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To determine the value of the PCR assay of lymphomonocytic blood cells for the diagnosis of pulmonary
tuberculosis, we compared, in a prospective study, PCR results with results of conventional diagnostic methods
ofMycobacterium tuberculosis detection. Clinical investigators who were unaware of the PCR data classified 162
immunocompetent patients, who had been hospitalized because of suspected pulmonary tuberculosis, in
accordance with the recommendations of the American Thoracic Society (ATS). By testing blood samples from
these patients for mycobacterial DNA with three different PCR systems, we were able to demonstrate that
nonquantitative PCR of peripheral blood leukocytes is of little value for the specific diagnosis of pulmonary
tuberculosis. However, semiquantitative PCR assays might have some significance since we found an increas-
ing level of mycobacterial DNA copies in blood from patients classified in ATS groups 2 to 5.

The most common routine methods for establishing a diag-
nosis of pulmonary tuberculosis are still microscopic inspection
and sample culturing. Microscopy has the disadvantage of low
sensitivity and specificity, and cultures have to be incubated for
up to 8 weeks before a final diagnosis can be made. The most
promising new approach for rapid, safe, and reproducible de-
termination of Mycobacterium tuberculosis infection is the
PCR. The several different PCR systems that have been de-
scribed have produced widely differing results with regard to
specificity and sensitivity (2, 4, 7, 8). Handling of sputum sam-
ples for the DNA preparation steps is especially laborious and
time-consuming and is often the origin of PCR-inhibiting sub-
stances in sputum samples (3). Recently, Schluger and col-
leagues (12) reported that use of PCR techniques with phenol-
chloroform-purified DNA from a buffy coat layer of cells
makes the diagnosis of pulmonary tuberculosis easier. In tests
on blood cells using a primer pair which was specific for re-
petitive insertion element IS6110, Schluger et al. (12) found all
patients with active pulmonary infections to be PCR positive
and all controls, as well as all tuberculin skin test-positive
cases, to be negative. In contrast, Kolk and colleagues (6) have
pointed out that PCR assay of peripheral blood lymphocytes
may only be useful for diagnosis of tuberculosis in immuno-
compromised patients. Here we describe a prospective com-
parison of PCR assay of peripheral blood leukocytes with con-
ventional diagnostic methods of M. tuberculosis detection.

MATERIALS AND METHODS

Study design.Within the previous 28 months, 162 patients suspected of having
pulmonary tuberculosis were examined in a prospective, double-blind study in
which the clinical investigators were unaware of the PCR results and the labo-
ratory workers were unaware of the clinical diagnoses. None of these patients
was infected with human immunodeficiency virus type 1 or had AIDS. Patients
with immunosuppression due to medication or radiotherapy were excluded.
Diagnostic procedures included sputum analysis by standard microscopy and

culture techniques, tuberculin skin tests, and tomography or computerized to-
mography scanning. Bronchoscopy of about 35% of the patients was carried out.
The patients were classified into five groups in accordance with the modified
recommendations of the American Thoracic Society (1). Group 1 had no history
of tuberculosis, negative tuberculin skin tests, negative mycobacterial smear and
culture tests, and positive identification of a carcinoma or of viral, fungal, or
bacterial (other than mycobacterial) pathogens as responsible for the pulmonary
disease. Group 2 had a history of pulmonary tuberculosis, positive tuberculin skin
tests, negative mycobacterial smear and culture tests, and positive identification
of a carcinoma or of viral, fungal, or bacterial (other than mycobacterial) patho-
gens as responsible for the pulmonary disease. Group 3 had positive tuberculin
skin tests, histological and radiological signs of pulmonary tuberculosis activity,
negative mycobacterial smear and culture tests, and no other definitive diagnosis
and showed a clear clinical benefit from therapy with antituberculosis drugs.
Group 4 patients had definite pulmonary tuberculosis and were smear negative
but culture positive. Group 5 patients had definite pulmonary tuberculosis and
were smear and culture positive. The culture studies were performed in accor-
dance with the standard procedures for M. tuberculosis culturing (9).
PCR assays. We used three amplification systems designed to reveal M. tu-

berculosis-specific amplicons: 158-bp (2.4-kb DNA insert, pPH7301-clon) (5),
240-bp (protein MBP64) (13), and 244-bp (IS6110 insertion element) amplifica-
tion products defined in accordance with the primer sequences given by Schluger
et al. (12). PCR amplification was achieved as described elsewhere (2). To check
that DNA samples were suitable for amplification, an internal amplification
control of the pyruvate dehydrogenase gene (10) was included in our study. The
specificity of all amplicons was assessed by using the Southern blot hybridization
method (positively charged nylon membranes; Boehringer GmbH, Mannheim,
Germany), followed by digoxigenin-labelled probe detection. To generate se-
quence-specific probes, we designed an amplicon-nested PCR for the 244 bp
from the IS6110 insertion element: positive, 59 ATG ACC AAA CTC GGC C 39;
negative, 59 GCC CAG GTC GAC ACA TAG 39. The sequences for the other
PCR-generated probes are given in reference 2. A PCR result was considered as
positive if there was a clear, distinct band in the Southern blot with a size we
expected to see. Furthermore, the 240-bp PCR fragment was semiquantified as
PCR positive by incorporation of [32P]dCTP in the samples from all 39 patients
(2). All samples were tested, twice, and the data given in Table 1 are means 6
the standard deviations for all 78 samples.
For EDTA-blood sample (2 ml) preparation, we used a simplified alkaline

DNA preparation method. After lysis of the erythrocytes, leukocytes were pel-
leted by means of a centrifugation step; the resulting cell pellets were lysed with
100 ml of 50 mM NaOH for 15 min at 958C under an oil overlay, and then the
material was neutralized with 1 M Tris-HCl (8 ml/50 ml of NaOH; for details of
alkaline lysis, see reference 10). No further purification procedures were neces-
sary.
Each assay for the investigation of one sample included the patient’s sample

with the three different mycobacterial primer pairs (tubes 1 to 3), the patient’s
sample with the pyruvate dehydrogenase primer pair (tube 4), a negative control
for detection of potential contamination during sample pretreatment and the
DNA extraction procedures (tube 5), a second negative control for detection of
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potential contamination during pipetting of the PCR mixture (tube 6), a positive
control with 100 copies of M. tuberculosis DNA for detection of potential prob-
lems during the DNA extraction procedure (tube 7), and a second positive
control with 1 ng of purified mycobacterial DNA (tube 8). The chance of PCR
contamination was minimized by physical separation of the amplified products
from the starting materials. All pre-PCR handling of materials was performed in
a room separate from the PCR site. All PCRs were set up in a second room with
a circulation-free, sterile bench with UV lighting. Another room, located on a
different floor, was dedicated to the processing and analysis of all amplification
products. The equipment handled in these rooms (positive-displacement pi-
pettes, disposable tips, etc.) was used exclusively for PCR. To further check the
possibility of artifactual contamination of blood samples, we reinvestigated orig-
inal blood materials which were known to be positive for the 244-bp product (n
5 32) and which had never before been in the PCR laboratories. This PCR assay
was done with the uracil N-glycosylase (UNG) system (11), which allows safe
pre-PCR enzymatic decontamination of a dU-containing PCR product.

RESULTS

All patients in group 1 (tuberculin skin test negative) tested
completely negative in all PCR assays. In groups 2 to 5, the
percentages of patients found to be positive in one or more
PCR amplification systems varied between 17 and 48% (Table
1). However, the highest percentage of PCR-positive samples
was found in groups 4 and 5. This result correlated quite well
with the semiquantitative PCR values for the 240-bp product,
which increased from 8,900 cpm in group 2 to 38,200 cpm in
group 5; however, these differences were not significant. Of a
total of 39 patients, the blood samples of 21 were positive for
all three primer pairs. Also, 10 of the 39 patients were positive
by only one PCR assay (4 patients for the 244-bp product, 3 for
the 240-bp product, and 3 for the 158-bp product). This some-
what erratic correlation between the amplification assays of
different gene regions is a known phenomenon and has also
been seen in previous studies (2) of sputum samples. However,
such a lack of conformity in the different PCR assays cannot be
explained by differences in sensitivity, since we found the
244-bp and 240-bp PCR assays to be identical in sensitivity,
whereas the 158-bp PCR system was less sensitive. The lower
sensitivity of the 158-bp system than the 240-bp system in the
present study confirms earlier results obtained by our group
(2).
The sensitivity of the blood PCR assay for the diagnosis of

proven pulmonary tuberculosis ranged from 0.30 (group 3) to
0.48 (group 4) and 0.35 (group 5). Thus, the assay was less
sensitive than the system described by Schluger et al. (12) but
much more sensitive than that reported by Kolk and coworkers
(6).
For potential decontamination of possible PCR amplicon-

generated false-positive results, we retested the 244-bp-posi-

tive blood samples with the UNG system. This procedure com-
pletely confirmed the original data: the UNG results correlated
in all cases with the first assays processed without the UNG
system. This supports our claim that positive results obtained
with the 244-bp PCR product are not the result of sample
contamination with PCR products.

DISCUSSION

Nonquantitative PCR assay of peripheral blood leukocytes
seems to be of little value for the diagnosis of pulmonary
tuberculosis in immunocompetent patients. In patients who
were PCR positive, we found increasingly higher numbers of
M. tuberculosis DNA copies circulating in the blood of groups
2 to 5. However, while the quantitation gave a higher value for
group 5, a lower percentage of samples in group 5 gave a
positive PCR result (36% in group 5 versus 48% in group 4).
We do not believe that the higher rate of positive PCR results
than that reported by Kolk and coworkers (6) is due to PCR-
generated contamination, since we routinely performed nega-
tive and positive controls during DNA preparation, amplifica-
tion, and detection procedures and all of the UNG PCR assays
with completely new and separately prepared DNA samples
confirmed our original results. Furthermore, the extremely
simple DNA extraction method which we employed in our
study is a single-tube method in which the reaction cup is
opened twice only, once to add the chemicals for the lysis
procedure and then a second time to withdraw an aliquot for
the PCR. This one-tube alkaline preparation method might
increase the sensitivity of the PCR test system, since there is no
loss of specific DNA, which always occurs with DNA extraction
methods which require tube changes. Comparison of our data
with those of Schluger and coworkers (12) indicates that it is
unlikely that we used a less sensitive assay since we were able
to demonstrate a detection limit in our assay of about 10 copies
of M. tuberculosis DNA per ml of EDTA-blood.
In conclusion, we believe that nonquantifying PCR methods

which use blood for the diagnosis of pulmonary tuberculosis
are of only limited value—at least for immunocompetent pa-
tients—because we found patients who definitely had no pul-
monary tuberculosis (group 2) to be up to 17% PCR positive.
On the other hand, only 40% of patients with proven pulmo-
nary tuberculosis had positive PCR results. Even the investi-
gation of three different gene regions of the M. tuberculosis
genome did not improve the positive detection rate of M.
tuberculosis DNA in the peripheral blood. A more detailed
investigation of reliable quantitative PCR assays in a greater

TABLE 1. Amplification results of all blood samples in accordance with the clinical classification recommended
by the American Thoracic Societya

Group (no. of
patients)

No. (%) of patients No. (%) of patients PCR positive with:

PCR negative PCR positive 244-bp primer 240-bp primer 158-bp primer Mean cpm (103) obtained with
240-bp primer 6 2 SDb

1 (47) 47 0 0 0 0
2 (29) 24 (83) 5 (17) 4 4 2 8.9 6 6.1
3 (10) 7 (70) 3 (30) 1 2 2 9.4 6 8.5
4 (31) 16 (52) 15 (48) 13 12 9 30.3 6 17.1
5 (45) 29 (64) 16 (36) 14 14 11 36.2 6 18.2

Total no.: 162 123 (76)c 39 (24)c 32 (20)c 32 (20)c 24 (15)c

a The patients were classified into five groups in accordance with the modified recommendations of the American Thoracic Society (for details, see Materials and
Methods).
b For details, see Materials and Methods.
c The percentages given are in relation to the sum of all of the patients investigated.
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group of patients is necessary to estimate the usefulness of
quantitative PCR systems for the clinical diagnosis of myco-
bacterial infection. Nevertheless, the fact that the blood of
patients with no trace of extrapulmonary disease or a miliary
pattern were PCR positive for M. tuberculosis supports the
hypothesis thatM. tuberculosis escapes from the alveolar space
to the blood circuit more often than previously thought.
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