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Abstract
A rapid in-house polymerase chain reac-
tion (PCR) assay is described for the
direct detection of Mycobacterium tuber-
culosis complex in clinical material. Its
performance is compared with two kit
based systems. The results of the in-house
assay were comparable with the commer-
cial assays, detecting M tuberculosis in
100% of smear positive, culture positive
samples. The in-house assay proved to be
rapid, easy, and inexpensive to perform,
and the inclusion of an internal inhibitor
control permitted validation of the PCR
results.
(J Clin Pathol 1998;51:922–924)
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The polymerase chain reaction (PCR) can be
used for the direct detection and identification
of Mycobacterium tuberculosis complex in clini-
cal material. In this study the assay described
by Tan et al,1 based on the repetitive sequence
IS6110 of M tuberculosis, was modified as
follows. It was adapted for use with a capillary
air thermal cycler (CATC; Rapidcycler, Bio-
Gene) which is more eYcient and faster than
conventional heated block thermal cyclers.2 In
addition, since endogenous inhibitors in clini-
cal samples may give rise to a significant
number of false negative results,1 3–6 an internal
control of 169 base pairs (bp) was designed
(Novocastra Laboratories), which coamplified
with the same primers as for the 123 bp target.

Methods
The DNA extraction procedure included a
boiling step, followed by ultrasonication in the
presence of glass beads.1 The mastermix
consisted of 3 mM MgCl2 /bovine serum
albumin/Ficoll/dye (BioGene), 200 µM
dNTPs, 15 pmol each primer, 25 fg internal
control, and 0.25 U Taq polymerase. The reac-
tion mixture consisted of 1 µl DNA extract and
9 µl mastermix. The cycling profile comprised
an initial step of 94°C for one minute, followed
by 45 cycles of 94°C for 0 seconds, 50°C for 0
seconds, and 72°C for two seconds.2 Amplified

products were electrophoresed through 3%
agarose gel and visualised using a transillumi-
nator. The entire assay, including DNA extrac-
tion, amplification, and detection, took three
hours. Samples found to contain PCR inhibi-
tors, as evidenced by non-amplification of the
internal control, were subjected to a simple
chloroform extraction7 and retested as above.

The performance of the in-house assay was
evaluated in a limited comparison with two
commercially available PCR assays licensed for
the detection of M tuberculosis complex organ-
isms in respiratory samples, namely Amplicor®

MTB (Roche Diagnostic Systems)4 and
C-TRAK® MTB (Raggio-Italgene Srl).6 The
Amplicor and C-TRAK kit based assays were
performed according to the manufacturers’
instructions. Both methods took approximately
nine hours to perform, and only the C-TRAK
assay included an inhibitor control.

Results
The results of all three PCR assays obtained
with a range of clinical samples were compared
with those of acid-fast smear and culture.
Thereafter, the in-house PCR assay was
compared further with the results of acid-fast
smear and culture on a greater number and
variety of clinical samples.

Details of the clinical samples studied are
shown in table 1. Of the total of 115 specimens,
31 were tested using all three PCR assays and a
further 84 by the in-house assay alone. Smears
of all samples were prepared and stained using
standard auramine fluorochrome staining.
Specimens were cultured onto Löwenstein
Jensen slopes or into MB/BacT liquid culture
medium.8 Cerebrospinal fluid samples were
cultured and PCR tested without decontami-
nation. All other samples were digested and
decontaminated,8 then neutralised before cul-
ture and PCR testing (table 1).

The results of the in-house PCR assay are
shown in table 2, together with the smear and
culture results. Inhibitors were detected in two
of 92 respiratory samples (2.2 %); a sample of
pus was also found to contain inhibitors, giving
an overall inhibitor rate of 2.6% (3/115). Sim-
ple chloroform extraction of the prepared
extract overcame the inhibition in all of these.
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The overall sensitivity for smear positive,
culture positive samples was 100% (43/43),
and for smear negative, culture positive sam-
ples, 36% (9/25). The in-house assay detected
M tuberculosis in two smear positive, culture
negative specimens from patients on antituber-
culous chemotherapy. M tuberculosis was de-
tected in two lymph node samples which were
smear positive and culture positive. There was
no evidence of cross reaction with samples
subsequently yielding M avium complex,
M malmoense, or M szulgai, and no smear
negative, culture negative sample gave a
positive PCR result.

The results of the kit based assays were con-
cordant with those of the in-house assay with
the following exceptions. Neither of the
commercial assays detected M tuberculosis in
the two smear positive, culture positive lymph
node biopsies. Only the Amplicor system
detected M tuberculosis in one of two smear
negative, culture positive CSF samples. How-
ever, Amplicor failed to detect M tuberculosis in
one smear positive, culture positive sputum
sample which was positive by both other PCR
assays.

Discussion
Endogenous inhibitors have been reported to
occur in 3.2–52% of respiratory samples.1 3–6 In

this study, the in-house assay detected PCR
inhibitors in three (2.6%) of 115 samples. The
C-TRAK assay did not detect inhibition in 31
samples. The Amplicor kit used in this work
did not include an internal standard, although
this is now available.

The low inhibitor rate obtained with the
in-house assay suggests not only that the simple
DNA release method employed may have been
capable of removing inhibitors eVectively, but
also highlights some of the advantages of using
a CATC. We have previously reported that the
low DNA sample input (1 µl/10 µl PCR) used
with the CATC gave a 10-fold reduction in
inhibitor rate compared with the use of a more
conventional block thermocycler, despite a
similar sample input ratio (5 µl/50 µl PCR).2

Further, the smaller sample input did not
appear to adversely aVect the sensitivity of the
in-house PCR. In addition, the low inhibitor
rate may be partly accounted for by the fact
that the PCR buVer for the CATC contains
BSA (to prevent denaturation of the polymer-
ase on the surface of the glass capillary), which
has been reported to help overcome inhibitors
in respiratory samples.5

Owing to diVerences in DNA extraction
procedures between the three PCR systems
compared in this study, assays were carried out
on separate aliquots of clinical material which
may cause problems in sampling error.
Nevertheless, the performance of the in-house
assay was comparable with those of the kit
based assays in this limited study. All three
assays successfully detected M tuberculosis in
the majority of smear positive sputum samples,
the only exception being one sample which
tested PCR negative using the Amplicor
system. All assays performed poorly with smear
negative, culture positive samples, detecting
M tuberculosis in three of 13 samples (23%).
However, a further 12 smear negative, culture
positive samples were tested by the in-house
assay alone and overall nine of 25 (36%) were
PCR positive. This level of sensitivity has been
documented by others and variously ascribed
to the presence of endogenous inhibitors, non-
homogeneity of samples, sampling error, and
low mycobacterial load.9 10

The in-house assay results, as well as those of
the kit based assays, therefore support the Food
and Drug Administration observation that with
PCR assays acceptable accuracy is currently
only obtained with smear positive, culture
positive respiratory samples. Further work
needs to be directed towards improving the
DNA extraction techniques, monitoring for the
presence of inhibitors by the use of internal
controls, improving amplicon detection meth-
ods, and the inclusion of suitable internal and
external QC procedures before these methods
can be extended to smear negative, culture
positive samples.

Nonetheless, the in-house assay as described
in this study performed at least as well as com-
mercially available systems. The inclusion of an
inhibitor control was valuable in preventing
false negative results being reported. The test
could be completed within three hours of the
receipt of the sample. It was also less labour

Table 1 Types and numbers of specimens studied

Sample type Specimen
In-house
alone

In-house
v kits

Decontamination
method

Respiratory Sputum 59 22 1N NaOH
BAL 8 3 1N NaOH

Non-respiratory Biopsy* 9 2 N/2 H2SO4

CSF 5 3 None
Pus 1 1 1N NaOH
Urine 2 0 N/2 H2SO4

Total 84 31

BAL, bronchoalveolar lavage; CSF, cerebrospinal fluid.
*Including spinal disc; leg and face tissue; pleural, lung, lymph
node, rectal, and liver biopsies.

Table 2 Results of in-house polymerase chain reaction
(PCR) assay for the detection of M tuberculosis complex in
115 samples compared with conventional smear and culture
results

Smear Culture PCR Specimen
Number
tested

+ + + Sputum 34
+ + + BAL 4
+ + + Biopsy 3
+ + + Urine 2

− + + Sputum 8
− + + Pus 1
− + − Sputum 10
− + − BAL 3
− + − Biopsy 1
− + − CSF 2

+ − + Sputum 2*

+ − − Sputum 6†
+ − − BAL 1‡

− − − Sputum 21
− − − BAL 3
− − − Biopsy 7
− − − CSF 6
− − − Pus 1

Total 115

BAL, bronchoalveolar lavage; CSF, cerebrospinal fluid.
*Specimens from patients on treatment.
†Two specimens grew M avium complex; two grew M
malmoense; and two grew M szulgai.
‡Specimen grew M szulgai.
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intensive than the kit based assays. Therefore, it
oVers a rapid PCR based system for the direct
detection of M tuberculosis complex in smear
positive samples, which assists patient manage-
ment by providing prompt supportive evidence
of M tuberculosis infection, as opposed to that
caused by other mycobacteria which could
yield a smear positive result on microscopy.
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