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ABSTRACT

The clinical utility of PCR using the Cobas Amplica MTB test
for the diagnosis of pleural tuberculosis

Jin Wook Moon

Department of Medicine
The Graduate School, Yonsei University

(Directed by Professofung Kyu Kim)

Objectives: For the diagnosis of pleural tuberculosis, polyreerehain reaction
(PCR) of pleural effusion specimens has shown Vewy sensitivity, which
might be due to the small number of bacilli in #amples. The purpose of this
investigation is to determine whether the sengjticif PCR testing can be
improved when increasing the amount of pleuralsdiia specimens.

Methods: We prospectively analyzed pleural effusion speanebtained from
53 patients for whom the exclusion of the posgipiof tuberculous pleural
effusion was necessary. We perform&tycobacterium tuberculosis PCR
testing using the Cobas Amplicor MTB test (Rochagdbiostic Systems) with
three different amounts (10ml, 25ml, and 50ml) lefupal effusion specimen in
each patient. Pleural tuberculosis was definedaasb one of the following:
culture-positive pleural fluid sample, histopattgito finding consistent with
tuberculosis on pleural biopsy, culture-positiveutsppn specimen, and/or
positive response to anti-tuberculous medicatiotauit other possible causes
of pleural effusion.
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Results: Of the 53 patients, 26 received the diagnosis efiall tuberculosis.
The sensitivities of AFB smearindvlycobacterium tuberculosis culture of
pleural effusion specimen, pleural biopsy, and mesasent of ADA were
3.8%, 15.4%, 84.6%, and 88.5%, respectively. Thalte of PCR testing were
positive for 3 (11.5%), 4 (15.4%), and 3 (11.5%}lu# 26 patients when using
10ml, 25ml, and 50ml of pleural effusion specimarspectively. These results
did not show a statistically significant differenae the sensitivity of PCR
testing when increasing the amount of pleural éfussamples  >0.05,
symmetry exact test).

Conclusions: For specimens such as pleural effusion, in whiah lthcillary
load is very low, the clinical utility of PCR tesg seems highly limited with the
kits designed for the diagnosis of pulmonary tublasis. An increased amount
of pleural effusion sample does not improve thesiigity of PCR testing.

Key words: Amplicor, pleural effusion, polymerase chain reacti(PCR),
sensitivity, tuberculosis
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[. INTRODUCTION

Tuberculosis is still a major health problem ldaide. It is estimated that
approximately eight to nine million new cases ofchtthree to four million are
smear-positive, develop every yéarhe recent increase in tuberculosis cases in
the world and the emergence of multi-drug resistémains have called for more
rapid and sensitive methods in the laboratory diagnthan the conventional
diagnostic techniques. The diagnosis of tubercsilasan earlier stage would be
advantageous because they are less contagiousaaeddwer morbidity and
mortality”* Although the culture ofMycobacterium tuberculosis (MTB)
continues to be the gold standard in the diagrafdisberculosis, the results are
neither satisfactorily sensitive nor rapid. The olyacterial culture takes at least
two weeks or longer depending on culture media .0s€de nucleic acid
amplification tests (NATS) including polymerase ichareaction (PCR)
improved the accuracy as well as the time for tlagrbsis of tuberculosis in
respiratory specimens. For non-respiratory specimigee pleural effusion,
however, previous studies have shown highly vasiat#sults about the



usefulness of NAT because they used different insBhdNAT methods, rather
small study populations, and diverse criteria elpal tuberculosis.

The Cobas Amplicor MTB test (Roche Diagnostist8gs, Inc., Branchburg,
NJ, USA) is a well-established and commercially ilabde PCR technique
commonly used for the direct detectionMf tuberculosis in clinical samples.
The test uses biotinylated genus-specific primi1@ and KY75) to amplify
the 584-base-pair sequence within the 1500-bagefpgion encoding 16s
rRNA of M. tuberculosis. It combines five instruments into one (thermatley,
automatic pipettor, incubator, washer and read®gause it is fully automated
for the amplification and detection steps on alsimgstrument, it is thought to
be able to minimize inter-individual variabilitieSurthermore, since it bindd.
tuberculosis-specific oligonucleotide probes to the amplifiemjgences, it can
increase the overall specificity.

Tuberculous pleural effusion occurs in up to 3086 patients with
tuberculosidand occupies the major portion of the extrapulmpmaberculosis
morbidity.” However, the number of organisms in the pleurfisidn from
most cases of tuberculous pleuritis is relativedw,l with positive cultures
found in less than 25% of cases. Even the pleuoglsly shows granulomatous
inflammation only in approximately 60% of patieftBCR has been used to
detectM. tuberculosis in pleural fluid samples, with highly variable séivities
(11 to 81%) in the previous studies using differierbouse PCR methods?
Our previous study has, however, demonstrated havysensitivity of PCR
technique for the diagnosis of pleural tuberculogsensitivity 17.5%,
specificity 98.1%) using the kit developed for tbegnosis of pulmonary
tuberculosis® The purpose of this investigation is to determinieether the
sensitivity of PCR technique for the diagnosis t#upal tuberculosis can be
improved when increasing the amount of pleuralsdiin specimens.



Il. MATERIALS AND METHODS

1. Study population and samples

Fifty three patients older than 18 years of dgewhom the exclusion of the
possibility of tuberculous pleural effusion was egsary, were prospectively
analyzed from September 2005 to March 2006. Thepigos of pleural
tuberculosis was based on the unilateral pleurdisiein with clinical
manifestations suggestive of tuberculosis such ragdygtive cough, chronic
low-grade fever, weight loss, anorexia, night singgtetc. All of the 53 pleural
effusion specimens were sent for routine analysisl-fast bacilli (AFB) smear,
mycobacterial culture, adenosine deaminase (AD¥glleGram stain, bacterial
culture, and cytologic examination. For the congaami of the sensitivities of
pleural effusion PCR test according to the amouhtpleural effusion
specimensM. tuberculosis PCR was performed with 10, 25, andmd0of each
pleural effusion sample, respectively. The sputuas wollected in the morning
from each patient and was sent for AFB smear andobmcterial culture.
Pleural biopsy and pathologic examination werepestormed in 36 out of the
53 patients due to a small amount of pleural efiusaind/or patient's refusal.
The informed consent was obtained from each patidre use of the samples
and the study protocols were reviewed and approyeolr institutional review
board.

2. Diagnostic criteria of pleural tuberculosis

Cases of pleural tuberculosis were defined asethvith one of the following:
positive M. tuberculosis culture of pleural fluid, and/or histopathologinding
consistent with tuberculosis on pleural biopsy,/angositiveM. tuberculosis
culture of sputum, and/or positivd. tuberculosis culture of other biologic
specimens, and/or positive response to anti-tublmrsumedication without
other possible causes of pleural effusion.



3. AFB smear and mycobacterial culture

For a microscopic examination, Ziehl-Neelserngtg was performed. After
being decontaminated by an equal volume of 4% sodiydroxide (NaOH)
solution, each of the collected sputum and plewffilision samples was
inoculated onto two slopes of Ogawa media contginB% potassium
dihydrogen phosphate (KRQy) (3% Ogawa mediaf The inoculated medium
was incubated at 35-37 until the growth was observed or was discarded as
negative after eight weeks.

4. Detemination of adenosine deaminase (ADA) actly in pleural effusion

ADA activity was determined using 2 ml of plelufiaid by the colorimetric
method described by Giusfi,ADA level below 45 IU/L was considered as
negative.

5. Tuberculin skin test

Tuberculin skin test was not included in thisidst because there were
difficulties in interpreting the results in Koreahere Mycobacterium bovis
BCG vaccination program covers more than 90% opthulation.

6. Nucleic acid amplification and detection techniages

(i) Specimen preparation: pleural fluid specis\@rere decontaminated using
the equal amount of 4% NaOH solution and were ifaged at 3,000 >g for
20 minutes to collect the sediments. 100 of sediment from each pleural
effusion sample was transferred to a microcenteifude containing 500! of
washing solution, and centrifuged at 12,509 for 10 minutes. The supernatant
was discarded and 100 of specimen lysis reagent was added to extract DNA
template. The mixture was vortexed and incubate@D&t in a dry heat block
for 45 minutes. 10Qil of specimen neutralization reagent was added. Bhen
50-ul aliquot of the DNA extract was transferred to a PGBe containing 50
ul of amplification mixture.

(i) Amplification, hybridization, detection, drinterpretation were performed



according to the manufacturer's instructions.

7. Statistical analysis
The relationship between the amount of pledtéd fspecimen and the MTB

PCR-positive rate was assessed using symmetry &&tctSPSS version 11.0
(SPSS, Inc., Chicago, IL, USA) was used.



. RESULTS

1. Subjects' charactetristics

Of the 53 patients, 26 (49.1%) were diagnosdt plieural tuberculosis. The
cases of pleural tuberculosis (n=26) consisted hafs¢ with positiveM.
tuberculosis culture of pleural fluid (n=4), those with histdpalogic finding
consistent with tuberculosis on pleural biopsy (bxlhose with positiveM.
tuberculosis culture of sputum (n=6), and/or those with a pesitesponse to
anti-tuberculous medication (n=12) without othersgible causes of pleural
effusion. The mean age was 44.2 years for the alléubberculosis patients and
60.2 years for the non-tuberculous pleural effugiatients. The number of
female patients was 12 (46.2%) and 8 (29.6%) irh egoup (table 1). The
etiologies of the non-tuberculous pleural effusioduded malignancy (n=10,
37.0%), bacterial pneumonia (n=11, 40.8%), sepsis=2,( 7.4%),
intra-abdominal infection (n=1, 3.7%), and undeieed origin (n=3, 11.1%).

2. Sensitivity and specificity of pleural effusionAFB smear, MTB culture,
ADA activity, pleural biopsy pathology, and sputumMTB culture

Of the 26 tuberculous pleural effusion specimekisB smear-positive was
one, MTB culture-positive were four, and ADA-posdi(above 45 IU/L) were
25. Considering the combination of MTB culture,yskd pathology and clinical
diagnosis as the reference method of diagnosingralleuberculosis, the
sensitivities were 3.8%, 15.4%, and 96.2%, respelgti The pleural biopsy
was performed in 13 of the 26 pleural tuberculgsiients, and 11 of the 13
pleural biopsy-performed patients showed the higfiol findings consistent
with pleural tuberculosis. Of the 26 pleural tuhgosis patients, six showed the
sputum MTB culture-positive findings. The sensttas of pleural biopsy and
sputum MTB culture were 84.6% and 23.1%, respdgtivOf the 27
non-tuberculous pleural effusion specimens, ADAHpas were eight. The
specificity of pleural effusion ADA activity, thei@e, was 70.4% (Table 1).



Table 1. Baseline characteristics of study populain and
sensitivity/specificity of pleural effusion acid-fat bacili smear,
Mycobacterium tuberculosis culture, adenosine deaminase, pleural biopsy
pathology, sputum Mycobacterium tuberculosis culture in tuberculous
pleural effusion.

Non-TB PE TB PE
sens spec
(n=27) (n=26)
Age (range) 60.2 (27-87) 44.2 (21-82)
No. of females 8 (29.6%) 12 (46.2%)
PE AFB smear (+) 0 1 3.8%
PE MTB culture (+) 0 4 15.4%
PE ADA >45 |U/L 8 25 96.2% 70.4%
Pleural biopsy (+) 04 11/13 84.6%
Sputum MTB culture (+) 0 6 23.1%

ADA = adenosine deaminase; AFB = acid-fast bacilli;

MTB = Mycobacterium tuberculosis;

Non-TB PE = non-tuberculous pleural effusion;

sens = sensitivity; spec = specificity.

®Pleural biopsy was performed to four patients.

°11 out of the 13 biopsy-performed patients showeel histology consistent with
pleural tuberculosis.

3. Sensitivities of pleural effusion MTB PCR test ecording to the amount
of pleural effusion specimens

Of the 26 tuberculous pleural effusion specimén$B PCR-positive were
three, four, and three when using 10 ml, 25 ml, &3dml of pleural fluid
samples, respectively. The sensitivities of pleeffdsion MTB PCR test were
11.5%, 15.4%, and 11.5%, respectively, which did sbow statistically
significant differencesp(>0.05, symmetry exact test) (Table 2).



Of the four pleural effusion MTB PCR-positivetigats, pleural effusion AFB
smear-positive was one, pleural effusion MTB cu@tpositive were three,
pleural biopsy pathology-positive were three (piiniopsy was not performed
to the remaining one), and sputum MTB culture-pasitvere two.

Table 2. Sensitivities of pleural effusion Mycobacterium tuberculosis
polymerase chain reaction test according to the amot of pleural effusion
specimens.

Amount of PE sample No. of patients with positive PE MTB PCR

10 ml 3/26 (11.5%)
25 ml 4/26 (15.4%)
50 ml 3/26 (11.5%)

(p>0.05, symmetry exact test)
PE = pleural effusion; MTB #ycobacterium tuberculosis;
PCR = polymerase chain reaction.



IV. DISCUSSION

As for tuberculous pleurisy, early in the coun$¢uberculous infection, a few
organisms may gain access to the pleural spacecamsEe a hypersensitivity
response in the presence of cell-mediated immdhifCommonly, this form
of tuberculous pleuritis goes unnoticed, and ibhess spontaneously. In some
patients, however, the tuberculous involvement lefia is manifested as an
acute illness with fever and pleuritic pain. Th&usion is generally small and
unilateral. In approximately 30% of patients, thexeo radiographic evidence
of involvement of the lung parenchyma in spite be tpresence of lung
parenchymal lesions in most cases as evidenced ifgings of lung
dissectiond? In the absence of concurrent pulmonary tubercsjoshe
diagnosis of pleural tuberculosis requires thortesa and, in most cases, even
pleural biopsy. For tuberculous pleural effusion, the number afamisms in
the pleural fluid is very small, so the conventiomethods for the detection of
M. tuberculosis are often of no use. Even though the combinatiédn o
microscopic examination and culture of pleural Bpgpecimens was reported
to increase the diagnostic rate up to 90%, itrigetconsuming’ Thus many
physicians request nucleic acid amplification tddt&Ts) including PCR for
pleural effusion specimens to obtain a rapid armite diagnosis of pleural
tuberculosis.

Several commercial and in-house NATSs to deteEBNh clinical specimens,
have been developed. These tests amplify variogetain DNA or RNA
sequences that are genus- or species-specifichughfollowed by the detection
step using gel electrophoresis or hybridizationhoét Currently there are four
commercial NATs for the detection of MTB: 1) the Alicor MTB test and its
automated version, the Cobas Amplicor MTB test (RRoDiagnostic Systems,
Inc., Branchburg, NJ), 2) the Enhanced Amplifiedddlyacterium Tuberculosis
Direct Test (E-AMTDT) (Gen-Probe, Inc., San Die@®), 3) the BDProbe
Tec ET test (Becton Dickinson, Sparks, MD), andhg) INNO-LIPA-Rif. TB
test (Innogenetics N. V., Zwijndrecht, Belgium). tbese, the E-AMTDT was



approved by the FDA for the direct detection of MirBboth smear-positive
and smear-negative respiratory specimens fromdliers suspected of having
tuberculosis, and the Amplicor MTB test was appcbwealy for smear-positive
respiratory specimerié?* As for in-house NATSs, diverse methods using
different primers have been used to detect MTBlaunal fluid samples, with
highly variable sensitivities (11 to 81%) in theepious studie$™ As for
commercial NATs, the sensitivities have also beaniable (20 to 100%)
because the number of the patients with pleuraruosis was rather small
and, in some studies, only the MTB culture-posit@ses were included in the
pleural tuberculosis grou3®* Because the cases with MTB culture-positive
pleural effusion occupy a relatively small portiaof the whole pleural
tuberculosis cases and the sensitivity of the pleaffusion MTB PCR test
largely depends on the bacillary load, the sensijtfrom the study group of
patients with MTB culture-positive pleural effusialoes not reflect the exact
one from the whole group of patients with pleunatberculosis. From these
reasons, there has been no consensus made abaigefliness of the MTB
PCR test in the diagnosis of tuberculous pleurfalseins.

In our previous study, we have demonstratedaesensitivity of MTB PCR
test for the diagnosis of pleural tuberculosis $gerity 17.5%, specificity
98.1%), using the commercially available Cobas AcgpIMTB test which can
minimize the inter-tester variabilities and maximithe specificities due to the
automated specimen processing and detection ste&p esmploying the
combination of MTB culture, pleural pathology anéhical diagnosis as the
reference method of diagnosing pleural tubercui@sis

In this study, we have examined whether theigeits of pleural effusion
MTB PCR test for the diagnosis of pleural tubersidaan be improved when
increasing the amount of pleural effusion specimé&hg results again showed
that MTB PCR test of pleural effusion has a lowensitivity compared with
mycobacterial culture of pleural effusion samplé @feural biopsy pathology.
The sensitivities of pleural effusion MTB PCR tesing a different amount of
pleural fluid samples, did not show statisticallgnéficant differences. These



results indicate that the sensitivity of MTB PCRtteannot be improved even
with an increased amount of pleural effusion spedisn The sensitivity of NAT
depends not only on the number of mycobacteriaalsat on their homogenous
distribution in the specimen, the presence of tmgldication inhibitor in the
sample, and the type of the prim&swhen applying MTB PCR test to
paucibacillary specimens, therefore, these all@smhould also be considered.



V. CONCLUSION

Although MTB PCR assay provides a rapid resntt has a potential role in
confirming tuberculous pleuritis, it has limitat®in itself. Our results suggest
that the pleural effusion MTB PCR using the Cobasphcor MTB test has a
low sensitivity and hence does not seem to be Lisefexcluding the disease.
Therefore, it cannot replace the conventional diatin methods including
culture techniques and histopathologic examinatibagthermore, the results of
the pleural effusion MTB PCR test need to be imttedl in conjunction with
those of the conventional methods and the clirficalings to reach the final
diagnosis of pleural tuberculosis.
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