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a b s t r a c t
The clinical features, investigations, treatment and outcome were studied in 104 patients with deﬁnite or
probable tuberculous meningitis. The diagnosis of deﬁnite tuberculous meningitis required the growth of
Mycobacterium tuberculosis from cultures, or a positive polymerase chain reaction (PCR) assay for M.
tuberculosis. In probable tuberculous meningitis, cultures and the PCR assay were negative, but other
causes of meningitis were excluded and there was a response to anti-tuberculosis treatment. Of the
104 patients, 36% had a poor outcome (severe disability, persistent vegetative state or death), 12% moderate disability and 52% good recovery. A diagnosis of deﬁnite tuberculous meningitis, the severity of the
symptoms at presentation and the occurrence of a stroke were signiﬁcant predictors of a poor outcome.
The most common reasons for a delayed diagnosis were presentation with mild symptoms wrongly
attributed to a systemic infection, incorrectly attributing CSF abnormalities to non-tuberculous bacterial
meningitis and failure to diagnose extraneural tuberculosis associated with meningitis. Recognition of
the difﬁculties in making a diagnosis of tuberculous meningitis may facilitate earlier diagnosis in the
future.
Ó 2010 Elsevier Ltd. All rights reserved.

1. Introduction
After anti-tuberculous drugs were introduced, there was an initial decrease in the mortality of tuberculous meningitis,1 but since
then the mortality and morbidity may not have changed.2,3 In most
recent hospital-based studies about 40% of patients have died or
survived with severe disability,3–11 but lower mortality rates have
been recorded.12 A delay in starting anti-tuberculosis treatment is
associated with an increased risk of death or survival with severe
neurological sequelae.13 We have retrospectively reviewed 104 patients with tuberculous meningitis who presented to Auckland
Hospital during the last 40 years: attention was focussed on the
difﬁculties in making a diagnosis of tuberculous meningitis in
these patients and the neurological and systemic complications
will be described in a further article in the Journal of Clinical
Neuroscience.14

2. Methods and patients
Patients were considered to have deﬁnite tuberculous meningitis if: (i) the patient had one or more of the following clinical features – headache, neck stiffness, altered mental state or fever; (ii)
there was a cerebrospinal ﬂuid (CSF) pleocytosis (leuko* Corresponding author. Tel.: +64 9 3797440x25815; fax: +64 9 375 4309.
E-mail address: neila@adhb.govt.nz (N.E. Anderson).
0967-5868/$ - see front matter Ó 2010 Elsevier Ltd. All rights reserved.
doi:10.1016/j.jocn.2010.01.007

cytes > 5  106/L); and (iii) either Mycobacterium tuberculosis (M.
tuberculosis) was cultured from the CSF or another site, or the polymerase chain reaction (PCR) assay for M. tuberculosis deoxyribonucleic acid (DNA) in the CSF was positive. One patient did not have a
lumbar puncture but was included in the group with deﬁnite
tuberculous meningitis after M. tuberculosis was identiﬁed at autopsy. A diagnosis of probable tuberculous meningitis was accepted if the ﬁrst two criteria were met, other causes of
meningitis were excluded and there was a deﬁnite improvement
following anti-tuberculosis treatment.
Patients who presented from 1963 to 1983 have been identiﬁed
in a previous retrospective review of chronic meningitis15 and
those who presented after 1983 were traced from hospital discharge diagnosis records, the results of cultures for M. tuberculosis
and since 1993, the results of PCR tests for M. tuberculosis DNA in
CSF.
Each patient’s hospital records were reviewed. The clinical features, results of investigations, treatment and outcome were recorded. The interval between presentation to hospital and the
time anti-tuberculosis treatment was started was determined from
review of the hospital notes. For patients in whom anti-tuberculosis treatment was delayed more than 3 days after arrival in hospital, the reasons for the delay were obtained by review of the
clinical notes. The severity of the disease at presentation was retrospectively graded according to the Medical Research Council
(MRC) criteria: stage 1, normal level of consciousness and no focal
signs; stage 2, lethargy, altered behaviour, meningism or minor fo-
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cal signs (e.g. cranial nerve palsies); stage 3, stupor, coma, or severe
focal deﬁcit.16
The status of survivors was determined by review of the case
notes. The median duration of follow-up among the survivors
was 18 months (range: 1–197 months). The Glasgow Outcome
Scale (GOS) score was assigned retrospectively to grade the outcome at last follow-up: 1, death; 2, persistent vegetative state; 3,
severe disability (dependent for daily support because of mental
or physical disability); 4, moderate disability (disabled, but independent); and 5, good recovery (resumption of normal life
although there may be minor neurological and psychological deﬁcits).17 A GOS score of 1–3 was considered to be a poor outcome
and a GOS score of 4 or 5, a good outcome.
The data were entered into a Microsoft Excel spreadsheet. Statistical Analysis System software (SAS Institute; Cary, NC, USA)
was used for data analysis. To determine which factors predicted
a good or poor outcome the following parameters were entered
into a logistic regression analysis: diagnosis of deﬁnite or probable
tuberculous meningitis, age, date of presentation, duration of
symptoms before presentation, a history of alcoholism, CSF leukocyte count, CSF glucose, CSF protein, presence or absence of hydrocephalus or stroke, time between presentation and the initiation of
anti-tuberculosis treatment, MRC stage on admission to hospital,
the use of anti-tuberculosis treatment, treatment with rifampicin
and treatment with steroids. The observations for 10 patients were
deleted because there were missing values.
3. Results
A total of 104 patients, 61 males and 43 females, presented with
tuberculous meningitis (Table 1). Seventy-one patients (68%) had
deﬁnite tuberculous meningitis and 33 patients (32%), probable
tuberculous meningitis. Deﬁnite tuberculous meningitis was conﬁrmed by growth of M. tuberculosis from CSF cultures in 57 patients (55%), positive M. tuberculosis cultures of a specimen
obtained from another site in 10 patients (10%), positive PCR assay
for M. tuberculosis DNA in the CSF in three patients (3%) and postmortem examination in one patient. The proportion of people from

Table 1
Characteristics of 104 patients with tuberculous meningitis
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the Paciﬁc, Maori and Asian ethnic groups with tuberculous meningitis was much higher than the proportion of these ethnic groups
in the general population.
3.1. Presenting symptoms and signs
The median duration of symptoms before presentation was
21 days (range: 1 day–12 months). The most common presenting
symptoms were: headache (69%), fever (69%), altered mental state
(58%), drowsiness (28%) and non-speciﬁc systemic symptoms
including nausea/vomiting (61%), anorexia (54%), lethargy (46%),
weight loss (37%) and cough (35%). Fewer than 20% of people presented with seizures, limb weakness and diplopia.
The most common signs were fever (83%) and neck stiffness
(69%). Mental state was abnormal in 68 (65%) patients: confusion
in 45%, stupor in 15% and coma in 5%. Cranial nerve palsies and
signs of a focal cerebral hemisphere lesion, including hemiparesis,
dysphasia, apraxia or homonymous hemianopia, occurred in fewer
than one-third of the patients. The MRC stage on admission to hospital was stage 1 in 24 patients (23%), stage 2 in 59 patients (57%)
and stage 3 in 21 patients (20%).
3.2. Cerebrospinal ﬂuid
All but one patient had a pleocytosis in the initial CSF sample
(range: 1–3860  106/L; median 181  106/L). The CSF leukocyte
differential count was available for 93 patients. In 73 patients
(78%) more than 50% of the cells were lymphocytes, but in 20 patients (22%) the CSF leukocytes were predominantly polymorphs.
The CSF protein concentration was elevated in 95% of the patients
(range: 0.19–44.0 g/L; median: 1.79 g/L). The CSF glucose was less
than 2.5 mmol/L in 66/101 patients (65%) and less than 1.0 mmol/L
in 20% (median: 1.8 mmol/L). Acid-fast bacilli were identiﬁed in
the CSF with the Ziehl–Neelsen (ZN) stain in 16/95 (17%) patients.
The PCR assay for M. tuberculosis DNA in the CSF was positive in 17/
22 (77%) patients who were tested. Of the 17 PCR-positive patients,
M. tuberculosis grew in CSF cultures of 12 patients and from another site in two patients. In the other three patients, cultures for
M. tuberculosis were negative. In one of the ﬁve PCR-negative patients, M. tuberculosis was grown in CSF cultures, but the other
PCR-negative patients had negative cultures.
3.3. Other investigations

Characteristic

n = 104 (%)

Age (years)
Range
Mean
Median
No. <5 years
Past history of TB
TB contact
Predisposing illness1

0.4–81
28.6
28
24 (23)
9 (9)
39 (38)
22 (21)

Ethnic group
European
Maori
Paciﬁc
Asian
African
Missing

29 (28)
29 (28)
34 (33)
9 (9)
1 (1)
2

Date of presentation
1965–74
1975–84
1985–94
1995–2004

19
34
25
26

(18)
(33)
(24)
(25)

TB = tuberculosis.
1
Predisposing illnesses: alcoholism – 15, diabetes mellitus – three, chronic renal
impairment – three, current or recent corticosteroid treatment – three, human
immunodeﬁciency virus infection – one, myelodysplasia – one.

Hyponatraemia was present at presentation in 64/101 (63%) patients (range: 115–147 mmol/L). In 32% the serum sodium was less
than 130 mmol/L. An abnormality on CT scan was noted in 44/59
(75%) patients: ventricular enlargement in 27 patients (46%), meningeal enhancement in 24 (41%) and an infarct in 10 patients (17%).
The MRI was abnormal in 10/10 patients. In addition to meningitis,
59 patients (57%) also had tuberculosis outside the central nervous
system. The chest X-ray was abnormal in 55 patients (53%).
A meningeal or brain biopsy was obtained in 10 patients, which
showed granulomatous inﬂammation in two patients, non-speciﬁc
inﬂammation in ﬁve patients and normal ﬁndings in two patients.
The tissue from one patient was submitted only for ZN stain and
culture. Cultures were negative in all 10 patients.
3.4. Treatment
In three patients the diagnosis of tuberculous meningitis was
not made until post mortem and they had not been treated with
anti-tuberculosis treatment. The other 101 patients received antituberculosis treatment. The combination of antibiotics and the
duration of treatment varied because management decisions were
made by individual clinicians. Three patients were treated with
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two drugs with activity against M. tuberculosis, but the other 98 patients received three or four anti-tuberculosis drugs. The median
duration of treatment, which was known in 67 of the 85 patients
who survived until discharge from hospital, was 12 months (range:
3–36 months). An organism resistant to one or more anti-tuberculosis drugs was identiﬁed in four patients. One of these patients
had a concurrent infection with the human immunodeﬁciency
virus. Three of the patients with a drug-resistant organism had a
poor outcome. Sixty patients (58%) received corticosteroids in
addition to anti-tuberculosis treatment.
3.5. Difﬁculties in the diagnosis and treatment
Tuberculous meningitis was considered in the differential diagnosis by the admitting team in 51 patients (49%). In the 101 patients in whom the diagnosis was made before death, the median
delay between admission and the start of anti-tuberculosis treatment was 2 days (range: 0–45 days). The median delay was 2 days
for each of the ﬁrst 3 decades and 1 day from 1995 to 2004.
Several reasons for a delay in the diagnosis of tuberculous meningitis of more than 3 days after hospital admission were identiﬁed. Tuberculous meningitis was not initially suspected in 11
patients (11%) with an oligo-symptomatic presentation, who were
initially thought to have a systemic infection rather than meningitis. Three of these patients were less than 2 years old and presented with fever, irritability, drowsiness, failure to thrive, cough,
nausea and vomiting. The other eight patients with an oligo-symptomatic presentation were older (mean age: 57 years; range: 27–
81 years) and presented with only 1 or 2 of the following symptoms: headache, fever, mild confusion and non-speciﬁc systemic
symptoms. Altered mental state and fever were initially attributed
to a systemic illness in another four adults aged 49 years to
75 years, who had unrecognised spinal or articular tuberculosis.
In two patients who presented with a posterior fossa mass, a diagnosis of tuberculous meningitis was not considered until biopsy of
the lesion showed granulomatous inﬂammation. One patient presented with unexplained thrombocytopenia and during the admission developed headache, fever and vomiting. An incomplete
history contributed to delay in the diagnosis of tuberculous meningitis in a 30-year old street-dweller found lying on the roadside.
She was obtunded, severely confused and febrile. She was treated
for suspected herpes simplex encephalitis, but died soon after
admission. The diagnosis of tuberculous meningitis was made at
autopsy.
In another 12 patients (12%) a lumbar puncture was performed
promptly, but anti-tuberculosis treatment was delayed for more
than 3 days after the lumbar puncture was performed. In six of
these patients the CSF abnormalities were initially attributed to
non-tuberculous bacterial meningitis and at ﬁrst they were treated
with antibiotics with no activity against M. tuberculosis. Three of
these six patients died. Another patient had an atypical presentation with headache, unilateral cavernous sinus syndrome and lymphocytic pleocytosis, and treatment was delayed because of initial
uncertainty about the diagnosis. In one patient the leukocyte count
was normal in the ﬁrst CSF specimen. In the other four patients the
reason for a delay in starting treatment after a lumbar puncture
was unclear.
3.6. Outcome
Tuberculous meningitis was complicated by hydrocephalus in
44 patients (42%) and 34 patients (33%) developed a stroke during
the course of their illness. The median ages of the patients with
(27.5 years) and without a stroke (28.5 years) were similar. At last
follow-up, 52% of patients had made a good recovery (GOS score 5),
12% had moderate disability (GOS score 4) and 36% had a poor out-

come (GOS score 1–3) (Table 2). The frequency of a poor outcome
during each decade was 37% in 1965–74, 41% in 1975–84, 32% in
1985–94 and 35% in 1995–2004. In the logistic regression analysis
the only factors that were signiﬁcant predictors of a poor outcome
were the MRC stage at presentation (chi-squared test [v2] 0.038;
odds ratio [OR] 0.425, 95% conﬁdence limits 0.190, 0.953), the
presence of a stroke (v2 0.002; OR 0.189, 95% conﬁdence limits
0.067, 0.533) and a diagnosis of deﬁnite tuberculous meningitis
(v2 0.007; OR 0.188, 95% conﬁdence limits 0.056, 0.633). A poor
outcome was more common when treatment was delayed more
than 3 days (47%) than if there was no delay (31%), but the time
from admission to hospital to the initiation of treatment was not
a signiﬁcant predictor of outcome in the logistic regression analysis. There was a poor outcome in 71% of patients with MRC stage 3
on admission to hospital. Two of the three patients who received
only two anti-tuberculosis drugs died in hospital.
4. Discussion
As in other developed countries, tuberculosis was an uncommon cause of meningitis at Auckland Hospital. Only two or three
patients presented with tuberculous meningitis each year. In countries where there is a low prevalence of tuberculosis, tuberculous
meningitis is more common in adults.7,13,18 In Auckland Hospital
the median age was only 28 years and almost one-quarter of the
patients were younger than 5 years old. Alcoholism and other
chronic debilitating diseases increase the risk of developing tuberculous meningitis.2–4,19–21 Fifteen patients (14%) had alcoholism,
but 79% of patients did not have a predisposing illness. Patients
co-infected with HIV and M. tuberculosis have a particularly high
risk of developing tuberculous meningitis,22 but only one patient
had tuberculous meningitis and concurrent HIV infection.
The gold standard for the diagnosis of tuberculous meningitis is
the growth of M. tuberculosis from the CSF, but 4 to 8 weeks are required for cultures to become positive and up to 45% of patients
with presumed tuberculous meningitis have negative CSF cultures.23 The ZN stain and assays employing ampliﬁcation of M.
tuberculosis DNA are faster methods of diagnosis. The speciﬁcity
of tests using nucleic acid ampliﬁcation is 98%, but the sensitivity
is only 56%. A negative result can not be used alone to exclude
tuberculous meningitis.24 In our study, the PCR assay was positive
in three patients in whom CSF cultures were negative. In ﬁve patients the PCR assay was negative, but only one of those patients
had positive cultures for M. tuberculosis. The ZN stain is helpful if
positive, but in most laboratories, including Auckland Hospital,
acid-fast bacilli are found in the CSF in less than 20% of patients
with tuberculous meningitis.3,4,10,19–21,25 Extra diagnostic information may come from repeating the lumbar puncture when the initial CSF specimen is not diagnostic of tuberculous meningitis.
Leptomeningeal biopsy usually showed non-speciﬁc inﬂammation and cultures of the leptomeninges were negative. Biopsy of
clinically involved extra-neural tissue is more likely to conﬁrm
the diagnosis of tuberculosis than a leptomeningeal biopsy.15,26

Table 2
Outcome in 104 patients after tuberculous meningitis by Glasgow Outcome Scale
score
GOS score

Deﬁnition

Total
n (%)

1
2
3
4
5

Death
Persistent vegetative state
Severe disability
Moderate disability
Good recovery

23 (22)
1 (1)
14 (13)
12 (12)
54 (52)

N.E. Anderson et al. / Journal of Clinical Neuroscience 17 (2010) 1018–1022

We have had no experience with other methods for the early diagnosis of tuberculous meningitis.13
A delay in starting anti-tuberculosis medications is associated
with a higher rate of mortality and serious neurological sequelae
among survivors. In the absence of a rapid and highly sensitive test
for tuberculous meningitis, decisions about treatment often must
be made before the diagnosis has been conﬁrmed. However, the
diagnosis of tuberculous meningitis is often challenging in countries where tuberculosis is an uncommon cause of meningitis.
The clinical, CSF and imaging ﬁndings are non-speciﬁc, but can
help identify patients with tuberculous meningitis.
Tuberculous meningitis is more common in Maori people and
immigrants from countries where tuberculosis has a high incidence.27,28 In Auckland 70% of the patients with tuberculous meningitis had a Paciﬁc, Maori or Asian ethnic background. Europeans
constitute two-thirds of the Auckland population, but only 28% of
the patients with tuberculous meningitis were European. A past
or family history of tuberculosis and contact with a person affected
by tuberculosis should immediately raise concern that meningitis
is caused by M. tuberculosis.25
The duration of symptoms before admission varied from a few
days to many months, but tuberculous meningitis typically has a
longer history than bacterial or viral meningitis.29,30 The median
duration of symptoms before admission to Auckland Hospital
(3 weeks) was similar to the length of history observed in other
large series of patients with tuberculous meningitis.7,25 Most patients presented with headache, fever, meningism, altered mental
state and non-speciﬁc symptoms. Tuberculous meningitis typically
affects the basal meninges, where it may involve cranial nerves and
arteries as they traverse the subarachnoid space. Cranial nerve palsies and other focal signs are more common in tuberculous meningitis than in most other types of chronic meningitis.15
When present, severe hyponatraemia helps to distinguish
tuberculous meningitis from other causes of chronic meningitis,
but other blood tests are usually unhelpful.4,12,15,19,20 The typical
CSF proﬁle of tuberculous meningitis is a mild to moderate lymphocytic pleocytosis, increased protein and reduced glucose concentration,11,18,29 but exceptions were common in our patients.
The CSF leukocyte count and protein concentration occasionally
were normal, polymorphs outnumbered lymphocytes in 22% of
the patients and the CSF glucose was normal in one-third.
The Mantoux test is often negative in patients with tuberculous
meningitis.7,18 A positive Mantoux test occurs after the Bacille Calmette-Guerin (BCG) vaccination, which has been widely used in
New Zealand. Fifty-seven percent of our patients had extra-neural
tuberculosis and when present, it was a helpful clue to the diagnosis of tuberculous meningitis. In several patients, however, the signiﬁcance of monoarticular arthritis, haematuria or a cold abscess
was overlooked.
Neuroimaging shows basal meningeal enhancement and hydrocephalus in many patients with tuberculous meningitis. However,
these abnormalities occur with other causes of chronic meningitis
and typical changes may be absent in older patients.31–33 The presence of a cerebral infarct is a useful clue that M. tuberculosis is the
cause of the meningitis.
In one-half of our patients tuberculous meningitis was not considered in the admitting differential diagnosis and in three patients
the diagnosis was not made until post-mortem. Thirty-six percent
of the patients had a poor outcome. Other centres have reported
similar delays in the diagnosis and treatment of tuberculous meningitis.4,9,20,21,34,35 A severe neurological deﬁcit (stupor, coma or
hemiparesis) at presentation was a predictor of a poor outcome.
A poor outcome was more common when treatment was delayed
more than 3 days after presentation, but the time between presentation and treatment was not a signiﬁcant predictor of outcome in
the logistic regression analysis. Any effect of a delay in starting
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treatment on outcome was overshadowed by the severity of the
neurological deﬁcit at presentation. Patients who were obtunded
(MRC stage 3) usually had a poor outcome regardless of the time
taken to start treatment.
The diagnosis of tuberculous meningitis was most difﬁcult in
young children and older patients presenting with relatively mild
symptoms, which were incorrectly attributed to a suspected systemic infection. Failure to recognise tuberculosis as the cause of
concurrent extra-neural infection also contributed to a delay in
diagnosis. Another common problem, especially in patients with
an acute presentation with tuberculous meningitis, was attribution
of the CSF abnormalities to non-tuberculous bacterial meningitis.
Some of these patients had a polymorphonuclear cell-predominant
pleocytosis. An atypical clinical presentation led to a delay in diagnosis in only one patient. Tuberculous meningitis can present with
a myeloradiculopathy, but we observed this only as a late complication in three patients. Recognition of the difﬁculties in the diagnosis of tuberculous meningitis should facilitate earlier diagnosis
and treatment.
Acknowledgements
The assistance of Ian Wood in the statistical analysis and the
ﬁnancial support of the Julius Brendel Trust are gratefully
acknowledged.
References
1. Mackay JB. Tuberculous meningitis: a 25 year survey in the Wellington area. NZ
Med J 1967;66:82–9.
2. Ogawa SK, Smith MA, Brennessel DJ, et al. Tuberculous meningitis in an urban
medical center. Medicine 1987;66:317–26.
3. Porkert MT, Sotir M, Parrott-Moore P, et al. Tuberculous meningitis at a large
inner-city medical center. Am J Med Sci 1997;313:325–31.
4. Verdon R, Chevret S, Laissy JP, et al. Tuberculous meningitis in adults: review of
48 cases. Clin Infect Dis 1996;22:982–8.
5. Yechoor VK, Shandera WX, Rodriguez P, et al. Tuberculous meningitis among
adults with and without HIV infection. Experience in an urban public hospital.
Arch Intern Med 1996;156:1710–6.
6. Arvanitakis Z, Long RL, Hershﬁeld ES, et al. M. tuberculosis molecular variation in
CNS infection. Evidence for strain-dependent neurovirulence. Neurology
1998;50:1827–32.
7. Girgis NI, Sultan Y, Farid Z, et al. Tuberculous meningitis, Abbassia Fever
Hospital – Naval Medical Research Unit No. 3 – Cairo, Egypt, from 1976 to 1996.
Am J Trop Med Hyg 1998;58:28–34.
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