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Abstract

Background: Children with tuberculous meningitis [TBM] present with diagnostic challenges
as they often have atypical clinical features.

Objective: To describe the baseline characteristic features of children diagnosed with central
nervous system (CNS) TB (TBM and tuberculoma).

Design: Retrospective descriptive study.

Methods: Children less than 12years presenting with neurological signs and symptoms
were assessed for a therapeutic TBM trial eligibility. The results of their clinical, laboratory,
neuroimaging, cerebrospinal fluid evaluations were analysed for TBM diagnosis.

Results: Of 600 children evaluated, 61(10%) had CNS tuberculosis; TBM 47, tuberculoma 14.
20(33%) had definite TBM. Mean age of children with TBM was 5 * 3.4years. Of 47, 13(28%),
21(45%) and 13(28%) had grade |, II, and Il disease respectively. Abnormalities suggestive of
TBM in MRI and computed tomography brain were observed in 76% (26/34) and 77% (24/31)
respectively. Abnormal cerebrospinal fluid white blood cell count, protein and glucose were
observed in 56% (24/43), 49% (22/45), 47% (21/45) respectively. Among 41 patients with TBM
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followed up until discharge, five died.

Conclusion: Younger children with TBM have severe forms. Confirmatory results may
not be available in all. A holistic approach to care including addressing complications of
hydrocephalus and strokes is needed.

Plain language summary

Clinical features, results of brain imaging and other tests in the cerebrospinal fluid
among children diagnosed with tuberculous meningitis - descriptive study

Why was the study done? What did the researchers do? Records of children aged
between 6 months and 12 years who presented to the health care centre with signs
and symptoms of central nervous system (CNS) disease and assessed for tuberculous
meningitis (TBM) clinical trial eligibility were reviewed. The research team studied the

done in the cerebrospinal fluid (CSF) during hospitalization. What did the researchers
find? Total number of children who presented to the health centre during the study
period with CNS complaints and underwent lumbar puncture were 600. Among them
61 were diagnosed with CNS TB (47 had TBM and 14 had tuberculoma). Half of them

signs and symptoms of the TBM, results of the CT/MRI brain scan and tests which were
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appropriately.

were less than five years of age. Ten had neurological dysfunction. Fever, vomiting

were the common complaints. Almost half of the children had vomiting, altered level of
consciousness and seizures. Tests done in the CSF detected the bacteria causing TBM

in half of the children. Abnormal cell counts or biochemical changes in the CSF specific
to TBM were observed in half of the children. Abnormalities in CT/MRI imaging with
features specific to the disease were observed in closer to three fourth of the children.
What do the findings mean? Children with TBM often present late for care with severe
forms and its complications. There would be diagnostic challenges as the symptoms
were vague and might not present in a specific manner, specific tests in the CSF could be
negative and if undiagnosed could lead to severe morbidity impacting the quality of life or
death. Taking the overall picture of presenting complaints, results of CSF test and brain
scan and with high degree of suspicion, TBM should be diagnosed early and managed
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Introduction

Paediatric tuberculosis (TB) is under-diagnosed
and associated with significant morbidity and
mortality with delays in treatment. Tuberculous
meningitis (TBM) portends the highest morbid-
ity and mortality, with the burden of paediatric
TBM at global and national levels poorly defined.!
Prevalence of TBM varies from 1% of TB cases
in low prevalence population settings to 10% in
high prevalence settings.! Younger children are at
higher risk of TBM.2 Children with TBM present
with varied symptoms and signs and often with
severe disease. Though children with TBM may
improve after treatment, diagnostic and treat-
ment delays are often associated with severe neu-
rological and neurodevelopmental sequelae.?
Mortality rates are between 5% and 23% and
sequelae occur in at least 50% of children with
TBM.* Poor nutritional status, disease stage,
complications, and duration of the illness play an
important role in influencing the treatment out-
comes.> Mycobacterial culture is the gold stand-
ard for confirming diagnosis; however, results are
often delayed, and too late for necessary real-time
treatment decisions. Costly diagnostic tests,
ancillary studies, including neuroimaging, exper-
tise for cerebrospinal fluid (CSF) collection and
testing may vary across different healthcare set-
tings in hyperendemic areas. Another central

nervous system (CNS) manifestation of TB,
tuberculoma, is a well-circumscribed conglomer-
ate of tubercles located in the brain parenchyma,
commonly presenting as a mass lesion in neuro-
imaging, with or without fever and seizures. The
symptoms often depend on the site of the loca-
tion.® Tuberculoma and tuberculous abscess may
present in isolation or along with TBM.

With many unanswered questions, diagnosis of
CNS TB in children is often a challenge and
delays lead to severe consequences. In this con-
text, we aim to describe here the baseline clinical,
laboratory and neuroimaging features of children
diagnosed with CNS TB (TBM and tubercu-
loma) in a high-volume setting in India.

Methods

We performed a retrospective review of children
with CNS TB who were assessed for TBM thera-
peutic trial participation. ICMR-National
Institute for Research in Tuberculosis (ICMR-
NIRT) was one of the study sites for TBM KIDS
trial (NCT02958709)° and participants were
recruited from the Institute of Child Health
(ICH), a tertiary referral centre affiliated to
Madras Medical College, Chennai, India.®
Necessary approvals from the Institutional Ethics

journals.sagepub.com/home/tai


https://journals.sagepub.com/home/tai

BD Daniel, E Selladurai et al.

Committees of both the Institutes were obtained
for the trial. Children aged between 6 months and
12 years, weighing more than 6 kg, admitted with
neurological symptoms and underwent lumbar
puncture (LP) as a diagnostic procedure between
June 2017 and April 2021 were included for
TBM KIDS trial screening. Parent(s) of the chil-
dren provided written informed consent. The
reporting of this study conforms to the strength-
ening of the reporting of observational studies in
epidemiology statement.

Details of clinical characteristics, results of CSF
test, neuroimaging and systemic evidence of TB
were collected from the case records, laboratory
and imaging reports. Seizures were diagnosed
based on history, clinical evaluation and electro-
encephalogram. Weight loss was noted based on
the history conveyed by the parent or caretaker.
X-ray abnormalities were defined as infiltrates,
cavitary lung lesions, adenopathy and pleural dis-
ease. Neuroimaging was done preferably within
the first 2 days of admission prior to planning LP.
CSF testing included gram stain, bacterial culture
and sensitivity, acid-fast bacilli (AFB) smear,
GeneXpert and mycobacterial liquid culture
using mycobacterial growth inhibitor tube
(MGIT). First and second-line drug sensitivity
tests (DSTs) were done using MGIT. CSF pro-
files including cell counts, glucose and protein

levels were performed. Tests in CSF is specific to
TB were prioritised based on clinical condition
and available CSF volume. GeneXpert was the
preferred initial test in view of its faster turna-
round time. Children were given the diagnosis of
definite, probable, possible TBM or non-TBM
based on the uniform case definition for use in
clinical research diagnostic criteria.” Diagnosis of
CNS tuberculoma was based on clinical criteria
and neuroimaging which included computed
tomography (CT) or magnetic resonance imaging
(MRI) brain with contrast studies showing single
or multiple ring-enhancing lesions and presence
or absence of lipid lactate peaks in magnetic reso-
nance (MR) spectroscopy.

Data analysis

Data was analysed using SPSS version 25
(Statistical Package for the Social Sciences Inc.,
Chicago, IL, USA). We performed descriptive
statistics, presented continuous data as mean
with standard deviation, and discrete data as
proportions. Bivariate analysis using Chi-square
was done for comparing proportions considering
p-value less than 0.05 as significant. The number
of children who underwent neuroimaging, dif-
ferent CSF tests and other procedures or for
whom the results were available were presented
as such (Table 1).

Table 1. Baseline clinical, radiological and laboratory characteristics of children diagnosed with tuberculous

meningitis (N=47).

Characteristics n N %

Signs and symptoms
Fever 39 47 83
Vomiting 31 47 66
Headache 26 47 95
Lethargy/Altered sensorium 31 47 66
Seizures 21 47 45
Weight loss 14 47 30
irritability 15 47 32
Cough 6 47 13
Cranial nerve palsy* 7 47 15
FND$ 10 47 21

(Continued]
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Table 1. (Continued)

Characteristics n N %

Meningeal signs 18 47 38
Modified BMRC grading

Grade | 13 47 28
Grade Il 21 47 45
Grade Il 13 47 28
Neuroimaging (CT/MRI/Both) 7
Hydrocephalus 25 L4 57
Basal meningeal enhancement 16 4t 36
Tuberculoma 9 44 20
Infarcts 8 A 18
Abnormal CT 24 31 77
Hydrocephalus 17 31 55
Tuberculoma 3 31 10
Basal meningeal enhancement 9 31 29
Infarcts 2 31 6
Abnormal MRI 26 34 76
Tuberculoma 7 34 21
Hydrocephalus 13 34 36
Basal meningeal enhancement 9 34 26
Infarcts 6 34 18
Abnormal CSF cytology* 24 43 56
Abnormal CSF protein8 22 45 49
Abnormal CSF Sugar!! 21 45 47
Underwent VP shunt 15 59 25
Previous H/O TB 5 47 11
Contact with TB 8 46 17
X-ray abnormalities 6 41 15
Gastric aspirate 3 20 15
Manteaux positive 10 38 26

*Common cranial nerve palsies - third, sixth and seventh nerve palsies.

$Hemiparesis/hemiplegia-9, Paraparesis-1.

#Clear appearance. Cells 10-500/pL, lymphocyte predominance (>50%].

8Abnormal CSF protein >1g/L.

llAbsolute glucose concentration <2.2mmol/L.

BMRC, British Medical Research Council; CSF, cerebrospinal fluid; CT, computed tomography; FND, focal neurological
deficit; MRI, magnetic resonance imaging; TB, tuberculous; VP, ventriculoperitoneal.
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CNS TB not pre screened

* Too sick, not willing,

Children approached for
study eligibility till
establishment of diagnosis

CNS infection other than
TBM -371
Encephalopathy/autoim
mune encephalitis -45

TBM-112 EN
* Encephalopathy

exposed to 2" line N=1901 Febrile Seizure — 729
drugs, outside study Seizure disorder- 359
. * Neurocysticercosis- 28
area, with other > e CNSTB-117
comorbidities- 56 e Other
Children who underwent neurological/medical
* CNSinfection other than pre screening causes -198

N=600

* Details of diagnosis could
not be collected/not

/Autoimmune
encephalitis —12

followed up -44

* Febrile seizure-225
® Seizure disorder-40
e Other

Children diagnosed With
CNSTB

medical/neurological N=61

conditions- 150

Definite TBM
N=20

Possible and Probable
TBM N=27

Tuberculoma
N=14

£

Not enrolled = 37

Reasons for non-enrolment

Too sick/Expired, Exposed to 2" line ATT/ ATT
for more than 10 days, parents not willing,
Outside study area , other comorbidities

Enrolled in TBM kids trial
N=10

Figure 1. Flow chart of children with neurological manifestations approached for the clinical trial and

diagnosed with CNS TB.
CNS, central nervous system; TB, tuberculosis.

Results

A total of 1901 children ages 6 months to 12 years
admitted with neurological symptoms and signs
consistent with possiblity TBM were followed
until diagnosis was established. Among them,
600 with suspected acute meningoencephalitis/
TBM underwent LP. Of the 600, 61 (10%) were
diagnosed with CNS TB (TBM =47 and tuber-
culoma n=14). Of 47 children with TBM, 20 had

a positive confirmative diagnosis by GeneXpert
or MGIT and 27 were diagnosed with probable
or possible TBM (Figure 1).

Baseline characteristics

Baseline characteristics of children with TBM are
presented in Table 1. The mean age of children with
TBM was 5 = 3.4years and 26 (55%) were <5 years

journals.sagepub.com/home/tai
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of age. Eight of ten children who presented with
focal neurological deficit (FND) were in the age
group <5vyears and five had cranial nerve palsies as
well. Among the 47 with TBM, 12(26%), 14(30%)
and 21(45%) were in the age group of 6 months to
<2years, 2 to <6years and 6 to 12years respec-
tively. Mean age of children with tuberculoma was
8years + 3.1years. Of the 14 children with isolated
tuberculoma, none were in the less than 2years age
group. Among the children in the 2 to <6 and 6 to
12years age group, tuberculoma was present in 3
and 11 respectively. There was an increasing trend
of isolated tuberculoma and a decreasing trend of
TBM with increasing age.

Details of BCG immunisation were available for
48(78%) children and BCG scar was present in
39(81%). Of the 39 BCG vaccinated, 16(41%)
had grade I, 15(38%) had grade II, 8(21%) had
grade III disease. Altered sensorium/lethargy was
seen in 15/20(75%) versus 7/27(56%) in definite
TBM and other forms (probable and possible
TBM) respectively (p-value <0.005). Meningeal
signs were noted in 11/20(55%) versus 7/27(26%)
in definite TBM and other forms respectively
(p-value 0.04). Seizures were observed among
11/20(55%) and 10/27(37%) children diagnosed
with definite TBM and other forms respectively
(p-value 0.22).

Neuroimaging in TBM

Of the 44/47 children with TBM who had under-
gone neuroimaging (34 MRI, 31 CT), 10 had
only CT, 13 had only MRI and 21 had both.
Among children who underwent MRI alone,
hydrocephalus (8), basal meningeal enhancement
(7), tuberculoma (6) and infarcts (6) were
observed. Of the children, who had CT alone,
features suggestive of TBM included hydroceph-
alus (12), basal meningeal enhancement (7)
tuberculoma (2) and infarcts (2). Hydrocephalus
(5), meningeal enhancement (2) and tubercu-
loma (1) were observed in both CT and MRI
among children who underwent both investiga-
tions. Among TBM patients with tuberculoma,
five had multiple lesions, three had single lesions
and one had a tubercular abscess.

Mycobacterial tests

CSF AFB smear was negative in all children.
MGIT culture was positive for M. b growth in
20/35(57%) and Gene Xpert detected M. tb in

8/56 (14%) CSF samples. All eight CSF samples
that detected M.tb in GeneXpert also showed
growth in MGIT culture. DST in liquid culture
showed resistance to antituberculous drugs in five
children. All had INH resistance, Isolated H
resistance in one and additional resistance to
Rifampicin (1), Ethionamide (1), Ethambutol (1)
and pyrazinamide (1). None of them had previ-
ous history of TB. None were contacts of TB
patients except for one.

Ventriculoperitoneal shunt

Neuroimaging showed hydrocephalus in 25 chil-
dren (8 in MRI, 12 in CT and 5 in both CT and
MRI). Out of 47 children with TBM, 15 (32%),
underwent VP shunt based on clinical condition
and neuroimaging suggestive of hydrocephalus.
Among them, 10 (67%) were < 5years and five
were less than 2years of age. Of the 15, eight did
not have a confirmatory test result as M. b
detected. CT/MRI brain showed basal leptome-
ningeal enhancement in seven, infarcts in three
and granuloma in two in addition to hydrocepha-
lus. Medical management was given to the other
children who had not undergone VP shunt.

Isolated tuberculoma

Among children with tuberculoma, presenting
features were headache (9), seizures and vomiting
(8), fever (5) and lethargy/altered sensorium (4).
Among them, four and six had undergone CT
and MRI respectively, four had undergone both
CT and MRI. Isolated tuberculoma/s were
reported in all those imaging. Four had history of
contact, none had any previous history of TB.
Eight out of 12 for whom BCG vaccination details
were known had BCG scar.

Outcome

Among the 41 with TBM with known outcomes
at discharge, 5 died. All five had definite TBM,
four had grade III and one had grade II disease,
three had hydrocephalus and one had undergone
VP shunt. Three of them were not vaccinated
with BCG. One child also had lung involvement.
No children with tuberculoma died at discharge.

Management
Of the 10 children enrolled in the TBM KIDS
trial, four were randomised to high-dose

journals.sagepub.com/home/tai
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Rifampicin (R,30mg/kg), levofloxacin, Isoniazid
(H), Pyrazinamide (Z), four were randomised to
R, 30mg/kg, Ethambutol(E), HZ and two were
randomised to standard WHO regimen (HREZ)
in the intensive phase. All the children received
standard WHO regimen (HR) in the continua-
tion phase for 10 months.® All the other children
diagnosed with TBM/tuberculoma, but ineligible
for the trial were initiated on antituberculous
therapy as per National TB programme.

Discussion

Paediatric TBM is a debilitating disease if not diag-
nosed early and treated appropriately. In our TBM
cohort, almost half were less than 5years of age.
Mean age in studies reported by Savardekar et al.
and Farihna et al. was 3years.%»” van Well et al.
reported that 82% of children in their cohort were
less than 5years of age.® Higher risk for TBM in
infants and gradual decrease in incidence with
increasing age similar to our cohort has been
reported in earlier studies as well.® The most com-
mon presenting symptom was fever in almost three-
fourth of the children with TBM followed by
vomiting. Fever and vomiting were the presenting
symptoms in 79% and 70% of children with TBM
in Turkey.19 Almost half of the children presented
with headache, altered sensorium and seizure in
our TBM cohort. A study from western India
observed fever (72%), altered sensorium (57%)
and seizure (50%) similar to our study. However,
headache (26%) and vomiting (17%) were observed
in lesser number of children.!! Higher number of
Vietnamese children had fever (99%), headache
(89%) and vomiting (76%). One-fourth of those
children (27%) presented with unconsciousness
whereas half of our children had altered senso-
rium.!? Altered sensorium and meningeal signs
were more commonly observed in children with
definite TBM than probable/possible TBM.
Miftode et al.!3 reported that MTB positivity is fre-
quently reported in TBM patients with altered
mental status. Varied nonspecific symptoms at the
time of presentation to the health centre are a stum-
bling block in early diagnosis. More than three-
fourth of the children had BCG vaccination. BCG
given during infancy is shown to be more beneficial
in prevention of TBM in younger children.!4

Abnormal findings on neuroimaging were
observed in more than three-fourth of children
with TBM. Hydrocephalus was commonly
observed in both MRI and CT in TBM. Pienaar

et al.!> reported the superiority of MRI brain in
detecting basal meningitis and infarcts. Similarly
in our cohort, infarcts were detected more in MRI
(6/34) versus (2/31). Basal meningitis was
observed in MRI (9/34) versus CT (9/31) respec-
tively. Almost 20% (9/44) of the children with
TBM had tuberculoma in imaging in our cohort.
Fatema et al.!¢ reported hydrocephalus in 55%,
tuberculoma in 50% and basal meningitis in 34%
of their children. Among children with TBM who
had undergone VP shunt as reported by Rohlwink
et al.?> while 50% had no neurological impair-
ment, all had neurodevelopmental deficits. In our
TBM cohort, almost one-third of the children
underwent VP shunt and most of them were
younger. Tuberculomas appear as ring-enhanc-
ing lesions in post-contrast CT/MRI brain, that
is, round or irregular lesions surrounded by
oedema. Elevated lipid lactate peak levels in MR
spectroscopy are helpful in diagnosis.® None of
the children in our cohort with isolated
tuberculoma/s needed any surgical interventions.

CSF abnormalities including white blood cell
count, glucose and protein were observed in
almost half of our TBM cohort. Bang et al.,
reported that 97% of the children with TBM had
CSF lymphocytosis. Similar to our study, AFB
smear was negative in those children.!2
Mycobacterial positivity was 56% by liquid cul-
ture in our cohort. Rai et al.!” reported CBNAAT
positivity of 16% and AFB culture positivity of
27% among paediatric TBM. CSF Xpert positiv-
ity was around 37% in another setting from
India.!® Higher volume of CSF submitted for test-
ing was shown to have an association with bacte-
riological confirmation in adults.!® The challenges
related to collection of CSF in sick children and
the impact of volume available for testing need to
be considered for these variations.

Limitations of our study include lack of outcome
after hospitalisation as the main focus was to
identify children for trial eligibility. This was a
retrospective review done in a single centre among
patients screened for clinical trial participation in
a hyperendemic setting. The results may be gen-
eralisable to hyperendemic settings and may not
be applicable to other settings. However, present-
ing the diagnostic features in a high TB burden
setting might be useful to understand the strengths
and gaps in TBM diagnosis. Given the retrospec-
tive nature of the study, missing data was signifi-
cant in a number of cases.
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Conclusion

Younger children are commonly affected with
TBM and atypical presentations are common.
Yield of available mycobacterial tests in CSF is
low. Absence of confirmatory diagnosis (molecu-
lar diagnostics/AFB culture) does not rule out
TBM. Strong suspicion in the presence of varied
clinical features and holistic diagnostic work up,
including CSF testing and neuroimaging, is the
key to early diagnosis and management of paedi-
atric TBM.
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