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Abstract Abstract 

Inn this study 254 respiratory samples from 225 hospitalized patients, which 
weree sent to the microbiology laboratory for diagnosis of tuberculosis, were tested 
withh the amplified Mycobacterium tuberculosis direct test (aMTD, Gen-Probe), the 
COBASS Amplicor M. tuberculosis test (COBAS Amplicor MTB, Roche), and an in-
housee real-time PCR for the genus Mycobacterium and the species M. 
tuberculosis.tuberculosis. Furthermore, in a pilot experiment, it was shown that the sensitivity of 
thee aMTD, when tested in spiked sputum samples, could be enhanced by replacing 
thee lysis protocol included in the kit with the DNA-extraction protocol as described 
byy Boom et al. (Boom-extraction). To evaluate these findings, both kits were also 
testedd on Boom-extracted samples. Of 254 samples, 18 (7.1%) were positive by 
microscopyy and/or culture for Mycobacterium tuberculosis complex. The sensitivity, 
specificity,, positive, and negative predictive values of the aMTD were 18/18, 
97.9%,, 18/23, and 100% and 15/18, 99.6%, 15/16 and 98.7% when Boom-
extractionn was applied, respectively. The specificity increased to 100%, both 
withoutt and with Boom-extraction, when a cut-off value of 150,000 was used 
insteadd of 30,000 as recommended by the manufacturer. However, the sensitivity 
withoutt Boom-extraction then decreased to 16/18. The sensitivity, specificity, 
positivee and negative predictive values of the Roche test were 18/18, 100%, 18/18, 
andd 100% and 12/18, 100%, 12/12 and 97.5% when Boom-extraction was applied. 
Thesee values for the in-house real-time PCR for the genus mycobacterium and the 
speciess M. tuberculosis were 14/18, 100%, 14/14, and 98.3% and 13/18, 100%, 
13/13,, and 99.2%, respectively. From these results it was concluded that there is 
noo additional value of Boom-extraction in microbiological laboratory diagnosis of 
tuberculosis.. Furthermore, on this set of respiratory samples, the Roche test was 
superiorr to both the aMTD and the in-house PCR. 
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Introduction Introduction 

Ann estimated one-third of the world population is infected with 
MycobacteriumMycobacterium tuberculosis, the causative agent of tuberculosis. With a global 
incidencee of 8 million cases per year and a mortality of 2 million per year, 
tuberculosiss remains one of the leading infectious causes of death worldwide, 
despitee the availability of adequate therapy (17). Although the 20th century saw a 
steadyy decline of tuberculosis due to improvement of housing and sanitation, 
introductionn of BCG vaccination and the discovery of tuberculostatic drugs, 
eradicationn of the disease was hampered in areas of poverty and in economically 
disadvantagedd segments of wealthier nations. The emergence of drug resistance 
andd co-infection with HIV further aggravated the situation. 

AA fast and reliable diagnosis is of utmost importance for effective treatment 
off clinical infection and to prevent further transmission. Unfortunately, the available 
diagnosticc methods all have their deficiencies. Microscopy of Ziehl-Neelsen or 
Auraminee stained slides is fast but insensitive, culture is sensitive but slow and 
Nucleicc Acid Amplification Tests (NATs) are still lacking in sensitivity and specificity 
(9). . 

Wee hypothesized that to obtain optimal results with any NAT, the way in 
whichh nucleic acids are isolated and purified is key. To test this, a guanidinium 
thiocyanatee (GuSCN) based nucleic acid purification protocol, with proven optimal 
recoveryy of pure nucleic acids, previously described by Boom et al. (5), was 
comparedd with the lysis-extraction protocol of two widely used commercial tests for 
diagnosiss of tuberculosis: the amplified Mycobacterium tuberculosis direct test 
(aMTD,, Gen-Probe) and the COBAS Amplicor Mycobacterium tuberculosis test 
(COBASS Amplicor MTB, Roche). 

Thee aMTD is a non-automated test based on the isothermal Transcription 
Mediatedd Amplification technique (TMA), followed by a Hybridization Protection 
Assayy (HPA). This test was approved by the Food and Drug Administration (FDA) 
forr diagnostic use on Ziehl-Neelsen positive (2) and negative (1) respiratory 
samples.. In summary, DNA is extracted from the bacteria by sonication with glass 
beads.. The resulting lysate is then added to the amplification mix that contains two 
primers,, which are specific for the multicopy 16S rRNA of M. tuberculosis complex, 
andd two enzymes: RNA polymerase and reverse transcriptase. After amplification, 
acridinee ester labeled DNA probes, which fluoresce upon hybridization with 
amplicon,, are added. Fluorescence is quantified in a luminometer. The aMTD is a 
singlee tube assay that can be carried out in 2 to 3 hours. An internal control is not 
included. . 
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Thee COBAS Amplicor MTB is a semi-automated assay based on a 
conventionalconventional PCR that targets the single-copy (7) 16S DNA of the M. tuberculosis 
complex.. This test is FDA approved for diagnostic use on Ziehl-Neelsen positive 
respiratoryy samples (3). Briefly, DNA is extracted by incubation in a lysis buffer. 
Thee neutralized lysate is then added to the amplification mix that contains primers, 
ann internal control plasmid and the AmpErase LD/dUTP contamination prevention 
system.. Amplification and hybridization are fully automated. Biotinylated primers 
amplifyy target and internal control sequences; these are subsequently captured in 
separatee tubes containing magnetic particles, coated with oligonucleotide probes 
specificc for one of either sequence. Detection is done colorimetrically with Avidin-
Horsee radish peroxidase conjugate and hydrogen peroxide/3,3', 5,5'-
tetramethylbenzidinee (TMB) substrate. 

Inn the present study we showed that in spiked sputum samples the 
sensitivityy of the aMTD was increased when the lysis protocol included in the kit 
wass replaced with the GuSCN-based protocol (Boom-extraction). In 225 patients 
thiss finding was evaluated by comparing the outcome of the aMTD and the COBAS 
Amplicorr MTD for M. tuberculosis detection in clinical samples (n = 254), extracted 
accordingg to the protocol of the respective kits or the Boom protocol. An in-house 
real-timee genus and species PCR for mycobacteria and M. tuberculosis complex 
(6)) was also evaluated for these samples. 

MaterialsMaterials and methods 

Bacteria ll  strain s and culture . The mycobacterial reference strain M. 
tuberculosistuberculosis H37Rv (ATCC 27294) was used as a control. The strain was cultured 
inn liquid Dubos-medium at 35  C. 

Sputu mm sample s for spikin g experiments . Sputum samples from 
patientss with pneumonia or bronchitis, not suspect for tuberculosis, were collected 
att the clinical microbiology laboratory of the Academic Medical Center in 
Amsterdam,, The Netherlands. These samples were pooled, checked for the 
presencee of mycobacteria by microscopical examination and culture, and, when 
negative,, used for spiking experiments. 

Sample ss fro m patient s suspecte d of mycobacteria l disease . 254 
sampless were collected from 225 patients in the Academic Medical Center, 
Amsterdam,, The Netherlands. These patients were suspected by the attending 
physiciann to suffer from tuberculosis. The origin of all samples is depicted in table 
1.. Gastric aspirate samples were considered respiratory samples. 

Spikin gg Experiments . M. tuberculosis H37Rv was grown in liquid Dubos 
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mediumm to an optical density, assessed nephelometrically, corresponding to 10 
colonyy forming units (CFU)/ml. Tenfold dilutions (containing 107 to 102 CFU/ml) 
weree made in TEBT buffer [10 mM Tris-HCI (pH 8.3), 1 mM EDTA, 0.1% Tween 80 
{Merck,, Darmstadt, Germany), and 0.5% bovine serum albumin (Sigma-Aldrich, St. 
Louis,, Montana, U.S.A.)]. Five-milliliter aliquots of pooled sputum were infected 
1:1000 (50ul in 5ml sputum) with these suspensions prior to decontamination. 

Sampl ee Handlin g and Preparation . All samples were split in two fractions 
priorr to handling in the tuberculosis laboratory; one for conventional diagnostic 
proceduress and one for molecular diagnostics. For conventional diagnostics, 
sampless were split again in two fractions; one for microscopy and one for culture. 

Forr microscopy, all sputum samples and purulent broncheoalveolar 
lavagess (BALs) and pleural fluids were pretreated for 10 min with a triple volume of 
1:100 sputofluol (Merck), centrifuged at 4,000 x g for 20 min, and slides were 
preparedd from the pellet. Clear BALs and pleural fluids were only centrifuged. From 
gastricc aspirates no slides were made. For culture, sputum samples were 
decontaminatedd with NaOH. Briefly, samples were incubated for 13 min on a 
gyrotaryy shaker with an equal volume of 1 M NaOH (Merck) and 2 drops of 0.2% 
phenoll red (Merck) after which they were titrated back to a neutral pH with 20% 
(w/v)) KH2P04 (Merck), pelleted and cultured. BALs and pleural fluids were pelleted 
andd cultured without decontamination. Gastric aspirates were collected in an equal 
volumee of 23% (w/v) Na3P04. After overnight incubation 2 drops of 0.2% phenol 
redd were added and samples were titrated back to a neutral pH with 20% (w/v) 
KH2PO44 and subsequently pelleted. 

Forr molecular diagnostics, all samples were decontaminated by the N-
acetyl-L-cysteinee (NALC)-NaOH method (12). Briefly, the samples were incubated 
forr 15 min on a gyrotary shaker with an equal volume of 1.5 M NaOH, 100 mM 
sodiumm citrate, and 0.5% (w/v) NALC (Merck), after which they were neutralized 
withh 0.067 M phosphate buffer (Merck). The sputum samples were centrifuged at 
4,0000 x g for 20 min, and the pellets were resuspended in 1ml of 0.067 M 
phosphatee buffer. 

Microscop yy and Culture . From all samples, except for gastric aspirates, 
bothh Ziehl-Neelsen and auramine stained slides were prepared. All auramine slides 
weree scanned completely at a magnification of 10 x 25. When fluorescent rods 
weree seen, Ziehl-Neelsen slides were analyzed at a magnification of 10 x 100 for 
300 min. Samples were considered positive when acid-fast rods were seen in the 
Ziehl-Neelsenn slide. 

Alll samples were cultured on solid Löwenstein-Jensen slants with glycerol 
andd PACT (Polymyxin B, Amphotericin B, Carbenicillin and Trimethoprim), on solid 
Coletsoss slants with pyruvate and glycerol, with and without PACT (Artelt Enclit 
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GmbH,, Wyhra, Germany) and in liquid BacT/Alert MP or MB mycobacterial media 
(bioMérieux,, Marcy L'étoile, France). Slants were incubated at 35  C for 8 weeks 
andd checked for growth weekly. BacT/Alert bottles were incubated in the 
automatedd BacT/Alert 3D system (bioMérieux) for 6 weeks. From suspect colonies 
onn slants and from positive liquid cultures, Ziehl-Neelsen slides were prepared and 
sampless were considered positive when acid-fast rods were seen. 

Acid-fastt rods from positive cultures were determined to the species level 
byy the Inno-LiPA mycobacteria (Innogenetics, Ghent, Belgium) or biochemically 
andd with IS67 70-RFLP at the National Institute for Public Health and the 
Environmentt (RIVM, Bilthoven, The Netherlands), the national reference laboratory 
forr mycobacteria. 

DNAA isolation : Nucleic acids were isolated from decontaminated samples 
withh the lysis protocols included in both kits, or by Boom-extraction. Briefly, for the 
aMTDD (amplified Mycobacterium tuberculosis direct test, Gen-Probe, San Diego, 
California,, U.S.A.), 450ul of decontaminated sample was mixed with 50ui 
Specimenn Dilution Buffer (9:10 dilution) in glass beads containing Mycobacterium 
Lysingg Tubes. The tubes were sonicated for 15 min in an Elma Transsonic T 460 
(Elmaa GmbH & Co KG, Singen, Germany) water bath; 25pl of lysate was used for 
amplification.. For the COBAS Amplicor MTB (COBAS Amplicor Mycobacterium 
tuberculosistuberculosis test, Roche) the AMPLICOR Respiratory Specimen Preparation Kit 
(Roche)) was used according to the instructions of the manufacturer. Briefly, 100ul 
off decontaminated sample was washed and subsequently lysed with Lysis 
Reagentt and neutralized. The final volume was 200ul (1:2 dilution). Boom-
extractionn was performed as described previously (5) with an input volume of 100ul 
off decontaminated sample. Elution was done with 120ul RNAse free water (5:6 
dilution)) (Mallinckrodt Baker Inc., Pittsburg, New Jersey, U.S.A.). Differences in 
dilutionn between Boom-extracted nucleic acids and nucleic acids extracted 
accordingg to the instructions of the manufacturers were corrected by adding water, 
beforee adding the samples to the amplification mix. 

aMTDD and COBAS Amplico r MTB. Tests were performed according to 
thee instructions of the manufacturers. In addition, tests were performed on nucleic 
acidss that were isolated by Boom-extraction. For the aMTD, 25ul of eluted DNA 
wass added to the amplification mix. For the COBAS Amplicor MTB, 10ul of eluted 
DNAA was first diluted in 40ul of 1:1 Lysis Reagent and Neutralization Reagent. This 
mixturee was then added to the amplification mix. 

Primer ss and Probe s for in-hous e Real tim e PCR. Primers and probes 

w e r ee selected, based on alignments of the Internal Transcribed Spacer (ITS) 
region,, which is located on the genome between the 16S and 23S rRNA genes, 
usingg sequences from the NCBi database (http://www.ncbi.nlm.nih.gov), the 

66 6 

http://www.ncbi.nlm.nih.gov


Chapterr 2 

RIDOMM database (http://www.ridom.com) and sequences derived from clinical 

isolates.. Primers were synthetized by Eurogentec (Eurogentec. Seraing, Belgium) 

andd the probes by Biolegio (Biolegio, Maiden, The Netherlands) (6). 

In-hous ee real-tim e PCR. Real-time PCR was performed in 50ul of reaction 

mixx consisting of 25ul of 2x IQ supermix (Bio-Rad, Hercules, California, U.S.A.), 

3.00 mM MgCI2, 20 pmol of each primer, 10 pmol probe and 10ul template. The 

PCRR thermal profile consisted of an initial incubation of 3 min at 95  C followed by 

500 cycles of 30 s at 95  C, 40 s at 55  C or 52  C (for the genus and the species 

probe,, respectively) and 30 s at 72  C. Amplification, detection and data analysis 

weree performed with an iCycler IQ real-time detection system (Bio-Rad). The 

reactionn mix and PCR profile was used for both probes (6). 

Results Results 

Spikin gg experiments . Sputum samples were pooled and spiked with 

tenfoldd dilutions of M. tuberculosis H37Rv, resulting in a concentration ranging from 

1066 to 1 CFU per ml sputum. Samples were subsequently tested with the aMTD 

afterr DNA isolation either by Boom-extraction or by the protocol included in the kit. 

Thee results (Figure 1) show that there is an approximate 100-fold increase 

inn sensitivity of the aMTD when Boom-extraction is employed: the 'normal' aMTD 

becomess positive (> 30,000 RLU) at a concentration of 104 mycobacteria/ml (225 

CFUU per reaction), while the aMTD with Boom-extraction becomes positive at 102 

mycobacteriaa per ml (2.1 CFU per reaction). This whole experiment - pooling, 

spiking,, and testing - was carried out three times with similar results. 

1.0E+07 7 

1.0E+06 6 

s s 
1.0E+055 y 

/ / 

1.0E+03 3 

1.0E+11 1.0E+2 1.0E + 3 1.0E+4 1.0E + 5 

FIGUREFIGURE 1. Sensitivity of the aMTD on spiked sputum samples when Boom-extraction is added. The x-
axisaxis represents the number of mycobacteria per ml in the sputum sample: the y-axis the 
luminometricallyluminometrically measured Relative Light Units (RLU). Straight line: aMTD. dashed marked line: aMTD 
afterafter Boom-extraction, dashed horizontal line: cut-off value for a positive result (30.000 RLU). 
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Evaluatio nn wit h sputu m sample s fro m patient s suspecte d to have 
tuberculosis .. In a period of 8 months 254 respiratory samples, which were sent to 
thee clinical microbiology laboratory of the Academic Medical Center (Amsterdam, 
Thee Netherlands) for diagnosis of tuberculosis, were collected. In table 1 the 
numberr and origin of the samples is depicted. 

TABL EE 1. Origin of 254 respiratory clinical samples from 225 patients 

Numberr  Origi n 

733 sputum samples 
1388 broncheoalveolar lavages 
333 pleural fluid aspirates 

77 gastric aspirates 
33 unknown origin 

2544 Total 

Microscopyy slides were prepared from all samples and stained with 
auraminee and Ziehl-Neelsen reagents. Samples were cultured on solid and liquid 
media.. Furthermore, the samples were decontaminated and then lysed according 
too the aMTD and COBAS Amplicor MTB protocol before analysis with the 
respectivee kits. In addition, DNA was isolated from decontaminated samples with 
thee Boom-extraction protocol and subsequently amplified with the same kits 
(aMTD-B,, COBAS Amplicor MTB-B), and an in-house species and genus PCR. 

Thee gold standard for a positive sample was defined as either a positive 
culture,, identified as M. tuberculosis complex by the Inno-LiPA mycobacteria, or a 
positivee Ziehl-Neelsen slide, identified by aMTD, as routinely performed by the 
clinicall microbiology laboratory. 

Off the 254 samples, 20 were positive by culture, confirmed by the 
observationn of acid-fast rods in the Ziehl-Neelsen slides of the colonies. Acid-fast 
rodss were determined to the species level: 15 were M. tuberculosis, one 
MycobacteriumMycobacterium bovis, one Mycobacterium intracellulare III and three 
MycobacteriumMycobacterium avium. In addition, in 2 samples acid-fast rods were seen while 
culturess were overgrown by other bacteria (Table 2, sample 10) or negative 
(samplee 13). A routinely performed aMTD was positive for M. tuberculosis complex 
inn these samples. In summary, 18 samples contained mycobacteria belonging to 
thee M. tuberculosis complex (sample 1-18), 4 samples contained nontuberculous 
mycobacteriaa (sample 19-22). The results of all tests on the samples that were 
positivee for either M. tuberculosis complex or for nontuberculous mycobacteria are 
displayedd in table 2. 
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1 1 
2 2 
3 3 
4 4 
5 5 
6 6 
7 7 
8 8 
9 9 
10 0 
11 1 
12 2 
13 3 
14 4 
15 5 
16 6 
17 7 
18 8 

19 9 
20 0 
21 1 
22 2 

sp p 
sp p 
sp p 
sp p 
BAL L 
sp p 
BAL L 
BAL L 
sp p 
sp p 
sp p 
sp p 
BAL L 
BAL L 
sp p 
sp p 
BAL L 
BAL L 

Sp p 
BAL L 
PFA A 
BAL L 

TABL EE 2. Results of aMTD and COBAS assays, with and without Boom-extraction and of an in-house 
speciess and genus reai-time PCR, for detection of M. tuberculosis complex in clinical samples among 
222 samples that were positive with either microscopy or culture. 

Numbe rr  Material 3 ZNb Cc aMTDd COBA S aMTD-B  COBAS-B f RT MTB 9 RT Myc h Species ' 

++ + + + + +  + M. tuberculosis 
++ + + + + + + + M. tuberculosis 
++ + weak + - + + + M. tuberculosis 
++ + + + + + + * M. tuberculosis 
++ + + + + inhib + - M. tuberculosis 
++ + + + + + + + M. tuberculosis 
++ + + + + - + + M. tuberculosis 

++ + + - - - - M. tuberculosis 
++ + + + + + + + M. tuberculosis 
++ cont weak + + + + + M. tuberculosis complex 
++ + + + - inhib - - M. tuberculosis 
++ + + + + + + * M. tuberculosis 
++ - + + + + +  - M. tuberculosis complex 
++ + + + + + + + M. tuberculosis 
++ + + + + + + + M. tuberculosis 

n.d.. + + + + + + + M. tuberculosis 
++ + + + + - - + M. tuberculosis 
++ + + + + - - + M. bovis 

++ - - - M. avium 
++ + - inhib - inhib - + M. avium 

++ - - - - M. avium 
++ + - - - - - + M. intracellular III 

ssspsp = sputum, BAL - broncheoalveolar lavage, PFA = pleural fluid aspirate. bZN - Ziehl-Neelsen, + = 
positive,positive, - = negative, n.d. = not done. CC = culture, cont. - culture contaminated by other bacteria, 
"weak"weak = positive but < 150.000 RLU. eaMTD-B = aMTD performed after Boom-extraction. fCOBAS-B = 
COBASCOBAS performed after Boom-extraction, inhib = inhibitory substances in sample, negative internal 
control.control. 9RT MTB = in-house real-time species PCR. hRT Myc - in-house real-time genus PCR. 
'species,'species, determined by the National Institute for Public Health and the Environment, with the Inno-LiPA 
(19-22)(19-22) or with the aMTD (10 and 13) 

Alll the samples that contained M. tuberculosis complex were positive 
(>30,0000 RLU) in the aMTD (18/18). Fifteen (15/18) were positive in the aMTD-B. 
Inn contrast, 5 samples were false positive in the aMTD, one in the aMTD-B 
(specificity:: 97.9% and 99.6%, respectively; Table 3). 

Alll 18 positive samples were positive in the COBAS Amplicor MTB, only 12 
inn the COBAS Amplicor MTB-B. No false positive results were obtained with either 
thee COBAS Amplicor MTB or the COBAS Amplicor MTB-B. In addition, 5 of all 254 
sampless (2.0%) showed inhibition (i.e. a negative internal control signal) in the 
COBASS Amplicor MTB, 25 samples (9.8%) in the COBAS Amplicor MTB-B (Table 
3). . 

Furthermore,, 13 of 18 samples were positive in the in-house real-time 
speciess PCR, 14 in the genus PCR. When the results of both in-house PCRs are 
combined,, 16 of 18 samples were positive. No false positive results were obtained 
(Tablee 3). Two of the four samples that contained nontuberculous mycobacteria 
gavee a positive result in the genus PCR (Table 2). 
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TABL EE 3. Positive results of aMTD and COBAS, with (aMTD-B, COBAS-B) and without Boom-
extractionn and of an in-house species (RT MTB) and genus (RT Myc) PCR, among 18 true M. 
tuberculosistuberculosis positive, and 236 true M. tuberculosis negative samples; calculated positive (PPV) and 
negativee predictive values (NPV). 

aMTD D 
aMTD-B B 
COBAS S 
COBAS-B B 
RTMyc c 
RTMTB B 

aMTDD 150,000 

Total l 

microscopy/cultur e e 
ress i 

positiv e e 
sample s s 

n n 

18 8 
15 5 
18 8 
12 2 
14 4 
13 3 

16 6 

18 8 

ii  Its 

negativ e e 
sample s s 

nn  (%) 

5(2.1%) ) 
11 (0.4%) 
00 (0%) 
00 (0%) 

00 (0%) 

0(0%) ) 

236(100%) ) 

PPV V 

18/23 3 
15/16 6 
18/18 8 
12/12 2 
14/14 4 
13/13 3 

16/16 6 

NPV V 

100% % 
98.7% % 
100% % 
97.5% % 
98.3% % 
97.9% % 

99.2% % 

Discussion Discussion 

Nucleicc Acid Amplification Techniques (NATs) can be useful for the rapid 
diagnosiss of mycobacterial diseases, especially tuberculosis. NATs can be used to 
confirmm that microscopically observed acid-fast rods are M. tuberculosis complex, 
orr to diagnose tuberculosis when Ziehl-Neelsen staining is negative. In this study 
wee attempted to improve the performance of the two most widely used NATs for TB 
diagnostics:: the amplified M. tuberculosis direct test {aMTD, Gen-Probe) and the 
COBASS Amplicor MTB M. tuberculosis test (COBAS Amplicor MTB, Roche). To 
achievee a higher sensitivity and specificity the lysis/extraction protocols included in 
bothh kits were replaced by a GuSCN based protocol that is well known for its high 
yieldd of pure DNA from different samples, which was previously described by Boom 
etet al. (5). In addition, an in-house real-time PCR (6), also performed on Boom-
extractedd samples, was compared to the two commercial tests. Boom-extraction is 
onee of the most widely used methods (the original article has been cited > 1500 
times)) for isolation and purification of nucleic acids of viruses, bacteria and 
parasitess from all clinical samples. Several studies have shown that PCR based 
(in-house)) assays for detection of M. tuberculosis in clinical samples that use 
Boom-extractionn are superior to assays that use other techniques (13, 15). 

Inn this study it was shown that in spiked sputum samples, the sensitivity of 
thee aMTD could be enhanced 100-fold when Boom-extraction was introduced. 
However,, this improvement of sensitivity was not observed when the Boom-
extractionextraction method was applied to clinical respiratory samples before testing with 
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thee aMTD. Also when the COBAS Amplicor MTB was used, Boom-extraction did 
nott improve sensitivity, compared to extraction as provided by the manufacturer. 
Amongg 18 samples that were positive for M. tuberculosis with conventional 
diagnostics,, 18 were also positive when tested with the standard aMTD and 
COBASS Amplicor MTB. However, when Boom-extraction was introduced, only 15 
sampless were positive with the aMTD and 12 with the COBAS Amplicor MTB. In 
addition,, whereas in 5 samples the internal control was negative in the normal 
COBASS Amplicor MTB, in 25 samples this was observed in the COBAS Amplicor 
MTBB with Boom-extraction. Mulder et al. also found no additional value of Boom-
extractionn for the COBAS Amplicor MTB (S. Mulder and G. T. Noordhoek, 1st Eur. 
Meetingg Mol. Diagn., J. Microbiol. Meth. 47: 107, 2001). 

Inn the conventional aMTD, 5 false positive results were obtained (specificity 
97.9%,, table 3) resulting in a PPV of only 18/23. When Boom-extraction was 
added,, only 1 sample gave a false positive result (specificity 99.6%, PPV 15/16). 
Alll five patients from whom these samples were obtained were not treated for 
tuberculosiss and did not develop tuberculosis. False positive results in the aMTD 
havee been reported frequently (4, 8, 10, 11). In these studies it is shown that when 
thee cut-off value for a positive result is increased, the number of false positive 
sampless lowered without affecting the sensitivity. In the present study, all false 
positivee samples, both with and without Boom-extraction, gave a fluorescent signal 
off 30,000 to 150,000 (data not shown) and hence were considered negative when 
aa cutoff value of > 150,000 was employed. However, two positive samples in the 
aMTDD without Boom-extraction also had a signal of < 150,000 (sample 3 and 10, 
tablee 2) and now became false negative. In conclusion, Boom-extraction appeared 
too improve the specificity and PPV of the aMTD, however, employing a higher cut-
offf value than the traditional value increased the specificity (100%) and PPV 
(16/16),, while the sensitivity and NPV were affected less (2/18 false negatives) 
thann with Boom-extraction (3/18 false negatives). No false positive results were 
obtainedd with the COBAS Amplicor MTB, both with and without Boom-extraction. 
Althoughh in several other studies, tuberculosis was frequently diagnosed with PCR 
whilee microscopy and culture were both negative (9); this was not found in this 
study. . 

Fromm these results it can be concluded that there is a strong discrepancy 
betweenn the results of the experiments with spiked sputum samples and those with 
clinicall respiratory samples. Discrepancies between spiked sputum samples and 
clinicall samples containing mycobacteria are of particular interest since most 
qualityy control systems, e.g. the Quality Control for Molecular Diagnostics (QCMD) 
TBB Program, are based on spiked sputum samples (14, 15). 
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AA number of explanations for this discrepancy are possible. Spiking of 
sputumm samples could be an inadequate model for clinical samples that contain M. 
tuberculosis;tuberculosis; mycobacteria in clinical samples are mainly located in the hostile 
environmentt within the phagolysosome of the macrophage, whereas in spiked 
sputumm samples they are suspended in the extracellular fluid. Differences in 
environmentt could induce differences in mycobacterial cell wall composition, 
leadingg to different extraction efficiencies. A second explanation could be that the 
effectt of Boom-extraction in the aMTD, when tested on spiked sputum samples, 
wass only due to a more efficient removal of inhibitory substances in the pooled 
sputumm samples, while nucleic acids were not extracted in a more efficient manner. 
Itt is possible that the whole sputum pool showed inhibition, caused by only one or 
twoo sputum samples in the pool (not tested). Spiking experiments, however, 
showedd similar results three times with different sputum pools. Furthermore, results 
withh the COBAS Amplicor MTB (inhibition of 25 samples after Boom-extraction and 
inn 5 samples after Amplicor extraction), as well as results from another study (16), 
indicatee that this explanation is not very likely. Another explanation is that the 
sputumm samples that were used for the spiking experiments are not representative 
forr clinical samples from patients with tuberculosis. However, all sputum samples 
thatt were used for spiking, were obtained from patients with either pneumonia or 
bronchitiss and were purulent, as are sputum samples from tuberculosis patients. 
Finally,, from figure 1 it can be concluded that the effect of Boom-extraction on 
sensitivityy is only observed in samples that contain less than 104 mycobacteria/ml. 
Thee majority (16/18) of the positive clinical samples used in this study were Ziehl-
Neelsenn positive, i.e. contained > 104 CFU/ml. 

Ann in-house genus and species PCR aimed at the Internal Transcribed 
Spacerr region, which only was applied to Boom-extracted samples, yielded 14 and 
133 positive results of 18 positive samples, respectively. Combining both assays 
yieldedd 16 positive results, among which 5 were only positive in one assay. The 
specificityy of both assays was 100%. The genus PCR had a sensitivity of 1100 
CFU/mll when tested in pus of patients with cervical lymphadenitis (6). In the 
presentt study 4 of 18 samples containing MTB were false negative. Additionally, 2 
off 4 samples containing nontuberculous mycobacteria were also false negative, but 
thesee samples contained less mycobacteria, as indicated by a negative 
microscopy.. Both assays are currently tested in an experimental setup with slightly 
differentt primer and probe sequences. 

Inn summary, Boom-extraction did not improve sensitivity or specificity of 
eitherr the aMTD or the COBAS Amplicor MTB, when used on samples from 
patientss suspected of mycobacterial disease. Although the amount of false 
positivess in the aMTD was lower after Boom-extraction, this effect was not 
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observedd when a higher cutoff value for a positive result was applied. Furthermore, 
inn the present study, the COBAS Amplicor MTB appeared superior to the aMTD. A 
combinationn of two in-house PCRs showed sensitivity and specificity similar to the 
aMTD. . 
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