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Laboratory diagnosis of tuberculosis is often difficult. Immunodetection of circulating Mycobacterium tuber-
culosis proteins shed during active infection would not depend on an intact host immune response and could
take advantage of the speed and low costs afforded by antibody-based assays. We previously showed that
patients with active tuberculosis had increased levels of circulating antigen 85 (Ag85) proteins independent of
their tuberculin skin test status (S. I. Bentley-Hibbert, X. Quan, T. Newman, K. Huygen, and H. P. Godfrey,
Infect. Immun. 67:581–588, 1999). To extend these observations to a Mycobacterium bovis BCG-vaccinated
population and to another secreted mycobacterial protein, Ag85 and PstS-1 (protein antigen B, p38 antigen)
were quantified in sera from 97 Chilean tuberculosis patients and healthy controls (many of whom had received
BCG as children) using dot immunobinding, mouse monoclonal anti-BCG Ag85 complex antibody, and chicken
antipeptide antibodies reactive with M. tuberculosis Ag85B and PstS-1. The latter antibodies had been raised
to peptide-derived immunogens expressed on a novel proprietary protein carrier in Escherichia coli. Median
serum Ag85 levels measured by using either anti-Ag85 antibody were significantly higher in patients with active
tuberculosis than in healthy controls (P, <0.001 to 0.01); the median serum PstS-1 levels were similar in
patients and controls. The sensitivity of significantly elevated circulating Ag85 levels in patients with pulmo-
nary tuberculosis measured by anti-Ag85 complex or anti-Ag85B antibodies was 60 and 55%, respectively, but
increased to 77% when results obtained with both anti-Ag85 antibodies were considered jointly (P < 0.02). The
corresponding specificities for individual and joint consideration were 95, 85, and 80%, respectively. These
results indicate that elevated Ag85 levels can be detected in patients with active tuberculosis even after BCG
vaccination and suggest that combinatorial use of antibodies directed at different epitopes of this protein could
provide a viable strategy for developing new host immune response-independent diagnostic tests for tubercu-
losis.

Tuberculosis is caused by organisms of the Mycobacterium
tuberculosis complex (4). It is responsible for about 2 million
deaths worldwide annually and is one of the most common
worldwide causes of adult death from a single infectious agent.
Its recent global resurgence has been linked to the human
immunodeficiency virus (HIV) epidemic, although worsening
socioeconomic parameters among certain population segments
are also involved at least in part (15).

Diagnosis of tuberculosis is often difficult (29). Skin reactiv-
ity to purified protein derivative of tuberculin (PPD), particu-
larly among people not immunized to mycobacterial antigens
by vaccination with M. bovis BCG, serves as an important
diagnostic tool (17). PPD skin reactivity is a major element in
the diagnosis of tuberculosis and mycobacterial infection in the

United States (5), but it requires an intact host immune system.
Indeed, tuberculin anergy occurs in 15 to 25% of non-HIV-
infected tuberculosis patients and is at least twice as high in
populations infected with both M. tuberculosis and HIV (31).
Thus, alternative diagnostic methods that do not depend on an
intact host immune response are greatly needed.

Bacteriologic culture of M. tuberculosis is definitive but can
take 2 to 3 weeks to yield results even under optimal conditions
(34). Morphologic identification of acid-fast bacilli in sputum
smears is more rapid but less sensitive than culture since it
requires a much larger number of organisms (only roughly
50% of cases are positive overall) (3, 8, 10, 34) and is labor-
intensive. Molecular methods for diagnosis of tuberculosis
based on nucleic acid amplification are rapid, highly specific,
and more sensitive than microscopic examination of smears
but less sensitive than culture in smear-negative cases (3, 37).
They are also expensive and technically complex and require a
high degree of quality control for accurate performance. Al-
though dependent on the host immune response and therefore
of limited use in HIV-infected patients, detection of circulating
antibodies to mycobacterial antigens is easy and cost-effective
but has not provided a generally accepted diagnostic method
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for tuberculosis because of low sensitivity, poor specificity, or
both (10, 17, 26).

Actively growing mycobacteria secrete many proteins. The
three closely related proteins of the antigen 85 complex
(Ag85A, Ag85B, and Ag85C) are major secretory proteins of
M. tuberculosis (36). These 30- to 32-kDa mycolyl transferases
are involved in cell wall synthesis (6, 36) and readily bind to
plasma and cellular fibronectins (1, 18). They appear in culture
fluids of exponentially growing M. tuberculosis by day 2 to 4 of
culture (2, 35, 36) and can account for up to 30% of secreted
proteins (36). PstS-1 (protein antigen B, p38 antigen, PhoS) is
also secreted early in the growth phase (19, 35). This 38-kDa
phosphate binding lipoprotein is the mycobacterial equivalent
of the PstS protein component of the phosphate uptake system
found in other bacteria (9, 19). It accounts for about 10% of
mycobacterial culture filtrate proteins (19, 35).

Ag85 complex proteins can be detected immunologically in
the sera of patients with active tuberculosis who are PPD
negative and HIV positive (7). Because PstS-1 is also a se-
creted M. tuberculosis protein and anti-PstS-1 antibodies have
high specificity for infection with M. tuberculosis (12), it
seemed reasonable to determine if high levels of PstS-1 protein
could be demonstrated in sera from patients with active tuber-
culosis. To extend these observations to a BCG-vaccinated
population, mycobacterial secretory proteins were quantified
by immunoassay in sera from 97 adult Chilean tuberculosis
patients and healthy controls, many of whom had received
BCG as children. A dot-immunobinding format was chosen so
that the speed and low costs afforded by an antibody-based test
could be available to laboratories with limited facilities (25).
To complement available anti-mycobacterial secretory protein
antibodies, IgY chicken antipeptide antibodies were raised
against immunogens containing peptides derived from Ag85B
and PstS-1 sequences linked to a proprietary carrier sequence
(22). The resulting antipeptide antibodies specifically detected
recombinant and native mycobacterial antigens by Western
analysis and indirect enzyme-linked immunosorbent assay,
possessed sufficient sensitivity to allow the detection of myco-
bacterial antigens by dot immunobinding in the sera of human
patients with active tuberculosis, and improved the sensitivity
of detection of circulating Ag85 in patients with active tuber-
culosis.

MATERIALS AND METHODS

Study population. Serum was obtained from 97 patients and healthy controls
aged 15 to 80 years (median age, 47 years) at tuberculosis clinics in Santiago,
Chile. All patients were Hispanic, 65% were male, and 42% were under 40 years.
There was no significant difference in the age distributions of male and female
patients. Patients under 40 years were highly likely to have received one or more
BCG vaccinations as neonates and/or during childhood as part of the increasingly
effective Chilean national BCG vaccination program over the past 40 years (28).
At present, over 98% of neonates in Chile receive BCG vaccination (27). Be-
cause of this widespread use of BCG, many healthy adults in Chile have positive
tuberculin skin tests (28) and the use of PPD skin reactivity in the diagnosis of
tuberculosis is limited. Diagnoses of pulmonary tuberculosis in the study popu-
lation were made on the basis of clinical findings including cough and expecto-
ration lasting longer than 2 weeks, sputum smear, culture, and, for patients older
than 50 years, chest X ray, in accordance with guidelines of the Chilean Ministry
of Health. Pulmonary tuberculosis was diagnosed in a smear-negative and cul-
ture-negative patient on the basis of clinical and radiographic findings and
response to antituberculosis therapy. Diagnoses of extrapulmonary tuberculosis
were made on the basis of clinical and radiographic findings, histopathologic
examination and culture of biopsy material, and response to therapy in accor-

dance with guidelines of the Chilean Ministry of Health. Diagnoses included
smear-positive pulmonary tuberculosis (51 patients); smear-negative, culture-
positive pulmonary tuberculosis (8 patients); smear-negative, culture-negative
pulmonary tuberculosis (1 patient); extrapulmonary tuberculosis (4 patients; one
case each of smear-positive renal tuberculosis, biopsy-positive lymph node tu-
berculosis, culture-positive pleural tuberculosis, and culture-negative miliary tu-
berculosis); inactive tuberculosis (documented successful completion of treat-
ment for active tuberculosis 0.5 to 21 years previously) (13 patients); and no
disease (healthy controls) (20 patients). All patients with active tuberculosis were
tested for HIV infection; the single HIV-positive patient in the present study had
smear-positive pulmonary tuberculosis. All patients with active tuberculosis were
treated with regimens that included isoniazid (5 mg/kg daily or 15 mg/kg weekly;
maximal weekly dose, 900 mg) in accordance with guidelines of the Chilean
Ministry of Health. Serum was collected with informed consent from all mem-
bers of the study population, coded, and stored frozen at 280°C until analyzed.
Sera from patients with tuberculosis were stratified as to whether they were
collected before or after 15 days of antimicrobial therapy. The code was not
broken until all assay measurements had been completed.

Development and purification of oligoclonal chicken antipeptide antibodies.
Peptide sequences for M. tuberculosis Ag85B (fnpB, Rv1886c, GenBank acces-
sion no. P31952) and PstS-1 (phoS1, Rv0934, GenBank accession no. P15712)
were analyzed for predicted antigenicity, surface probability, hydrophilicity, and
hydrophobicity using algorithms in Protean (DNAStar). Peptide sequences with
possibly suitable properties for use in raising antipeptide antibodies were sub-
jected to standard protein-protein BLAST (BLASTP) and position-specific iter-
ative BLAST (PSI-BLAST) searches (http://www.ncbi.nlm.nih.gov/blast/) to
screen for homology to known protein sequences. Two peptide sequences were
chosen from each protein. SSDPAWERNDPT was present only in Ag85B of M.
tuberculosis and BCG. Homologous sequences in M. tuberculosis Ag85A and
Ag85C and in Ag85 complex proteins from other mycobacterial species (identi-
fied by BLASTP) differed primarily by substitution of a glutaminyl or an alanyl
residue for the glutamyl (E) residue at position 7. LNAMKGDLQSSL was
present only in Ag85B of M. tuberculosis and BCG. Homologous sequences
identified by BLASTP in other Ag85 complex proteins of M. tuberculosis and
other mycobacterial species differed primarily by substitution of a prolyl or an
alanyl for the glycyl (G) residue at position 6. GSKPPSGSPETGAG and
LDQASQRGLGE were identified only in M. tuberculosis PstS-1 by BLASTP
analysis. Very weakly homologous sequences to GSKPPSGSPETGAG identified
by PSI-BLAST differing in multiple positions were present in hypothetical pro-
teins of unknown function in M. tuberculosis and other bacteria. Very weakly
homologous sequences to LDQASQRGLGE identified by PSI-BLAST were
present in PstS subunits of ATP binding cassette transporters in M. intracellulare
and in other bacteria but differed at multiple positions (positions 2 through 7)
from the M. tuberculosis PstS-1 sequence. Antigens for immunization were gen-
erated by cloning oligonucleotides encoding SSDPAWERNDPT, LNAMKGD-
CQSSL, GSKPPSGSPETGAG, or LNAMKGDCQSSL into the proprietary
SSNAP system (Promega Corp., Madison, Wis.) for expression of fusion proteins
(22). Briefly, the SSNAP vector attaches the antigen sequence to a proprietary
nonantigenic protein of limited solubility in aqueous solutions that allows for
easy purification of the expressed fusion protein by centrifugation. Oligoclonal
IgY antibodies were raised to purified fusion proteins in chickens (Rockland,
Gilbertsville, Pa.) (22), and IgY was isolated from eggs of immunized chickens
using the EGGstract purification system (Promega). In some cases, IgY antibod-
ies were further purified by affinity purification against their immunogen peptides
(Genosys, The Woodlands, Tex.) coupled to an activated agarose resin (Pierce
Chemical Co., Rockford, Ill.).

Proteins and monoclonal antibodies. Concentrated culture filtrate proteins
from BCG and M. avium ATCC 25291 were prepared as described previously
(14) from zinc-supplemented mycobacterial cultures. Purified BCG Ag85 com-
plex proteins contained 60% Ag85A, 30% Ag85B, and 10% Ag85C as judged by
Western blotting against monoclonal anti-BCG Ag85A, Ag85B, and Ag85C. The
initial lot of Ag85 complex proteins was designated as containing 1 mU of Ag85
complex immunoreactive units per mg (7). Recombinant M. tuberculosis Ag85B
and PstS-1 (11) were used as standards in Western and dot blot analyses. Initial
lots of recombinant antigens were defined as containing 1 mU of Ag85B and
PstS-1 immunoreactive units, respectively, per mg. Immunoreactive unitage was
not comparable between individual antigen standards but was constant between
different aliquots within any single lot of standard. Unitage for each subsequent
antigen preparation was determined by parallel-line analysis of dot blots of initial
and subsequent materials (7). Mouse immunoglobulin G1 (IgG1) anti-BCG
Ag85 complex, clone 240 (7), reacted strongly with purified M. tuberculosis and
M. bovis BCG Ag85A and Ag85B and weakly with M. tuberculosis and M. bovis
BCG Ag85C (14). This antibody reacted minimally with purified M. avium
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Ag85B, strongly with some or all purified Ag85 proteins from other mycobacte-
rial species (M. kansasii, M. gordonae, M. fortuitum, M. phlei, and M. xenopi) and
not at all with purified Ag85 proteins from M. smegmatis (14). The Ag85 epitope
recognized by clone 240 is not known but is probably conformational (reference
21 and our unpublished observations).

Immunoblotting. Recombinant and native mycobacterial antigens were sepa-
rated on a 4 to 20% Novex polyacrylamide gel, transferred to a nitrocellulose
membrane (Bio-Rad Laboratories, Hercules, Calif.), and developed using 1 mg
of primary antibody per ml, appropriate alkaline phosphatase-conjugated second
antibodies (Promega), and Western blue AP substrate (Promega) (22).

Dot immunobinding. Mycobacterial antigen levels in human sera were deter-
mined by dot immunobinding using mouse anti-BCG Ag85 complex (clone 240),
chicken anti-Ag85B (85CPL4) or chicken anti-PstS-1 (38CPL2) antibodies, ap-
propriate horseradish peroxidase-conjugated second antibodies, enhanced
chemiluminescence technology (ECL or ECL-Plus; Amersham Pharmacia Bio-
tech), and standard X-ray film (Kodak) (7). Developed X-ray films were evalu-
ated visually by comparison to antigen standards included on each blot. Previous
studies have indicated that visual and densitometric quantitation yield equivalent
results (reference 32 and our unpublished observations). Serum samples were
assayed in triplicate for their content of immunoreactive Ag85 complex, Ag85B,
and PstS-1, using native BCG Ag85 complex, recombinant M. tuberculosis
Ag85B, or recombinant M. tuberculosis PstS-1, respectively, as antigen standards.
The results are reported as geometric means in immunoreactive units. For
purposes of computation, samples not reactive at 4 mU/ml were assumed to
contain 0.4 mU/ml. For analysis of serum antigen levels, significantly elevated
levels were defined as values more than 6 standard errors of the mean (SEM)
above mean values in healthy controls; these were values greater than 23 mU/ml
for Ag85 complex, 170 mU/ml for Ag85B, and 64 mU/ml for PstS-1.

Statistical analysis. The significance of differences in medians was determined
by Kruskal-Wallis one-way analysis of variance by ranks and a Dunn multiple
comparison posttest or by the Mann-Whitney test (13). The significance of
differences in levels of mycobacterial immunoreactivity and sensitivity and spec-
ificity were determined by Fisher’s exact test.

RESULTS

Characterization of antibodies. Mouse IgG1 anti-BCG
Ag85 complex antibody reacted primarily if not exclusively
with a 32-kDa band in 50 ng of purified native Ag85 complex
proteins (Fig. 1A, lane 2). It did not react in immunoblotting
analyses with 50 ng of M. tuberculosis rAg85B (lane 1) or with
200 ng of a concentrated M. avium culture filtrate (lane 3). This
monoclonal antibody has been previously shown to react min-
imally if at all with high doses of purified M. avium Ag85
complex proteins (14) and not to react significantly with sera

from patients with disseminated M. avium disease (7). These
latter observations are consistent with its lack of reactivity with
M. avium Ag85 in immunoblotting (lane 3).

Immunogens for all four Ag85B and PstS-1 peptide se-
quences were cloned, expressed, and purified in parallel within
a week. They were used to raise antipeptide antibodies which
were then screened for reactivity against the parent recombi-
nant protein antigens by indirect enzyme-linked immunosor-
bent assay. Two chicken IgY antipeptide antibodies, 85BCPL4
against the sequence SSDPAWERNDPT (anti-Ag85B) and
38CPL2 against the sequence GSKPPSGSPETGAG (anti-
PstS-1), showed the highest level of immunoreactivity against
the purified parent antigen proteins and were further charac-
terized.

IgY fractions of chicken anti-Ag85B easily detected 25 ng of
purified M. tuberculosis rAg85B (Fig. 1B, lane 1) on immuno-
blots. After affinity purification, anti-Ag85B detected as little
as 1.5 ng of rAg85B (data not shown). Anti-Ag85B detected
two bands in the purified BCG Ag85 complex (lane 2), one at
32 kDa containing Ag85A and Ag85C and the other at 30 kDa
containing Ag85B (14, 20). The 30-kDa band was consistently
darker than the 32-kDa band. The molecular mass of rAg85B
in the immunoblots was larger than that of native Ag85B (the
lower band in the doublet in lane 2) because of the presence of
6His in the recombinant material (11). Anti-M. tuberculosis
Ag85B was cross-reactive with M. avium Ag85 and detected a
doublet of 30 and 32 kDa in immunoblots of a concentrated
culture filtrate of M. avium (lane 3). The results in Fig. 1A and
B indicate that mouse and chicken anti-Ag85 antibodies rec-
ognize distinct epitopes.

IgY fractions of chicken anti-PstS-1 reacted with 25 ng of
38-kDa rPstS-1 (Fig. 1C, lane 2) but not with 25 ng of rAg85B
(lane 1). This antibody also reacted weakly with a 38-kDa
protein in M. avium culture filtrates (data not shown). After
affinity purification, the sensitivity of anti-PstS-1 for immuno-
blotted rPstS-1 increased from 25 to 6.25 ng (data not shown).

Circulating mycobacterial antigens in patients with active
tuberculosis. Dot immunobinding using monoclonal anti-Ag85
complex, anti-Ag85B, and anti-PstS-1 antibodies provided a
simple and reproducible means of measuring circulating my-
cobacterial proteins in patient sera. The mean coefficient of
variation within runs was 14% (15% for low-positive speci-
mens), and the interrun coefficient of variation was 32% (32%
for low-positive specimens).

The median levels of circulating Ag85 complex proteins
measured with monoclonal anti-Ag85 complex antibody were
60 to 900 times higher in patients with active smear-positive or
culture-positive pulmonary tuberculosis than in healthy con-
trols with no active disease and were also significantly higher
than those in patients with inactive tuberculosis (P , 0.001 to
P , 0.05; Kruskal-Wallis one-way analysis of variance with a
Dunn multiple comparison posttest) (Fig. 2). There were no
significant differences in serum Ag85 levels measured with
monoclonal antibody between smear- and culture-positive pa-
tients with pulmonary tuberculosis (Fig. 2), between patients
with pulmonary tuberculosis under and over 40 years of age
(data not shown), or between patients with inactive tuberculo-
sis and healthy controls (Fig. 2). Median levels of circulating
Ag85 detected by monoclonal anti-Ag85 antibody were 3 to 15
times higher in patients with smear- or culture-positive pulmo-

FIG. 1. Specificity of mouse monoclonal antibody (A) and chicken
antipeptide antibodies (B and C) for secreted mycobacterial proteins.
(A and B) Reactivity of mouse monoclonal IgG1 anti-BCG Ag85
complex (1 mg/ml) (A) and chicken IgY antipeptide antibody 85CPL4
(anti-Ag85B) (1 mg/ml) (B) with 50 ng of purified M. tuberculosis
rAg85B (lanes 1), 50 ng of purified native BCG Ag85 complex proteins
(lanes 2), and 200 ng of M. avium culture filtrate (lanes 3). (C) Reac-
tivity of IgY antipeptide antibody 38CPL2 (anti-PstS-1) (1 mg/ml) with
50 ng of M. tuberculosis rAg85B (lane 1) and 50 ng of M. tuberculosis
rPstS-1 (lane 2).
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nary tuberculosis who had been treated for more than 15 days
than in those who had been treated for less than 15 days, but
this difference was not statistically significant (Fig. 2).

Median levels of Ag85B in patients with active smear- or
culture-positive pulmonary tuberculosis measured using IgY
fractions of anti-Ag85B were 6 to 27 times higher than those in
healthy controls (P 5 0.011 to P 5 0.026; Mann-Whitney test)
(Fig. 2). In contrast, median levels of PstS-1 measured using
IgY fractions of anti-PstS-1 antibody were similar in pulmo-
nary tuberculosis patients and controls (Fig. 2). For both anti-
peptide antibodies, the results obtained using affinity-purified
antibodies were similar to those obtained using IgY fractions
of these antibodies (data not shown).

Sera from patients with active pulmonary tuberculosis were
significantly more likely to contain significantly elevated levels
(more than 6 SEM above mean values in healthy controls) of
circulating immunoreactive Ag85 complex or Ag85B than were
sera from healthy controls (P , 0.001 and P , 0.002, respec-
tively; Fisher’s exact test) (Fig. 3). The presence of significantly
elevated levels of PstS-1 was not significantly different in pa-
tients with pulmonary tuberculosis and in controls (data not
shown).

The sensitivity and specificity of significantly elevated circu-
lating Ag85 levels detected by using anti-Ag85 complex were
60 and 95%, respectively, while the sensitivity and specificity of
detection of significantly elevated circulating Ag85 levels de-
tected by using anti-Ag85B antibody were 55 and 85%, respec-
tively. When the results obtained with both anti-Ag85 antibod-
ies were considered jointly, the sensitivity and specificity of
significantly elevated serum Ag85 levels were 77 and 80%,
respectively (P , 0.001; Fisher’s exact test). The increase in
sensitivity when the results obtained with both Ag85 antibody
reagents were considered jointly (Fig. 3) was significant (P ,
0.02; Fisher’s exact test). Of the four patients with extrapul-
monary tuberculosis (Fig. 3), those with renal, lymph node, and
pleural tuberculosis had marked elevations in circulating Ag85
complex protein and Ag85B levels while the patient with mil-
iary tuberculosis showed a marked elevation only in circulating
PstS-1 levels (data not shown). Joint consideration of results
derived from experiments with all three antibodies (anti-Ag85
complex, anti-Ag85B, and anti-PstS-1) did not increase the
sensitivity and specificity of the test (data not shown).

DISCUSSION

Circulating levels of Ag85 measured by using mouse mono-
clonal anti-Ag85 complex antibody have been previously
shown to be significantly higher in patients with culture-
positive tuberculosis from New York City than in controls with
other diseases or no disease (7). The present study has con-
firmed this observation in patients from Santiago, Chile, and
has extended it to a larger cohort of smear-positive patients
with pulmonary tuberculosis. This study also examined
whether anti-peptide antibodies reactive with Ag85B and

FIG. 2. Circulating median levels (in microunits per milliliter) of
Ag85 complex (A), Ag85B (B), and PstS-1 (C) measured by dot im-
munobinding in Chilean patients with tuberculosis (TB) and controls.
Key (numbers of subjects): 1, healthy controls (20 patients); 2, total
pulmonary tuberculosis (60 patients); 3, smear-positive tuberculosis (a,
total [51 patients]; b, treated less than 15 days before the serum sample
was obtained [33 patients]; c, treated more than 15 days before the
serum sample was obtained [18 patients]); 4, culture-positive tubercu-
losis (a, total [8 patients]; b, treated less than 15 days before the serum
sample was obtained [6 patients]; c, treated more than 15 days before
the serum sample was obtained [2 patients]); 5, smear- and culture-
negative tuberculosis (1 patient); 6, extrapulmonary tuberculosis (4
patients); 7, inactive tuberculosis (13 patients). See Materials and
Methods for details of the patient populations and assay. Unitages for
individual mycobacterial antigens cannot be compared to each other.

Median serum Ag85 complex and Ag85B levels were significantly
higher in patients with active pulmonary tuberculosis than in healthy
controls (ppp, P , 0.001 [Kruskal-Wallis test with Dunn posttest]; pp,
P , 0.01, p, P , 0.025 [Mann-Whitney test]).
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PstS-1 could be used to increase the diagnostic sensitivity of
this test. While significantly elevated levels of circulating
Ag85B were detected in patients with active tuberculosis com-
pared to healthy controls, there was no significant difference in
circulating PstS-1 levels between tuberculosis patients and
healthy controls.

The immunogens used to raise antipeptide antibodies were
based on cloning and expression of peptide-carrier fusion pro-
teins of limited aqueous solubility containing peptide se-
quences derived from secreted mycobacterial proteins (22).
These rapidly and inexpensively produced immunogens gener-
ate antipeptide antibodies recognizing the parent proteins
more readily than do peptide conjugates made with more im-
munogenic and more soluble proteins (22). Although anti-
peptide antibodies raised against M. tuberculosis Ag85B and
PstS-1 specifically recognized the parent proteins, they were
cross-reactive with related mycobacterial proteins. The cross-
reactivity of anti-PstS-1 peptide antibodies is consistent with
the occurrence of closely related sequences in several entries in
the unfinished M. avium genome. The high cross-reactivity of
antibodies raised to the M. tuberculosis Ag85B SSDPAW-
ERNDPT sequence with M. tuberculosis Ag85A/Ag85C and
with Ag85 proteins in M. avium suggests that the change of the

central amino acid residue from glutamic acid (E) to glutamine
in these other Ag85 complex proteins is not associated with a
major change in epitope specificity.

The broad antigenic specificity of anti-Ag85B was in sharp
contrast with the narrower specificity of the monoclonal anti-
Ag85 complex used in these studies. The latter antibody re-
acted strongly only with purified BCG Ag85 complex proteins,
and its lack of reactivity with M. avium culture filtrate proteins
was consistent with the lack of immunoreactivity in sera from
HIV-positive patients with disseminated M. avium disease (7).
The cross-reactivity of anti-Ag85B might in fact interfere with
interpretation of Ag85 assay positivity in HIV-positive patients
with M. avium disease in places where such disease is common
(7). M. avium disease is, however, extremely rare in Chile even
in HIV-positive persons (R. Sepulveda, unpublished observa-
tions), and the only HIV-positive person in our study had
smear-positive tuberculosis and significant elevation of Ag85
levels detected by both anti-Ag85 antibodies. The cross-reac-
tivity of anti-M. tuberculosis Ag85B with M. avium Ag85 in this
patient was therefore unlikely to interfere with interpretation
of the Ag85 antigen test. Pulmonary disease due to other
nontuberculous mycobacteria is also very uncommon in Chile
(Sepulveda, unpublished), so that the reactivities of monoclo-

FIG. 3. Percentage of sera showing significant elevations (values greater than 6 SEM above the means in healthy controls) of circulating
mycobacterial antigens in Chilean patients with tuberculosis and in controls. See the legend to Fig. 2 and Materials and Methods for details. The
percentage of sera showing significant elevation in Ag85 complex or Ag85B levels was significantly higher in patients with pulmonary tuberculosis
than in healthy controls (ppp, P , 0.001; pp, P , 0.002 [Fisher exact test]). Sensitivity was significantly increased by combinatorial consideration
of reagent results (P , 0.02, Fisher exact test).
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nal anti-BCG Ag85 complex with the Ag85 proteins of other
mycobacterial species would also be unlikely to influence the
interpretation of Ag85 tests.

High levels of circulating Ag85 complex proteins were
readily demonstrable by both anti-Ag85 antibodies in patients
with active tuberculosis, while healthy controls had low levels.
The independence of these high Ag85 levels from the time of
antimicrobial treatment was surprising, since all treatment reg-
imens included isoniazid and since short-term isoniazid treat-
ment has been associated with increased Ag85 secretion by M.
tuberculosis in vitro (16) and with increased levels of Ag85 in
sputum of patients (33). The results of Wallis et al. (33) in
particular suggest that a 2-week period of treatment would be
sufficient to observe an increase in secreted Ag85 levels.

Significant elevations of Ag85 immunoreactivity were more
frequent in occasional sera from healthy patients with treated
inactive tuberculosis than in healthy controls, a pattern previ-
ously observed in patients from New York City (7). The dif-
ferences in the frequency of elevated Ag85 levels between
patients with inactive tuberculosis and healthy controls were
not significant (Fig. 2), and all patients with inactive tubercu-
losis with markedly elevated Ag85 levels have remained well.
The cause of these elevated levels in patients with inactive
tuberculosis remains unknown, but they would make serum
Ag85 measurement a poor choice for a diagnostic assay for
active disease in this patient group.

With regard to the healthy control population, the low Ag85
levels measured by using monoclonal anti-Ag85 in healthy
controls from Santiago were similar to those previously found
in healthy controls from New York City (7). Because Chile has
had an extensive national BCG vaccination program for more
than 40 years (27), these results indicate that elevated levels of
circulating Ag85 can be detected in adult patients with active
tuberculosis who were vaccinated with BCG as children.

The overall sensitivity (60 to 77%) and specificity (80 to
93%) of the host immune response-independent Ag85 immu-
noassay in detecting circulating mycobacterial proteins in pa-
tients with active tuberculosis was comparable to the sensitiv-
ities and specificities of host immune response-dependent
serological tests to detect circulating antibodies to well-defined
mycobacterial proteins. They were lower than the sensitivities
and specificities of nonculture nucleic amplification methods.
The latter methods have sensitivities and specificities of 66 to
97% and 85 to 99%, respectively (reviewed in reference 34 and
37). The sensitivities and specificities of tests for individual
anti-mycobacterial antibodies range from 7 to 83% and from
80 to 97%, respectively, with the lowest sensitivities being
found in sputum smear-negative and HIV-positive tuberculosis
patients (8, 10, 25). Combinatorial evaluation of results of tests
for host anti-mycobacterial antibody production increased the
specificity (24, 26) but sometimes decreased the sensitivity
(26).

Although anti-PstS-1 peptide antibody detected rPstS-1 as
well as elevated levels of immunoreactive material in some
patient sera, PstS-1 levels in the entire group of patient sera
were not significantly different from those in healthy controls,
and detection of significant elevations of circulating PstS-1
levels did not increase the number of tuberculosis patients
showing elevated levels of circulating mycobacterial proteins.
Patients with active tuberculosis are clearly exposed to se-

creted PstS-1 and make specific antibodies whose titer is main-
tained during antimicrobial treatment (12, 30). The reasons for
the lack of detectably increased circulating levels of PstS-1 in
patients with active tuberculosis are unclear. Whatever the
exact mechanisms, our results suggest that it may not be pos-
sible to demonstrate increases in the levels of mycobacterial
proteins other than Ag85 in sera of patients with active tuber-
culosis.

The results of the present study and a previous study (7)
suggest that immunodetection of elevated levels of Ag85 in
serum by dot immunobinding could provide a simple, rapid,
and inexpensive diagnostic test for active tuberculosis. This test
was not affected by host HIV infection (7), could distinguish
between active infection with M. tuberculosis and prior BCG
vaccination (this study) or prior infection with M. tuberculosis
(7), could distinguish between active infection with M. tuber-
culosis and active infection with M. avium (7), and gave similar
results in smear-positive and smear-negative tuberculosis pa-
tients (this study). Although the sensitivity of the Ag85 assay
using monoclonal anti-Ag85 complex proteins was moderate, it
could be increased by combining results obtained using a sec-
ond anti-Ag85 antibody recognizing a different epitope. Un-
fortunately, this increase in sensitivity was accompanied by a
loss of specificity. While the results of this study are prelimi-
nary due to the small population studied, they suggest that an
optimal antibody cocktail could prove as useful for the devel-
opment of a simple host immune system-independent diagnos-
tic assay for active tuberculosis as an antigen cocktail appears
to be in developing tuberculosis diagnostic assays dependent
on the host anti-mycobacterial immune response (17, 23, 24).
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