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Table 2 Comparison of results obtained on culture, smear and PCR with true positives and true negatives

True positive (n=114)

True negative (n=1843)

Culture positive

Culture negative

Culture positive

Culture negative

Smear positive Smear negative

Smear positive Smear negative

Smear positive Smear negative

Smear positive Smear negative

PCR positive
PCR negative

63
9

16 8 18 0
0 0 0 0

0 0 4
0 0 1839

cases a 245 base pair band was not visible on the
gel and was only detected after hybridisation
of the Southern blot. Hybridisation was also
necessary to control the specificity of the re-
action. We found that a Nocardia farcinica iso-
late from a sputum sample produced a 245
base pair fragment after PCR with the INS1-
INS2 primer set which did not hybridise with
the 188 base pair internal probe. This PCR
product will be analysed further.

Discussion

PCR is a rapid, sensitive and specific DNA
amplification technique for the detection of M
tuberculosis. Most M tuberculosis complex strains
contain multiple copies of the insertion se-
quence IS6110, which makes this element a
widely used target for amplification. Recently,
about seven M tuberculosis strains lacking
1S6110 have been reported.'>'” However, these
strains were isolated from patients in South
East Asia and all European strains tested to
date contain one or more IS6110 copies (D
van Soolingen, personal communication). We
consider the IS6110 element to be suitable for
the detection of M ruberculosis infection in our
region.

Three studies have described the feasibility
of using a PCR test in the routine clinical
laboratory where many samples, including a
large proportion of negative specimens, need
to be tested daily.’*% Using PCR without prior
DNA purification, Clarridge er al reported a
sensitivity of 86-1%, while 7-3% of the speci-
mens contained Taq polymerase inhibitors.'®
Forbes et al achieved a sensitivity of 87-2%
without monitoring for inhibition.' Nolte et al
used internal controls during PCR and reported
that Taq polymerase was inhibited in 10 to
17% of sputum samples when no DNA puri-
fication was performed.”® After phenol ex-
traction the inhibiting substances were
removed from all samples. Inhibition of Taq
polymerase is a problem described by many
investigators.’?'?* We have chosen a PCR
method with a DNA extraction procedure in
which each individual sample is monitored for
enzyme inhibition in order to achieve the high-
est possible sensitivity. In The Netherlands the
number of culture positive specimens does not
exceed 4%, so we considered sensitivity a pri-
ority. We found that, even after DNA extraction
with GuSCN and silica particles, some samples
contained inhibiting substances. Dilution of
the sample led to some decrease in sensitivity
although, for many samples, the benefit of
diluting the inhibiting substances was larger.
Alternatively, phenol extraction followed by
ethanol precipitation will remove inhibitors
from GuSCNVsilica purified DNA. A nested

PCR will also improve sensitivity.?>** However,
nested PCR is not recommended in a routine
laboratory in view of the risk of contamination
with amplicons.

Commercial tests based on nucleic acid am-
plification for the detection of M tuberculosis in
samples from the respiratory tract are now
available.?’*®* However, the commercial tests
are rather expensive and need further de-
velopment. Experience obtained from in house
DNA amplification tests shows that com-
mercial test systems need to include controls
which enable one to monitor individual speci-
mens for the presence of enzyme inhibitors.*!

We did not encounter false positive results
caused by contamination with amplicons as
dUTP-UDG was used in the reaction mixture
and because the laboratory procedures de-
scribed by Kwok were followed.?!® However,
carry-over of bacteria or DNA sometimes oc-
curred from a sample with a high load of M
tuberculosis bacteria. The use of tubes with screw
caps for the extraction procedure solved this
problem.

The percentage of positive samples in this
study, 5%, is not representative of the speci-
mens received by our laboratories because some
of the samples were preselected. If all sputum
and bronchial washing samples had been
analysed, we would have expected the num-
ber of positive results to be not more than 3%,
which is the mean prevalence for The Nether-
lands. All samples were investigated within a
week of receipt, so the PCR results were avail-
able much earlier than the culture results and
could be used for clinical management.

A PCR test result needs to be interpreted in
its clinical context. A PCR positive result does
not always conform to culture results—for ex-
ample, the case of a 30 year old man with
suspected early pulmonary tuberculosis. On
admission, the patient’s sputum sample was
positive on microscopy and PCR, but was cul-
ture negative. Two weeks later all three tests
were positive. After 76 days of treatment with
antituberculosis drugs, sputum was negative
on microscopy but was culture and PCR pos-
itive. On day 188, only the PCR was positive.
The first specimen was regarded as positive
because it was positive on both microscopy and
PCR. The last specimen was interpreted as
positive based on the clinical presentation of
the consecutive specimens.

Although the routine use of PCR is ex-
pensive, we conclude that, when combined
with microscopy, nucleic acid amplification is
very useful for the rapid and specific detection
of M tuberculosis DNA in respiratory tract
samples. Furthermore, for investigation of
pleural fluid and extrapulmonary samples such
as tissue biopsy specimens and cerebrospinal
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fluid, PCR has become a reliable and sensitive
alternative to inoculation of guinea pigs (data
not shown). Animal testing is no longer neces-
sary for the diagnosis of tuberculosis. PCR can
also be used to identify mycobacterial species
rapidly. Discrimination between M ruberculosis
complex bacteria and other mycobacterial spe-
cies is essential for adequate treatment and
isolation of the patient.

PCR is not a substitute for culture unless a
wide spectrum of mycobacterial species can be
detected. If such a test becomes available, a
routine laboratory could use PCR to screen
all incoming respiratory and extrapulmonary
samples and perform culture only on the PCR
positive samples in order to test antibiotic sus-
ceptibility. The cost of such an approach will
be offset by the benefit to patients, in whom
treatment is instituted only when the presence
of mycobacteria has been confirmed, and the
savings gained by restricting culture only to
those samples containing mycobacteria.

At present, PCR is an important addition to
the routine battery of laboratory tests for the
rapid and definitive diagnosis of tuberculosis.

We thank J E Degener and ] D A van Embden for stimulating
discussion, J Spoelstra for linguistic assistance and J de Haan
for typing the manuscript.
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