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Abstract

Traditional methods for the diagnosis of
tuberculosis (TB) lack the sensitivity and
rapidity. Amplification of mycobacterial
DNA in sputum by polymerase chain reaction
(PCR) has become a promising diagnostic
tool. However, some patients are unable to
provide sputum or other suitable specimens
for smear/ culture/PCR, and the processing of
infectious sputum may be hazardous. It has
been shown that monocytes are activated in
patients with pulmonary TB, suggesting that
mycobacteria may enter bloodstream to
trigger effector cells. Because blood is easy to
obtain, we began to study the potential of
peripheral blood PCR in the diagnosis of
pulmonary and extrapulmonary TB. We
drawn 4 ml of blood from patients with
suspected pulmonary or extrapulmonary TB.
Mononuclear cell layer was separated by
Ficoll-Hypaque density centrifugation. Nested
PCR was done and the products were
examined by ethidium bromide staining and
Southern hybridization. The results showed
that in 30 peripheral blood samples taken
from 26 patients with pulmonary TB, 15



showed a product similar to that produced by
the positive control, but Southern blotting did
not show positive hybridization, indicating
negative results. In 12 peripheral blood
samples taken from 9 patients with
extrapulmonary TB, 6 showed a product like
that produced by the positive control. But
Southern blotting failed to show positive
hybridization. Possible causes of the failure of
PCR assay included: PCR inhibitors, small
volume of blood samples, timing of the blood
sampling and the inherent difficulty of the
assay. We are now still trying to correct
possible sources of failures.
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INTRODUCTION

Diagnostic methods of tuberculosis (TB)
have changed very little for many years.
Smear/culture of clinical specimens, chest
radiographs and serologic tests are the most
commonly used methods. These conventional
methods have the disadvantages of low
sensitivity (smear), low specificity (serology)
or being very slow (culture). Recently,
amplification of mycobacterial DNA from
sputum by polymerase chain reaction (PCR)
has become a promising method for rapid
diagnosis of pulmonary TB (1-4). In 1996,
Condos and colleagues (5,6) reported that
they had used peripheral blood to undergo
PCR assay in patients with pulmonary TB,
and had found the overall sensitivity and
specificity for the diagnosis of pulmonary TB
was 95% and 89%, respectively. The potential
role of the peripheral blood PCR assay in
extrapulmoanry TB, however, was not acce-
ssed. Because patients with either pulmonary
or extrapulmonary TB sometimes have
difficulty in providing a proper specimen for
smear/culture/PCR, we began to study the
peripheral blood PCR assay in patients with
suspected pulmonary, as well as in those with
extra-pulmonary TB.

MATERIALS AND METHODS
(1) Peripheral blood samples:

Peripheral blood samples were taken from
patients with suspected pulmonary or extra-
pulmonary TB. For conventional diagnosis of

TB, three clinical specimens were smeared
and cultured.

From each patient 4 ml of blood was
collected in tubes containing EDTA, diluted
with 4 ml of phosphate buffered saline (PBS).
The diluted blood was slowly layered over
Ficoll-Hypaque in a ratio of 3:1 (blood:Ficoll).
After density gradient centrifugation (700 g,
40 min), the mononuclear cell layer was
aspirated, washed and centrifuged (700 g, 10
min). Cells were then suspended in 40 ul of
trissEDTA (TE) buffer, and 60 ul of 10%
sodium dodecylsulphate (SDS) and 10 ul
proteinase K (20 mg/ml) were added. Cells
were incubated at 56°C for 1 hr and at 95°C

for 10 min. Then phenol-chloroform
extraction of DNA was done.
(2) PCR:

Primers homologous to the mycobacterial
insertion sequence IS6110 were used. This
sequence is specific for the Mycobacterium
tuberculosis complex (including M. tubercu-
losis, M. bovis, M. africanum and M. microfti)
and will not detect organisms of M avium
complex or other atypical mycobacteria.

Nested primer pairs were used. The outer
primer, designed for complementarity with the
inverse terminal repeat region of the IS6110
insertion sequence consisted of oligonucleo-
tide:. 5° TGA ACC GCC CCG GCA TGT
CCG GAG ACT 3’ The inner primer pair
included: sense primer: 5° CGT GAG GGC
ATC GAG GTG GC 3’, and antisense primer:
5" GCG TAG GCG TCG GTG ACAAA Y
The final PCR product is a 253 bp segment of
the IS6110. For the second (nested) PCR, 2.5
ul of the initial PCR product was added as the
template DNA. The PCR was carried out for
both the outer and the inner primer pair under
the following conditions for 30 cycles:

Denature 95°C for 1 min
Annealing 50°C for 1 min
Extension 72°C for 1 min

In both the initial and nested reactions,
negative and positive controls were included.
The negative control reactions consisted of no
template. Positive control was genomic DNA
extracted from a clinical isolate of Mjyco-
bacterium tuberculosis in the mycobacte-



riology laboratory of our hospital. PCR
products were analysed by agarose gel (2%)
electrophoresis and ethidium bromide staining,
under ultraviolet transillumination.

(3) Southern hybridization:

After electrophoresis, PCR products were
blotted onto Hybond-N nylon membranes,
dried and hybridized with a non-radioactive,
253 bp DNA probe (see below for preparation)
homologous to the expected PCR product,
using the Enhanced Chemiluminescence (ECL)
labeling and Detection kit (Amershan, UK).
The membrane was washed, the substrate of
peroxidase added, the chemiluminescence
detected and autoradiographed according to
manufacturer’s instructions.

(4) Preparation of the probe:

PCR product of the positive control was
purified using the method of rapid freezing
and thawing (7). The purified DNA fragment
was then labeled using the ECL labeling kit,
according to manufacturer’s instructions.

Results
Active pulmonary TB

Of the 30 peripheral blood samples ob-
tained from 26 patients with culture-proven
pulmonary TB, 15 showed a product of about
250 bp after nested PCR. However, when
being Southern hybridized, none of them
showed a positive signal, indicating that they
were nonspecific amplification products not
from M. tuberculosis complex.
Extrapulmonary TB

Of the 12 peripheral blood samples
obtained from 9 patients with culture-proven
extrapulmonary TB (5 tuberculous pleurisy, 3
tuberculous lymphadenitis, 1 tuberculous
meningitis), 6 showed an amplification
product of about 250 bp after nested PCR.
But none of them showed positive
hybridization with the probe after Southern
blotting. These bands were nonspecific
amplification products, too.

DISCUSSION

PCR assay for the detection of mycobac-
terial DNA in respiratory specimens such as
sputum and tracheal aspirates is an established
laboratory methods for the diagnosis of
pulmonary TB, with a sensitivity ranging from

66.7% to 84.4%, and a specificity between
98% and 100% (1-4, 8,9). The collection of
proper respiratory specimens, however, is
sometimes hard if not impossible. Patients,
especially children, may have difficulty in
expectoration. To obtain proper clinical
specimens for smear/culture/PCR is often
more difficult in patients with extrapulmonary
TB, such as those with tuberculous meningitis
and increased intracranial pressure, those with
tuberculous peritonitis without ascites, or
those with miliary TB who refuse bone
marrow biopsy/culture. The infectious nature
of the sputum (when collected through induc-
tion by nebulized saline or when handled in
the laboratory) makes the procedures poten-
tially hazardous. The sputum specimens may
contain PCR inhibitors which may be
responsible for the sometimes suboptimal
sensitivity of sputum PCR assay (1-4,8,9).
For these reasons we started this study to
investigate the possibility of using peripheral
blood PCR assay for the diagnosis of
pulmonary and extrapulmonary TB. Because
blood is easy to obtain, and in patients with
pulmonary TB the activation of peripheral
blood monocytes, shown by the increased
interleukin-1 production and enhanced
expression of interleukin-2 receptors,
suggests that mycobacteria enter bloodstream
and trigger effector cells (10-12).

But we failed to detect mycobacterial
DNA in the peripheral blood mononuclear
cells from any patient with pulmonary or
extrapulmonary TB. Although we visualized
amplification products of about 250 bp in
length, which were similar to the PCR
products from positive controls, they did not
hybridize with the probe on Southern blot
analysis. Condos and colleagues found the
overall sensitivity and specificity of the
peripheral blood PCR assay for the diagnosis
of pulmonary TB was 95% and 89%, respec-
tively (5,6). The reasons of our failure to
demonstrate a similar effectiveness may be: (1)
The presence of PCR inhibitors in the sample.
They could have come from residual Ficoll-
Hypaque, SDS, proteinase K or phenol. (2)
The volume of peripheral blood we drawn



may be too small. Although Condos recom-

mended 4 ml, which was also the volume we

drawn, the mononuclear cell layer we ob-
tained after Ficoll-Hypaque density gradient
centrifugation was always very thin. After
further preparation including the use of
proteinase K, SDS, phenol and chloroform,
mycobacteria which had entered blood stream,
if any, may have been lost. (3) Some of the
peripheral blood samples were taken one or
two days after the patient had been put on
anti-TB chemotherapy, and the number of
mycobacteria in bloodstream may have been
reduced. (4) The technique may be a tricky
one, because there have been no further
reports demonstrating similar effectiveness of
peripheral blood PCR assays after the initial
two by Condos and his group. At the present
time we are still trying to improve the metho-
dology by: (1) more excessive washing to
remove possible PCR inhibitors such Ficoll-

Hypaque; (2) getting a larger volume (12 ml)

of blood; (3) obtaining the blood sample

before anti-TB chemotherapy was started.
CONCLUSION

We tested the potential usefulness of a peri-

pheral blood PCR assay in the diagnosis of

pulmonary and extrapulmonay TB, and found
that it could not be used to diagnose either.

Possible reasons for the failure were

discussed.
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