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Peripheral-blood-based PCR assay to identify patients with activ

pulmonary tuberculosis

Rany Condos, Amy McClune, William N Rom, Neil W Schiuger

Summary

Background There is a need for rapid diagnosis of
pulmonary tuberculosis. We have previously used a PCR to
detect circulating Mycobacterium tuberculosis DNA in
blood samples from patients (mostly HIV-infected) with
pulmonary tuberculosis. We have now prospectively
investigated the role of this bloodbased PCR assay for
diagnosis of this disease in a clinical setting

Methods Our PCR assay is specific for the 1S6110 insertion
element of the M tuberculosis compiex of organisms. We
used it to test peripheral blood from 88 consecutive
patients admitted to a chest ward with suspected
pulmonary tuberculosis. Personnel who carried out the
assay did not know the results of any clinical
investigations and ultimate diagnosis, and clinicians did
not know the PCR results. Results of the PCR assay wer
compared with the final clinical diagnosis. A subgroup o
15 patients had blood samples assayed serially to track
the PCR signal over time

Findings 41 patients had a final clinical diagnosis of
tuberculosis, and the cases were typical of those seen at
our hospital; HIV infection was common, and most cases
were not sputum-smear positive for acid-fast bacilli. The
PCR assay correctly identified 39 41 patients with
proven pulmonary tuberculosis, 26 (63%) of whom were
sputum-smear negative. There were five patients in whom a
positive PCR result did not accord with the final clinical
diagnosis, and two of the 44 negative PCR results were
classified as false negatives. The overall sensitivity and
specificity of the PCR assay for a diagnosis of tuberculosls
was 95% and 89%, respectively. In 15 patients with
pulmonary tuberculosis and a positive blood assay, the
PCR result remained positive after 1 month of therapy, but
had reverted to negative in 13 of the 15 by 4 months of
therapy

Interpretation We conclude that peripheral blood-based
PCR detection for the diagnosis of tuberculosis is a
technically sible approach that has a potentially
important role in the diagnosis of pulmonary tuberculosis.
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Introduction

Diagnostic approaches to pulmonary tuberculosis
been virtually unchanged for many years; sputum §
examination, sputum culture, and chest radiogs i
remain the most frequently used methods.! Ho
there is an urgent need for rapid and accurate diagnosi
tuberculosis. HIV infection, institutional outbreé
transmission of tuberculosis, and the emergence’
multidrug-resistant  disease underscore the urgency
carly identification and treatment.

Recently, developments in molecular biology he
raised hopes about the possibilities of new strategies !
tuberculosis diagnosis.” Most of these methods hs
focused on the application of PCR to sputum samp
from patients with suspected mycobacterial disea
Although these approaches have been promising, 1
exact clinical role of the PCR assay as it applies to spun
analysis is unclear. The infectious nature of spuli
(when handled in the laboratory and when collect
through induction by nebulised saline), potential preser
of PCR inhibitors in samples, and difficulty in obtaimi
samples from some patients have led us to search for mk
accessible biological specimens that might be usg
adjuncts in the diagnosis of pulmonary tube
Though rapid tests may not replace the need for sp
cultures generally (to look for other organisms
susceptibility testing of mycobacterial isolates), a
test with another type of sample may reduce the o
of sputum samples that need to be collected,
negative result may allow the diagnosis of tubercul
be ruled out quickly and with certainty.

We have previously reported in a preliminary s
cight patients (mostly HIV infected) with
pulmonary tuberculosis that DNA from My
tuberculosis could be amplified by PCR from peri
blood mononuclear cells. We now report the resul
prospective evaluation of the usefulness of a PCR-!
peripheral blood assay for the diagnosis of pulm
tuberculosis.

Methods

Clinical samples
Samples of blood were taken from consecutive patients
during 2 6-month period to the Bellevue Chest Service who
undergoing diagnostic evaluation for suspected tuberculosi
blood samples were obtained in the course of routine dia
evaluation and were assayed without knowledge of the s
diagnosis or the results of any other laboratory investigatios
conventional diagnosis at least three sputum samples (range
to 12) were obtained and cultured. Blood samples from p: i
were coded by number after collection and delivered w0
aboratory with only that number as an identifier. No
ion was available to the laboratory workers d

PCR assay.

frer initial diagnoses were estat.ished, 15 patients
culture-proven pulmonary tuberculosis had follow-up
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Raclal/ethnic distribution

Black 44 (50)

Hispanic 19(22)

White 15(17)

Asian 10(11)

——— e _

HIV serostatus

Positive 37 (42)

Negative 41 (47)

Unknown 10(11)
Sex (M/F) 84/4

Age

Mean 375 years
Range (number in range)

0-20 years 0

21-30 11

31-40 40

41-50 21

51-60 13

61-70 3

*Unless otherwise stated.
Table 1: Demographic characteristics of patients admitted to
the chest service with suspected tuberculosis

samples taken after | month and 4 months of conventional
antituberculous therapy. These 15 patients were selected for
further studies because they received continuing care in our
clinic, whereas the other patients received follow-up care closer
to their place of residence.

2 mL of whole blood from each patient was collected in tubes
containing EDTA and diluted with 2 mL. phosphate buffered
saline (PBS). The diluted blood was carefully layered over Ficoll-
Hypaque (Pharmacia, Inc) in a ratio of 3 to 4 (blood:Ficoll) and
the buffy coat layer of cells was obtained with density
centrifugation (700 £X40 min, brake off). The buffy coat was
aspirated and then washed with PBS (700 £X 10 min, brake on)
in a total volume of 10 mL. Cells were suspended in 40 pL of
ris-EDTA (TE) buffer (PH 7-4), and 60 kL of 10% sodium
dodecylsulphate and 10 KL of freshly prepared proteinase K (20
mg/mL) were added. The cells were incubated at 56°C for 1
hour, followed by 10 min at 95°C, Phenol/chloroform extraction
of DNA followed by ethanol precipitation was then done. After
DNA precipitation, pellets were washed in TE and the DNA was
resuspended in 20 pL of sterile double-distilled water for use in
the PCR reaction.

PCR

Primers homologous to the mycobacterial insertion sequence
IS6110 were used. This insertion element is specific for the
M wberculosis complex of organisms (including M bouis,
M africanum, and M microri) and will not detect organisms of the
M avium complex.® Nested primer pairs were used in the PCR
protocol for sensitive amplification. The outer primer, designed
for complementarity with the inverse terminal repeat region of
the IS6110 insertion sequence consisted of oligonucleotide
5' TGAACCGCCCCGGCATGTCCGGAGACT 3'. The inner

Number (%)

Sputum AFB smear resuit

Positive 15(37)

Negative 26 (33)

e e _

Chest radlographic pattem

Parenchymal infiltrate 34 (85)

Mediastinal lymphadenopathy 3(5)

Miliary pattern 2(5)

Normal 2(5)
————

HIV status

Positive 18(43)

Negative 16 (40)

Unknown 7(17)

AFB=acid-fast bacilli.
Table 2: Clinical features of cases of active pulmonary
tuberculosis
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5' CGTGAGGGCATCGAGGTGGC ' and the antisense
primer 5' GCGTAGGCGTCGGTGACAAA 3%

In both the initial and nested reactions, negative controls were
included in each experiment. The negative control reactions
consisted of buffer, nucleotides, primers, magnesium, and Taq
polymerase, but no template. Positive controls with genomic |
DNA isolated from a clinical isolate of M tuberculosis as template
were also included in each experiment. The reaction tube
containing the positive control Was prepared under a hood in a
separate room in the laboratory to avoid contamination and
product carryover, and all PCR reactions were carried out in
duplicate to reduce the risk of false-positive results. PCR
products were then analysed by agarose gel 2%) electrophoresis,
All PCR results were interpreted by two observers, and all
samples were processed twice.

Resuits

PCR in initial diagnosis of pulmonary tuberculosis

One blood sample from each of 88 patients was obtained
for PCR. Relevant demographic characteristics are shown
in table 1. Four patients had received BCG vaccination
previously, and 12 (14%) had a history of previous
tuberculosis disease. 44 patients were PCR positive and
44 were PCR negative. 39 of 4] patients with pulmonary
tuberculosis were PCR positive and 42 of 47 patients with
non-tuberculous disease were PCR negative, giving a
sensitivity of the PCR assay on peripheral blood of 95%,
and a specificity of 899, The positive and negative
predictive values were 89% and 95%, respectively.

Among the 44 PCR-positive patients, 38 had evidence
of active tuberculosis as shown by a positive sputum
culture; one additional patient had a clinijcal diagnosis of
tuberculosis  (without culture confirmation) and he
improved both clinically and radiographically while on
antituberculous therapy.  The relevant  clinical
characteristics of this group of patients are shown in table
2; notably, apart from the two patients with a miliary
pattern seen on chest radiograph, no patient had evidence
of extrapulmonary involvement, Five of the PCR-positive
patients had no definite clinical evidence of tuberculosis:
one of them had adenocarcinoma of the lung, and of the
remaining four, three were HIV seropositive, with a mean
CD4 count of 293/uL. (range 89-400/uL). Two of the
four patients (one HIV positive) had received BCG
vaccination previously, and one of the four had a
diagnosis of tuberculosis made within the previous 12
months and had received antituberculous therapy before
admission to our hospital.

Of the 44 PCR-negative patients, two had active
tuberculosis, as judged by clinical Status and sputum
culture. Diagnoses in the remaining 42 were carcinoma of
the lung (one), invasive aspergillosis (two), bronchitis/
bronchiectasis (21), Pneumocystis carini pneumonia (ten),
tuberculosis  infection without disease (five), and
unknown (three).

Effect of therapy on PCR detection of mycobacterial
DNA

15 patients with culture-proven tuberculosis and positive
blood PCR results at the time of diagnosis were followed
while on antituberculous therapy. After 1 month of
therapy, all 15 patients remained PCR positive. At 4
months of therapy, 13 had a negative PCR result. All 15
patients had been responding to therapy clinically, and
Sputum cultures had become negative. Two patients
remained PCR positive for M tuberculosis. In one of these
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two  patients antituberculous therapy had been
interrupted because of abdominal pain; the other patient
had a miliary pattern on his chest radiograph at the time
of diagnosis.

Discussion

We have shown that the detection of circulating
mycobacterial DNA by PCR is sensitive and specific in
the diagnosis of active pulmonary tuberculosis, the results
being available within a day. In our cohort, PCR of blood
samples in patients with suspected tuberculosis yielded a
sensitivity of 95% and a specificity of 89%. These values
compare favourably to results for diagnosis of tuberculosis
generally obtained by conventional methods such as
sputum microscopy, and they are similar to results
obtained with PCR analysis of sputum samples. The yield
of sputum microscopy for the immediate diagnosis of
tuberculosis has usually been reported in the 50-75%
range, with smears less often positive in non-cavitary
disease or in patients with HIV infection.”

In our series, positive PCR results were not affected
either by the radiographic presentation or by the HIV
status of the patients. In addition, recent work suggests
that the positive predictive value of sputum smears for
acid-fast bacilli may be higher in patients from whom
respiratory samples are collected by sputum induction or
bronchoalveolar lavage, since these techniques are more
likely to raise samples containing organisms from the
M avium complex.” Our PCR assay is specific for
organisms of the M tuberculosis complex. Although the
clinical usefulness of sputum-based PCR remains unclear,
a" recent well-done clinically oriented study using a
commercially developed PCR kit indicates a rough
equivalence between PCR and culture results, with a
clinical case definition as the gold standard for diagnosis."
Our blood-based assay reported here has yielded similar
results.

There were five patients who were PCR positive for
M wberculosis DNA  without culture or clinical
confirmation of tuberculosis. Further analysis of these
patients showed that one had been given a diagnosis of
tuberculosis in the months before admission to our
hospital, and had received some antituberculous therapy.
Two other patients had received BCG vaccination,
including one with HIV infection. PCR assays based on
detection of the insertion element IS6110 cannot
distinguish between M ruberculosis and M bovis, and it is
possible, especially in HIV-infected patients in whom
clinical infection with M bovis may occur several years
after vaccination, that this was responsible for the positive
PCR result." There was no obvious explanation for the
other two patients with positive PCR results but without
clinical or culture evidence of tuberculosis. For the
calculation of sensitivity and specificity of our assay,
however, we included all five cases as false-positive
results.

Two patients with negative PCR results had positive
sputum cultures for M wuberculosis, and we counted them
as false negatives. Although we had speculated that these
false-negative results were due to low levels of infection or
early stages of disease, both patients had cavitary disease,
and one was sputum-smear positive. It is possible that
these two patients were infected with strains of
M tuberculosis that did not carry the insertion sequence
IS6110. Such strains are uncommon, but do exist.'"

not available for the isolates from these two false-negati
patients to assess whether the insertion element w:
present.

Although sputum-based PCR  detection o
M tuberculosts has a similar sensitivity and specificity t
those of our blood-based PCR, the procurement an
processing of sputum samples for PCR reactions are ofte
cumbersome and associated with infectious risks to the
personnel collecting the specimens and doing the assay.
This problem has led many investigators to search for less
complex methods of sample preparation.” Sputum
induction, an increasingly used method of sample
collection, requires careful attention to infection control
procedures as well as the time and effort of trained!
personnel.’ A blood-based assay potentially avoids these§
difficulties. Additionally, all patients can provide bloodf
samples for analysis, which is not always possible witlﬂ
sputum. :

Sputum-based PCR assays for the diagnosis of’
tuberculosis remain positive for many months after:
antituberculous therapy has started.'” We attempted to
address this issue in our assay by obtaining serial blood
samples from a subset of patients in whom we
documented active pulmonary tuberculosis with a positive
peripheral blood PCR signal. In all of these cases, the
PCR assay remained positive after 1 month of therapy,
but in 13 of 15 patients the signal had reverted to negative
after 4 months of therapy. It is noteworthy, that one of the
patients with a persistently positive result had interrupted
his therapy, and the other patient initially presented with a .
miliary pattern on chest radiograph, suggesting perhaps a
higher burden of bloodborne organisms. %

Several caveats should be mentioned when generalising
the results of this study to other populations of patients.
We feel that the patients with proven tuberculosis in our.
study are typical of those seen in many urban hospitals in
the USA: HIV infection was common, the radiographic’
presentations were typical, and the patients were notf"
overwhelmingly sputum-smear positive. We do not believe';
that our results reflect an excess of extrapulmonary
disease or an over-representation of patients with'
enormous bacterial burdens. Positive blood cultures for
M tuberculosis have been reported as positive in a relatively ]
small number of cases, usually in HIV-infected patients
with advanced AIDS or extrapulmonary tuberculosis,'® |
but in our series only two of 56 patients tested had
mycobacteraemia as detected by blood cultures.

We emphasise that in our series the blood-based PCR
assay was used as a diagnostic adjunct in a cohort of
patients admitted to the chest ward with a high suspicion
of tuberculosis. In fact, the prevalence of active
tuberculosis in our cohort was 46%. Suspected cases of
tuberculosis included only patients whose clinical and
radiographic presentations were strongly suggestive of
tuberculosis, rather than patients involved in a contact |
investigation, for example. In that sense, our cohort was |
similar to that described by Gordin and colleagues,'* who
found that 48% of smear-negative patients with strongly
suggestive clinical and radiographic presentations had
active disease, in contrast to a series from Kenya in which
disease was suspected in patients with a cough persisting
for 4 weeks or more."” With this less stringent definition of
suspected tuberculosis, the prevalence of disease was only
4-8%. We did not attempt to use the assay as a screening '
modality for active tuberculosis in a population with a
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used as such, we would expect the positive predictive
value to decrease substantially.

Our peripheral-blood-based PCR assay for the
diagnosis of tuberculosis is a rapid, sensitive, and specific
test that could prove useful in certain clinical situations.
The problem of product carry-over contamination may
become a serious issue if DNA amplification techniques
become widely used by less experienced laboratory
workers. We had a laboratory environment and used an
experimental protocol designed to reduce to a minimum
any contamination problems. In general use, carry-over
contamination can be avoided with various techniques,
including the use of uracil DNA glycosylase.?

Presented in part at the annual meeting of the American Thoracic Society,
1995, Seattle, Washington. Supported in part by Tuberculosis Academic
Award K07 HL03030 (NWS) from the National Institutes of Health and
the General Clinical Research Center of New York University Medical
Center (NIH grant M01 00096).
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