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Abstract 

 
Antigen assay is a better indicator of active infection than antibody detection hence       
affinity purified anti ES-31 antibody against Mycobacterium tuberculosis H37Ra                
Excretory-Secretory 31kDa serine protease antigen (SEVA TB ES-31) was explored for 
detection of circulating free and Immune-Complexed (IC) ES-31 antigen by microtitre 
plate Peroxidase sandwich ELISA. The assay was evaluated in 27 clinical sera of sputum 
acid fast bacilli (AFB) positive and 10 AFB negative but anti-tuberculosis therapy                  
responded pulmonary tuberculosis patients in a tertiary hospital and 20 normal sera as 
control. The assay for circulating free ES-31 antigen in this preliminary study showed a 
sensitivity of 74% for AFB positive cases and 70% for AFB negative cases with 90% 
specificity. The assay for IC ES-31 antigen showed sensitivity of 77% for AFB positive 
and 70% for AFB negative cases with 90% specificity. Detection of IC-antigen as adjunct 
assay improves the sensitivity of detection. Peroxidase enzyme immuno assay showed a 
sensitivity of detection of 0.5 µg/ ml and levels of free and IC ES-31 antigens were 0.71 ± 
0.64 and 0.82 ± 0.40 µg/ ml in AFB positive patients’ sera. 

 
Introduction 
 
Tuberculosis (TB) is re-emerging as a deadly disease 
affecting both developing and developed countries. Based 
on surveillance and survey data, WHO estimated that 9.2 
million new cases of TB occurred in 2006, including 4.1 
million new smear-positive cases. India, China,       
Indonesia, South Africa and Nigeria rank first to fifth in 
terms of incident cases. Among these new cases around 
7.7% were HIV-positive [1].  Excessive delays in correct 
TB diagnosis and treatment remain a weakness of the 
control strategy [2-4]. Such delays are critical as 
infectious individuals provide more opportunities for 
transmission of the disease.     

  

Antigen assay will be a better marker than antibody 
detection for indication of presence of bacilli and active 
infection. Many groups have explored culture filtrate 
antigen of Mycobacterium tuberculosis (M.tb.) in ELISA 
for serodiagnosis of TB. [8, 9] In earlier studies from our 
laboratory, we have reported isolation of SEVA TB     
ES-31 (ES-31) protein antigen from culture filtrate of 
M.tb. H

 
In a developing country there are number of factors     
potentially increasing total diagnostic time, such as         
particularly the low sensitivity of the initial sputum smear 
microscopy test for acid-fast bacilli (AFB), lack of      
adequate laboratory facilities, lack of screening assays for 
active TB, time consuming (6 weeks) culture method 
[5,6]. Misdiagnosis due to less specific tests leading to 
failure to treat a serious infection or wasting expensive 
treatment on people who are not infected remains a     
serious problem [7]. Hence, there is an urgent need for 

improved and easily accessible diagnostic methods that 
are simple, rapid, inexpensive, reliable and suitable for 
use in the developing world. 
 

37Ra. ES-31 antigen was isolated using salt 
precipitation, sodium dodecyl sulphate-polyacrylamide 
gel electrophoresis (SDS-PAGE) and fast protein liquid 
chromatography (FPLC) fractionation and alternately by 
affinity chromatography [10, 11]. ES-31 antigen was 
shown to be diagnostically useful in TB [12]. The 
detection of circulating free antigen (Ag) and circulating 
immune-complexed antigen (IC-Ag) using affinity 
purified anti ES- 31 antibody was found to be useful as an 
adjunct test in TB serum showing absence of 
antituberculosis antibody by Penicillinase ELISA [13]. 
Combinatorial use of antibodies in antigen detection 
showed improved sensitivity and was observed to be 
better than single antibody [14].   
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Detection of free and IC tuberculous serine protease    
antigen along with antibody by Penicillinase ELISA was 
found to be useful for detecting TB in the presence of 
HIV-TB co-infection [15]. Immunomonitoring for the 
presence of antigen in TB patients under anti-tuberculosis 
therapy (ATT) showed that ES-31 antigen assay is useful 
in determining the effectiveness of therapy and patients’ 
compliance. A decrease in ES-31 antigen level was     
observed with treatment [16].  All these assays were 
based on penicillinase ELISA, which is sensitive but 
semi-quantitative and subjective assay. In this preliminary 
study, mass screening suitable, user friendly microtitre 
plate Peroxidase sandwich ELISA was standardized using 
affinity purified anti ES-31 antibody against ES-31     
protein antigen for detection and quantitation of       
circulating free and IC ES-31 antigen.  

    

M. tb. H

 
Materials and Methods 
 
Patients and control 
 
Sera samples were received from patients (n = 37)       
attending tertiary hospital of this Medical Institute      
suspected of having pulmonary TB (PTB) for in house 
developed Penicillinase enzyme immunoassay, ‘SEVA 
TB ELISA’ for screening against tuberculosis. Clinical 
history, physical examination, baseline laboratory       
investigations [hemogram, tuberculin skin test, chest   
skigram, urinanalysis), microbiological (AFB smear and 
culture)] investigations or response to ATT were       
considered as the basis for confirmation of TB etiology.  
27 sera belonged to AFB positive group and 10 belonged 
to AFB negative group, which were diagnosed clinically 
and responding to ATT. Sera samples from healthy     
individuals (n=20) with no history of TB were served as 
healthy controls. Sera samples were stored at our center’s 
patient sera bank in 0.5 ml aliquots at -20

  

anti ES-31 antibody was performed by Sandwich Plate 
Peroxidase ELISA. The wells of ELISA plates (NUNC) 
were sensitized with optimally diluted concentration of 
anti ES-31 antibody  50 µg / 100µL/well in 0.06 M     
carbonate buffer pH9.6 overnight at 4

0C with 0.1% 
sodium azide until use. All cases included in this study 
had history of BCG vaccination. The study was done  
prospectively in blinded manner in which clinical       
diagnosis was not available to the laboratory personnel 
prior to the assay. In the present study, each serum sample 
had been assayed in duplicate.   

 

For detecting immune complexed antigen, serum samples 
were pretreated with glycine HCl buffer (0.1mol/L, 
pH2.8) followed by heating at 65

 
Isolation of M. tb. ES-31 antigen and its antibodies 
            
ES-31 antigen was isolated from M.tb. H37Ra ES antigen 
by affinity chromatography using anti ES-31 antibody 
coupled Sepharose-4B column (Pharmacia Biotechnology 
AB, Uppsala, Sweden) [10]. Briefly, Cyanogen bromide-
activated Sepharose 4B beads were coupled with purified 
anti ES-31 antibody. DSS antigen was passed through 
column and ES-31 antigen was eluted by glycine HCl 
buffer (0.01 mol/ L, pH2.5) and collected in Tris-HCl 
buffer (0.01M, pH8.6). 
 

37Ra detergent soluble sonicate (DSS) antigen, 
was prepared from M.tb. H37Ra bacilli.  Briefly, bacilli 
were 5% phenol inactivated in 0.5M phosphate buffer 
(PBS, pH7.2) and incubated with sodium dodecyl suphate 
(SDS) extraction buffer. The supernatant as dialysed 
against 0.01M PBS, pH 7.2 and used as an antigen source 
[16]. Anti-DSS IgG antibodies were raised in goat by 
immunizing intramuscularly with 500 µg protein/mL DSS 
antigen with 1 ml Freund’s incomplete adjuvant on days 
0, 20, 33 and 45. Immune sera were collected on days 32, 
44, 57, 60 and thereafter fortnightly and anti-SDS IgG 
was isolated by 33% saturation with ammonium sulphate 
under ice, followed by diethyl aminoethyl-cellulose ion 
exchange column chromatography as described earlier 
[17]. Anti ES-31 antibodies were isolated from anti-DSS 
IgG by affinity chromatography using ES-31 antigen  
coupled Sepharose-4B column [11]. 

 
Peroxidase Sandwich ELISA for ES-31 antigen: 
 
The detection of circulating antigen using affinity purified  

0C following by 
blocking with BSA 1% for 2 hours at 370C. Plate was 
washed twice with PBS containing 0.05% Tween 20 
(PBS/T) followed by addition of sera (dilution 1:50) in 
PBS/T for 1 hour at 370C, followed by 3 washes. Then the 
wells were exposed to 1:1000 diluted Goat anti ES-31 
antibody IgG Peroxidase conjugate for 1 hour at 370C. 
The wells were washed five times with PBS/T with          
1 minute interval. The color was developed using TMB 
substrate (20X concentration) followed by using 50 µL 
stop solution (2N H2SO4). Then mean optical density at 
450nm was read with ELISA reader.  
 

0C for 15 minutes as 
described earlier [18]. 5ng ES-31 antigen with control 
sera was treated for IC to measure loss of activity of free 
ES-31 antigen if any during IC treatment.  
 
Results 
 
In this preliminary study, diagnostically useful ES-31  
antigen and its antibody were explored in Peroxidase  
enzyme immunoassay. The sera of healthy controls 
(n=20) were screened for free ES-31 antigen by microtitre 
plate  
Peroxidase sandwich ELISA to obtain cutoff OD (Mean  
+ 2SD) which was 0.180 (Figure 1). The assay for free 
ES-31 antigen showed a sensitivity of 74% for AFB   
positive cases and 70% for AFB negative cases with 90% 
specificity (Table 1). Free ES-31 antigen is sensitive to IC 
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treatment resulting in loss of 64% of the antigenic activity 
and thus did not contribute significantly to IC-Ag level. 
The cutoff OD (Mean + 2SD) after screening control sera 
for IC-ES-31 antigen was 0.177 (Figure 2). The assay for 

IC-Ag showed sensitivity of 77% for AFB positive and 
70% for AFB negative cases with 90% specificity (Table 
1).  

 
Table 1: Detection of SEVA TB ES-31 antigen in sera from TB patients by  

sandwich peroxidase  enzyme immunoassay. 
 

 
No. (%) showing positive for tuberculous circulating 

Free and immune complexed (CIC) ES-31 antigen 
 

 
Disease Status 

 
Number Screened 

(n) 

Free ES-31 Ag CIC ES-31 Ag 
In IC treated sera* 

 

AFB Positive 
 

27 
 

20 (74%) 
 

21 (77%) 

AFB Negative 10 7 (70%) 7 (70%) 

Healthy Control 20 2 (10%) 2 (10%) 
 

 
*IC treatment results in loss of 64% of free ES-31 antigen.  
Sera dilution: 1:50 
Amount of ES-31 Ab coated = 50 μg / well 
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Fig 1:  Detection of circulating SEVA TB ES-31 antigen in sera by Peroxidase ELISA. The mean OD 450  
obtainedwith sera of healthy individuals, plus 2SD, was used as the cutoff for positive reaction. 
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Fig 2:  Detection of Immune complexed Seva TB ES-31 antigen in IC treated sera by Peroxidase ELISA. The mean OD 

450 obtained with sera of healthy individuals, plus 2SD, was used as the cutoff for positive reaction. 
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Fig. 3:   Standard graph for Sandwich Peroxidase enzyme immunoassay# for quantitation of SEVA TB ES-31 

antigen.  
 
*O.D. obtained after substracting mean O.D. of healthy control sera.    

 #Assay showed sensitivity of detection of 0.5µg ES-31 Ag/ ml sera 
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One of AFB positive sera and one of AFB negative sera 
did not show presence of IC Ag but showed the presence  
of free antigen, while two sera of AFB positive patients 
and one sera of AFB negative patients which were not 
showing presence of free antigen showed presence of   
IC-Ag .Thus detection of IC-Ag as adjunct assay         
improves the sensitivity of the detection.  
 
Figure 3 shows standard graph with purified ES-31     
antigen at various concentrations (0.25, 0.1, 0.5, 1.0, 2.0, 
4.0, 6.0, 8.0 and 10.0 ng/well) when assayed by using 
Peroxidase assay. Peroxidase assay showed a sensitivity 
of detection of 0.5 µg/ ml sera. However antigen       
concentration of less than 0.5µg/ ml did not show any 
significant O.D compared to control. The mean ± SD  
serum levels of free ES-31 antigen were 0.71 ± 0.64 and 
0.82 ± 0.40 µg/ml in AFB positive and AFB negative TB 
sera respectively while serum levels of IC ES-31  antigen 
were 0.74 ± 0.65 and 0.60 ± 0.25 µg/ml in AFB positive 
and AFB negative TB sera respectively. 

  

In earlier studies from this laboratory, anti ES-31         
antibody had shown immunodiagnostic potential by   
penicillinase ELISA with sensitivity of 95% and       
specificity of 94.7% for detection of ES-31 antigen in 
PTB [10] indicating the decreased sensitivity of           
peroxidase assay. Penicillinase ELISA using 1µg of anti 
ES-31 antibody for detection of ES-31 antigen showed 
reactivity with 1:300 dilution of serum [14] while       
Peroxidase ELISA using 50µg of antibody showed 
reactivity with 1:50 dilution of serum. Hence 
Penicillinase ELISA is six fold sensitive than Peroxidase 
ELISA for detecting ES-31 antigen in serum. The higher 
sensitivity in penicillinase ELISA was possibly due to 
high turnover    number of the enzyme and sensitive color 
reaction in this assay. Sauar et al [22] also reported the 
higher sensitivity of enzyme penicillinase compared to 
enzyme Peroxidase, alkaline phosphatase and beta 
galactosidase when used as labels for progesterone 
determination in milk by ELISA. Reddy et al [23] also 
found that stick penicillinase ELISA more sensitive than 
enzyme Peroxidase assay for detection of filarial antibody 
in sera. However peroxidase enzyme immunoassay is 
objective and user friendly. 

 
Discussion 
 
Antibody assay systems are being explored extensively 
for the serodiagnosis of tuberculosis [19, 20]. Banerjee et 
al showed that detection of circulating free and IC ES-31      
antigen using purified anti ES-31 antibody by 
penicillinase ELISA was useful as an adjunct test in TB 
serum showing absence of tuberculosis antibody [13]. 
This is because Antigen assay is host immune system 
independent and will be a better marker for indication of 
presence of bacilli and active infection. Shende et al 
assessed penicillinase assay for      circulating free and IC 
ES-31 antigen and its antibody in PTB cases of varying 
grades of sputum positivity [21]. He found that levels of 
detectable anti ES-31 antibody was low due to removal of 
antibody from circulation by immune complex formation 
as confirmed by its elevated levels in sera of     sputum 
AFB3+ PTB cases. This indicates that detection of free 
antigen and IC-treated antigen is better indicator of    
infection than antibody detection.  
 
The accurate and early detection of TB infection helps in 
the prompt initiation of drug treatment and better 
management of disease. In the present study, Microtitre 
Plate Peroxidase sandwich ELISA was explored by using 
affinity purified anti ES-31 antibody for detection of 
circulating antigen in       tuberculosis sera. Construction 
of calibration curve (Fig 3) using ES-31 antigen allowed 
the tubercular antigen detected in human sera to be 
expressed quantitatively in terms of µg of ES-31 per ml 
sera. The assay showed a sensitivity of detection of 0.5 
µg/ ml ES-31. 74% AFB positive sera, 70% AFB negative 
sera of PTB cases and 10% healthy control sera were 
positive for circulating free ES-31 antigen while 77% 
AFB positive sera, 70% AFB negative sera of PTB cases 
and 10% healthy control sera showed positive reaction for 
IC     ES-31 antigen. It is of interest that Peroxidase 

ELISA could detect antigen in AFB negative but 
clinically      diagnosed and ATT treated cases showing its 
usefulness in TB suspected cases. In AFB negative 
patients, though bacillemia is low, antigen level is 
significant, possibly due to 1. more antigen released by 
death of bacilli during treatment or 2. slow    clearance of 
antigen in these      patients. This needs further   extensive 
study of clinically suspected and ATT responding TB 
cases. 
 

 
Thus in this communication, user friendly and more 
objective Peroxidase enzyme assay has been described for 
circulating ES-31 antigen detection independent of host 
immune response for diagnosis of PTB. Furthermore, 
detection of IC ES-31 antigen as an adjunct assay 
improves the sensitivity of diagnosis of PTB.  
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