy controls (EHC; n=10). The dotted line shows 
the cut off value obtained from the ROC curve where sensitivity and specificity was maximum. Results are shown as 
mean ± SD and were tested for significance at p<0.05. Mann-Whitney U test was performed to calculate the statistical 
significance. B. Receiver Operating Characteristic (ROC) curve corresponding to the ELISA.
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Immunoreactivity of VL patients’ sera with B cell 
epitope of 51 kDa protein in ELISA

The native 51 kDa protein of LAg and one of its B cell 
epitopes (VCGNSKNDPPKEAAD) which was identified 
and synthesized from EF1-α was studied previously for 
their diagnostic potential using urine samples [15]. After 
evaluating the 51 kDa antigen in sera, we next evaluated 
the performance of its B cell epitope. Similar to the results 
obtained for native 51 kDa antigen, we found highly 

significant increase in the antibody titre of VL patients 
when tested with the epitope (p<0.0001). Clearly, 100% 
sensitivity and 93.33% overall specificity was observed 
with healthy controls and other diseases (Figure 3A). One 
of the malaria serum sample showed absorbance above the 
cutoff line thus giving a false positive response with one 
sample. The ROC curve of the ELISA is shown in Figure 
3B. The results obtained with 51 kDa antigen and its B cell 
epitope tested with patients’ serum samples prove their 
usefulness for diagnosis of VL through ELISA.

Figure 3. Indirect ELISA using synthetic peptide of 51 kDa antigen of LAg. A. IgG immune-reactivity of 
synthetic peptide of 51 kDa antigen with serum samples from 32 kala-azar VL patients (VL; n=32) , 10 symptomatically 
similar other diseases (OD; n=10) including 3 malaria, 4 tuberculosis, 2 viral fever and 1 typhoid patients serum 
samples , 10 nonendemic healthy controls (NEHC; n=10) and 10 endemic healthy controls (EHC; n=10). The dotted 
line shows the cut off value obtained from the ROC curve where sensitivity and specificity was maximum. Results are 
shown as mean ± SD and were tested for significance at p<0.05. Mann-Whitney U test was performed to calculate the 
statistical significance. B. Receiver Operating Characteristic (ROC) curve corresponding to the ELISA.

Figure 4. 

 

 

 
 Figure 4. Indirect ELISA using purified electroeluted 51 kDa antigen of LAg with PKDL urine. A. IgG 

immune-reactivity of 51 kDa antigen with urine samples of 23 post kala-azar dermal leishmaniasis patients (PKDL; 
n=23) , 10 other diseases (OD; n=10) including 3 malaria, 4 tuberculosis, 2 viral fever and 1 typhoid urine samples , 
12 nonendemic healthy controls (NEHC; n=12) and 12 endemic healthy controls (EHC; n=12). The dotted line shows 
the cut off value obtained from the ROC curve where sensitivity and specificity was maximum. Results are shown as 
mean ± SD and were tested for significance at p<0.05. Mann-Whitney U test was performed to calculate the statistical 
significance. B. Receiver Operating Characteristic (ROC) curve corresponding to the ELISA.
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Immunoreactivity of PKDL urine with 51 kDa 
protein 

The results obtained for VL diagnosis with serum samples 
prompted us to further evaluate the immunoreactivity of 
this 51 kDa antigen for the noninvasive diagnosis of PKDL. 
We found a significant (p<0.0001) difference in urine 
antibody titre of PKDL patients to distinguish from healthy 
and other diseases controls (Figure 4A). Interestingly we 
did not find cross reactivity with any group of control urine 
samples, healthy or diseased. The overall sensitivity and 
specificity of the ELISA was found to be 100% for PKDL 
diagnosis with urine. The ROC curve obtained from this 
study is depicted in Figure 4B. 

Discussion

VL is one of the oldest, often neglected tropical disease 
for which there is still no suitable diagnostic test available 
for all endemic regions. Microscopic observation of the 
amastigote stage of the parasite from splenic and bone 
marrow aspirates is considered to be the gold standard 
for Leishmania diagnosis [1]. However, these procedures 
are painful and cannot be used in a field setting. VL 
is characterized by Leishmania specific antibodies 
that remain in patients’ sera for several years even 
after treatment. Our laboratory has characterized the 
immunoglobulin G and its sub classes in kala-azar patients 
before and after treatment where strong reactivities of 
different component proteins of LAg were reported with 
patients’ serum [18]. In recent years attention has been 
directed towards recombinant antigens either single or 
in combination for serological diagnosis of VL. A major 
problem with the recombinant antigen is that they are 
largely expressed in the bacterial system which evades 
post-translational modifications. Thus, these antigens 
do not have carbohydrate and lipid moieties which are 
present in the native antigen. This might be the reason why 
performances of many recombinant antigens are not equal 
in all the VL endemic area [19].  Earlier we have evaluated 
the major constituents of LAg, including 51 kDa, for the 
diagnostic purpose using both serum and urine samples. 
In our recent study, we reported 51 and 34 kDa proteins 
of LAg as excellent candidates for VL diagnosis [17]. 
However, the number of serum samples used for the assay 
was limited [17]. Here we have extended our previous work 
using a larger number of samples for further validation of 
the study. Furthermore, a B cell epitope of 51 kDa antigen 
was evaluated through ELISA for VL sero-diagnosis. 
In addition, using 51 kDa antigen, we demonstrated a 
noninvasive diagnostic method for detection of PKDL 
infection through urine samples.

Elongation factor1-α (EF1-α), is a ubiquitously expressed 
protein and plays an important role in protein translation 

[20]. Apart from its role in protein synthesis, non-
canonical functions of this protein have also been reported. 
In Leishmania, EF1-α is reported to be a critical virulence 
factor involved in modulation of various cellular signaling 
networks [21]. Also, EF1-α, is involved in eliciting humoral 
response and induces antibody production during disease 
[22]. Earlier we have identified EF1-α as a component of 
LAg through mass spectrometry MALDI ms/ms analysis. 
EF1-α has been found in LAg either as 51 kDa protein 
[15] or as a 36 kDa truncated form [22]. In this study we 
validated the identity of 51 kDa antigen as EF1-α through 
western blotting. 

To investigate the reactivity of this antigen we 
electroeluted the antigen and performed indirect ELISA 
using patients’ serum samples. We found particularly 
good 98.27% sensitivity and 93.33% specificity upon 
comparison with endemic and nonendemic healthy 
controls and other diseases. Cross reactivity was found 
to be exceptionally low and only with other diseases that 
included one malaria and one viral fever patients. In order 
to further evaluate its antigenicity using bioinformatics, 
we used the B cell epitope of EF1-α, predicted and 
synthesized earlier for urine-based diagnosis [15]. This 
epitope has been identified as a potent peptide reactive 
with urine antibodies of VL patients. Using EF1-α epitope 
herein we found that the synthetic B cell epitope is as 
effective as the native 51 kDa antigen in terms of specificity 
(93.33%). Nevertheless, the sensitivity of the peptide is 
better (100%) than its native protein. PKDL, a sequel of 
human VL, is another complication of the skin in which 
the skin acts as a reservoir of the parasite and is a major 
hurdle in elimination of VL in the Indian subcontinent [1]. 
The serological methods available for PKDL diagnosis vary 
in terms of performance. Previously our lab has reported 
the reactivity of 51 kDa antigen of LAg with VL urine. Here 
we evaluated the immunoreactivity of 51 kDa antigen 
with PKDL patients’ urine. Remarkably, we found 100% 
sensitivity for PKDL patients with 100% specificity when 
compared with endemic and nonendemic healthy controls 
and other diseases. In summary our present study further 
strengthens the diagnostic potential of EF1-α as 51 kDa 
antigen with serum and urine samples. However, the use 
of this antigen in future as rapid immunochromatographic 
test for VL diagnosis and as test of cure remains to be 
explored.
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