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Serodiagnosis of pulmonary tuberculosis in Argentina
by enzyme-linked immunosorbent assay (ELISA) of
IgG antibody to Mycobacterium tuberculosis antigen 5
and tuberculin purified protein derivative
E. A. BALESTRINO,' T. M. DANIEL, M. D. S. DE LATINI, 0. A. LATINI,4 Y. MA,5
& J. B. SCOCOZZA6

IgG antibody to Mycobacterium tuberculosis antigen 5 and tuberculin purified protein
derivative (PPD) was measured, by enzyme-linked immunosorbent assay /ELISA), in
serum samplesfrom 86patients with activepulmonary tuberculosis and 91 non-tuberculous
control subjects from Santa Fe, Argentina. The geometric mean titre for the tuberculosis
patients was 74.6 with antigen 5 and 99.5 with PPD. In 91 control subjects the geomwetric
mean titres were 3.6 and 15.6 respectively. Titres were not related to tuberculin reactor
status orpriorBCG vaccination. At a serum dilution end-point of 1:40, ELISA with antigen
5 had a sensitivity of 81.4% and a specificity of 93.4% for tuberculosis. At 1:40, ELISA
with PPD showed a sensitivity of 82.6% and a specificity of 54.9% for tuberculosis.
Applied at a serum dilution of 1:40 to a hypothetical model population with a tuberculosis
prevalence of 2,o ELISA using antigen 5 would correctly classify 93.21% ofpersons and
ELISA with PPD, 55.5%. At a dilution of 1:80, accuracy is increased to 99.3%o with
antigen 5 and 83.3% with PPD, but sensitivity decreases to 64.0% with antigen 5 and
72.1%o with PPD. Thus, antigen 5 is more accurate than PPD for the diagnosis of
tuberculosis using ELISA.

A rapid, reliable, and inexpensive serological test
for the diagnosis of tuberculosis would have great
applicability as a clinical, epidemiological, and public
health tool, and many serological techniques have
been used in attempts to develop such a test. In
general, it has not been difficult to adapt serological
techniques for use with mycobacterial antigens, and
preliminary studies with sera from specifically
sensitized or infected animals have often provided
initial encouragement. With human populations,
however, all but the most recent investigations have
yielded discouraging results. Although a high
percentage of serum samples from patients with
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tuberculosis have been found to be positive, an
unacceptably high percentage of samples from
control subjects have also been positive.

Enzyme-linked immunosorbent assay (ELISA)
methods are sensitive, reproducible, and require little
sophisticated instrumentation. Originally described
by Engvall et al. only a decade ago (1-3), they have
rapidly come into clinical and epidemiological use in
many diseases. Attempts to use ELISA for the
serodiagnosis of tuberculosis have produced
encouraging initial results, and have stimulated
renewed interest in the subject.
Nassau et al. (4) used ELISA for detection of

antibodies to mycobacterial culture filtrate, in
patients with tuberculosis and control subjects. There
was considerable overlap between patient and control
values. The reproducibility of the assay was good.
Thoen et al. (5) used ELISA to detect antibodies to
Mycobacterium aviumn tuberculin purified protein
derivative (PPD) and killed whole cells in the sera of
six experimentally infected swine. Grange et al. (6)
reported high ELISA IgG antibody titres in
tuberculous patients, but there was insufficient
discrimination between patients and control subjects.
They used crude sonicates of M. bovis BCG strain,
M. kansasii, and M. smegmatis cells as antigen.
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Tandon and coworkers (7) used ELISA to measure
antibody to PPD. The test was positive in only 1 of 25
healthy control subjects, while positive results were
obtained in 27 of 34 sputum-positive patients with
pulmonary tuberculosis and 18 of 32 with sputum-
negative pulmonary tuberculosis. Zeiss and his
colleagues (8) measured IgG antibody directed
against M. tuberculosis PPD by both radio-
immunoassay and ELISA in 22 patients with active
tuberculosis and 28 healthy controls with known
tuberculin skin-test reactions. There was a sharp
delineation between patients and skin-test-positive
and -negative controls and no overlap in end-point
values. The correlation between radioimmunoassay
and ELISA results was excellent. The study was not
prospective, but the serum samples were coded. In
subsequent studies the same investigators (9) found
that the mean ELISA values for IgG antibody were
significantly greater in 22 patients with active
pulmonary tuberculosis than in patients with other
pulmonary diseases or with inactive tuberculosis.
Other classes of immunoglobulin antibody to PPD
were less discriminating than IgG (10).

Viljanen et al. (11) measured IgG, IgM, and IgA
antibody to PPD in sera from 44 patients with
tuberculosis and 35 healthy controls. Their results
were presented only as group means. The levels of
both IgG and IgM antibody were significantly higher
in patients than controls. The level of antibody was
correlated with the extent of disease, and significant
elevation of IgA antibody was found only in the sera
of patients with extensive disease. Kardjito et al. (12,
13) found both IgG and IgM but not IgA antibody to
be detectable in patients with tuberculosis. However,
the addition of IgM antibody determination to that of
IgG added only 2 extra positive results among 107
patients. In these studies, a sonicate of BCG was used
as antigen. While the test was specific with respect to
tuberculin-negative control subjects, many tuber-
culin-positive healthy persons had antibody levels
similar to those found in tuberculosis patients. Prior
BCG vaccination and size of tuberculin reaction
showed no correlation with ELISA results.

Highly purified and apparently specific antigens
were first used in ELISA by Reggiardo et al. (14).
They used three highly purified mycobacterial
glycolipids extracted from M. bovis BCG strain. A
positive result was found in 95.5%o of patients with
tuberculosis and in 90% of controls with lepromatous
leprosy, while only 3 out of 90 healthy controls had a
positive test. Stroebel and his colleagues (15) used
M. tuberculosis antigen 6 purified by immunosorbent
affinity chromatography in ELISA. They found
significantly higher antibody titres in patients with
active skeletal tuberculosis than in control subjects
with inactive skeletal tuberculosis or other forms of
chronic osteomyelitis.

Benjamin & Daniel (16) have recently reported
the results of ELISA titration using purified
M. tuberculosis antigen 5 in serum samples from
patients with tuberculosis and a variety of control
subjects. There was a large and highly significant
difference between serum end-point dilutions in
tuberculous patients and healthy control subjects,
and both the sensitivity and specificity of the assay
were high. The titres in sera from patients with
sarcoidosis or hyperglobulinaemia were not different
from those of control subjects. These results,
although encouraging, were considered preliminary
in nature because the study was not prospective and
the patients and control subjects were not drawn from
the same population.

In this communication, we report our experience
using ELISA to measure IgG antibody to myco-
bacterial antigens in a group of known pulmonary
tuberculosis patients and non-tuberculous control
subjects from Santa Fe, Argentina. Two antigens
were used in the ELISA. One of these, M. tubercu-
losis antigen 5, is a highly purified and well
characterized cytoplasmic protein, prepared in our
laboratory by immunosorbent affinity chromatog-
raphy from unheated culture filtrates of M. tubercu-
losis(17, 18). Theother, PPD, is readilyavailableand
has been used by other investigators in ELISA
serodiagnostic tests for tuberculosis (5, 7-11).

METHODS

Study population

The study group comprised patients with
tuberculosis who were undergoing treatment at a
tuberculosis hospital and clinic in Santa Fe,
Argentina. All had active pulmonary tuberculosis at
the time of study, and had had a sputum smear or
culture positive for M. tuberculosis within the 3
months before the serum sample was obtained. In all
but four, direct smear examination of sputum was
positive. Control subjects were drawn from persons
seen at the same hospital and clinic, evaluated for
tuberculosis, and found to be free of the disease. All
control subjects were skin-tested with intermediate
strength PPD, RT-23, at the time serum was
obtained; PPD skin-test data were available for some
but not all tuberculosis patients. Patients known to
have tuberculosis were not routinely tuberculin-tested
and were not specifically tested for this study.
Patients and control subjects were examined for the
presence of a BCG immunization scar. Clinical data
on past and current therapy were recorded for
tuberculosis patients, and any history of contact with
tuberculosis in the family was noted for control
subjects.
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Serum was collected from each subject and stored
at - 20 °C until it was shipped by air to Cleveland,
Ohio, for assay. Sera were identified only by code
number. Separate data cards were shipped to Cleve-
land for analysis after completion of all the ELISA
titrations.

Antigens

M. tuberculosis antigen 5 was prepared by
immunosorbent affinity chromatography. as
described previously (17). This preparation of
antigen 5 gave a similar immunoelectrophoresis
pattern to other batches, prepared by this method and
found to be homogeneous protein of high purity (17).
The batch used in the present study was not
extensively characterized. It was used for sensi-
tization of ELISA microtitration plates at a concen-
tration of 5 mg/litre in distilled water.
PPD was prepared, using the ammonium sulfate

method of Seibert & Glenn (19), from autoclaved
culture filtrates of M. tuberculosis H37Ra, grown as
described previously (20) on synthetic medium.
Sterile filtrates were autoclaved at 120 °C for 30 min
and then clarified by filtration. Ammonium sulfate
was added at 4 °C in a quantity of 297 g/litre to bring
the filtrate to 50%7o saturation. The mixture was
centrifuged and the supernatant decanted. The
precipitate was then taken up in sodium chloride (0. 15
mol/litre) buffered at pH 7.0 with 10Go volume of
0.15 mol/litre sodium phosphate buffer. This
precipitation was repeated 5 more times, and the final
product was dialysed against distilled water. The
protein concentration was measured by the method of
Lowry et al. (21), and the PPD was diluted with
distilled water to a concentration of 10 mg/litre for
sensitization of microtitration plates.

ELISA technique

ELISA was performed using round-bottomed
poly(vinyl chloride) microtitration plates as the solid
phase absorbent. An aliquot of 50 y1 of antigen was
placed in each of the 96 wells per plate, and 25 jtl of
30 g/litre glutaraldehyde in 0.15 mol/litre sodium
phosphate buffer, pH 7.2, was added to each well to
yield a final glutaraldehyde concentration of
10 g/litre. The plates were incubated overnight at
4 °C in a moist chamber, and then used for the
titration of patient sera as described previously (16,
22). The plates were incubated with goat anti-human
IgG conjugated with alkaline phosphatase, and then
washed 4 times.

All titrations were performed in duplicate and were
repeated if the end-points did not agree within one
dilution. A standard positive human serum was tested
in duplicate on each plate and colour development
was allowed to proceed for approximately 15 min

until the 1:320 dilution of this serum was distinctly
positive. Reactions were then terminated by the
addition of 50 pd of sodium hydroxide (I mol/litre) to
each well. Using an automated plate reader, the ratio
of optical absorbance at 405 nm to that at 630 nm was
read for each well. All wells with colour intensity
greater than that of the 1:320 dilution of the standard
serum were considered positive.

For calculation of geometric mean titres and for
statistical analysis, dilution end-points . 1:20 were
assigned an arbitrary value of 1. For statistical
analysis, serial dilution data were normalized by log
transformation using the formula: x= log2 (titre/10),
where the titre is taken as the reciprocal of the end-
point dilution. Student's t test for unpaired data was
used to compare results in patient and control
groups.

RESU LTS

The results of ELISA titrations of IgG antibody to
antigen 5 and PPD of serum samples from
tuberculosis patients and control subjects are
presented in Fig. I and 2 and Table 1. The geometric
mean titre for the 86 tuberculosis patients was 74.6
with antigen 5 and 99.5 with PPD. In 91 control
subjects the geometric mean titres were 3.6 and 15.6
respectively. With both antigens, the difference
between the geometric mean titres for patients and
controls was highly significant (P<0.001). It is clear
from Fig. 1 and 2 that there was some overlap in the
range of values obtained with both antigens for
tuberculosis patients and control subjects, anld thus
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Fig. 1. Results of ELISA titration of IgG antibody to
antigen 5 in sera from tuberculosis patients and control
subjects. Each serum is represented by a single point.
Geometric mean titres are indicated by short horizontal
lines.
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Table 1. Number of serum samples positive at each
serum dilution by ELISA with M. tuberculosis antigen 5
and PPD, for tuberculosis patients and control subjects

Tuberculosis patients Control subjects
Serum
dilution Antigen 5 PPD Antigen 5 PPD

1:20 12 10 33 27
1:40 15 9 6 26
1:80 24 20 0 6
1:160 14 14 0 7
1:320 10 14 0 2
1:640 5 7 0 0

>1:1280 2 7 0 0

Fig. 2. Results of ELISA titration of IgG antibody to PPD
in sera from tuberculosis patients and control subjects.
Each serum is represented by a single point. Geometric
mean titres are indicated by short horizontal lines.

no sharp cut-off point could be discerned which
would always distinguish between tuberculous and
non-tuberculous individuals.

Table 2 shows the correlations between antibody
titre and clinical data. Almost all of the differences
seen in the various groups are within the experimental
error of one twofold dilution, and are not statistically
significant. Geometric mean antibody titres with
either antigen showed no correlation with tuberculin
skin-test reactivity in control subjects; skin-test data
were available for only a few of the tuberculous

patients. Geometric mean titres obtained using
antigen 5, but not PPD, were slightly but significantly
(P<O.OO1) lower in controls with a BCG scar than in
those without evidence of prior BCG vaccination.
The presence or absence of a BCG scar was not related
to antibody titre in patients. Duration of chemo-
therapy during the present course of more or less than
one month was not related to antibody titre, and
neither was a history of chemotherapy for a previous
episode of active tuberculosis. In control subjects, a
history of contact with tuberculosis in the family
showed no correlation with antibody titre. Thus,
among the clinical features examined, the presence of
active tuberculosis was most closely correlated with
antibody titre to each antigen.
The sensitivity (percentage of positive tests among

patients) and specificity (percentage of negative tests

Table 2. Geometric mean titres of sera from patients with tuberculosis and control subjects tested by ELISA for IgG
antibody to M. tuberculosis antigen 5 and PPD, classified by clinical status

Tuberculosis patients Control subjects

No. Antigen 5 PPD No. Antigen 5 PPD

All subjects 86 74.6 99.5 91 3.6 15.6
PPD skin-test size (mm)
0-4 1 4 118.9 142.6 29 3.4 15.2
5-9 3 69.9 88.9 2 45 56.6
10 1 160 80 60 3.8 15.2

BCG scar:
present 24 52.9 67.3 52 2.3 18.6
absent 40 82.4 95.7 39 7.5 12.4

Current therapy:
>1 month 58 73.9 116.8
.1 month 27 74.8 77.4

Previous therapy:
yes 24 77.7 89.8
no 62 74.6 107.5

Contact with
tuberculosis in family:

yes 4 5.3 4.5
no 59 2.8 22.7
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Table 3. Sensitivity and specificity of ELISA for IgG
antibody to M. tuberculosis antigen 5 and PPD, in
tuberculosis patients and controls

Sensitivity in Specificity in
tuberculosis patients control subjects

(%) (%)

Serum
dilution Antigen 5 PPD Antigen 5 PPD

1:20 95.3 94.2 57.1 25.3
1:40 81.4 82.6 93.4 54.9
1:80 64.0 72.1 100.0 83.5
1:20 negative,
1:80 positive 64.0 72.1 57.1 25.3

among controls) of the ELISA procedure using
antigen 5 and PPD are presented in Table 3 for several
dilutions of serum. A dual end-point, in which a
failure to react at 1:20 is considered negative and
reaction at 1:80 is considered positive, is included. In
general, ELISA performed with PPD was slightly
more sensitive than ELISA with antigen 5. Results
with antigen 5 were distinctly more specific than those
with PPD.

DISCUSSION

Our data demonstrate that ELISA can be used for
the serodiagnosis of tuberculosis with a high degree of
sensitivity and specificity. Both antigen 5 and PPD
are suitable for use in this assay, but the use of antigen
5 yields substantially greater specificity.
The potential applicability of this procedure is best

considered in terms of the accuracy of positive
prediction (i.e., the percentage of tuberculous
patients among all those found to have a positive
test), the accuracy of negative prediction (i.e., the
percentage of healthy subjects among all those found
to have a negative test), and the error of prediction
(i.e., the percentage of those erroneously classified
among all those tested). These parameters are

dependent upon the prevalence of disease in the
population and cannot be calculated directly from the
experimental data alone. However, if a prevalence of
tuberculosis is assumed for a hypothetical population
and if it is further assumed that the patients and
control subjects in this study are representative of the
hypothetical population, then it is possible to estimate
these parameters.

Table 4 presents calculated accuracies and error of
prediction for several possible dilution end-points in a
hypothetical population with a 2% prevalence of
tuberculosis, a representative figure for areas of very
high prevalence. At each dilution end-point, the error
with antigen 5 was much less than that with PPD.
Greater accuracy of positive prediction was
responsible for this difference, i.e., fewer persons
were falsely classified as tuberculous. The least error
for a single end-point was achieved using 1:80 as a
positive test, but as seen in Table 3, with antigen 5,
this end-point correctly diagnosed only 64%7o of
patients with tuberculosis. At a 1:40 dilution some
overall accuracy was sacrificed, but more than 80%
of patients with tuberculosis were recognized. A dual
end-point, which considers persons with a negative
test at 1:20 to be non-tuberculous and persons with a
positive test at 1:80 to be tuberculous yielded a very
accurate test with antigen 5, but left 437o of the
population unclassified and 36% of tuberculosis
unrecognized.

If one assumes that the ELISA test was being
applied, not in a general population in a high-
prevalence area, but in a population being screened
for tuberculosis in a self-referral clinic, then a higher
prevalence of tuberculosis is likely. Table 5 presents
accuracies of prediction based upon a 20% pre-
valence. In this case, the lowest error was achieved by
using antigen 5 with a dual end-point, although once
again more than 40% of all persons remained un-
classified and 36% of tuberculosis patients were not
recognized.
The choice of end-point to be considered positive

should be based upon programme goals. The test may
be arranged to detect all cases of tuberculosis at the

Table 4. Application of data from ELISA for IgG antibody to M. tuberculosis antigen 5 and PPD to screening a
hypothetical model population with a tuberculosis prevalence of 2%

Accuracy of Accuracy of Total error Not
positive prediction M%) negative prediction M%) of prediction 1%) classified (%)

Serum
dilution Antigen 5 PPD Antigen 5 PPD Antigen 5 PPD Antigen 5 PPD

1:20 4.3 2.5 99.8 99.5 42.1 73.3 0 0
1:40 20.1 3.6 99.6 99.4 6.8 44.5 0 0
1:80 100.0 8.2 99.3 99.3 0.7 16.7 0 0
1:20 negative,
1:80 positive 100.0 8.2 98.4 99.4 0.1 38.4 42.6 57.5
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Table 5. Application of data from ELISA for IgG antibody to M. tuberculosis antigen 5 and PPD to screening a
hypothetical model population of tuberculosis suspects with an actual prevalence of 20%

Accuracy of Accuracy of Total error Not
positive prediction 1%) negative prediction (%) of prediction (%) classified (%)

Serum
dilution Antigen 5 PPD Antigen 5 PPD Antigen 5 PPD Antigen 5 PPD

1:20 35.8 24.0 98.1 94.6 35.2 60.9 0 0
1:40 75.5 31.4 95.2 92.6 9.0 39.5 0 0
1:80 100.0 52.2 91.7 92.3 7.2 18.8 0 0
1:20 negative,
1:80 positive 100.0 52.2 98.0 92.4 1.6 29.3 40.6 51.0

risk of misclassifying some healthy persons; alter-
natively, a less sensitive but more specific end-point
may be chosen. In either case, the results presented
here suggest that ELISA using antigen 5 may have
considerable potential as a serodiagnostic test for
tuberculosis.
When accuracy and error of prediction are

considered, it is apparent that antigen 5 was much
more suitable than PPD for use in ELISA, since fewer
false positive results occurred among healthy persons,
i.e., antigen 5 was more specific than PPD. In fact, in
any population where there are more healthy persons
than tuberculous patients, specificity contributes
more than sensitivity to accuracy of prediction. A test
with a low sensitivity, however, would not be suitable
for case-finding or diagnosis. A major source of lack
of specificity, which might be a factor in ELISA
testing in some geographic regions, is cross-reactivity
with antibody to antigens of non-tuberculous myco-
bacteria. Skin-testing studies have not given evidence
that exposure to these mycobacteria is common in the
region of Argentina where this study was conducted.

Further studies are required to determine whether or
not ELISA using antigen 5 is influenced by this source
of non-specificity. These considerations make it
evident that further improvements in serodiagnostic
techniques in tuberculosis are more likely to result
from improvements in the specificity of the antigen
used in the assay than from refinements of the sero-
logical technique itself.
The ELISA technique is readily adaptable to use

under primitive field conditions. In this study, an
automated plate reader was used, but the colour of
positive reactions is readily recognized visually, and
we have had no difficulty in determining end-points
without the use of such an instrument (22). As
pointed out by Malvano et al. (23), it is important to
determine ELISA results by a method that avoids
potential sources of error to which the methodology is
prone. The use of a positive control serum on each
plate, with each test being assessed in relation to the
results with the standard serum, provides a method
that minimizes error and is readily employable under
field conditions.
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RESUME

StRODIAGNOSTIC DE LA TUBERCULOSE PULMONAIRE EN ARGENTINE PAR TITRAGE AVEC IMMUNOADSORBANT LIE
A UNE ENZYME (ELISA) DES ANTICORPS IgG DIRIGiS CONTRE L'ANTIGtNE S DE MYCOBACTERIUM TUBERCULOSIS

ET CONTRE LE DtRIVt PROTEINIQUE PURIFIE DE TUBERCULINE

Le titrage avec immunoadsorbant lie a une enzyme
(ELISA) a e utilise pour mesurer les anticorps IgG diriges
contre l'antigEne 5 de Mycobacterium tuberculosis, proteine
cytoplasmique bien caracterisee et hautement purifiee,
isolee a partir d'un filtrat non chauffe de culture de
M. tuberculosis, et contre le derive proteinique purifie

(PPD) de tuberculine, dans des echantillons de serum
preleves sur 86 sujets atteints de tuberculose pulmonaire
evolutive et 91 sujets temoins non tuberculeux a Santa Fe, en
Argentine. Le titre moyen geometrique pour les tuberculeux
etait de 74,6 avec l'antigene 5 et de 99,5 avec le PPD. Chez
les 91 temoins, les titres geometriques moyens etaient respec-
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tivement de 3,6 et 15,6. Les titres etaient independants du
fait que les sujets repondent ou non a la tuberculine et aient
et ou non vaccines par le BCG. A la dilution limite de 1: 40,
1'ELISA pratiquee avec l'antigene 5 etait sensible a 81,4%o et
specifique a 93,4% pour la tuberculose. Avec le PPD et a la
dilution de 1:40, elle etait sensible a 82,6%o et specifique a
54,9% pour la tuberculose. Appliquee a une dilution de
serum de 1:40 a une population theorique dans laquelle la
prevalence de la tuberculose serait de 2%o, I'ELISA avec
l'antigene 5 permettrait de classer correctement 93,2%7o des
sujets et, avec le PPD, 55,40% des sujets. A la dilution de

1: 80, 1'exactitude globale atteindrait 99,30o avec l'antigene
5 et 83,3%7o avec le PPD, mais la sensibilite ne serait que de
64,0% avec l'antigene 5 et 72,1%7o avec le PPD. Dans une
population theorique de sujets suspects de tuberculose avec
une prevalence reelle de 20%7o, la sensibilite et la specificite
sont identiques aux deux dilutions. A la dilution de 1:40,
1'exactitlide de I'ELISA avec l'antigene 5 serait de 91,0%o et
avec le PPD, de 60,4%o. A la dilution de 1: 80, 1'exactitude
avec l'antigene 5 serait de 92,807o et avec le PPD, de 81,20o.
A chaque dilution, I'ELISA avec l'antigene 5 est plus exacte
pour le diagnostic de la tuberculose qu'avec le PPD.
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