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The 81-kDa malate synthase (MS; Rv 1837c) and the 27-kDa MPT51 (Rv 3803c) of Mycobacterium tubercu-
losis are immunodominant antigens recognized by serum antibodies from �80% of human immunodeficiency
virus-negative smear-positive tuberculosis patients from India. We now provide evidence that the use of the
MS/MPT51-based serodiagnostic assay can serve as an adjunct to sputum microscopy in the rapid diagnosis
of pulmonary tuberculosis.

Approximately 50% of the pulmonary tuberculosis (PTB)
cases in the United States are smear negative for acid-fast
bacilli (AFB), leading to a diagnostic delay of several weeks
due to the low growth rate of Mycobacterium tuberculosis (2a).
Delayed recognition of smear-negative PTB is estimated to be
responsible for �20% of the cases of TB transmission (2).
Nucleic acid amplification assays can detect �50% of these
cases but are too expensive for routine screening for smear-
negative PTB (1, 13, 20). Diagnostic tests that can enhance the
early recognition of paucibacillary TB are therefore urgently
required.

Our earlier studies have delineated a subset of �10 to 12
culture filtrate proteins of M. tuberculosis that are recognized
by antibodies (Abs) in patients with human immunodeficiency
virus-negative (HIV�) multibacillary as well as paucibacillary
TB and in HIV-infected (HIV�) TB patients (19). Two of
these, the 81-kDa protein malate synthase (MS; Rv 1837c) and
the 27-kDa protein MPT51 (Rv3803c) are recognized by Abs
in �80% of HIV�, smear-positive TB patients from India (21).
Our studies have shown that paucibacillary TB patients have
low titers of Abs compared to multibacillary patients (19). The
goal of the present study was to determine the presence of Abs
to MS and/or MPT51 in culture-confirmed patients from the
United States, who tend to present at an early stage of TB, and
to assess the ability of the serodiagnostic assay to serve as an
adjunct to AFB smears for the rapid diagnosis of PTB.

Approval for human subject research was obtained from the
institutional review boards of the New York University School
of Medicine, Bellevue Hospital, and the Manhattan Veterans
Administration, and written informed consent was obtained
from all individuals prior to the drawing of blood samples and

review of medical records. Patients clinically suspected of hav-
ing PTB were enrolled, and their sera were frozen. Only spec-
imens from patients later confirmed to be M. tuberculosis cul-
ture positive (TB�; n � 53) were included in the studies (Table
1). Subjects treated for TB for �14 days were excluded. Serum
specimens from 55 healthy controls with no risk factors for
HIV infection (36 with tuberculin skin test [TST]-positive re-
sults and 19 with TST-negative results) were also obtained.
The TST-positive subjects had indurations of �10 mm and
included volunteers who had been vaccinated with Mycobacte-
rium bovis BCG and/or had a history of TB exposure. Sera
from 40 asymptomatic HIV� patients, all of whom were on
highly active antiretroviral therapy, were also included; 36/40
(90%) had undetectable viral loads (�75 copies/ml), and 4/40
had viral loads between 77 and 1,233 copies/ml. The median
absolute CD4 count was 401 cells/mm3 (range, 108 to 862
cells/mm3).

Purified recombinant MS and MPT51 (21, 22) were obtained
via the Tuberculosis Research Materials and Vaccine Testing
Contract (NIH) (http://www.cvmbs.colostate.edu/microbiology/tb
/top.htm). The presence of serum immunoglobulin G (IgG) and
IgA to MS and MPT51 were determined by an enzyme-linked
immunosorbent assay (ELISA) described previously by a per-
son not blinded to the clinical status of the subjects (21). The
antigens were coated at 4 �g/ml (50 �l/well), and the serum
samples were tested at a 1:50 dilution for MS or at a 1:25
dilution for the MPT51 protein.

No selection of control subjects was made, and the mean
optical density (OD) at 490 nm of the 55 TST-positive and
-negative healthy subjects plus 3 standard deviations (SD) was
used as a cutoff to determine positive reactivity (upper-limit
confidence interval [CI] of 99.7%). All 55 control sera were
included in each assay. Each specimen was tested two or three
times, and specimens that were positive two out of two or two
out of three times were considered positive. The maximum
variation for repeat analysis of the same serum sample was
15%. The result of the ELISA was considered positive if Ab
reactivity to either MS and/or MPT51 was detected. Binomial

* Corresponding author. Mailing address: Department of Medicine,
Albert Einstein College of Medicine, Mazer 209, 1300 Morris Park
Avenue, Bronx, NY 10461. Phone: (718) 430-8763. Fax: (718) 430-8767.
E-mail: jachkar@aecom.yu.edu.

† Present address: Department of Medicine, University Hospital of
Crete, Crete, Greece.

1291



95% CIs for sensitivities and specificities were calculated (gold
standard, positive culture for M. tuberculosis) (5), and differ-
ences in proportions were tested using the chi-square test with
Yates’ correction.

No Abs to MS and/or MPT51 were detected in 54/55 HIV-
negative volunteers (specificity, 0.98; CI, 0.90 to 1.00). This
level of specificity in healthy volunteers is in accordance with
results for these proteins from other laboratories (3, 17). The
specificity was further validated in asymptomatic HIV� sub-
jects, 39/40 of whom lacked Abs to MS/MPT51 (specificity,
0.98; CI, 0.87 to 1.00). The single Ab-positive healthy volunteer
was TST positive, had been BCG vaccinated, had a history of
TB exposure, and had not been treated for latent TB. The TST
status of the asymptomatic HIV� Ab-positive subject is un-
known. Of the TB� subjects, 31/53 (sensitivity, 0.58; CI, 0.44 to
0.72) had Abs to either one or both antigens. No difference in
Ab reactivity between smear-positive (18/33; 55%) and smear-
negative (13/20; 65%) TB� subjects was observed. Antibody
detection was significantly higher in the HIV� TB� subjects
(20/25 [0.80; CI, 0.59 to 0.93]) than in the HIV� TB� subjects
(8/19 [0.42; CI, 0.20 to 0.67]) (P � 0.023). Of the 20 HIV� TB�

Ab-positive subjects, the median absolute CD4 count was 137
cells/mm3 (range, 17 to 483 cells/mm3) and the median viral
load was 147 � 103 copies/ml (range, 18 to 397 � 103 copies/
ml). Of the TB� subjects whose HIV status was unknown,
three of nine (33%) tested Ab positive.

Together, the AFB smear and the serologic assay identified
14/19 (sensitivity, 0.74; CI, 0.49 to 0.91) HIV� TB� subjects,
compared to 10/19 (0.53) by smear and 8/19 (0.42) by ELISA
alone. For the HIV� TB� subjects, both tests combined were
able to identify 24/25 (0.96; CI, 0.80 to 1.00) subjects, com-
pared to 17/25 (0.68) by smear and 20/25 (0.80) by ELISA
alone (Fig. 1). Thus, in both the HIV� and HIV� TB patients,
the use of dual testing enhanced the sensitivity of rapid detec-
tion of TB over that of microscopy alone. This enhancement
was statistically significant for the HIV� TB patients (P �
0.027). The prevalence of TB in a high-risk population of
patients who are suspected of having active TB has previously
been estimated to be �25% (15). Based on this prevalence, the

positive predictive value of the serologic test alone for HIV�

TB� patients would be 0.88 (CI, 0.49 to 1.00) and that for
HIV� TB� patients would be 0.93 (CI, 0.74 to 1.00), varying
both the specificity and sensitivity to the highest and lowest
values of their 95% CIs.

The high Ab reactivities to the two antigens in the HIV�

TB� subjects were seen at all levels of immunosuppression.
This is important because �30% of new adult TB patients in
the United States are coinfected with HIV (4), and diagnosis of
PTB in these patients is especially challenging, since these
patients are frequently sputum smear negative and have atyp-

TABLE 1. Characteristics of subjects with culture-confirmed PTB

Subjects
(n)

Smear

Median age
(yr) (range)

No. of subjectsh

Median duration
of symptomse

(wk)

CD4 countf

(range)
VLg (range)

(103)Resulta No. of
subjects Male Foreign

born

With
cavitary

lesionsb,c

With upper
lobe

infiltratesb,d

With other
infiltratesb

With no
infiltratesb

HIV� (19) � 9 35 (25–66) 7 4 1 7 1 0 3 (0–8) NA NA
� 10 41 (20–56) 7 6 3 4 3 0 6 (4–24) NA NA

HIV� (25) � 8 38 (29–50) 8 2 0 4 3 1 3 (1–12) 126 (14–483) 147 (18–490)
� 17 36 (27–54) 17 3 3 4 5 5 4 (1–16) 161 (10–397) 265 (42–518)

HIV? (9) � 3 58 (34–64) 3 1 1 2 0 0 6 (2–12) NA NA
� 6 40 (28–60) 3 6 2 3 0 1 8 (4–16) NA NA

Total 53 47 (20–66) 45 (85) 22 (42) 10 (19) 24 (45) 12 (23) 7 (13) 4 (0–24)

a �, first three sputum smears AFB negative; �, at least one of the first three sputum smears AFB positive.
b Radiographic findings on chest X-ray and/or computer tomography.
c Cavitary lesions with or without the presence of infiltrates.
d Upper lobe infiltrates without the presence of cavitary lesions.
e Symptoms included one or more of the following: fever, night sweats, weight loss, cough (with or without expectoration), hemoptysis, and shortness of breath.
f Median absolute CD4 count (cells/mm3). NA, not applicable.
g Median viral load, determined with the Bayer HIV-1 RNA 3.0 assay (bDNA) (Bayer Corporation, Tarrytown, NY). The lowest value detected by this assay is

75 copies/ml. NA, not applicable.
h Values in parentheses indicate percentages of total number of subjects.

FIG. 1. Detection rate of active TB in U.S. subjects by either spu-
tum smears for AFB (smear; with one or more of the initial three
samples positive), serum Ab reactivity to MS and/or MPT51 (MS/
MPT51), or both methods combined (smear�MS/MPT51). Control
groups are healthy, HIV-negative volunteers (HIV�/TB�; 36 TST
positive and 19 TST negative) and asymptomatic HIV-infected pa-
tients (HIV�/TB�). Patient groups with culture-confirmed PTB are
either HIV negative (HIV�/TB�) or HIV infected (HIV�/TB�). *,
P � 0.023 for comparison of sensitivity of smear�MS/MPT51 to that
of smear alone.
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ical chest X-ray findings (6–8, 10, 16). The higher level of Ab
reactivity in HIV� TB� subjects may be attributed to increased
antigenic stimulation due to high bacterial loads even in smear-
negative subjects. This belief is supported by the similarly high
sensitivity (�80%) of our assay for the HIV� TB� patients
from India, who presented mostly with advanced stages of TB
(22). It is also possible that the polyclonal B-lymphocyte acti-
vation frequently seen with HIV infection (12) also contributes
to a higher level of Abs. Since the asymptomatic HIV� subjects
lack anti-MS and/or anti-MPT51 Abs (9, 18; present study),
and since earlier studies have shown that HIV� patients with
Mycobacterium avium complex bacteremia lack Abs that react
with culture filtrates of M. tuberculosis which contain both the
proteins (11), the responses in the HIV� TB� patients are
unlikely to be nonspecific. Although studies based on stored
sera from TB subjects whose diagnoses were later confirmed by
culture may cause selection bias, this approach was necessary
for evaluating the value of the serodiagnostic test in a culture-
confirmed population. Based on the results of this pilot study,
prospective studies are planned wherein Ab responses in con-
secutive patients suspected of having TB will be evaluated and
Ab responses of TB� patients will be assessed during and after
antituberculosis therapy.

Although the sensitivity of the assay with these two proteins
(58%) is higher than that of other serological tests for similar
patient populations (1, 16a, 24), it is lower than the sensitivity
for smear-positive TB patients from India (22). This difference
is most likely due to differences in the stage at which TB is
detected in the two settings; most U.S. patients had disease less
advanced (43/53 [81%] noncavitary and 20/53 [38%] smear
negative) than that of the Indian TB patients (all smear posi-
tive and cavitary). Identification of additional highly immuno-
genic antigens of M. tuberculosis are ongoing (14, 23, 25), and
it is anticipated that the sensitivity of the immunoassay will be
further increased by these antigens.

Using a serological test as an adjunct for rapid diagnosis of
TB is attractive because the test is fast, cheap, and easy to
perform. It does not require a specimen from the site of in-
fection and potentially can be adapted to point-of-care for-
mats. These studies demonstrate that the MS/MPT-based se-
rodiagnostic assay can serve as an adjunct to sputum
microscopy in the rapid diagnosis of PTB.
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