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Background: Tuberculosisis a crucia health problem. Establishing a rapid,
reliable and still inexpensive diagnostic method for tuberculosis seems to be
substantial in devel oping countries where TB has very high incidence rate.
Methods. An Indirect Enzyme-linked immunosorbent Assay (ELISA) was
established to detect serum antibodies against Mycobacterium tuberculosis.
Three kinds of antigens were used to prepare the solid phase for antibody as-
say including: purified protein derivative (PPD), M. tuberculosis Bacilli, and
Mycobacterium bovis Bacillus Calmette Guerin (BCG). Sera of two main
following groups were investigated in this study: sera samples from smear-
positive, culture-positive and Tuberculin Skin Test-positive TB patients and
sera samples from smear-negative, culture negative and TST-negative healthy
individuals.

Results: Among the antigens used, BCG produced higher sensitivity and spe-
cificity in the assay. With PPD as the solid phase, higher sensitivity, but low-
er specificity was observed in comparison with BCG. Both, low response and
noise (non-specific binding) were observed with TB bacilli as the solid phase
in the assay.

Conclusion: Using BCG solid phase system in this method resulted in higher
sensitivity in comparison to single antigen solid phase systems. In addition,
we were able to circumvent the problem of non-specific bindings in more
popular multi-antigenic solid systems such as PPD. By using this new indi-
rect ELISA, arapid, reliable and still inexpensive diagnosis of tuberculosis
might be possible. Although, further investigations are required to confirm
our result.
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I ntroduction

Tuberculosis is a crucia hedth problem
worldwide, based on report from World
Hedlth Organization (WHO), with 8.7 million
casesin 2011 (1). The diagnosis of Tubercu-
losis (TB) is primarily based on the identifi-
cation of Mycobacterium tuberculosis, and
clinical and radiologica evidence. Culture of
bacteria is the diagnostic “gold standard”
method. Although, it requires along time and
it is not always successful. On the other hand,
in practice, only 40-50% of patients with pul-
monary tuberculosis are smear positive with
Ziehl-Nedlsons direct microscpy method (2)
and approximately 17% of TB transmission is
through patients with smear-negative and cul-
ture-positive tuberculosis (3). Moreover, due
to the high workload, laboratory workers, es-
pecidly in developing countries, process an
excessive number of dides resulting in alow-
er quality diagnostic service. Therefore, de-
velopment of a serological test for the diag-
nosis of TB has been an interesting area of
research since the report by Brown and Petrof
in 1918 (4). In recent years several research
teams, all over the world, have tried to setup
immundiagnostic assays to detect antigen or
antibodies of M. tuberculosis (MTB) in se-
rum or other body fluids (5-11). However, the
challenge is to develop a smple and inexpen-
sive test with sengtivity better than that of
direct microscopy which could be widdy
used in devel oping countries.

In this study, we have developed a new sen-
dtive and reliable indirect Enzyme-linked
immunosorbent assay (ELISA) method for
detection of Anti-tuberculosis antibodies in
human serum by examining three easily ac-
cessible and inexpensive solid phases.
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Materialsand M ethods

Patient sera

Twenty serum samples from smear-positive,
culture-positive and Tuberculin Skin Test
(TST)-positive TB patients as well as twenty-
four serum samples from smear-negative, cul-
ture negative, TST-negative hedlthy indi-
viduas were collected. The samples were pro-
vided by the Mycobacteriology Department of
Pasteur Ingtitute of Iran. Two control groups
were aso provided: Nineteen sera from non-
TB individuas who were smear-negative, cul-
ture negative, and TST-negative were collect-
ed. Five of these nineteen sera were intention-
aly chosen to have high titres of rheumatoid
factors (RF). The high RF samples were pro-
vided by Fardis Medical Laboratory, Karg,
Iran. Based on the ethics board of our ingtitu-
tion, ethical approva was not required for our
investigation since dl the samples were d-
ready collected for another study under in-
formed consent of the donors.

Materials

The BCG used in this study was BCG vac-
cine, a product of Pasteur Institute of Iran.
The Purified Protein Derivative (PPD) was
obtained from Razi vaccine & serum Re-
search Ingtitute in Iran. All other reagents &
solutions were obtained from Sigma-Aldrich
Corporation, UK.

Evaluation of the antigen concentrations for
ideal coating

Various concentrations of BCG in carbonate
/ bicarbonate buffer (100 mM, pH 9.6) were
prepared. ELISA plates were coated with the
solution for 1.5 h a 37°C. The plates were
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then washed three times with Tween-20 solu-
tion (0.1%) and blocked with a solution of
0.5% BSA in PBS buffer for 1h at room tem-
perature. The plates were then washed four
times with Tween-20 solution, and incubated
with polyclona rabbit anti-Th antibody (10
ng/ml) in PBS buffer including 0.1% Tween-
20 and 0.1% BSA for 1h at 37°C. ELISA
plates were then washed 5 times with the
washing solution and incubated with polyc-
lonal anti-Rabbit antibody conjugated with
HRP (Horseradish Peroxidase) (1. 3000) for
1h a 37°C. After six times washing with
Tween-20 solution, OPD (orthophenylene-
diamine) substrate in 0.05 M phosphate-ci-
trate buffer (pH: 5.0, containing 0.03% so-
dium perborate) was added to the plates. The
color development was stopped using 100 ni
of 1IN H,SO,. OD was measured at 492 nm
using an ELI1SA plate reader.

A solid phase system using M. tuberculosis
bacilli was prepared with the same method
used for BCG. The M. tuberculosis was ob-
tained from clinical isolates and was inacti-
vated in water bath at 80°C for 20 minutes.
The highest concentration of the bacterial
cells used for coating was 5.0° 10° / ml ac-
cording to the Mc Farland method (12). Simi-
lar experiments were carried out using PPD
asthe solid phase.

ELISA Analysis

A serum sample with high titres of anti-TB
antibodies was diluted 1:50, 1:100, 1:200,
1:400, 1:800, 1:1600 in PBS containing 0.01%
Tween-20 and 0.1% BSA. One hundred mi-
croliter of the diluted serum was added to each
well of PPD coated plates (10 ng/ml) and
BCG coated plates (50 ng/ml) and incubated
for 90 min at RT. Washing four times with the
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Tween-20 solution and incubated with diluted
(1:5000) akaline phosphatase (AP) conjugat-
ed anti-human IgG (and IgM for BCG coated
plates). After five times washing, enzyme ac-
tivity was determined with pNPP substrate (in
DEA buffer 50 mM, pH: 9.6 containing 1mM
MgCl,). Optica density of the plates was
read at 405 nm after 15 min. All sera were
then tested as above using BCG coated plates.

Results

Figure 1 shows the results from three solid
phase systems. All three experiments were
carried out Smultaneoudy. With BCG as the
solid phase, better response was obtained in
comparison with the PPD and TB coated pla-
tes. The OD increased with increasng BCG
concentration, and leveled off at about 50
ng/ml (Figure L.A).

Figure 2.A shows the dose-response curve
of 1gG antibodies from different serum sam-
plesin BCG ELISA system. It is clear from
the curves that the OD increases in proportion
to 1gG increase in the infected serum sample.
The 5 serafrom non-TB patients, with a high
titre of rheumatoid factor (RF** ) showed a
relatively higher background (non-specific
binding) in comparison with the serum from
the healthy individual, when used at low dilu-
tion (1:50) (Figure 2.B).

Discussion

Tuberculosis is a crucid hedth problem
worldwide. A rapid and reliable test for di-
agnosis of TB is essential, especidly in re-
source-poor countries.
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Figure 1. Efficacy of various solid phase systemsto

detect anti-TB Abs: A. BCG, B. PPD, C. Intact bac-

teria. All three experiments were carried out in par-
ale, ssimultaneously

Although bacteria culture is the diagnostic
gold standard, it takes a long time and is not
aways successful. Moreover, direct micro-
scopy lacks sufficient sengitivity. TST re-
quires adequate experience to be measured &
documented; a matter not fully considered by
health workers (13). On the other hand, it is
not rapid enough and it needs a return visit.
Interferon-Gamma Release Assay, atest with
potential to replace TST (14) is not widely
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available in developing countries where TB
has avery high incidence rate.
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Figure 2. A. Dose-response curve of human 1gG
anti-TB Ab present in an infected serum with high
titer of anti-TB antibodies, together with two kinds

of control sera; B. The mean results of 1gG anti-

TB ELISA from three study groups.

Other commercially available serodiagnostic
tests are not easily affordable in developing
countries and their cost-effectiveness are un-
der question (15, 16). Thus, we investigated
to establish a rapid, inexpensive and reliable
ELISA which can be a suitable parallel in TB
diagnosis or screening procedure in develop-
ing countries. Since the sensitivity and speci-
ficity of the ELISA method for detecting anti-
bodies in serum is serioudly affected by non-
specific binding of irrelevant immunoglobu-
lins in antiserum to the solid phase (17), this
problem should be minimized by different
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strategies depending on the assay; In the case
of anti-TB antibodies, by the application of
multi-antigenic antigens (or multi-antigens)
in order to enhance the sengitivity of the test,
and using more specific types of antigens to
reduce the non-specific binding of antibodies
to the solid phase. We investigated BCG as
the solid phase system in this study. Two con-
trol sera from non-TB individuals with and
without rheumatoid factors were used to de-
termine the background OD of the ELISA
test. Serawith high titres of rheumatoid fac-
tors played a controlling role in our indirect
ELISA since RF has been reported to cause
interference and fal se-positive results in some
indirect ELISA assays (18-21).

The sengitivity and specificity of the newly
organized test was 90% and 93.5%, respec-
tively. Three out of 19 of the non-TB serum
with high titres of rheumatoid factors was
determined as fase positive cases, and two
out of 20 sera from TB patients were deter-
mined as fal se negatives.

The specificity and sengitivity of our method
is comparable to the results from previous
research groups (22). The relatively high sen-
gtivity of the present method is more likely
due to the use of a specific multiantigenic
system. In other similar studies (23-27), use
of multiple antigens facilitated the develop-
ment of a highly sensitive test for M. tuber-
culosis antibody detection. Similar use of
BCG was dready reported in diagnosing bo-
vine tuberculosis and it was found that com-
paring to Ag85 & MPT-51, BCG gave the
highest specificity and sensitivity (28). With
the application of the new solid phase system,
non-specific binding of serum immunoglo-
buin in a ssimilar multi-antigenic solid phase
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system such as PPD (29) was considerably
reduced, to an acceptable level.

More studies and on greater scales are re-
quired to be done to confirm the result of our
studies so that areliable and still inexpensive
method will be trandated to clinical applica-
tion in some economically disadvantaged ar-
eas of the world.
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