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Tuberculosis meningitis in children
Anna Mania, Justyna Fraszczak-Wojanska
Poznan University of Medical Sciences, Poland

Infection of the central nervous system (CNS) caused by Mycobacterium tuberculosis
is rare yet highly devastating and potentially lethal manifestation of tuberculosis (TB).
In spite of a current global decrease of incident cases, TB persists a prominent cause
of death on a worldwide scale.

On account of its rarity (1-2% of active TB) and variable nature of symptoms, TB with
CNS involvement remains a diagnostic challenge while any delay in implementation
of specific treatment may result in worsening the prognosis. Despite the availability of
effective treatment, there are still numerous cases of deaths among patients as an effect
of late diagnosis.

Early diagnosis is essential for the result of treatment, yet tricky because patients
tend to present subacute course with nonspecific symptoms. Significant proportion
of patients may suffer from sever neurologic disability. The review describes clinical
features and diagnostic procedures regarding TBM in children as well as the method
of treatment.

Provision of adequate multi-drug anti-tuberculosis treatment in conjunction with
adjunctive corticosteroids is likely to achieve a good prognosis in patients with TMB.
TBM should be kept in mind this diagnosis when encountering patients with
meningitis of unknown origin and uncertain history. Main concerns should include the
advancement of diagnostic testing strategies and the optimization of anti-tuberculosis
therapies.

Keywords: infection, central nervous system, tuberculosis, treatment, outcome,
complications.

Bananapaarel Ty0epkyJie3 MUHMHIHTI
Anna Mania, Justyna Fraszczak-Wojanska
MenuuuHa FeuTbIMAApbIHbIH [1o3HaHb yHUBepcuTeTi, [lonpma

MuxkobakTepus TyOepKyJie3iHeH TybIH[aFaH OPTaJIBIK JKYHKe )KYHeCiHIH NHQEKIHACH
CHpPEK Ke3/eceTiH, OipaK eTe MKOWKBIH jKoHEe TyOepKy/Ie3/IiH oiMre oKelIeTiH KopiHici
Oombim  Tabbuiagsl.  Kazipri yakeiTra TyOepkynesniH skahaHABIK TeMeHJeyiHe
KapamacTaH, o1 OYKiJ asiem/ie eTiMHiH OacTsl cebentepiniy 6ipi oy Kana Geperi.
Cupek  keszecetiHine (OenmceHmi TyOepkynesmin 1-2%) koHe OenriiepiH
e3reprimTirine 0aiIaHBICTBI OPTAIBIK XKYHKE XKYHeCiHiH 3aKpIMIaHybI 0ap TyOepKyie3
JIUATHOCTHKAJIBIK MAcese OOJNBI Kana Oepeli KOHE HAKThl eMJeYIeri Kemeyiiaey
0ODKAMHBIH HallapiiayblHa OKellyi MyMKiH. TWiMIi eMHIH KON JKETIMIUIIriHe
KapamacTaH, MalUeHTTep apachlHAa Kell IHarHOCTHKalady CaliapblHaH KaHThIC
GosrFaHap Ker.

TyOepkyne3aik MEHUHTUTTIH €pTe JAMATHO3BI EMHIH HOTHIKECI VIIIH MAaHBI3JIBL,
0ipak MalMeHTTep 9JeTTe CIeNU(HKAIBIK eMec Oenrinepi 6ap cyOaKyTTBI KypCThI
OTKI3eTIHAIKTeH KubIH. HaykactapaplH enoyip Oeuiri ayblp HEBPOJIOTHSIIBIK
KeMICTIKTeH 3apzan meryi Mymkis. llomyna 6ananapiars! TyOepKynesii MEHHHTATTIH
KJIMHUKAJBIK epeKIIeNiKTepl MEH JHarHOCTHKAIBIK IpOoIeaypaiapsl, eMaey oici
CHIaTTaJFaH.

KocpIMilla KOPTUKOCTEPOUATAPMEH YHIIeCiMJIl Typae TyOepKyies3re Kapchl Iopiiepi
JKETKUTIKTI MeJIepae eMaey TyOepKyines3ai MEHHHTHTTIH Oap HayKacTapia jKaKChl
GoyKaMFa KOJ JKeTKi3yli MyMKiH.
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Tuberculosis meningitis in children

Introduction

Infection of the central nervous system (CNS) caused

TyOepKyne3li MEHUHIMT OeNrici3 INBIFy Tapuxbl JKoHe Oenrici3 Tapuxsel Oap
MEHHUHTHTIICH eMIeTyLIiIepMeH Ke3JeCKeH e, OyJI IMarHO3/bl eCTe yCTaybl Kepek.
Herisri miHmeTTep OHATHOCTHUKAIBIK TECTIIEY CTPATErHACHIH JKOHE TyOepKynesre
Kapchl eMJiey/li OHTaIaHABIPYAbl KAMTYBI KEpeK.

Hezizei co30ep: ungpexyus, opmanvix JcyiiKe cytieci, mybepkynes, emoey, Homuice,
acKvinynap.

TyOepKyJ/ie3Hblii MEHUHTUT y AeTei
Anna Mania, Justyna Fraszczak-Wojanska

Iloznanckuit Yausepcurer Meauunnckux Hayk, [lonbia

VHpekuys LeHTpaJbHOH HEPBHOW CHCTEMbI, BbI3BAaHHAS MHKOOAKTEPHUIMU
TyOepKynesa, SBISCTCS PEIKUM, HO KpaiHe pa3pyIIHTEeIbHBIM M IOTCHIHAIbHO
CMEpTeNIbHBIM MPOsIBIICHHEM TyOepkyseza. HecMoTpsi Ha HbIHeIIHee NI00ajibHOE
COKpAIICHUE YUCIIa CIy4yaeB 3a00JIeBaHNs TYOSPKYIC30M, OH HO-PEKHEMY SIBIISCTCS
OJIHO# M3 OCHOBHBIX IPHYNH CMEPTHOCTH BO BCEM MHPE.

B cumy cBoeit pemxoctu (1-2% akTEBHOTO TyOepKyne3a) W BapHaOeIbHOCTH
CHMIITOMOB, TYOepKyye3 ¢ MOpaKCHHEM LICHTPAIbHOIl HEPBHON CHCTEMBI OCTACTCS
JIMarHOCTHYECKOM MpoOIeMoii, a nrobast 3aJep)kKa B IPOBEICHHN CIEHU(YUYECKOTO
JICUCHUsST MOXKET NPUBECTH K YXYILICHUIO NPOTHO3a. HecMOTps Ha JOCTYIHOCTh
9¢(HEeKTHBHOTO JIeYECHHUS, BCE €Ille NMEIOTCSI MHOTOYHCIICHHbIE CIIy4an CMEPTU CPEan
MALEHTOB B PE3y/IbTATe MO3AHEN JUArHOCTHKH.

PaHHssS AMAarHOCTHKA TyOEpKyJIe3HOrO MEHHMHTHTa HMMEET BaKHOE 3HAYCHHE JUIS
pesynbrara Je4eHus, HO CJI0XKHA, IOTOMY YTO MAalHEHTHI, KaK IPABHUJIO, TPECTABISIOT
MOJIOCTPOE TEYCHHE C HeCHeUU(DUYCCKUMH CHMIITOMaMH. 3HauuTeIbHAs 0N
MALHEHTOB MOXKET CTPAJaTh OT TSUKEION HEBPOJIOTHYECKON MHBAHIHOCTH. B 0630pe
OIMCaHBI KITMHUYECKHEe 0COOCHHOCTH U THarHOCTHYECKHE TIPOLEIYpPhl B OTHOLICHUH
TyOEepKyJIe3HOT0 MEHUHIHTA Y JeTeH, a TAK)KEe METOI JICYCHHUSI.

IIpenocraBieHne aaeKBaTHOTO MYJBTHIICKAPCTBEHHOTO IPOTHBOTYOEPKYJIE3HOTO
JICUCHUS B COYCTAHHH C JTOTIOHUTEILHBIMU KOPTHKOCTEPOUIAMH, BEPOSITHO, TO3BOJIUT
JOCTHYb XOPOILIETO IIPOTHO3a Y MALMEHTOB C TYOSPKYJIE3HBIM MEHUHIHTOM.

Ilpu BCTpede ¢ MAUMEHTAaMH C MEHHMHTHTOM HEH3BECTHOTO IPOUCXOKACHUS WU
HEOIpeeICHHBIM AaHAMHE30M CJEAyeT HMMEeTh B BHJAY JHMAarHO3 «TyOepKyse3HbII
MeHHHTUTY». OCHOBHBIE MPOOIEMBI JODKHBI BKIIHOYATh B Ce0S MPOJBHIKCHHE
JIMarHOCTHYECKHUX CTPATEruii TECTUPOBAHHUS U ONTUMHU3ALIMIO IPOTHBOTYOEPKYIIE3HON
TepanuH.

Knrouesvie cnosa: undexyus, yeHmpaibHas HepeHas CUCmeMa, myoepKynes, iedeHue,
UCX00, OCIONCHEHUS.

variable nature of symptoms, TB with CNS involvement
remains a diagnostic challenge while any delay in imple-
mentation of specific treatment may result in worsening

by Mycobacterium tuberculosis is rare yet highly devas-
tating and potentially lethal manifestation of tuberculosis
(TB). Before the modern chemotherapy era, TB with CNS
involvement was usually of fatal outcome. In spite of a
current global decrease of incident cases, TB persists a
prominent cause of death on a worldwide scale.

According to WHO data in 2015, there were approx-
imately 10.4 million new cases of active tuberculosis and
1.5 million deaths caused by TB reported worldwide. In
children, 1 million new cases and 140 thousand deaths
were noticed mostly in Asia and Africa [1]. In 2015 there
were nearly 6.5 thousand cases of TB in the Polish popu-
lation, which is a number smaller than in previous years.
The incidence rate of 16.8/100,000 for 2014 qualified Po-
land to countries with a low incidence of TB in Europe.
In 2015 66 cases of TB were registered in children below
14 years of age. There were only 7 cases of tuberculosis
meningitis (TBM) in Poland in 2013, none of which was
diagnosed in children [2,3].

On account of its rarity (1-2% of active TB) and

the prognosis. Despite the availability of effective treat-
ment, there are still numerous cases of deaths among pa-
tients as an effect of late diagnosis.

TB infections, irrespective of clinical manifestation,
start with the inhalation of bacilli into distal airways, in
the form of droplet nuclei. Subsequently evading the air-
space into the interstitial tissue, M. tuberculosis reaches
initially the local draining lymph nodes in the lung and
then spreads towards distant locations on hematogenous
way. The TBM is a consequence of a hematogenous
spread from the primary foci — most commonly located
in the lungs, to the highly oxygenated regions of the body,
including the brain. TB with CNS involvement begins
with forming the small tuberculous foci (Rich foci) in the
brain, spinal cord and meninges. The most common form
of CNS tuberculosis is TBM, however less common forms
include tubercular encephalitis, intracranial tuberculoma,
and tuberculous brain abscess. Capability to control the
Rich foci combined with its location determine which
form of CNS TB is developed [4]. The significant conse-
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quence of TBM is a vasculitis of Willis circle and the per-
forating branches of the middle cerebral artery, resulting
in abnormal blood distribution and brain infarctions in the
regions of these vessels supply [4].

Clinical presentation

TBM usually has a subacute course with initially un-
specific symptoms. Children with TBM often present with
fever, nuchal rigidity, seizures and abdominal complaints
(nausea, vomiting). A headache occurs more frequently
in adults. The severity of clinical signs can be assessed
with the use of British Medical Research Council staging
system which has a considerable prognostic value (Table
1) [5,6]. Patients may present altered consciousness and
neurological deficits. In selected cases initial symptoms
may be located in in the ear in the absence of pulmonary
lesions [7].

Diagnosis

The diagnosis of TBM is difficult and can be based
only on clinical presentation and preliminary cerebrospi-
nal fluid (CSF) findings without unequivocal microbiolog-
ic confirmation. The probability of TBM increases when
certain clinical characteristics are present, such as longer
duration of symptoms (>six days), the presence of focal
deficits and moderate CSF pleocytosis [8,9]. Character-
istic CSF findings of TBM include lymphocytic-predom-

Figure 1.

inant pleocytosis, elevated protein levels, (usually: 100—
500mg/dL) and low glucose, (typically less than 45 mg/
dL). Isolation of the bacillus in the CSF from the culture
or on smear remains the gold standard for the diagnosis.
The cultures are, however, slow-growing, and the results
obtained from the CSF are very often negative. Various
reviews have reported positive results on CSF smear or
cultures in 33% to 64% of cases [10,11]. Acid-fast bacilli
(AFB) microscopy has a low sensitivity [12,13]. Culture
can take several weeks and also is of low sensitivity (40—
80%), though it should be performed to determine drug
susceptibility [14].

Interferon-y release assays (IGRAs) such as Quan-
tiFERON-TB Gold test that detect M.tuberculosis-specif-
ic interferon-y—producing lymphocytes in the peripheral
blood are more accurate than skin testing at diagnosing of
latent TB. These tests do not distinguish between active
disease and latent infection, and a negative result does not
rule out disease in symptomatic patient. Currently, IGRA
tests are only recommended for diagnosing latent TB [15].

Given the relatively low sensitivity of acid-fast smear
and inherent delay in culture, newer diagnostic methods
for TBM have been developed. Polymerase chain reaction
(PCR) method has an important role, with high sensitiv-
ity (85-95%) and specificity (95-100%) in newer nucleic
acid amplification test that amplifies several target genes
simultaneously [16-18]. Neuroimaging can be a massive

Head MRI —T1 weighing, transverse cut (A) hypertensive foci visible bilaterally in globus pallidus; image suggestive for hemor-
rhage within ischemic lesions and inflammation of the small vessels, (B) partial regression of lesions.

Table 1. The British Medical Research Council (BMRC) Clinical Stages for TBM

CLASSICAL MODIFIED
Level o, Focal Neurological i
‘{ f u . 9! Other Findings Stage Glasgow Coma Score

Consciousness Deficits

normal none none | 15 without focal neurological defects

minor (cranial nerve . L 15 with focal neurological defects;
lethargy altered behavior, meningismus 1l
palsy) 11-14

stupor or coma major (hemiparesis) seizures, abnormal movements 1] 1-10
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help in diagnosis. Magnetic resonance imaging (MRI) is
the test of choice for visualizing abnormalities in TBM, as
it is superior to computed tomography (CT) for evaluating
the brainstem and spine. Standard radiologic features of
TBM are basal meningeal enhancement and hydroceph-
alus. Other parts of the CNS may be involved as well
(Figure 1). Cerebral infarcts with hypodensities, cerebral
oedema, and nodular enhancing lesions may also be seen
[19,20].

Management

Once the TBM is suspected, early implementation of
treatment dramatically improves the outcome as death, or
long-term sequelae are more often seen in patients in stage
IIT BMRC at the time of admission [9]. Therefore, empiric
treatment is warranted when both CSF findings and clini-
cal features are suggestive of TBM. In published reports,
the decision to start specific treatment was empirical [9,
21]. The dosing of tuberculosis drugs for treating TBM
has been generally extrapolated from adult populations.
The initial regimen for presumed drug-susceptible TBM
should include two-months of daily isoniazid, rifampin,
pyrazinamide and either streptomycin or ethambutol. The
Polish Respiratory Society, as many others currently rec-
ommend antituberculous therapy of TBM for 12 months
[15,21-25]. Multidrug-resistant TBM, characterized as re-
sistance to equally isoniazid and rifampin with or without
resistance to other agents, results in poor prognosis. The
significant rise in mortality of TBM when rifampin and
isoniazid resistance is present establishes the importance
of the first in the treatment regimen. Thus rifampin dis-
plays relatively limited penetration into CSF contrasted to
isoniazid.

Published reports showed that adjuvant treatment
with corticosteroids, such as dexamethasone, improved
outcome in HIV-negative children with TBM, as many of
the neurologic sequelae of TBM is considered to be an
effect of an excessive host-inflammatory response that re-
sults in brain oedema [26-27]. The most prominent ben-
efits of adjuvant therapy are yet observed in early diag-
nosed patients.

The most common complication of TBM is hydro-
cephalus with particularly high risk in children [28]. It has
been shown that in children with significant hydrocepha-
lus, early ventriculoperitoneal shunting reduces morbidi-
ty and mortality, and is a predictor of functional outcome
[11]. Other neurological complications are cranial nerve
palsies due to adhesions (particularly II-1V, VI-VIII),

stroke as a result of constriction of the internal carotid and
seizures as an effect of hydrocephalus, oedema or hypona-
tremia (inappropriate ADH secretion).

Prognosis and outcome

Certain factors predisposing for TB are widely known
such as malnutrition, recent infections (measles, varicella,
pertussis, HIV, and other viral illnesses), immunosup-
pressive therapies, stress and hormonal changes. Another
critical relation reported in multiple studies is a history of
an adult source of contact that was found in 42 — 70% of
patients [11,12]. Statistically, every adult with pulmonary
TB infects up to 15 people before receiving a diagnosis
and starting treatment [12,29]. Many significant variables
for predicting the outcome of TBM were proposed, among
them the age of the patient (young worsens the progno-
sis) and stage of disease combined with the existence of
neurological complications (focal weakness, cranial nerve
palsy, hydrocephalus) are of most significant value. Chil-
dren with stage I TBM disease are likely to have a good
outcome, whereas children with stage 111 disease have a
high risk of mortality [21,24].

Published cases describing TBM cases in children
were presented in Table 2 [31-36]. Only two cases were
present in children with a proven history of BCG vaccina-
tion. A significant proportion of described cases had no ap-
parent contact with an infected family member. Children
developed typical abnormalities in the CSF, and various
lesions were found in brain imaging. No residual deficits
were noticed in some patients, but hydrocephalus was the
most common complication.

Conclusion. As diagnostic tests of TBM still have
suboptimal performance, diagnosis relies on a thorough
history, clinical examination, and relevant investigations.
Distinguishing tuberculous meningitis from acute bacteri-
al meningitis is very important. Prompt diagnosis and ad-
equate treatment are lifesaving. In the presented case, the
disease proceeded in typical three phases, and as patient’s
condition deteriorated the final result of the therapy was
dependent on the time of inclusion of specific treatment.
It is worth stressing the long interval between boy’s expo-
sure with a probable source (biological mother) ant the on-
set of the disease. The inverse relation between the delay
in the start of adequate treatment and the clinical outcome
makes early diagnosis of TBM essential.

Conflict of interest: The authors declare no conflict
of interest.
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Table 2. Review of published cases with TBM in children

Author, year Age and BCG Family history Symptoms GCS and BMRC
GENDER ON admission
Neele A et 4 years-old, yes unremarkable fever, periorbital oedema, vomiting GCS unknown,
al.,, 2014 girl for 3 weeks; followed by drowsiness, BRCM I
neck stiffness, left hemiparesis;
relapse (3 weeks after 1st course):
headache, abdominal distension,
hepatosplenomegaly, aphasia, left
hemiparesis
Birnbaum 22 months- UNK mother - cavitary primary symptoms - not given; GCS 10 pts,
G.D.etal, old, girl pulmonary TB secondary - difficulty walking, left-sided BRCM Il
2014 tremor and
leaning to the left while, right eye
ptosis, 3 generalized
tonic-clonic seizures
Chow E.J. 2 years-old, UNK unremarkable fever (38-39) for 5 weeks, ear pain, UNK
etal., 2015 girl nonproductive cough, followed by left-
sided muscle weakness; after admission
letargic
Wood K., 6 years-old, no aunt with 2-week history of headache, vomiting, UNK
2012 boy chronic cough and fever with progression to diplopia
of unknown (right sixth cranial nerve palsy)
etiology
Wen L.S. et 16-minths- no unremarkable cough and fatigue for 6 weeks, fever GCS 3 pts
al., 2011 old, girl (38,5-39,52C) for 2 weeks, anorexia,
lethargy; the day of admission: 20 min.
generalised seizure, anisocoria
Radmanesh 14-months- UNK UNK right-sided hemiparesis and repeated UNK
F.etal, Id, boy generalized tonic-colonic seizures; 2
2010 months later: drowsiness, bilateral sixth
nerve palsies, bilateral papilledema,
right-sided hemiplegia and severe
spasticity of all limbs; followed by:
severe abdominal pain and distention
and low-grade fever;
Fraszczak- 8-years old Yes Mother- died Fever, fatigue, right middle-ear GCS 10
Wojariska J. boy of TB cholesteatoma, Kernig sign and

et al.

diminished patellar reflex on the
right side, nuchal rigidity, bradycardia
and generalized seizures, altered
consiousness

GA - gastric aspirate, CSF — cerebrospinal fluid, MDR-TBM — multidrug resistant TBM, INH — isoniazid, RIF — rifampin, PZA — pyrazinamide, ETO
— ethionamide, AMK — amikacin, OFX — floxacin, TZD — terizidone, PAS - para-aminosalicylic acid, STP- streptomycin.
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MicrobioloGy
RESULTS

CSF general exam

Imagning

Treatment,
additional therapy

Complication and
outcome

CSF and GA AFB and
culture negative,
PCR not available;

relapse: ascitic fluid

L: 100/ucl
P:2,2 g/l
G: 1,8mmol/L;

CT scan: meningeal
enhancement, multiple
lesions, multiple infarcts in
basal ganglia, hydrocephalus;

1st course INH,

RIF, PZA, ETO,
prednisolone (6 wk)
followed by INH, RIF,

hydrocephalus
(ventriculoperitoneal
shunt); tuberculomas
in the brain stem and

AFB-positive and relapse: 2nd CT: progressive ETO, TZD (7 mo.); ascites during anti-TB
culture-positive L: 15/mm3, meningeal relapse (MDR-TBM): therapy;
P:3g/L,and G: 2.3 enhancement and worsening PZA, EMB, ETO, no residual deficits
mmol/L hydrocephalus; AMK, OFX, TZD, PAS
pan-susceptible UNK hydrocephalus INH, RIF, PZA, ETO hydrocephalus

Mycobacterium
tuberculosis from CSF
and GA

(ventriculoperitoneal shunt),
basilar meningitis, right basal
ganglia infarct;

plus two courses of
corticosteroids 2 + 3
months

(ventriculoperitoneal
shunt); tuberculoma
during effective anti-
TB therapy;
no residual deficits

AFB negative;
culture negative;
QuantiFERON-TB

Gold positive

L: 233/ucl, protein
103 mg/100mL
(N:15-60
mg/100mL), glucose
20 mg /100mL (N:
50-80 mg/100mL)

CT: ventriculomegaly (lateral,
third, fourth ventricles);
MRI: basilar meningeal
enhancement, acute infarcts
of the corpus callosum and
bilateral basal ganglia

azithromycin;
ceftriaxone; cefdinir;
isoniazid, rifampin,

ethambutol,

pyrazinamide

no residual deficits

serum QuantiFERON-
TB Gold test + CSF
PCR - positive; CSF
culture - pansensitive
M tuberculosis (4
weeks)

lymphocytic
pleocytosis with
376 white blood
cells, low glucose,
elevated protein

MRI: basal enhancement

empirical parenteral
antibiotics; after
progression: INH,
RIF, PZA, ETO, and
prednisone

no residual deficits

Mycobacterium
tuberculosis from CSF
and GA

UNK

MRI: ischemic infarct in
the left basal ganglia, right
MCA distribution, left
gyrus rectus and decreased
perfusion in multiple areas
(widespread vasculitis); CXR:
diffuse micronodular pattern
throughout both lung fields

six-drug anti-TB
regimen and
steroids

minimal neurologic
function with
withdraw to pain and
no response to voice;
no track to noise or
light

PPD skin test
negative; culture
of GA negative for
tuberculosis, PCR
of the CSF positive
for Mycobacterium
tuberculosis;
peritoneal biopsy:
granuloma formation
with caseous
necrosis;

CSF: protein level
of 150 mg/dL, rest
NG; peritoneal
fluid: protein
1,500 mg/dL, WBC
1,400/dL with
60% lymphocytes,
glucose 30 mg/dL

CT: severe tri-ventricular
hydrocephalus,
periventricular edema

four-drug regimen
for the first 2
months, continued
with a two-drug
regimen, for a total
course of 1 year

hydrocephalus
(ventriculoperitoneal
shunt); ascites

serum QuantiFERON-
TB Gold test + CSF
PCR - positive;
GA CSF culture -
pansensitive M
tuberculosis (18 day)

L: 350/ucl
P:1,26 g/l
G: 37 mg/dl;
chloride 114,4
mmol/I

numerous hyperintense

foci in T2 and FLAIR with
areas of cerebral edema

in the occipital lobes and
generalized leptomeningeal
enhancement suggestive for
initial phase of inflammatory
process

INH, RIF, PZA,
STP (2 weeks),
dexamethazone (6
weeks) followed by
INH, RIF, ETO, PZA
(2 mo.); RIF, INH (10
mo)

no residual deficits
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