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Use of Ligase Chain Reaction in Early Diagnosis of Tuberculous Meningitis
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Abstract

Introduction: Nucleic acid-based amplification tests are currently licensed only for the
detection of Mycobacteriumtuberculosisin pulmonary specimens. Ther ear einsufficient datafor
extrapulmonary specimens. Theaim of thisstudy isto investigate the diagnostic value of these
investigationsin tuber culous meningitis. Materialsand M ethods: We performed a prospective
study usingacommer cial ligasechain reaction DNA amplification technique[Ligasechainresult
(LCx)M.tuberculosis; Abbott L aboratories, Abbott Park, L, USA] on cer ebrospinal fluid (CSF)
todiagnosetuber culousmeningitisand compar ed ther esultswith standar d micr obiological data.
Conflicting cases were resolved according to the final clinical diagnosis. A total of 54 CSF
specimensfrom 54 patientswer etested. Results: Six (11.1%) specimenswer ecultur e-positivefor
M. tuberculosis; of these, only 1 (1.9%) was smear-positive. The sensitivity, specificity, positive
predictivevalue and negative predictive value of the L Cx assay, compar ed with cultureresults,
were66.7%, 100%, 100% and 96%, r espectively. After resolution accordingtoclinical data, the
sensitivity, specificity, positivepr edictivevalueand negativepredictivevaluewer e33.3%, 100%,
100% and 75%, respectively. All contr olshad negativelL Cx results. Therewer enofalsepositives.
Conclusion: L Cx assay is highly specific and complements conventional laboratory diagnostic
methods(CSF smear and culture) in thediagnosisof tuber culousmeningitis. Intheappropriate
clinical context, a positive result is strongly suggestive of tuberculosis and could enable

antituber culoustreatment to be started immediately.
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I ntroduction

Tuberculous meningitis (TBM) isaserious disease with
100% mortality in untreated patients. In patients in whom
treatment is delayed, severe neurological deficits result.?
Hence, rapid diagnosisof TBM isimportant but difficult by
conventional diagnostic methods. Direct smears of
cerebrospina fluid (CSF) for acid-fast bacilli (AFB),
although virtually diagnostic, are usually positivein fewer
than 10% of cases of TBM .23 Culture on solid mediatakes
up to 8 weeks.* Theradiometric BACTEC 460 TB system
(Becton Dickinson Diagnosticlnstrument Systems, Sparks,
MD, USA) requires an average of 13 to 15 days to detect
positive specimens.®

Technological advances in amplifying and detecting

specificregionsof bacterial DNA haveledtoimprovements
in the laboratory diagnosis of tuberculosis.t® Ligase chain
reaction (L CR)isbased onthejoining, catal ysed sequentially
by polymerase and ligase, of 2 oligonucleotide probes
specific for adjacent sequences in the target DNA. LCR
gives positive results within 24 hours. The target sequence
of LCR is the chromosomal gene of Mycobacterium
tuberculosis, which codesfor proteinantigen b.2° Thisgene
sequence appears to be specific to the M. tuberculosis
complex (MTBC) and has been detected in al MTBC
strains examined to date. The ligase chain result (LCx) M.
tuberculosis assay (Abbott Laboratories, Abbott Park, IL,
USA) is based on LCR technology. This amplification
assay uses a semi-automated system, which allows direct
detection of M. tuberculosisin clinical specimens.
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Todate, LCRisvalidated only for respiratory specimens.
Publications of the LCx assay in extrapulmonary
tuberculosis include normally sterile body fluids (pleural,
pericardial, synovia, CSF, ascitic fluid), urine, faeces,
gastric aspirate, pus and tissue biopsy specimens 3691113
The sensitivity and specificity of LCR in the diagnosis of
extrapulmonary tuberculosis range from 50% to 90.4%,
and 98.5% to 100%, respectively.>691-13 Few data are
availableon LCR in TBM.

Thisstudy investigatesthe diagnostic value of CSFLCR
in the early diagnosis of TBM and compares the results
with final clinical diagnoses and standard microbiological
data.

Materials and M ethods

From January 1998 to April 2002, we prospectively
investigated CSF specimens collected from 2 groups of
patients admitted to the Department of Neurology at Tan
Tock Seng Hospital. This study was approved by the
Hospital EthicsCommittee. nformed consent wasobtai ned
from al patients. For obtunded patients, consent was
obtained from the next-of-kin. All patients with fever,
headache and neck stiffness during the study period with a
clinical diagnosisof meningitiswererecruited. Weexcluded
patients with fungal meningitis (positive CSF Indian ink
preparation, CSF cryptococcal antigenandfungal cultures).
The study group consisted of patientswith TBM, whereas
the control group comprised patients with bacterial
meningitis, viral meningoencephalitisand normal pressure
hydrocephalus. The following diagnostic criteria were
used:

Tuberculous Meningitis

Positive CSF AFB smear and culture or subacute or
chronic meningitis with CSF pleocytosis, CSF protein
exceeding 40 mg/dL, negative bacterial and fungal culture,
computed tomography (CT) scan brain consistent with
TBM (hydrocephalus, oedema, basal meningeal
enhancement with or without infarcts) and response to
antituberculous treatment.** When a positive CSF culture
result was available, the diagnosis was not arbitrated by
clinical parameters.

Bacterial Meningitis

Acutepresentation, isol ation of pathogenic bacteriafrom
CSF, CSF pleocytosis (predominantly neutrophils), low
CSFglucose (<50% of that in blood) and full recovery with
appropriate antimicrobial treatment.

Viral Meningoencephalitis

Acute or subacute presentation, CSF pleocytosis
(predominantly lymphocytes) and bacteriologically sterile
cultures. Generally, clinical courseisrelatively benignand

recovery istherule. Viral meningoencephalitismay mimic
TBM in someaspectsof itspresentation and CSF findings.
Differentiation of these 2 conditions depends on clinical
presentation, diagnostic tests, disease progression and
response to treatment.

Patients with viral meningoencephalitis and bacterial
meningitiswererecruited from the same hospital ward and
in the same month as patientswith TBM. During the study
period, consecutive patients with normal pressure hydro-
cephalus who had CSF drainage as evaluation for shunt
placement were also recruited as controls. Once LCR results
wereavailable, theward doctorswereimmediately informed.

Smear Examination and Culture

Smears were stained by auramine-rhodamine fluoro-
chromeand positiveslideswereconfirmedto bepositiveby
Ziehl-Neel senstain. Theprocessed sediment wasinocul ated
ontosoliddantscontaining L 6wenstein-Jensenand Col etsos
media and into BACTEC medium. A BACTEC growth
index >100 was considered positive.

Detection of M. tuberculosis by the LCx M. tuberculosis
Assay

TheL Cx assay consistsof 3 steps: specimen preparation,
amplification and detection. These were performed
according to the manufacturer’s recommendations.®
Specimens were prepared by the addition of pretreated
(NaOH) specimen to LCx specimen tube and centrifuged.
After vortexing, the suspension was placed into LCx-
covered Dry Bath. Mycobacterial DNA was released by
mechanical lysis in the LCx lysor. For the amplification
reaction, the specimens and controls were placed in the
LCx ThermiCycler and amplified. Amplified tubes were
transferred unopened to the carousel of the LCx analyser.
A sample rate/cutoff value ratio of >1.0 indicates an LCx
M. tubercul osis assay-positive result.

Clinical Evaluation

After specimen collection, the medical records of all
patients were obtained and reviewed. Diagnostic criteria
defined earlierinthesectionwereused. For TBM, evaluation
included the patient’ shistory, signs, symptoms, chest X-
ray, cytological and histological results for specimens, CT
scan of thebrain, history of drugsadministered, responseto
empirical antituberculous treatment and follow-up
observations.** All caseswere reviewed by the senior staff
of the Neurology Department and the final diagnosis of
TBM was made by them. This enabled us to set the
combination of culture and clinical diagnosis as the “gold
standard”. When CSF culture results are available, the
diagnosis is not arbitrated by clinical parameters. LCR
results were classified based on clinical diagnosis and
culture results.
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Satistical Analysis

The sensitivity, specificity, positive predictive vaue
(PPV) and negative predictive value (NPV) of the LCx M.
tuberculosis assay were cal culated in comparison with the
culture results, and with culture results plus clinical
diagnosis.

Results

A clinical diagnosis of TBM was made in 18 patients.
The controls included 20 patients with viral
meningoencephalitis, 8 patients with bacterial meningitis
and 8 patients with normal pressure hydrocephalus. A
comparison of amplification results with CSF culture is
summarisedinTablel. Six (11.1%) specimenswereculture-
positive for M. tuberculosis; of these, only 1 (1.9%) was
smear-positive. LCR was positive in 4 out of 6 culture-
positive specimens. The overall sensitivity, specificity,
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PPV and NPV of LCR, compared with cultureresults, were
66.7%, 100%, 100% and 96%, respectively.

LCR was positive in 6 of 18 patients with a clinical
diagnosis of TBM (Table 2). The sensitivity, specificity,
PPV and NPV of LCR, compared with clinical data, were
33.3%, 100%, 100% and 75%, respectively.

The results of LCx assay, culture and smear were
separately compared to the clinical diagnosis (Table 3).
Positive LCR, smear and culture were only obtained from
patients with TBM.

Discussion

In our study, the sensitivity of LCR in TBM was 66.7%
as compared with culture (Table 1), which is consistent
with the 50% to 90.4% for extrapulmonary tuberculosis
cited in the literature (Table 4).3591+183 This wide range is
attributed to the varying proportion of smear-positive and

Table 1. Comparison of LCR with Culture Results for the Detection of M. Tuberculosis

Specimen Culture-positive Culture-negative Sensitivity Specificity PPV NPV

(no) " i » _ (%) (%) (%) (%)
L Cx-positive L Cx-negative LCx-positive  LCx-negative

Smear-positive (1) 1 0 0 0 100 0 100 0

Smear-negative (53) 3 2 0 48 60 100 100 96

All (54) 4 2 0 48 66.7 100 100 96

LCx: ligase chain result; NPV: negative predictive value; PPV: positive predictive value

Table 2. Comparison of LCR with Clinical Diagnosis of TB

Specimen TBM-Positive TBM-Negative Sensitivity ~ Specificity PPV NPV

(no.) (%) (%) (%) (%)
L Cx-positive L Cx-negative LCx-positive  LCx-negative

Smear-positive (1) 1 0 0 0 100 0 100 0

Smear-negative (53) 5 12 0 36 29.4 100 100 75

All (54) 6 12 0 36 333 100 100 75

LCR: ligase chain reaction; LCx: ligase chain result; NPV: negative predictive value; PPV: positive predictive value; TB: tuberculosis

Table 3. Comparison of LCR, Culture and Microscopy Results with Clinical Diagnosis of TBM

Method and result No. of specimens Sensitivity Specificity PPV NPV
(no. of samples) (%) (%) (%) (%)
TBM (n=18) non-TBM (n = 36)
LCx assay
Positive (6) 6 0 33.3 100 100 75
Negative (48) 12 36
Culture
Positive (6) 6 0 333 100 100 75
Negative (48) 12 36
Smear
Positive (1) 1 0 5.6 100 100 67.9
Negative (53) 17 36

LCR: ligase chain reaction; LCx: ligase chain result; NPV: negative predictive vaue; PPV: positive predictive value; TBM: tuberculous meningitis
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Table4. Sensitivity and Specificity of LCR in Diagnosis of
Extrapulmonary Tuberculosis*
Sensitivity Specificity PPV NPV
(%) (%) (%) (%)

Gamboa et al® 785 100 100 93.1
Ruiz-Serrano et al® 50 100 100 93
Palacios et a” 90.4 98.5 86.3 99
Piersimoni et al® 53.6 99.3 93.7 92.1
Tortoli et al® 73.33 100 100 97.1
Garrino et al't 70 100 100 93.8
Lumb et a2 67.6 100 100 95.3
Shetty et al*? 85.7 100 100 97.7
Our results 66.7 100 100 100

CSF: cerebrospinal fluid; NPV: negative predictive value; PPV: positive
predictive value

*All studies were extrapulmonary from several sources combined: pleural,
pericardial, synovial, CSF, ascitic fluid, urine, faeces, gastric aspirate, pus
and tissue biopsy specimens. Our study worked on CSF only.

smear-negative specimensin different studies. The ability
of LCx assay to detect M. tuberculosisisdirectly related to
the concentration of bacilli inthe specimen. Hence, studies
with a high rate of smear-positive and culture-positive
sampleshaveasensitivity of about 90%,>2%whilestudies
with alower rate of positive samples have a sensitivity of
about 78%. Current literature include extrapulmonary
tuberculosis from various sources. pleural, pericardial,
synovial, CSF, ascitic fluid, urine, faeces, gastric aspirate,
pus and tissue biopsy specimens. Our study isthe only one
that worked on CSF only. All studiesfound LCR useful as
itisarapidand specifictest, but cautioned against replacing
conventional diagnostic methods with LCR.

False negative LCR, despite positive CSF, culture is
common and is attributed to 2 reasons. Thefirst reason is
non-uniformdistributionor low number of micro-organisms
inclinical specimens.*2Repeated samplesshould betested,
especially thosethat aresmear-negativeand culture-positive.
We did not send repeat specimens in our study due to
financial reasons. Secondly, the presence of inhibitors of
the enzymatic amplification reaction can cause false
negatives. Rates of occurrence of false negatives >20%
have been reported.*"8 I nhibitorswere present in 54.5% of
CSF specimens using the Amplicor Sputum Preparation
Kit (Hoffmann-LaRoche, Grenzach-Wyhlen, Germany)*’
and 7.5% of nonrespiratory specimensusing the Gen Probe
Amplified M. tuberculosis Direct Test.® The importance
of proper sample preparation for amplification procedures
to eliminate inhibitors has been demonstrated in severa
studies.’*2° Phosphate ions have been found to be potent
inhibitors of LCR amplification. Leckie et a and other
authors have described modifications to the
original assay to reduce inhibitors, thereby reducing the
false negatives.’®

In conclusion, LCR cannot replace CSF smear and
culturein the diagnosis of TBM. LCR complements these
2 processes with the aim of increasing yield and obtaining
early clinical diagnosis. Because of the poor NPV, a
negative result does not exclude TBM. Communication
with the clinician is important as a clinical diagnosis of
tuberculosis may be made even if LCR is negative and
M. tuberculosis cannot be isolated from the CSF. In the
clinical context of subacuteor chronic meningitiswith CSF
lymphocytic pleocytosis, a positive result is strongly
suggestive of TBM. Early institution of antituberculous
therapy reducesthe morbidity and mortality resulting from
delayed treatment.
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