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ABSTRACT 

One-third of the world's population is infected with 
tuberculosis (TB). Our aim was to determine performance 
characteristics of dot-ELISA in detection of TB infection and 
to determine the influence of TB infection on serum tumor 
necrosts factor-alpha (TNF-a) level. Sputum and serum 
samples of patients with pulmonary TB (n== 112), non
tuberculous diseases (n=38) and healthy volunteers (n=l2) 
were examined for TB infection. The performance 
characteristics of Ziehl-Neelsen stain for the detection of 
Mycobacterium tuberculosis (MTB) in sputum of pulmonary · 
TB patients were evaluated. The sensitivity, specificity, 
efficiency of Ziehl-Neelsen sta in was 48 %, 100 % and 64 
%; respectively. The Western blot and dot-ELISA were used 
to identify the target TB antigen using the TB-55 mAb: The. 
target antigen was identified at 55-kDa in serum samples 
from individuals with pulmonary TB using western: blot 
techniques. The dot-ELISA detected the 55-kDa TB antigen 
in serum samples with 85 % sensitivity, 94 % specificity and · 
88 % efficiency. The levels of TNF -a were measured in '40 
selected serum samples (20 positive TB antigen patients and 
20 negative TB antigen individuals) using ELISA. The serum 
levels ofTNF-a. were (83.4 ± 12.3 pg/ml) in patients positive 
for 55 kDa-TB circulating antigen, with a statistical 
significant difference (P< 0.0001) from the levels in negative 
individuals for 55 kDa-TB (19± 1.73 pg/ml). 
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INTRODUCTION 

One third of the world's population is exposed to MTB infection 
[David et al., (2004) and Gagneux et al., (2006)]. Conventional TB 
di:-~gnos is continues to rely on smear microscopy, culture and chest 
radiography. These tests have known limitations [Pai et al., (2006)} . 
Conventional tests fo r detection of drug resistance are slow, tedious and 
difficult to perform in field conditions. New tools include newer versions 
of nucleic acid amplification tests, immune-based assays, skin patch test 
and rapid culture systems were used [Ravn ct al., (2005)]. Although the 
ideal test for TB is still not in sight, substantial progress has been made in 
the past decude. With the resurgence of interest in the development of 
new tools for TB control. it is li kely that the next decade will see grea~er 
progress and tangible benefits [Dinncs ct al., (2007)]. Attallah ct a}., 
(2003,2005) developed a simple and rapid dot-ELISA based on the 
detection or a 55-kDa TB antigen for field diagnosis of pulmonary and 
extra-pulmonary tuberculosis using monoclonal ·anti body (TB 55 mAb). 
The dot-ELISA detected the TB-55 kDa antigen in 90% sera of 
individuals with extra-pulmonary TB and in 87% sera of individuals with 
pulmonary TB with a specificity of 97% among control individuals. 
Infection with MTB is accompanied by an intense local inflammatory 
response which may be critical to the pathogenesis of TB {Bothamlcy 
(2008)J. Activation of components of the innate immune response, such 
a:; recruitment of polymorphonuclear and mononuclear phagocytes and 
induction of pro-inilammatory cytokines, such as INF-o:. by MTB occurs 
early after MTB infection, ho\\·ever. may pers ist as the organism 
establishes itself within granulomas [Lin ct al., (2008)]. MTB and its 
protein and non-protein components are potent in induction of cytokines 
and chemokines from polymorphonuclear and monocytes [Toossi 
(2000)]. In the present study. serum 55-kDa TB antigen was identified 
using western blot and its diagnostic accuracy using dot- ELISA for 
discriminating patients those with TB infection from controls, including 
non-tuberculous patients and healthy volunteers were assessed. 

2. MATERIALS AND METHODS 

2.1. Sputum and serum samples 
Sputum and serum samples of 162 individuals (126 males, 36 

females; aged 26-56 year) were obtained from Chest Hospital, Oamietta, 
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Egypt. Sputum smear were examined using Ziehl Neelsen Stain for 
detection acid fast bacilli (AFB). Blood samples were allowed to clot for 
separation of sera. Tubes were centrifuged at 4000 rpm for 10 minutes 
serum were separated and stored at - 20°C. Patients with pulmonary TB 
(n = 112) were diagnosed by sputum smear for acid-fast bacilli, 
radiographic evidence or clinical symptoms. In addition. sputum and 
serum samples of patients admined to the hospital for a defined acute or 
chronic non-tuberculous diseases (n=3-8) including; chronic obstructive 
pulmonary disease (n =18). asthma (n =5), ischemic heart disease (n =6), 
pneumonia (n =3), bronchitis (n =2). lung cancer (n = 1) and lung 
infection (n =3) as well as sputum and serum samples of healthy 
volunteers (n = 12) with no signs of clinical impairment and normal chest 
radiographs were included as cqnrrols. 

Sodium dodccyl sulfate-polyacryl;lmidc gel electrophoresis and 
western Blot 

Serum samples at 30 )lg lane \\\~re s~pararcd by sodium dodecyl 
sulfate- polyacrylamide gel electrophoresis and immunostained using the 
TB-55 mAb as previously described by Attallah et al (2003). 

Dot-enzyme linked immunosorbent assay (dot-ELISA) 
The dot-ELISA as a simple and rapid assay \\·as used for 

screening of TB antigen in serum using specific IgG TB-5 5 mAb 
according to Attallah ct al., (2003). In brie-f. all the assay steps run out 
on the surface of nitrocdlulose membrane filt~r fixed in a plastic 
cartilage. Tested samples (500 pg/dot) were added to the membrane 
surface. After washing, the TB-55 mAb antibody diluted in 0.0 lM PBS 
was added. Alkaline phosphatase conjugated goat antibody diluted in 
0.05 M Tris buffer \Yas added to the membr~me surface. The 1\BT/BCIP 
substrate solution was used to develop the color within 2 min. The 
reaction was then stopped and the result was evaluated. 

Detection of Tumor Necrosis Factor using ELlS.-\ Method: 
The levels of TNF-a were measured in 40 selected serum samples 

(20 positive TB antigen patients and 20 negative TB antigen individuals) 
using ELISA. Human TNF-a. was quantitated by commercially available 
ELISA kit (Quantikine, R&D Systems. Inc .. 614 \tlcKinley Place N.E. , 
Minneapolis, USA), according to the manufacturer's instructions. A 
monoclonal antibody specific for T\"F-a has been pre-coated on a 
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microplate. Standards and samples are pipetted into the wells and any 
TNF -u present is bound by the immobilized antibody. After 2 hrs of 
serum sample incubCltion. plates were washed 3 times, and then 200 111 of 
an enzyme linked monoc1onal antibody were added to each well. 
follo,,·ing a wash to remove any unbound antibody, enzyme reagent 
substrate solution ( l 00 !-d) is added to the wells and color develops in 
proportion to the mnount of cytokines. The reaction stopped and 
absorbance was read at 450 nm using ELISA reader (l:960 Metretech, 
Ge·many). 

Statistical analyses 
All statistical analyses were done by a statistical software package 

··s1>SS 12 0 _for Microsoft Windows, SPSS Inc.) and considered 
statistically significant at a two-sided P < 0.05. Numerical data were 
expressed as mean ± SO. The Mann-Whitney U-test was used for 
comparisons between independent groups. The diagnostic sensitivity, 
specificity. efficiency, and positive predictive (PPV) and negative 
predictive (NPV) values ''ere calculated [Gahen, Gambino (1977)]. 

RESULTS 

Evaluation of cfticicncy of Zichl-Ncclscn s tain. 
Sputum samples from 112 clinical ly diagnosed as TB patients 

\Vere screened lor the detection of fvlTB using Ziehl-Neelsen stain. 54 of 
the 112 cases with pulmonary TB. were positive for MTB (48 %) and 58 
cases (52 %) were smear negative. So the sensitivity of Ziehl-Neelsen 
sta in was 48 % using cl inical examination as gold standard method. All 
sputum samples from 38 clinically diagnosed as respiratory diseases 
other than TB (n= 38) and healthy controls (n= 12) were smear negative 
for MTB. So the spec ificity and efficiency of Ziehl-Neelsen stain were 
l 00% and 64 %; respecti,·ely. 

Identification of the TB-55 mAb target antigen in serum samples: 
Serum samples from TB patients and non infected individuals 

were analyzed by 12% one-dimensional SDS-PAGE under reducing 
conditions and stained with Coomassie blue. TB- 55 mAb was used as a 
probe in western blot assay. An intense sharp band was present in serum 
samples of pulmonary TB patients at 55-kDa but no reaction with non 
infected samples was observed. (tigure I ). 
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Mol. wt 1 2 3 4 5 6 7 8 9 
kDa 

97.4---

66.2---

55.0-- --55.0 kDa 
42.7---
4o.o---

31.0--

21 .5--

Fig. (1): Wcstcr·n blot analys is of sera from controls individua ls and 
pulmonary TB patients. Lanes ( J. 3. 5. 7 and 9): serum samples from 
Tl3 patients demonstrating TB 55 kDa antigen band. Lanes (2, 4, 6, and 
8): serum sample from controls individuals with no antigen band. 
Molecular weight markers (Mr.) include: Phosphorylase B (97.4 kDa), 
Bovine serum albumin (66.2 kDa). Glutamate dehydrogenase (55.0 kDa), 
ovalbumin (42.7 Da), aldolase (40.0 kDa), Carbonic anhydrase (3l.O 
kOa) and Soybean trypsin inhibitor (2 1.5 kDa). 

Rapid detection of the 55-kDa circulating antigen in sera using dot
ELlS!\: 

TB-55 mAb antibody was used as a probe in dot-ELISA to detect 
a target TB antigen in serum according to Attallah et al., (2003). Serum 
samples of patients with pulmonary TB (n== 112) were tested for 
circulating TB antigen 55- kDa using dot-ELISA. Of 112 pulmonary TB 
cases. 95 (85 %) were positive for circulating tuberculosis antigen 55-
kDa. So the sensitivity of dot-ELISA for the detection of TB antigen was 
85 % using clinical examination as gold standard method. 36 samples out 
of 38 patients with respiratory diseases other than TB and ll samples out 
of 12 healthy individuals were negative for TB antigen with 94 % 
specificity. The TB antigen 55 kDa was detected in 3 out of 50 serum 
samples of controls (6 %; false positive). So the specificity and efficiency 
of dot-ELISA for the detection of TB antigen were 94 % and 88 %; 
respectively. (table 1 ). 
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Table (1): Validation of dot-ELISA test for diagnosis of pulmonary TB. 

Dot-ELISA* %positive 
Gr·oup No. 

Positive Negative 
Pulmonar·y TB 112 95 17 85 
Con . · lis 50 3 47 6 
Non- tuberculous diseases 38 2 36 5 
H ealthy individuals 12 1 II 8 

~, Rapid detection of the 55-kDa TB antigen in serum. 
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Fig. (2): Mean levels ofTNF-a in 40 selected serum samples (20 positive 
TB antigen patients and 20 negative TB antigen individuals). A 
significance difference (p < 0.000 l) was shown between 
positive and negative TB antigen individuals. 
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Quantitative determination of TNF-cr in serum samples using ELISA. 
The standard curve was constmcted by plotting the means of 

absorbance's at 450 nm for each standard (0, 15.6, 31.2, 62.5, 125, 250, 
500, l 000 pg/ml) on the X axis against the concentration on the Y axis. 
The concentration of unknown samples can be determined from the 
standard curve of TNF-a. The levels of TNF-a were measured in 40 
selected serum samples (20 positive TB antigen patients and 20 negative 
TI3 antigen individuals) using ELISA. The mean serum level of TNF-a 
was fOLLnd to be (83.4 ± 12 .3 pg/ml) in patients positive for 55 kDa-TB 
circulating antigen. with a statistical significant difference (P < 0.0001) 
compared to the levels in negative individuals for 55 kDa-TB (19 ± 1.73 
pg/ml); figure 2. 

DISCUSSION 

TB is one of the biggest global health problems. One-third of the 
world's population is latently infected with TB [Hansted et al., (2007)]. 
It is assumed that about 10% of individuals infected with MTB develop 
TB. and the remaining 90% suppress contain MTB through their immune 
systems. but have a latent TB infec tion. An early accurate diagnosis in
patients with active disease is essential to reduce morbidity and morwlity 
lllarada (2006)1. Laboratory diagnosis of MTB currently depends on 
acid- fast staining [Kennedy ct al., ( 199~)1. While this technique had 
been continuously refined and improved. they still have several 
limitations [Bcnncson (1995) J. In the present study, microscopic 
examination of AFB smears has sensitivity and efficiency values low 
enough to be useful only as a presumptive screening test. AFB on stained 
smears are not very sensitive because betvveen Sx 103 and 1 x 104 AFB per 
m! of sputum must be present to be detected under the microscope 
[IIIcifcts & Good (1994)). In the present study, a 55-kDa TB antigen 
was identified in sera of individuals with pulmonary TB using specific 
monoclonal antibody designated TB-55 mAb. Several MTB antigens 
were detected in serum e.g. , 30-kDa antigen and 31 - kDa antigen [Ng et 
al., (1995) and Nair et al., (2001)). Although the ELISA system is very 
practical and sensitive, the testing equipment required is not always 
available in areas where TB is endemic. An alternative to ELISA could 
be the dot method, which uses only a paper matrix to which the antigen is 
spotted. and the development of the antigen- antibody reaction is done 
by an enzyme or the use of a colloidal gold conjugate [Stott (1989)] . 
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The technical aspects of the dot-ELISA can be performed very simply 
and the staff of a single laboratory can easily handle large number of 
serum specimens. In the present study, the efficiency of the dot-ELISA 
in patients with pulmonary TB was 88 %. Moreover, the diagnostic 
potential of TB antigen detection has been evaluated in different body 
tlu ilb [Ashok ct al., (2002) and Lenka et al., (2000)] with sensitivity 
rates of 41 - 93% and specificity rate of 86-l 00%. There is an urgent need 
to identify reliable correlates of immunity against TB for the evaluation 
of TB vaccines cunently under development [Doherty (2005)] . In TB, T 
cells are responsible for protection but also the pathology caused by 
inf1ammatory responses. Most T cells are div ided into Th 1 and Th2 
sLbsets depending on the type of cytokines produced [Mustafa & 
Oftu ng ( 1995) ]. TNF -a is required for appropriate chemokine expression 
b;. MTB infected macrophages. both in vitro and in vivo !Roach et aL, 
(2002) and Algood ct al., (2005)1. In the present study, the levels of 
TNF -a were measured in 40 selected serum samples (20 positive TB 
antigen patients and 20 negative TB antigen individuals) using ELISA. 
The serum levels of TNf-a were higher in patients positive for 55 kDa
TB antigen, with an extremely statistical signi ficant difference (P< 
0.000 I) from the levels in negative individuals for 55 kDa TB antigen. 
Previous studies have shown higher serum levels of TNF -a. in pulmonary 
TB patients compared to the control subjects [Kart et al., (2003)). Also, 
s~rum TNF-a level was significantly higher in both active and inactive 
TB patients than healthy controls, and significantly higher in active than 
i ~1active TI3 patients !Tang ct al., (2003) and Olobo ct al., (2001)]. Our 
resul ts agree with above reports in that serum TNf -o. level are elevated in 
pulmonary TB pJtients compared to control individuals . The present data 
demonstrate that the 55-kOa antigen has highly diagnosti c potential and 
its has ability to discriminate TB patients from controls. including non
tuberculous patients. However. TNF-o production in response to this 
antigen may serve as a marker of disease activity of TB in an area ofTB 
endemic. 

CONCLUSION 

Compared with the Ziehl-Neelsen stain, the detection of 55 kDa
TB antigen appears to be as sensitive and specific for diagnosis of TB 
and its presence causes elevated serum TNF-a level. 
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