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\ Summary:
In a collaborative study offour laboratories, 43 specimens ofartificial cerebrospinal fluid spiked with
different mycobacteria in various concentrations were examined using conventional methods (two
Loewenstein-Jensen media, Middlebrook 7H9 medium, guinea pig test) and two rapid assays (two

i polymerase chain reaction (PCR) protocols and detection of tuberculostearic acid (TBSA)) respec-
\ tively in order to compare the performances ofthese techniques. The two Loewenstein-Jensen me-
\ dia yielded a greater number of positive results than did the Middlebrook medium. The animal
l fest did not improve the detection rate. The combined use of the conventional methods identified

_ Mycobacterium tuberculosis in five specimens.
'' Both PCR protocols correctly identified the Mycobacterium tuberculosis m five specimens. TBSA

detection proved to be a highly sensitive tool, but was hampered by the occurrence of a false positive
result. TBSA detection cannot differentiate between various species of mycobacteria.
For a long time the occurrence of false positive results has impeded PCR assays. Our findings derived
from this in vitro study reveal the potentital of PCR for primary diagnosis of tuberculosis but also
show that presently (autumn 1992) PCR methods are not superior to conventional culture techniques.
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Zusammenfassung:
Im Zusammenarbeit mit 4 Laboratorien evaluierten wir an Hand von 43 artifiziellen Liquorproben,
gespickt mit verschiedenen Mykobakterien in unterschiedlicher Konzentration den Aussagewert ver-
schiedener Nachweismethoden: Neben dem herkömmlichen kulturellen Nachweis mittels zweier
Loewenstein-Jensen-Medien, eines Middlebrook 7H9 Mediums und dem Tierversuch, verwendeten
wir zwei Schnelldiagnostikverfahren (2 Polymerase-Chain-Reaction-PCR-Protokolle und Nachweis

': von Tuberculostearinsäure TBSA mittels Gaschromatographie-Massenspektroskopie).
• Die beiden Loewenstein-Medien zeigten eine größere Anzahl an positiven Ergebnissen als das Midd-

lebrook-Medium. Der Tierversuch brachte keinen wesentlichen diagnostischen Gewinn. Die Kombi-
:: nation konventioneller Nachweismethoden identifizierte M. tuberculosis in fünf Proben. Beide PCR-

Protokolle konnten M. tuberculosis in fünf Proben korrekt identifizieren. Der Nachweis von TBSA
war sensitiver, jedoch durch das Auftreten falsch positiver Resultate begleitet, und ist nicht spezifisch
für M. tuberculosis. Die Ergebnisse unserer Studie bekräftigen, daß die PCR zum Nachweis von M.
tuberculosis eingesetzt werden kann. Bei geringer Erregerkonzentration erwiesen sich konventio-
nelle Nachweismethoden als überlegen.
Die Wahl einer gesteigerten Empfindlichkeit der PCR Methode bringt falsch positive Befunde mit
sich. Falsch positive Befunde limitieren auch die Aussagekraft der TBSA-Bestimmung.

Schlüsselwörter:
Polymerase-Kettenreaktion - Mycobacterium tuberculosis - Tuberculostearinsäure

Lab.med. 17: 553 (1993) 553



j Originalie J
Introduction
Several new techniques for rapid diagnosis of tuberculous
meningitis have been developed throughout the past
years. One of these newer techniques is the detection of
mycobacterial fatty acids, using gas chromatography-
mass spectroscopy [1]. Recently, polymerase chain reac-
tion (PCR) assays have been devised for the Identification
of mycobacteria (2-6]. The main problem in evaluating
the performances of new techniques is to find a reliable
reference by which to judge positive or negative speci-
mens. We consider the artificial introduction of mycobac-
teria into non-contaminated samples to be the best way to
prepare standardized samples. In collaboration with four
laboratories, specimens of cerebrospinal fluid spiked with
mycobacteria were examined using Standard methods
and two rapid diagnostic assays in order to compare the
performances of these techniques. Artificial cerebrospinal
fluid was chosen for the evaluation since the diagnosis of
extrapulmonary tuberculosis such äs tuberculous menin-
gitis posses a particular diagnostic problem.

Material and Methods
Preparation of specimens
In setting up the specimens great care was taken to avoid
possible DNA contamination; material from only one
batch was used each time. Startin g with 4 week old liquid
cultures, 6 sets of samples each consisting of 43 speci-
mens of 2 ml were prepared (cryovials®, lot B10373; Nal-
gene, Rochester, NY). Artificial cerebrospinal fluid (lot
118217, Braun-Austria, Maria Enzersdorf, Austria) was
spiked with various concentrations of 2 strains of Myco-
bacterium tuberculosis and one M. kansasii-isolate. There
were 8 samples of a 10fold serial dilution starting from
approximately 103 CFU/ml to be tested for each strain. As
negative controls, we used Middlebrook 7H9 Medium (lot
51301, Hoffmann-LaRoche, Grenzach-Wyhlen, Germany),
artificial CSF, and 0.1% Tween 80 (Serva, Heidelberg, Ger-
many) in 0.9% saline solution. Suspensions with avital M.
bovis BCG and M. gordonae were prepared identically.

Microorganisms
The M. tuberculosis no. 1732 and M. kansasii strains were
fresh isolates of sputum specimens from patients pre^
senting with clinical pulmonary tuberculosis. M. tubercu-
losis H 37 Rv (Paris) is used äs the control strain for testing
resistance atthe Federal Public Health Laboratory in Inns-
bruck [7]. M. bovis BCG was cultured from a lymph node
during an outbreak of suppurative Lymphadenitis, con-
nected with BCG vaccination [8l; M. gordonae was kindly
provided by the Research Institute of Borstel (Germany).
The Loewenstein-Jensen cultures of both of the afore
mentioned germs had become avital after 2 years of stor-
age at room temperature.

dium (MB Check, Hoffmann-La Röche, Grenzach-Wyhlen,
Germany) following Standard procedures (71. Ready-to-
use tubes (bioMerieux, Marcy L'Etoile, France) and tubes
made by Loewenstein-Jensen Medium Base (Becton
Dickinson Microbiology Systems, Cockeysville, MD) were
utilized äs Loewenstein-Jensen media. The animal experi-
ments with guinea pigs were only done with specimens
of M. tuberculosis no. 17327.

TBSA äs performed in Hong Kong
Methods used by the laboratory in Hong Kong are de-
scribed elsewhere [3, 9l. Briefly, tuberculostearic acid was
detected using the technique of gas chromatography-
mass spectroscopy with selected ion monitoring. Tuber-
culostearic acid (R-10-methyloctadecanoic acid) is a struc-
tural component of mycobacteria and other members of
the actinomycetales such äs nocardia and actinomyces,
and is not normally present in human tissue.

PCR äs performed in Tokyo
Methods used by the laboratory in Tokyo are described
elsewhere [4]. Briefly, a 245-bp sequence of the M. tu-
berculosis insertion element IS986 was amplified by poly-
merase chain reaction and detected by agarose gel elec-
trophoresis in the presence of ethidium bromide.

PCR äs performed in Bern
A 250 aliquot of the sample was centrifuged, the pellet
was resuspended in 100 TE buffer, and 100 ml of glass
beäds (Sigma, Heidelberg, Germany) were added. The
suspended cells were mechanically disintegrated for two
min in a Mickle apparatus (Mill Works, Gomshall, Surrey,
UK). After a 10 min centrifugation step, the supernatant
was transferred to a new tube. 2.5 ml of lysate were added
to each test tube. The composition of the PCR mixture (50

) was: 50 mM KCI, 10 mM Tris-HCI (pH 8.3), 1.5 mM
MgCI2, 10% glycerol, 200 each dNTP, 0.5 each
primer, and 1.25 units of taq polymerase (Boehringer
Mannheim, Mannheim, Germany). The reaction was sub-
jected to 45 cycles of amplification (1 min at 94° C, 1 min
at 60° C, 1 min at 72°C) followed by 10 min extension at
72°C. Two different sets of primers were used. Primers
Tb11 and Tb12 are universal mycobacterial primers that
amplyfy a 439 bp fragment from the gene encoding the
65 kD protein [10]. Primers INS1 and INS2 are M. tubercu-
lospecific primers that amplify a 245 bp fragment from the
insertion element IS6110 (IS986) [3]. Amplification pro-
ducts were examined by agarose gel electrophoresis,
stain with ethidium .bromide, and visualized under UV
light. After a southern transfer, membranes were hy-
bridized with radiolabeled internal probes, and exposed
to x-ray overnight. The IS6110 PCR was contamination-
protected by the use of an uracyl-N-glycosidase (UNG)
protocpl (Perkin Eimer "anti-carryover"k7) [11].

Detection methods
Standard methods äs performed in Innsbruck
Identification by culture was usually carried out using two
Loewenstein-Jensen media and one Middlebrook 7H9 rhe-

Results
Microbiological detection rates obtained by means of two
Loewenstein-Jensen media, a liquid Middlebrook me-
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Table 1: Summarized data on the positive results obtained by use of conventional methods (LJ = Loewenstein Jensen medium; MB
Check = Middlebrook medium; animal test = guinea pig test) fqr detecting Mycobacterium tuberculosis in artificial cerebrospinal fluid
(spiked or unspiked with mycobacteria in various concentrations) and three uninoculated negative-controls.

Artificial CSF spiked with:
M. kansasii

M. gordonae
(avital)

M. bovis BCG (avital)

M. tuberculosis no. H37

M. tuberculosis no. 1732

Middlebrook
medium
unspiked
artificial CSF
unspiked

Tween 0.1%
unspiked

103/ml 102/ml ΙΟ/ml 1/ml 0.1/ml 10'2/ml 10-3/ml lO^/ml
LJ no. 1 + + + +
LJ no. 2 + + + + +
MB Check + + + +
LJ no. 1
LJ no. 2
MB Check
LJ no. 1
LJ no. 2
MB Check
LJ no. 1 + + +
LJ no. 2 + + +
MB Check +
LJ no. 1 + +
LJ no. 2 +
MB Check
animal test +
LJ no. 1
LJ no. 2
MB Check
LJ no. 1
LJ no. 2
MB Check
LJ no. 1
LJ no. 2
MB Check

dium, and an animal test (in case of M. tuberculosis strain
no. 1732) are summarized in table 1. Overall, conventional
methods identified IVL tuberculosis in five specimens.
Liquid Middlebrook medium yielded fewer positive re-
sults than the two Loewenstein-Jensen media. The use of
guinea pigs did not improve the detection rate for strain
no. 1732. Although the samples were set up in a lOfold
serial dilution, repeatedly there were blanks when culture
technique was used for detection. Although dealing with
progressive 1:10 sample dilution, detection was possible
not only in the adjacent test tubes but also in specimens
with theoretically less inoculum than the adjoining nega-
tive samples. .Both Loewenstein-Jensen media gave a
positive result for M. tuberculosis in those samples with
the calculated inoculum of 1 germ/ml despite negative re-
sults for those samples spiked with an estimated inocu-
lum of 10 germs/ml. In Loewenstein-Jensen medium no.
1, growth of M. tuberculosis strain no. 1732 was found
in the samples spiked with 10 germs/rrH despite negative
results in those samples spiked with 102 germs/ml. The
M. kansasii samples with 0.1 germs/ml and 10'2 germs/ml
remained negative although those spiked with 10~3

showed growth of bacterial culture. These inconsistent re-
sults reflect the difficulty of attaining or defining a gold
Standard of mycobacteria inocula. No incorrectly positive
results were obtained by using conventional methods.

The detection rates by use of rapid assays are presented
in Table 2. Gas chromatography-mass spectroscopy
yielded an incorrectly positive result in one negative con-
trol (Tween 0.1%). For tuberculostearic acid all but the re-
maining negative controls and two spiked specimens (0.1/
ml and 10-4/ml M. tuberculosis no. H37) were positive or
had questionable results. PCR Bern correctly identified the
6 specimens with M. tuberculosis IS6110 primers, but only
one with the universal mycobacterial amplification proto-
col. No incorrectly positive results were reported by the
laboratory in Bern. The protocol chosen by the laboratory
in Tokyo yielded 5 correct positive results, but also one
incorrect one (M. kansasii 10/ml).

Discussion
Tuberculosis is a disease of increasing importance. In in-
dustrialized countries 17.5 to 20% of all cases of tubercu-
losis are extrapulmonary. Of these cases 2 to 4.6% are
meningeal {12, 13]. Although the absolute criterion for
the diagnosis of tuberculosis is the demonstration of M.
tuberculosis, either by direct Ziehl-Neelsen-stained
smears or by biological cultures, fewer than 50% of the
cases of tuberculous meningitis are culture positive [14]
and only a third yield acid-fast bacilli on the initially
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Table 2: Summarized data on the positive results obtained by use of rapid assays for detecting Mycobacterium wberculosis genome
(poiymerase chain reaction: PCR Bern and PCR Tokyo) or tuberculostearic acid (TBSA) in artificial cerebrospinal fluid (spiked or unspi-
ked with mycobacteria in various concentrations) and three uninoculated negative-controls..

Artificial CSF spiked with:

M. kansasii

M. gordonae
(avital)

M. bovis BCG
(avital)

M. tuberculosis no. H37

M. tuberculosis no. 1732

Middlebrook
medium
unspiked

artificial CSF unspiked

Tween sol. unspiked

10a/ml 10*/ml 10/ml 1/ml 0.1 /ml 1<H/ml 10-3/ml 10~Yml

PCR Bern****
PCR Tokyo +* +/-**
TBSA + + + + + + + +

PCR Bern****
PCR Tokyo
TBSA · +/-*** + + + + ' + + +

PCR Bern****
PCR Tokyo
TBSA + + + + +/-** +

PCR Bern univ. +
PCR Bern IS 61 10 + + +*
PCR Tokyo + + +
TBSA + + + +/-** + +

PCR Bern univ.
PCR Bern IS6110 + + +*
PCR Tokyo + +*
TBSA + + +/-** + + +/-** +/-** +/-**

PCR Bern univ.
PCRBernlS6110
PCR Tokyo
TBSA

PCR Bern univ.
PCR Bern IS 61 10
PCR Tokyo
TBSA

PCR Bern univ.
PCR Tokyo
TBSA +

* = faint bands, ** = questionable, borderline, **** = IS6110 amplification

stained CSF sediment [15]. Furthermore, cultural identifi-
cation takes up to 8 weeks and delay in diagnosis is di-
rectly related to poor outcome [16]. Thus, rapid diagnosis
of tuberculous meningitis is highly desirable. The iso-
lation of mycobacteria in clinical specimens is necessary
not only to facilitate the diagnosis of tuberculosis: today,
the causative organism should also be tested for suscepti-
bility to antimicrobial drugs. Therefore, in the near future
rapid assays will only Supplement, not replace Standard
methods. Numerous egg base media for Isolation of my-
cobacteria are currently in use. Of these, Loewenstein-
Jensen medium is the most commonly used in Europe
[7]. During the 1950s, Cohen and Middlebrook developed
a series of defined culture media, mainly used in the U.S.
[17]. The 7H9 medium employed in this study is a com-
mercially available ready-to-use liquid medium (MB Check
<Roche>®). In general, the growth rate of mycobacteria is
slow and requires 2 to 8 weeks for detection using.tra-
ditional mycobacteriology media. Although the clearly de-
fined agar media permit earlier detection of mycobacteria,
on prolonged incubation Loewenstein-Jensen medium
often yields a greater number of positive results [18]. the

superiority of the Loewenstein-Jensen medium over the
Middlebrook medium äs found by us was, however, sur-
prising and does not correspond to the same extent with
our experience with clinical specimens.

Today, there are still studies reporting that animal tests
are definitely superiorto other procedures [19]. This view
is in contradiction to current opinion concerning the value
of animal tests for diagnosing tuberculosis [12, 17]. Our
in vitro data also gave no evidence in support of animal
experiments for the diagnosis of tuberculosis.

Various studies have shown that the use of a radiometric
method can significantly improve the recovery times of
mycobacteria. Roberts et al. [20] reported an average de-
tection time of 8 days with the BACTEC System (Becton
Dickinson Diagnostic Instruments Systems, Towson, MD)
versus 19.4 days for conventional media. Morgan et al.
[21] found that recovery times for M. tuberculosis were
13.7 and 26.3 days for the BACTEC System and conven-
tional media, respectively. Nor do we, in agreement with
other authors, believe that the time gained justifies the
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use of radioactive material with'a half life of 5/736 years
[22] and did_.not, therefore, include this ecologically u.n-
sound procedure in this study.

French et al. reported the detection of mycobacterial fatty
acids in tuberculous CSF äs a rapid diagnostic method for
tuberculous meningitis [1], In our study, gas ehromatogra-
phy-mass spectroscopy (GC-MS) yielded one false posi-
tive result by detection of TBSA in a negative control. Pre-
viously, we found the positive predictive value of TBSA
detection by GC-MS to be 78%, specificity to be 91% [9].
Sensitivity and negative predictive value had been found
to be 100% [9]. Although the high number of false positive
results limits the value of this test in the primary diagnosis
of TM, we consider TBSA detection by GC-MS to be a
valuable, highly sensitive tool in the diagnosis of TM, espe-
cially to exclude the presence of tuberculous meningitis.

Various authors have reported on the use of polymerase
chain reaction for the detection and Identification of M.
tuberculosis [2-6]. Seelig et al. analyzed 2,192 clinical
specimens by PCR and reported specificity and sensitivity
of this assay to be superior to Standard methods [23].
These results, however, have been challenged [24]. Gener-
ally, a high rate of false positive results is considered to
be a major drawback of these rapid diagnostic methods.
The protocol employed at the Tokyo Medical University
correctly identified the M. tuberculosis genome in five
specimens. One specimen yielded "faint bands" and
therefore had to be considered äs "false positive". It must
be emphasized that false positive results will not only lead
to incorrect diagnosis and inappropriate therapy, but also
lead to cessation of any efforts to investigate such
patients for other causes of illness. Two genome regions
were evaluated at Bern. The 65 kD target allbws the uni-
versal detection of mycobacteria, but has a relative Iow
sensitivity, äs shown by the detection of only one sample.
At Bern, this protocol is used routinely for the rapid speci-
fication of mycobacteria from positive Bactec bottles and
other culture media [10], and not for the direct detection
of mycobacteria in clinical material. In contrast, multiple
copies of the IS6110 sequence are present in M. tubercu-

losis, therefore allowing for a 10-fold or greater gain in
sensitivity. However, it is not useful for the detection of
non-tuberculous mycobacteria. The IS6110 is the target
used at Bern for direct amplification of M. tuberculosis in
clinical samples, and for this reason is protected from
"carry-over"contamination by the UNG protocol [11].

For a long time the occurrence of false positive reactions
has impeded PCR-assays. Our findings from this in vitro
study reveal the potential of PCR methods for primary di-
agnosis of tuberculous miningitis. Using polymerase
chain reaction Shankar et al. in 1991 still reported false
positive results in 6 out of 51 non-TM controls (=11.8%).
Recently implemented anti carry-over protocols, such äs
the use of uracyl-N-glycosidase enzyme and deoxyuridine
triphosphate (dUTP) in the amplification mixture rep-
resent an important contribution to the avoidance of false
positive in PCR [11].

Whether or not a study performed using artifically con-
taminated specimens can give a reliable evaluation of the
performances of the PCR method on natural specimens
may be questioned for various reasons. First, in vivo my-
cobacteria are mainly intracellular, which is not the case
for spiked specimens. Secondly, in vitro-grown mycobac-
teria often differ from in vivo mycobacteria by their cell
wall structure. For these two reasons, the efficiency of ex-
traction of mycobacterial DNA from spiked specimens
may differ from that obtained with natural specimens,
leading to differences in theamplification efficiency. Com-
pared to the problem of defining a gold Standard for natu-
ral specimens, we consider these disadvantages to be of
minor importance. The results pf our in vitro study agree
with Tintelnot et al.s Interpretation of clinical data that
"presently the PCR method is not äs sensitive äs rec-
ommended culture techniques. In cases of Iow concen-
tration of mycobacteria in specimens false-negative PCR
results are not rare" [24]. The decisive advantage of poly-
merase chain reaction in detecting mycobacteria is obvi-
ous. The possibility of getting results within a few days
compared to waiting several weeks will make PCR a diag-
nostic procedure of choice in the near future.
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Telefonnummer 089/31884144

BIO-RAD
Laboratories GmbH
Klinische Diagnostik
Heidemannstraße 164
D-80939 München
Telefon:089/31884148
Telefax: 089/318841 (K)

Wako expandiert!
Unsere neue Produktionsstätte

für Diagnostika Reagenzien
ist fertig!

O Immunglobuline IgA, IgG, IgM
O CRP quarrt.
© RFquant.

für den Einsatz am Analysenautomaten.

Die gebrauchsfertigen Reagenzien sind
an allen Analysenautomaten erprobt.
Immunglobuline ohne Serumvorverdünnung.
Kein Einsatz von Latex-Partikeln.

Fordern Sie weitere Informationen an bei:

Wako Chemicals GmbH
Nissanstraße 2
D-41468 Neuss
Tel. 02131/311-0
Fax. 02131/311-100
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