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Two recombinant antigens and a crude bacterial antigen of a wild M. tuberculosis strain were
used to detect specific IgG antibodies in sera from 52 patients with pulmonary tuberculosis,
confirmed by an acid-fast smear and serum culture of these patients and that of 25 contacts. The
patients were not infected with HIV. We evaluated the sensitivity and specificity of ELISA, based on
the recombinant TbF6 and TbF6/DPEP antigen and a search for reactivity patterns in the
Western blot technique, using whole mycobacterium antigen. Serum samples from 22 healthy
individuals and from 30 patients with lung diseases other than tuberculosis were used as controls.
The best ELISA results were obtained with the TbF6/DPEP antigen combination, which gave 85%
sensitivity and 91% specificity. ELISA sensitivity improved from 85% to 92% when the Western
blot results were used. Western blot specificity was 100% when antibody reactivity with different
antigenic bands was analyzed and associated. The association of TbF6/DPEP antigens used in
ELISA with specific patterns of reactivity determined by Western blot can help make an
identification when classic methods for the diagnosis of pulmonary tuberculosis are not sufficient.
Key Words: M. tuberculosis; recombinant antigens; diagnosis.

Mycobacterium tuberculosis causes pulmonary
tuberculosis (Tb), and the clinical manifestations of
infection can be either acute, or latent and asymptomatic,
depending on the intensity of the immune response
mounted by the infected patient.

After being exposed to M. tuberculosis, 40% of
the individuals that become infected will develop
primary active tuberculosis, and 60% remain with the
latent form of the bacilli and may present
extrapulmonary sites of infection, resulting from
inefficient macrophage action at the beginning of
exposure [1].

Considering that one-third of the world population
carries M. tuberculosis in its latent form, and that 5%
develop active disease during the first years of infection,
it is estimated that 8 million new cases of tuberculosis
and 3 million deaths occur each year. Furthermore, the
risk of reactivation increases as a consequence of
associated conditions and pathologies [2], such as
diabetes, cancer, chronic renal insufficiency, immune-
suppressive therapy, malnutrition and, mainly, coinfection
with human immunodeficiency virus (HIV) [3].

The standard diagnosis is still made by clinical
examination, direct sputum microscopy, and bacterial
culture. However, tuberculosis does not always present
the classic radiological signs that allow an easy diagnosis,
especially in extrapulmonary cases. The traditional
laboratory methods used for complementation of
diagnosis have their limits, such as low sensitivity of acid-
fast smears in paucibacillary patients, the time needed
for cultivation, with undetectable growth in only 10 to
20% of the cases, and the high costs involved in molecular
detection methods, such as PCR.
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The purified protein derivative (PPD) skin test is of
limited value, since it can turn positive in people who
have been vaccinated with bacillus Calmette-Guerin
(BCG) and in individuals who have had contact with
other mycobacteria [4].

Many studies have focused on the detection of
antibodies specific for different M. tuberculosis antigens
that indicate active disease. Such a rapid serologic test
should be economic and successful in cases where the
classical methods are not sufficient. According to the
recommendations of the World Health Organization,
to replace the “gold standard”, bacterial culture, a
serological test must possess a sensitivity of over 80%
and specificity of over 95% [5].

In attempts to develop a serological test,
mycobacterial antigens, such as 38 kDa Phos[6], 30
kDa antigen 6, 85B [7], 16 kDa [8], LAM [9], A60
[10], and Mtb81 [11], have been characterized, purified
and independently tested with sera obtained from
tuberculosis patients. Not long ago, research focused
on low-molecular weight antigens that are specific and
potentially useful for the diagnosis of tuberculosis, such
as the antigens, 23/24 kDa, 19 kDa, 14 kDa (16 kDa);
Mtb 8 and ESAT-6 (a 6 kDa MW secreted antigen)
[12,13]. The observed heterogeneous immune
response, together with the absence of reactivity to a
single antigen, or with a specific group of antigens,
suggests the existence of variations among individuals
as well as variability according to the stage of the
disease [14].

Many researchers have suggested that one
possibility to compensate for the variation of the immune
response and the influence of the stage of the disease
would be to combine the antigens with the highest
individual sensitivities into one single test. This antigen
mixture would improve the test performance by
allowing simultaneous recognition of the different
epitopes of each of the proteins [15]. The profile of
antibody reactivity has been exhaustively studied using
different antigen preparations in Western blotting
[16,17].

All of these publications have shown that at least
90% of patients produce specific IgG during the
pathological process. Thus, the low sensitivity reported

for the currently-used serological tests does not reflect
a failure of the humoral immune response of the
tuberculosis patient, but highlights the difficulties in
elaborating a suitable test format.

We developed an ELISA based on the recombinant
antigen TbF6 and on the TbF6/DPEP combination
(Corixa Co.), evaluated its performance in detecting
IgG antibodies specific for M. tuberculosis and
investigated by Western blot the IgG profiles of
pulmonary tuberculosis patients and their contacts,
using low molecular weight proteins extracted from a
wild strain of M. tuberculosis as antigens.

We calculated the sensitivity, specificity, and positive
and negative predictive values of this test for the
diagnosis of Tb patients.

Material and Methods

Mycobacteria

The M. tuberculosis strain employed in this study
was isolated from a sputum sample obtained from a
patient with tuberculosis in 2000. The bacteria were
cultivated on Löwenstein-Jensen medium at 37°C for
30 days. Species confirmation was performed using
microbiological assays and a DNA hybridization test
using a DNA probe specific for the M. tuberculosis
complex (Accuprobe M. tuberculosis complex – Gen-
Probe, cat. no. 2860).

Bacteria grown on Löwenstein-Jensen medium
were inoculated in Sauton liquid medium. After
incubation at 37°C for five weeks, the bacterial
suspension was transferred to a 1-liter flask containing
250 mL of Sauton liquid medium and incubated at 37ºC
for another 10 weeks, without shaking.

Crude bacterial antigen

Approximately 2 g of wet bacteria were harvested
by centrifugation from the surface of the liquid culture,
washed and resuspended in PBS containing PMSF,
EDTA and DTT at final concentrations of 1 mM each.
The bacilli were subjected to sonication for 1 h at 80
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Hertz, using a Vibra Cell TM 72405 sonicator (BioBlock
Scientific) in ice, and subsequently centrifuged at 10,000
x g for 30 min at 4°C.  Proteins were precipitated by
adding ammonium sulfate (80% final concentration) to
the supernatant and resuspended in saline after
centrifugation at 10,000 x g for 30 min at 4ºC.  After
dialysis for 24 hours against saline, using a D-7884
membrane (Sigma), the protein content was determined
by the method of Lowry et al. [18].

SDS-PAGE

Protein electrophoresis was carried out as
described by Laemmli [19], using 18% acrylamide/
bisacrylamide gels. The antigens were diluted in
sample loading buffer without β-mercaptoethanol,
heated to 95°C for two min. in loading buffer and
loaded on the gel (10 µL/slot). Prestained RainbowTM

was used as a molecular weight marker in the range
of 2,500 to 45,000 Da (Amersham Pharmacia
Biotech, RPN 755).

Western blot

The SDS-PAGE-fractionated antigen mixture was
transferred to a nitrocellulose membrane (0.45µm,
BioAgency, #162-0115n), as described by Towbin et
al. [20]. Transfer efficiency was monitored by checking
for the presence of prestained marker bands on the
membrane. After transfer, the membrane was blocked
for 15 min in PBS/Tween 20 (0.05%) [PBST]
containing 5% skim milk, washed in PBST and cut into
4 mm wide strips. The strips were incubated with patient
serum samples diluted 1/50 in PBST containing 0.5%
skim milk for 18 hours at 4°C. After additional washes,
the blots were incubated for two hours at room
temperature with anti-human IgG antibody conjugated
to peroxidase (1/1,000 in PBST/0.5% skim milk). After
another wash cycle, the blots were developed by
adding 2 mL 4-chloronaphtol (3 mg/mL in methanol)
in 10 mL PBS and 4 µL of H

2
O

2
 (30%) and incubated

for 10 min. in the dark. Washing the blot in distilled
water stopped the reaction. All incubations were carried
out under constant shaking.

Recombinant antigens

The recombinant antigen TbF6  (Corixa Co.) consists
of the fusion of four recombinant M. tuberculosis antigens
in the following order: Ra3 - 38kD – 38-1 - FL
TBH4. It is a polyprotein designed to incorporate four
genes of interest (Mtb8, 38 kDa, Mtb11 and Mtb 48)
into a single expression vector [21]. The recombinant
antigen DPEP (Corixa Co.) is a proline-rich protein
that has been identified as the MPT 32 antigen. Corixa
Co. kindly supplied the antigens.

Microplate coating

Flat-bottom polystyrene microplates (Nunc-Immuno
Module MaxiSorb F16 – Denmark) were coated with
TbF6 (200 ng/well) and TbF6/DPEP (200 ng/well) in
carbonate/bicarbonate buffer (0.05 M, pH 9.6)
solution. The plates were incubated in a humid chamber
at room temperature for two hours, and subsequently
for another 18 hours at 4°C. Plates were then aspirated
and blocked at 37°C for two hours in a humid chamber
with 1% bovine serum albumin (BSA) in PBS, pH 7.2.
After three washes with PBS containing 0.05% Tween
20 (PBS-T) and two washes with distilled water, the
plates were either used immediately or wrapped and
frozen at -20°C until the time for use.

ELISA

Serum was diluted 1/40 in PBS, pH 7.2, containing
0.1% BSA and 0.1% Tween-20, and 100 µL was
added to the wells and incubated for 30 min. at room
temperature. This was followed by washing five times
with PBS-T and then incubating with 100 µL of anti-
human IgG-peroxidase conjugate (1/10,000 in sample
dilution buffer) for a further 30 min. at 37°C. Plates
were then washed five times in PBS-T and incubated
in the dark with 100 µL of tetra-methylbenzidine
substrate for a further 30 min. The reaction was stopped
by the addition of 50 µL of 2 N H

2
SO

4
 to each well.

The plates were read with a microplate reader (Titertek
Multiscan® MCC/340) at 450 nm. The cutoff and the
adequate dilution were determined after analysis of the
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optical densities (OD) and corresponded to the
average OD obtained for the control serum plus two
standard deviations.

The cutoff was determined based on the analysis of
ROC curves.

Study population

Human sera

All samples were collected after approval by the
local Ethics Committee and after obtaining informed
consent from the patients.

a) Patients. Fifty-two HIV-negative patients with a
confirmed diagnosis of pulmonary tuberculosis at the
University Hospital of Sao Paulo between 2000 and
2002 were selected for the study. Forty-one patients
were smear and culture positive and 11 patients were
smear negative and culture positive. The median age
of the patients was 37 years (range, from 14 to 75
years), 41 patients (80.5%) had radiological evidence
and 22 patients (43%) had cavity lesions. All samples
were collected before treatment.
b) Contacts. Sixteen samples were obtained from
household contacts of tuberculosis patients, and another
nine samples were from individuals occupationally
exposed to tuberculosis.
c) Control group. Serum samples were obtained from
healthy individuals  (n=22) and from patients with other
lung diseases (n=30).

Statistical methods

The results are expressed as percentages where
appropriate. Means and standard deviations (SD)
were also calculated.

Results

Serological profiles of IgG antibodies against low
molecular weight antigenic fractions of M. tuberculosis
were observed in different groups.

Among the sera from 52 patients with proven
pulmonary tuberculosis, serum from one patient did not
react with any protein fraction between 45 and 2.5
kDa and was ELISA and smear negative. The reagent
serum predominantly recognized antigen fractions with
a molecular weight between 38 kDa and 6 kDa. Before
treatment, Western blot analysis showed that 30 (58%)
of the patients produced specific IgG antibodies against
antigens in the 6 kDa range, 26 (50%) against antigens
in the 16 kDa range, and 31 (60%) against antigens in
the 38 kDa range.

The cut offs for TbF6 and TbF6/DPEP ELISA
were calculated from the ROC curve (Figure 1).

When ELISA was performed using the TbF6
antigen, 36 (69%) of the patients’ sera gave a positive
result. This antigen detected five patients who were
smear negative/culture positive. The positive predictive
value for this antigen was 95% and the negative
predictive value, 55%.

With the TbF6/DPEP association, 44 (85%) out of
52 patient sera gave positive results. Nine of them were
smear negative/culture positive. The positive predictive
value for this antigen association was 96% and the
negative predictive value 71%. Both antigens gave 91%
specificity (Table 1).

Fourteen of 25 sera obtained from contacts reacted
predominantly with antigens in the range between 38
kDa and 6 kDa

Among the 22 healthy individuals, 12 (54.5%) had
antibodies against the 26 kDa, 38 kDa, 16 kDa or 6
kDa antigens at different frequencies. Skin test results
(PPD) were not considered. Serum from 20 individuals
did not react with any antigens in the molecular weight
range under investigation.

Of the 30 patients with other lung diseases (lung
carcinoma, silicosis, asthma or bronchitis), 11 (36%)
did not react with any antigen in the molecular weight
range studied (Table 2).

Serum from 46 (88%) of the 52 tuberculosis patients
reacted simultaneously with at least two proteins. Three
patterns of reactivity were only observed in this patient
group: (38-16-6 kDa) (38-16 kDa) (38-6 kDa).
Another pattern (16-6 kDa) was observed in sera from
patients and contacts. Four ELISA TbF6/DPEP-
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Figure 1. ROC curve of TbF6 and TbF6/DPEP antigens.

Table 1. Serological and bacteriological results in patients with confirmed pulmonary tuberculosis

Serological Diagnosis of Human Tuberculosis

Patients with positive bacteriology (n=52)

TbF6 Ag (n) TbF6 / DPEP Ag (n)

Smear Smear Smear Smear Total Smear Smear Smear Smear Total
+ –- –- + N + –- –- + N

Elisa Elisa Elisa Elisa Elisa Elisa Elisa Elisa
+ + –- –- + + –- –-

WB Patterns
(kDa)
38-16-6 5 1 0 1 7 6 1 0 0 7
38-16 7 0 0 1 8 7 0 0 1 8
38-6 6 1 1 3 11 7 2 0 2 11
16-6 7 0 0 1 8 7 0 0 1 8
26-6 2 0 1 1 4 3 1 0 0 4
26-38 2 0 1 2 5 3 0 1 1 5
26-16 1 1 0 1 3 2 0 1 0 3
6 0 0 0 0 0 0 0 0 0 0
16 0 0 0 0 0 0 0 0 0 0
26 1 2 2 0 5 0 4 0 1 5
38 0 0 0 0 0 0 0 0 0 0
None 0 0 1 0 1 0 1 0 0 1
Total (n=) 31 5 6 10 52 35 9 2 6 52

+ = Positive result;. - = negative result; n= number of patients present in the described profile.
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Table 2. Results of Western blot (WB) patterns and ELISA IgG anti TbF6 and TbF6/DPEP antigen for healthy
individuals, contacts and patients with other lung diseases

negative patients were positive by Western blot based
on these patterns (Table 1).

Only seven out of 25 contacts reacted
simultaneously with two fractions. Two individuals (8%)
reacted with antigens in the 6 kDa and 16 kDa regions,
and another five with antigens in 26 kDa and 16 kDa
or 26 and 38 kDa range (Table 2).

In the group of healthy individuals, five (23%)
reacted simultaneously with antigens in the 26 kDa
region, associated with the 6 kDa, 16 kDa or 38 kDa
range. Two (6%) out of 30 patients with other lung
diseases reacted simultaneously with the bands
mentioned above (Table 2).

Therefore, the positive predictive values for the
combined analyses of the reactivity patterns were 100%
for the 6+16 kDa ranges, 100% for the 6+38 kDa
ranges and 100% for the 16+38 kDa and the 38+16+6
kDa ranges. The negative predictive values for these
combinations were 46%(6+16 kDa) and (38-16 kDa),
45% (38-16-6 kDa) and 49% (6+38 kDa).

Considering the presence of one of these patterns, the
negative predictive value was 55%.

Discussion

Many investigators have described the difficulties
encountered with correctly diagnosing active M.
tuberculosis infection [22]. For this reason, structural
proteins and proteins that are excreted or secreted
in vitro by M. tuberculosis, as well as recombinant
or synthetic antigens, have been extensively
investigated [23,24].

In our study, the ELISA based on the recombinant
antigen TbF6 and the TbF6/DPEP association gave
satisfactory specificity (91%), when compared to the
specificity values obtained in other studies with other
antigens, such as A60 (88.4%), 12 kDa (97%), 38
kDa (95%), and 16 kDa (100%) [25-27]. Of 52
patients with confirmed active tuberculosis, 36 (69%)

Serological Diagnosis of Human Tuberculosis

  Healthy (n=22)         Contacts (n=25) Other lung disease (n=30)

TbF6 TbF6/DPEP TbF6 TbF6/DPEP TbF6 TbF6/DPEP

WB Pattern Elisa Elisa Elisa Elisa Elisa Elisa Elisa Elisa Elisa Elisa Elisa Elisa
(kDa) + –- + –- + –- + –- + –- + –-

38-16-6 0 0 0 0 0 0 0 0 0 0 0 0
38-16 0 0 0 0 0 0 0 0 0 0 0 0
38-6 0 0 0 0 0 0 0 0 0 0 0 0
16-6 0 0 0 0 1 1 0 2 0 0 0 0
26-6 0 1 0 1 0 0 0 0 0 0 0 0
26-16 0 2 0 2 2 0 1 1 0 1 0 1
26-38 0 2 0 2 1 2 0 3 0 1 0 1
6 0 0 0 0 0 2 0 2 0 1 0 1
16 0 0 0 0 0 0 0 0 0 0 0 0
26 1 4 1 4 1 3 1 3 2 10 1 11
38 0 2 0 2 0 1 0 1 1 3 1 3
None 1 9 1 9 1 10 1 10 3 8 2 9
Total (n=) 2 20 2 20 6 19 3 22 6 24 4 26

+ = Positive result    - = negative result    n= number of patients present in the described profile.
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had antibodies against TbF6 antigen in serum samples
collected before treatment. The TbF6/DPEP antigen
association showed better results, with reagent serum
samples in 44 (85%) of the patients. This sensitivity is
in agreement with that of other studies for the same
association using serum from Brazilian patients [21] and
is similar to the sensitivity described by Cole et al. [28]
in a study carried out on patients with pulmonary
tuberculosis in China. These authors found a sensitivity
of 89% for smear-positive patients, and of 74% for
smear-negative patients for the 38 kDa antigen.

Various factors affect the capacity of a patient to
mount a specific humoral immune response against M.
tuberculosis. One of these factors is the stage of the
disease. When cavity lesions appear, M. tuberculosis
expresses certain antigens that are not expressed in
earlier stages of the infection. Depending on the time
of diagnosis, assays based on these antigens present
different sensitivities, as has been mainly reported for
HIV-positive patients who normally do not show cavity
lesions [29].

Since many of these M. tuberculosis antigens show
homology to proteins of other prokaryotes [30], one
of the main problems for the detection of the humoral
response to tuberculosis is the cross-reactivity observed
for sera from healthy individuals. Studies using Western
blotting analysis showed that sera from tuberculosis
patients and healthy controls differed in their reactivities
with M. tuberculosis antigens in the 43 and 12 kDa
range [31].

In view of these observations, we decided to
investigate the humoral response of tuberculosis
patients, and their contacts, to proteins with a molecular
weight between 45 and 2.5 kDa that are present in the
soluble fraction of sonicated M. tuberculosis, including
membrane and cytoplasm proteins.

In Western blot analysis, sera from 46 (88%)
patients reacted simultaneously with at least two
proteins. Five of six patients who did not show
associated reactivity were smear negative and four did
not present cavity lesions. The only one who had a
positive smear and reactive serum for TbF6 ELISA
had autoimmune disease and was taking
immunosuppressive medication (Table 1).

Antibodies against antigens in the 38 kDa range
were found in serum from 16% of the contacts and
patients with other lung diseases. In the Tb patients,
the reactivity frequency (60%) observed for this protein
was similar to that observed by others [32]. Its strong
association with HLA antigens [33], and its relation with
the presence of cavitary [34] processes, explains the
variation in sensitivity values reported by different
investigators, which depends on the population under
investigation. For the antigens in the 16 kDa range, we
found 50% reactivity. Verbon et al. [35] described a
sensitivity of 73% for a purified 16 kDa protein from
M. tuberculosis, but not with synthetic peptides,
suggesting reaction with conformational epitopes, a fact
that can change the degree of reactivity.

In our study, we found that before treatment 58%
of the patients produced antibodies against the 6-kDa-
range protein. Although the sensitivity observed for pre-
treatment samples was low, only patients with active
pulmonary disease showed reactivity against the 6 kDa
region in association with the 38 and 16 kDa regions.
The association of these Western blot patterns with
TbF6/DPEP ELISA enhanced the sensitivity of the test
to 92%, detecting four cases that were not detected
by ELISA but with a confirmed bacteriological
diagnosis (Table 1). Antibodies that react exclusively
with the 6 kDa antigen were only sporadically detected
in 9% of the healthy individuals and in 3% of patients
with other lung diseases, all of them with negative
ELISA results for both antigens.

Although 16% of the contacts presented antibodies
specific for the 6 kDa region, only two (8%) of the 25
individuals presented an associated reactivity with the
16 kDa region, one of them with a positive TbF6/
ELISA (Table 2). These individuals suffered
occupational exposure, and subclinical disease cannot
be excluded. Lopez-Vidal et al. [36], studying the
response to ESAT-6 and 38kDa recombinant proteins
in tuberculosis patients and in asymptomatic household
contacts, concluded that ESAT-6 recognition by HHC
could indicate early-stage infections.

Concerning the 16 kDa antigen, only 16% of the
contacts and 4.5% of the healthy controls had reactive
antibodies. An increase in 16 kDa antibodies or
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antibodies specific for the TB68 epitope has been
reported for healthy individuals after occupational
exposure, and for household contacts of tuberculosis
patients [12,35]. The presence of these antibodies in
tuberculosis patients has been associated either with a
more favorable prognosis or with spontaneous cure,
since these antibodies disappeared after two years of
treatment [37]. Further studies are necessary to
determine how long this serological response remains
in post-treatment patients.

To reduce the incidence of tuberculosis, the ability
of an antigen to distinguish between sub clinical and
active disease is as important as the sensitivity of the
antigen in detecting antibodies formed during
tuberculosis infection. Association of the ELISA TbF6/
DPEP test with the specific patterns of Western blot
results in high sensitivity (92%) for serodiagnosis
purposes. The use of a highly specific test in a
hospitalized patient population with suspected
tuberculosis has the advantage that specific therapy can
be initiated before culture or smear results become
available. Furthermore, this test will be extremely
important to make a decision regarding preventive
therapy in contacts that do not present with clinical
disease.
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