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EDITORIAL

Direct amplification of Mycobacterium tuberculosis
deoxyribonucleic acid in paucibacillary tuberculosis

C. Saltini

The discovery of the polymerase chain reaction (PCR)
as a means to generate detectable signals from as little as
a single molecule of target deoxyribonucleic acid (DNA)
[1] has led to the development of extremely powerful and
rapid diagnostic tests for a number of infectious agents.
PCR was therefore expected to improve significantly the
sensitivity of tests for the diagnosis of tuberculosis (TB),
compared with the standard stains for acid fast bacilli
(AFB) on sputum smears. Since the first report by HANCE et
al. [2] on the use of PCR amplification of the 65 kDa heat
shock protein (HSP) gene for the diagnosis of Mycobacte-
rium tuberculosis in clinical samples, a number of M.
tuberculosis DNA sequences have been tested as amp-lifi-
cation targets [3]. Over the past ten years, several PCR test
formats have been employed and nested PCR tests have
been described which were endowed with a detec-tion
power 1,000-fold greater (lower detection limit, 0.1 M.
tuberculosis colony-forming unit (cfu)·mL-1) than that of
the standard PCR with 35 amplification cycles (detection
limit, 100 cfu·mL-1) [4].

Among DNA targets, the IS6110 insertion sequence, a
M. tuberculosis complex-specific sequence which is re-
peated 10–16 times in the chromosome of M. tuberculosis
[5], has been the most widely used. This test has the power
of amplifying a fraction of a chromosome of M. tubercu-
losis and with this test it has been possible to accomplish
something as spectacular as identifying mycobacteria bur-
ied in mummies thousands of years old [6]. However, the
test is difficult to handle and its reproducibility across lab-
oratories has been rather disappointing [7]. Even more
importantly, all the amplification tests using either the
PCR or other ribonucleic acid (RNA) and DNA amplifi-
cation techniques that have been developed, bottled and
marketed for the diagnosis of M. tuberculosis in routine
laboratories do not seem sufficiently sensitive for the diag-
nosis of paucibacillary TB. Notwithstanding their extreme
power in the laboratory setting and although the rapid am-
plification tests are more sensitive than AFB stains, home
grown and commercial tests alike, both still fail to diag-
nose about 50% of microscopy-negative sputum samples
[8] i.e., those samples containing less than the 5–10,000
M. tuberculosis organisms·mL-1 of sample that are requir-
ed for a positive AFB smear.

With this background, an American Thoracic Society
(ATS) panel recently recommended that the rapid ampli-
fication tests should be used for the confirmation of rapid
diagnosis of M. tuberculosis versus nontuberculous myco-

bacteria in individuals with an AFB-positive sputum
smear. With a direct amplification test it can be rapidly
determined (with >95% sensitivity) whether an individual
has active, multibacillary TB (requiring isolation and con-
tact screening), or a nontuberculous mycobacterial infec-
tion (not requiring any of the above). In contrast, the same
ATS panel could not recommend the use of rapid amplifi-
cation tests for the routine diagnosis of paucibacillary TB,
due to their lower sensitivity in the setting of AFB nega-
tive sputum samples [8].

The majority of studies evaluating the clinical utility of
DNA or RNA amplification tests for the diagnosis of TB
have dealt with respiratory samples from pulmonary TB
patients. Interest for pulmonary TB stems not only from
the notion that pulmonary TB represents the most com-
mon localization of the infection, but also that these pati-
ents are the major source of M. tuberculosis transmission.
In this context, rapid diagnosis of pulmonary TB is critical
both for the respiratory physician and the public health
officer. However, relative to the more common cavitary
TB, extrapulmonary TB represents a difficult diagnostic
challenge since the clinical presentation of extrapulmo-
nary TB is not always as typical. Furthermore, as extrapul-
monary TB is most often paucibacillary, AFB stains are
even less sensitive on fluid aspirates and tissue biopsies
than they are on sputum samples. In this context, impro-
ved microbiological diagnosis would be of great import
since the appearance of a caseating granuloma in affected
tissues or the crowding of lymphocytes in an aspirated
fluid may be the only evidence for extrapulmonary TB.

A variety of rapid amplification tests have been propo-
sed for the diagnosis of nonrespiratory TB. DAILLOUX and
LAURAIN [9], using both the Roche Amplicor PCR system
(Roche, Basel, Switzerland) and the Genprobe AMTD
RNA amplification system (Genprobe, San Diego, CA,
USA), obtained a positive test in only 60% of nonrespira-
tory specimens compared to 90% of respiratory speci-
mens. TORTOLI et al. [10] reported similar results using a
ligase chain reaction test on a variety of extrapulmonary
specimens with which they had 73% positives, compared
to 98% positives with respiratory samples. TAN et al. [11]
developed a very sensitive test yielding 100% sensitivity
on a variety of extrapulmonary specimens, but with disap-
pointing specificity (88% for bronchoalveolar lavage and
pleural fluid and 85% for other extrapulmonary samples,
compared with 95% for sputum samples). With regard to
specific extrapulmonary sites, QUEROL et al. [12] obtained
81% sensitivity in the diagnosis of pleural effusions with
the IS6110 PCR test compared to 14% with the Ziehl-
Neelsen stain. Similarly, MANGIAPAN et al. [13] were able to
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amplify M. tuberculosis DNA in 13 of 17 cases of tuber-
culous pleurisy, thereby identifying 10 of 14 culture-nega-
tive effusions using a very sensitive capture assay applied
to the IS6110 PCR test.

Among extrapulmonary samples, the blood has been
sought as the ideal specimen with which to diagnose dis-
seminated TB in human immunodeficiency virus (HIV)
infected patients. CONDOS et al. [14] used the IS6110 PCR
test in blood and obtained an outstanding sensitivity (95%)
with poor specificity (89%). Blood testing has also been
explored by FOLGUEIRA et al. [15] who showed a sensitivity
of 82% in HIV-infected and of 33% in HIV-seronegative
patients with an 8-fold greater sensitivity than M. tubercu-
losis cultures. Similar results were obtained by DEL PRETE et
al. [16] who amplified the IS6110 sequence in 86% of 30
blood samples from TB patients and by GAMBOA et al. [17]
who amplified M. tuberculosis RNA from 90% of TB
patient blood samples with the amplified mycobacteria
direct test (AMTD).

In the study presented in this issue of the Journal, KOLK

et al. [18] analyse the performance of a home grown am-
plification test using PCR for the amplification of the
IS6110 repeated sequence in the diagnosis of extrapul-
monary TB, in comparison to the "standard" rapid tests
i.e., microscopy for AFB by Auramine and Ziehl-Neelsen
stains. The test used in this study was supported by the
best possible controls for false negative results. By exam-
ining in detail nonrespiratory specimens including pleural
fluid, tissue biopsies, blood, pus, bone marrow, ascites,
synovial fluid, urine and faeces, the authors were able to
establish a sensitivity of 86% (with a specificity of 92%)
for the PCR amplification test which is well above that of
the AFB stains (31% sensitivity and 94% specificity, in
this study).

The study was carried out in a laboratory involved for
many years in the development, clinical application, stan-
dardization and quality control of molecular diagnosis of
M. tuberculosis, therefore, it may give us a good approxi-
mation of what current rapid amplification tests could do
for the diagnosis of paucibacillary TB, when carried out in
a laboratory with high quality standards. Firstly, the obser-
vation that despite a well performing test not all specimen
types can be diagnosed with equal sensitivity. It tells us
that more work must be done to adapt amplification tests
to each type of specimen that needs to be examined in
order to diagnose extrapulmonary TB. In the context of
the reports on M. tuberculosis DNA amplification from
blood samples quoted above [14–17], the fact that the
IS6110 test used by KOLK et al. [18] correctly diagnosed
almost all of the pus specimens and a good percentage of
the pleural fluids, but virtually none of the blood samples
suggests that specimen preparation, in addition to DNA
amplification can still be improved.

Secondly, with the DNA amplification test described in
this issue of the Journal, KOLK et al. [18] were not only able
to predict TB in 86% of their extrapulmonary cases (of
whom only 31% were AFB positive), they were also able
to predict TB in about 50% of patients with a clinical pres-
entation consistent with TB who responded to a trial of
antituberculous therapy, but turned out to have negative M.
tuberculosis cultures thereby receiving an "empirical"
diagnosis of TB. Would the clinician be 100% confident
that the test is both sensitive and specific, most of the
"empirical" could be taken out of TB diagnosis.

Are the direct amplification tests of today what pulmo-
nary and infectious disease physicians need for the rapid
routine diagnosis of paucibacillary TB? The answer is
both yes and no.

Yes, because with a quality controlled microbiology
laboratory, these tests could help to confidently diagnose
TB within a week from admission. However, as the ATS
panel has suggested, rapid amplification testing in AFB-
negative paucibacillary TB, be it pulmonary or extrapul-
monary, needs to be carried out in clinical centres where
criteria for empirical diagnosis of TB are standardized,
molecular testing is quality controlled, and the clinician
and the microbiologist work in a "controlled clinical trial"
mode until both clinical and molecular tests are rigorously
standardized and validated.

No, because as the NOORDHOEK et al. [7] multicentre study
demonstrated (in which the Author of this study partici-
pated), these tests are not reproducible in all laboratories
and both sensitivity and specificity may be so terrible in a
poorly performing laboratory, that either no patient with
tuberculosis would end up with the right treatment or a
host of nontuberculosis patients would receive a diagnosis
of tuberculosis and a six month course of three-drug
antituberculous therapy.
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