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Preface

Tuberculosis is still a major public health challenge for most of the devel-
oping world and is increasingly recognized in developed countries due to
mass immigration, refugee movements, international traveling, and immu-
nocompromised patients. Known since ancient civilizations, it has received
a great deal of attention among the various scientific communities. However,
tuberculosis of the central nervous system and its covering did not receive a
comparable large interest in the medical literature. In spite of all the advances
in biological/infectious investigations, imaging techniques, and therapeutic
methods, optimal management of neurotuberculosis is still controversial
owing to the limited individual experience and the variable clinical course
of the condition.

With the introduction of multidisciplinary team approach, a need has
become evident for a timely and concise book that provides a comprehensive
and updated review of basic, clinical, and therapeutic aspects of central ner-
vous system tuberculosis that will be of value to the medical community and
researchers involved in the care of patients affected by this old disease.

The format of the material presented is categorized into eight sections that
include general considerations, tuberculosis of the brain and its coverings,
tuberculosis of the spine and its coverings, tuberculosis of the cranial and
peripheral nerves, laboratory studies in neurotuberculosis, therapy of tuber-
culosis of the nervous system and its coverings, an overview of tuberculosis
disease, and further insights into tuberculosis.

This book of 39 chapters is written by more than 100 authors who are
world-renowned specialists in their respective fields of interests. Tuberculosis
of the Central Nervous System: Pathogenesis, Imaging, and Management
would not have been possible without the enthusiastic response from these
contributors who shared their expertise in this richly illustrated book. The
editors sincerely thank all of them.

Our particular thanks go also to the Springer personnel for their patience
and experienced advice in the production of this work. We also like to thank
our families for their support and devotion. Finally, our gratitude goes to our
patients for having given us the opportunity to be a part of their lives.

Aydmn, Turkey Mehmet Turgut, MD, PhD
Marrakech, Morocco Ali Akhaddar, MD, IFAANS
Ankara, Turkey Ahmet T. Turgut, MD

Lucknow, India Ravindra K. Garg, MD, DM
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Abbreviations

AIDS  Acquired immunodeficiency syndrome
BCG  Bacillus Calmette-Guérin

CNS  Central nervous system

HIV Human immunodeficiency virus
INH Isoniazid

PAS Para-aminosalicylic acid

PZA  Pyrazinamide

RIF Rifampicin

STR  Streptomycin

TB Tuberculosis

TBM  Tuberculous meningitis

USPHS US Public Health Service

1.1 Introduction

Mycobacterium tuberculosis is a leading cause
of morbidity and mortality around the globe.
Tuberculosis (TB) was known to humans since early
ages. It was stated that the genus Mycobacterium
existed for >150 million years ago [1]. However,
the specific time of M. tuberculosis to initialy cause
infection in humans was about three million years
ago and occurred in East Africa [2]. The signifi-
cance of the disease is exemplified by the different
names it had through history from consumption to
phthisis pulmonalis and the white plague [3, 4].
The word consumptions refers to the significant
weight loss that TB inflects on its victims and
the development of extreme anemia resulting in

M. Turgut et al. (eds.), Tuberculosis of the Central Nervous System,
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pallor (hence the white plague). TB was also called
“the captain of all men of death” [3], and the emer-
gence of human immunodeficiency virus (HIV)
infection in the early 1980s gave the chance to TB
to increase significantly in many areas around the
globe. In this chapter, we review historical aspects
of TB and epidemiology of the disease.

1.2  History

Using PCR techniques, M. tuberculosis com-
plex was detected in the skeletal specimen in a
fossil of a wiped-out long-horned bison dated
back 17870 years ago[4]. In addition, TB was
also detected in a human remain which is 9000
years old [5]. There was a clear similarity of the
genetic signature between these and the current
TB organism suggesting a long-term existence
of TB and the human population [5]. This is fur-
ther substantiated by the fact that only 10% of
infected human population develop active infec-
tion [6]. The presence of vertebral TB infection
(Pott’s disease) (Fig. 1.1) was described in pre-

L PorT ER.S.

Ty -

Fig. 1.1 A portrait of Percivall Pott (6 January 1714-22

December 1788), an English surgeon who was the first to
describe tuberculosis (TB) of the spine (Pott’s disease)

dynastic (3500-2650 BC) Egypt, and Neolithic
(3200-2300 BC) Sweden racially linked to the
first cattle breeders [7].

1.3  Epidemiology

It goes without saying that the global burden of
TB is enormous. It is estimated that two billion
people (33% of the world population) are infected
with TB [8, 9]. Although certain countries harbor
larger number of cases than other countries, these
represent the high burden of TB countries. The
appearance of HIV/acquired immunodeficiency
syndrome (AIDS) resulted in an increase in the
global burden of TB with a peak in the early
2000s and subsequent decrease over the last two
decades [10]. These two diseases, TB and HIV
infections, are the leading infectious disease
agents to cause death worldwide (World Health
Organization) [10]. It is estimated that the annual
decline in the rate of TB worldwide is only 1-5%
per year [10]. Of all the TB cases, 20% of cases
are associated with HIV infection mainly in the
sub-Saharan Africa [11]. Talking specifically
about TB of the central nervous system (CNS),
TB meningitis is considered to be rare constitut-
ing 1% of all cases of TB and 5% of extrapulmo-
nary disease in patients with normal immunity
[12, 13]. The main risk factors for the develop-
ment of CNS TB include children and HIV infec-
tion [14—16], in addition to malnutrition, the use
of immunosuppressive agents, and foreign-born
individuals [17-19].

1.4 TBVaccine

The widely used TB vaccine, the BCG, was ini-
tially started in 1908 by two French scientists
Albert Calmette and Camille Guérin [20] (Fig.
1.2). They serially grew the “Koch’s bacillus”
(Fig. 1.3) to decrease the organism’s virulence.
The vaccine was later introduced in 1921 [20]
after 230 culture times. Of particular importance
is that the BCG was initially given orally to a
child in Paris who was born to a mother with TB
[20]. After that, BCG vaccine became the most
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Fig.1.2 Albert Calmette
and Camille Guérin
discovered that bovine TB
bacilli can be used as a
vaccine. They first used the
BCG vaccine to vaccinate
a child who lost his mother
during delivery

o

Fig. 1.3 Robert Heinrich Hermann Koch (11 December
1843-27 May 1910), a German physician who identified
the specific causative agents of TB

frequently used vaccine worldwide. The
effectiveness of the vaccine was variable from the
1920s to date, and one of the reasons for the
observed variability is the use of different strains
by different laboratories, thus accounting for what
is known as different BCGs [21, 22]. These differ-
ences were elucidated using genomic comparison
[21]. It had also been stated that BCG is a cost-
effective intervention against severe pediatric TB
in high-incidence countries [23]. However, it is
important to keep in mind the possible dissemina-
tion of BCG vaccine strain in children with HIV
infection which is estimated to be 992 per 100,000
children [24].

1.5  Surgical Therapy

The use of surgery to treat TB was started in 1821
by a Scottish physician, Dr. James Carson [25]. The
surgery consisted of drainage of pleural effusion,
inducing pneumothorax, or the plombage technique
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was used to treat TB [26]. The collapse therapy was
initiated by the Italian physician Forlanini in 1888
[26]. In 1939, Hjaltested et al. published his experi-
ence with pneumothorax therapy in 191 TB cases
[27]. Surgical therapy now is considered as an
adjunct for treatment of MDR and XDR-TB [28].

1.6  Antimicrobial Therapy of TB
The use of anti-mycobacterial agents to treat TB
was started with the discovery of streptomycin
(STR) in 1944 [29]. The use of single agent, STR,
resulted in considerable improvement in 51% com-
pared with 8% in the bed rest group [30] (Fig. 1.4).
Subsequently, the use of a combination of STR
and para-aminosalicylic acid (PAS) showed simi-
lar results with the reduction of resistance from
70% in STR compared to 9% in the combination
therapy [31]. One additional advantage of PAS
is being an oral medication. Subsequent studies
utilized isoniazid (INH), STR, and PAS with an
increase in the cure rate from 70 to 95% when
the treatment was prolonged for 18-24 months
[32]. The initial major study of a 6-month regi-
men of rifampicin (RIF) or pyrazinamide (PZA)
with STR and INH showed better conversion rate
to culture negative sputum and a reduced relapse
rate [33-35]. Thus, a combination therapy became
the standard therapy for the management of TB.

60 -
50 A
€ 40 A
o}
<
o}
o 30 -
20 A
Fig. 1.4 Early study of
. 10 A
streptomycin vs. bed rest
in the treatment of
pulmonary TB (Adapted 0 -

from Ref. [30]) Improved

1.7  History of Therapy of CNS

Tuberculosis

TB of the CNS was reported in 5—10% of patients
with extrapulmonary TB [12] in 1963 to 1986. It
was estimated that CNS TB developed in 1% of
82,764 TB cases in a Canadian cohort from 1970
to 2001 [13]. Tuberculous meningitis (TBM) was
first described by Robert Whyth in 1768 in chil-
dren [36], and subsequently in 1847, Charles
Morehead described the autopsy findings in chil-
dren with TBM followed by the description of
tuberculoma by Ford [37]. The first attempt to
cure CNS tuberculomas was done by Wernicke
and Hahn in 1884 [38].

With the advent of modern therapy of TB,
surgical interventions in patients with CNS
TB are limited. Indications for neurosurgical
referral include hydrocephalus, brain abscess,
and vertebral TB with cord compression [39].
Initial surgical therapy was associated with 10%
operative mortality and 40% mortality second-
ary to postoperative meningitis [40]. Surgical
resection of intracranial tuberculoma was com-
pared with anti-TB therapy with INH, etham-
butol, and RIF. Anti-TB therapy was associated
with improvement or a return to baseline activ-
ity [41]. This study was not randomized and
uncontrolled trial of 20 cases of intracranial
tuberculoma [41].

B Streptomycin
M Bed rest

Death Worse
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s

Fig.1.5 A direct 1.6
comparison of 3-, 6-, and
12-month regimens of INH 14 1
showed a lower rate of 10
active TB (Adapted from '
Ref. [45]) ‘qc'J' 1 A
e
g 0.8
0.6 -
0.4
0.2 1
0 T
Placebo
1.8  History of TB Preventive

Therapy

There is a large population of patients with
latent TB. Thus, the treatment of those patients
makes an opportunity to reduce the global bur-
den of TB. An initial study of the use of INH
was done in children exposed to TB in the 1950s
[42]. The study by the US Public Health Service
(USPHS) in 1958 among Alaskan boarding
school children (5-20 years of age) compared
the use of 1.25 versus 5 mg/kg INH once a day
or five times a week for 6 months [43]. The
rate of active TB was 1.9% (10 of 513) of the
higher-dose arm and was 5.8% (31/536) of the
lower-dose arm [43]. Further studies showed that
a longer duration of 24-month therapy was not
better than a 6-month therapy [42, 44]. A direct
comparison of 3-, 6-, and 12-month regimens of
INH showed a lower rate of active TB among the
longest duration (Fig. 1.5) [45]. Subsequently,
RIF-PZA short-course therapy was effective for
latent TB treatment with the rate of active TB of
2.4% in the RIF and PZA and 3.3% in the INH
group corresponding to rates of 0.8 and 1.1 per
100 person-years, respectively [46]. This combi-
nation later was associated with increased hepa-
totoxicity [47].

3-month 6-month 12-month

Conclusion

TB is an antique disease and continues to be a
main public health concern worldwide. The
disease was described in Egyptian mummies
and infected humans about three million years
back. The development of the current thera-
peutic modalities passed through multiple
stages since the introduction of STR. The
introduction of BCG vaccines had initially
resulted in wide use of this vaccine, and later
the vaccine showed variable efficacy.
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Abbreviations

BCG Bacillus Calmette-Guérin vaccine

CADD  Combined  Annotation-Dependent
Depletion is a tool for scoring the del-
eteriousness of  single-nucleotide
variants as well as insertion/deletion
variants in the human genome (http://
cadd.gs.washington.edu)

CNS Central nervous system

CSF Cerebrospinal fluid

CT scan Computed tomography scan

DNA Deoxyribonucleic acid

EBV Epstein-Barr virus

EMSA  Electrophoretic mobility shift assay

GAF Gamma-activating factor

GAS Gamma-activating sequences

GOF Gain of function

HIES Hyper IgE syndrome

IFN-y Interferon gamma

1L-12 Interleukin 12

INH Isoniazid

ISGF3 Interferon-stimulated gene factor 3

LIF Leukemia inhibitory factor

LOF Loss of function

MRI Magnetic resonance imaging

MSMD  Syndrome of Mendelian susceptibil-
ity to mycobacterial diseases

NK Natural killer cell

rh Recombinant human

RIF Rifampin

SNP Single-nucleotide polymorphism

TB Tuberculosis

TBM Tuberculous meningitis

WES Whole exome sequencing

2.1 Introduction

Tuberculosis (TB) remains a major public health
problem, as Mycobacterium tuberculosis infects
about one third of the world’s population, with
>9 million new cases and ~1.5 million deaths
from TB in 2014 [1]. The burden of TB in chil-
dren is also very high, with an estimated number
of ~1 million new cases of TB in children and
136,000 deaths reported in 2014 [1]. However,
only a small fraction of infected subjects develop
clinical TB [2, 3]. Most subjects (~95%) contain
the initial infection, and a minority of latently
infected subjects (~5%) subsequently develop
active disease after an interval of many years,
typically due to the reactivation of pulmonary TB
[4]. The remaining infected subjects (~5%)
develop clinical TB within 2 years of infection,
either without latency or after a short latent phase.
This “primary” TB is common in children, runs
an acute course, and is often associated with
extrapulmonary disease [2]. BCG vaccination
provides some protection against disseminated
TB in childhood, but this protection is incom-
plete [5]. One of the fundamental questions in the
field of childhood TB therefore concerns the
causes of the predisposition to the development
of severe forms in only a minority of infected
children.

Among disseminated extrapulmonary forms
of the diseases, central nervous system (CNS) TB
is the most devastating manifestation of the infec-
tion [6]. The main pathological manifestations
include meningitis, tuberculomas, and brain
abscesses [6, 7]. CNS TB accounts for up to 10%
of all cases of extrapulmonary TB and carries
high neurological morbidity and mortality rates
[8]. CNS TB is more frequent and virulent in
children than in adults [9]. Hydrocephalus is
more common in children, while vasculitis that
develops due to the inflammatory process is the
most serious consequence of tuberculous menin-
gitis (TBM) [10]. The most common parenchy-
mal lesions in TB of CNS are tuberculomas.
Tuberculous abscesses are different from tuber-
culomas as they contain central caseation [11].
The clinical manifestations of CNS TB are non-
specific and may initially include cough,
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headache, fever, vomiting, stiff neck, focal sei-
zures, convulsions, focal neurological deficits,
loss of consciousness, and coma. The diagnosis
of CNS TB remains challenging because of the
common absence of bacteriological confirmation
and is usually based on a combination of epide-
miological, clinical, radiological, and biological
features, in particular cerebrospinal fluid (CSF)
analysis.

Despite the severity of CNS TB, the cellular
mechanisms underlying its pathophysiology are
poorly understood [7]. The findings obtained in
the last decade have provided the first clues for
the involved mechanisms, by showing that at
least some severe TB cases can be explained by
single-gene inborn errors of immunity [2]. In par-
ticular, these studies have highlighted the central
role of the IL-12/IL-23-IFN-y pathway in some
children who presented with disseminated TB as
their sole clinical phenotype [12—-15]. Upon M.
tuberculosis infection, primary host response
cells such as macrophages release a range of
cytokines including IL-12, which stimulate the
production of IFN-y by T and NK cells [15] (Fig.
2.1). This cytokine activates macrophages to kill
intracellular pathogens such as M. tuberculosis

Mycobacteria_

—
gp91phox
NEMO

and enhances the differentiation of IFN-y-
producing T helper cells [16]. Genetic defects
leading to an impairment of production of (e.g.,
mutationsin ILI2B, ILI2RB1,1SG15) or response
to (e.g., mutations in IFNGRI, IFNGR2, STATI)
IFN-y were found initially in patients who had
disseminated infections by weakly virulent
mycobacteria as the BCG vaccine in the context
of the syndrome of Mendelian susceptibility to
mycobacterial diseases (MSMD) [2, 17, 18].
Several cases of severe TB children were
subsequently shown to be explained by mutations
in some MSMD genes such as ILI2B, STATI,
and IFNGRI [2, 15] with the most common
defect being IL-12RP1 deficiency (due to
ILI2RB1 mutations) [13] including in several
Moroccan children [14]. Those children had dis-
seminated TB, with several extrapulmonary man-
ifestations, but none of them were clearly reported
with CNS TB yet.

TB is still highly endemic in Morocco, with
~28,000 new TB cases in 2013, including 2051
(7%) in children under the age of 15 years [1].
Few studies have reported series of CNS TB
patients in Morocco. In a large series of 465
Moroccan TB children reported in the late

IKi complex

Dendritic cells/Phagocytes

‘Vﬂ'ﬂ'ﬂ'&

T Lymphocytes/NK cells

Fig. 2.1 Schematic representation of the interaction between phagocytes/dendritic cells and T lymphocytes/NK cells
upon mycobacterial infection. Molecules in red are mutated in patients with mycobacterial diseases
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1980s from the Pediatric Rabat Hospital, about
50% (234) had extrapulmonary TB [19].
Among those 234 patients with extrapulmonary
forms, 43 (18%) had TBM, and the CSF was
bacteriologically positive in 18% of these 43
patients. Anti-TB treatment was 18 months
associated with corticosteroids in 30 patients,
and the proportion of fatal outcomes was 21%
(9/43) [19]. A more recent report described the
clinical features of 22 Moroccan adult patients
with CNS TB [20]. CSF analysis was abnormal
in 82.2% cases, and magnetic resonance imag-
ing (MRI) was abnormal in 12 patients with
hydrocephalus, intracerebral tuberculomas,
meningitis, cerebral infarction, and/or spinal
cord involvement [20]. In the present review,
we describe two Moroccan children with CNS
TB in whom we recently identified mutations
in two genes of the IL-12/IFN-y circuit, TYK2
and STATI.

2.2 Patients

2.2.1 Family 1

The index case P1 is a young girl, born in 1992
to a Moroccan first-degree consanguineous fam-
ily. She was BCG vaccinated at birth according
to the national immunization program. At the
age of 13 years, she was diagnosed with perito-
neal TB. She was treated with anti-mycobacte-
rial treatment for 6 months: rifampin (RIF),
isoniazid (INH), and pyrazinamide for 2 months,
followed by 4 months with RIF and INH. At
1-month follow-up from end of treatment, she
suffered from intermittent fever and abdominal
pain. She presented with an extra-articular fles-
sum of the right hip and an abdominal mass.
Echography of the abdomen showed a psoas
abscess associated with deep abdominal adenop-
athy. X-ray showed no involvement of the spine
and chest. The echocardiography revealed a con-
stricted pericarditis. The culture on Lowenstein-
Jensen from the pus of psoas abscess identified
M. tuberculosis, and the anatomopathologic
examination showed some epithelioid cells and
inflammatory lesions without granulomatous or

necrosis. She was again treated with anti-TB
treatment with good clinical and radiological
outcomes. Four months after the end of treat-
ment, P1 was hospitalized for acute febrile men-
ingitis. CSF hypoglycorrhachia and decreased
levels of chlorides raised the suspicion of TB
meningitis. Despite a treatment associating
cephalosporin, ciprofloxacin, amikacin, and
anti-TB drugs with corticosteroids, neurological
complications occurred leading to coma and
death. Her young brother, denoted as P2, was
hospitalized at the age of 8 months for meningi-
tis of unknown etiology. He suffered from recur-
rent otitis and urinary tract infections and
presented asthma and eczema of the ear canal.
P2 is now 15 years old, has no treatment, and is
followed in Pediatric Hospital in Casablanca.

2.2.2 Family2

The patient P3 is a young girl born in 1994, to a
Moroccan first-degree consanguineous family.
She was BCG vaccinated at birth and was
healthy until 2011. At the age of 17 years, she
was hospitalized with clinical symptoms includ-
ing fever, headache, night sweats, weight loss,
weakness, vomiting, cough, and tetraplegia. She
had cervical lymphadenopathy, and the patho-
logical analysis from a lymph-node biopsy
revealed typical caseating necrosis tuberculous
granulomas which were culture negative for M.
tuberculosis. She developed triventricular
aggressive hydrocephalus. Cranial MRI revealed
multiple lesions throughout the cerebral hemi-
spheres, cerebellum, and brain stem suggestive
of tuberculomas [21]. The patient received anti-
TB therapy for 1 year with 2 months of cortico-
steroids. She recovered and a follow-up MRI
showed that all lesions were resolved. Six
months after the end of treatment, the contrast-
enhanced brain CT scan revealed a solitary brain
abscess, and surgical intervention was per-
formed. The pus from the brain abscess was
microscopy positive (Ziehl-Neelsen staining)
with identification of M. tuberculosis by culture.
The patient died despite anti-TB and intensive
care treatments.
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2.3 Genetic and Functional

Analyses

Whole exome sequencing (WES) analysis was
performed on P1 and P3 as described elsewhere
[22]. All calls with a coverage <4X and a phred-
scaled quality <30 were filtered out. WES data
were filtered based on the frequency of the varia-
tions: at first unknown variations, not described
in public databases, particularly in genes known
to be part of the IL-12/IFN-y signaling pathway
were considered.

The patient P1 displays a homozygous frame-
shift insertion of one base pair in exon 23 of
TYK2,3315_3316insC [23]. The mutation is pre-
dicted to cause a premature stop codon at posi-
tion 1109 (T1105HfsX4). Familial segregation
reveals that both parents are heterozygous and
healthy (Fig. 2.2a). Her younger brother, P2, is
also homozygous for the rare 7YK2 mutation and
suffered from meningitis at 8 months of age,
from unknown etiology. These results suggest an
autosomal recessive TYK2 deficiency in this
family. TYK2 is a member of the Janus kinase
family (JAK) and part of the JAK-STAT signal-
ing pathways (Fig. 2.1). Briefly, following ligand
binding to the receptors, the JAKs are activated
by auto- and transphosphorylation (on tyrosines),
and they phosphorylate the intracellular part of
the receptor to which they are associated. This
created a docking site for latent cytoplasmic
STATs protein. The STATs are then recruited to
the receptor, phosphorylated by the JAKSs, and
then dissociate from the receptors to form homo-/
heterodimers or heterotrimers, translocate to the
nucleus, and modulate the transcription of target
genes. At this time, human TYK2 deficiency had
already been identified in two different families
[24, 25]. The first description in 2006 identifies
TYK?2 as a new genetic etiology of the hyper IgE
syndrome. Indeed, the Japanese patient suffered
from atopic dermatitis, high IgE serum level, and
staphylococcal abscesses [24]. This patient also
displayed mycobacterial and viral diseases. The
second patient identified was Turkish and suf-
fered only from mycobacterial and viral diseases
[25]. Altogether, TYK2 was a good candidate
gene for this family.

At the cellular level, a complete and thorough
analysis was performed in order to understand
the differences in clinical phenotypes of the
patients described and to highlight TYK2-
dependent signaling pathways, in humans.
Western blot analysis showed that TYK2 expres-
sion was not detectable on immortalized EBV-
transformed B cells derived from P1, compared
to a healthy control. TYK2-deficient patients dis-
played impaired but not abolished -cellular
responses to IL-12, as illustrated in Fig. 2.2b. The
response to IL-12 was tested in the context of a
whole blood assay. Briefly, blood from the patient
as well as healthy travel controls, healthy con-
trols, and IL-12Rp1-deficient patients were either
not stimulated or stimulated with BCG and
BCG+IL-12. As a readout, the production of
IFN-y was tested 48 h later. As expected, patients
with a complete IL-12Rp1 deficiency were
unable to respond to a stimulation with IL-12, as
compared to healthy controls and healthy travel
controls. TYK2-deficient patients display a sig-
nificantly impaired response, as compared to the
healthy travel controls. This demonstrates that
TYK2 is required for a normal IL-12 response;
however, a TYK2-independent response is also
visible, explaining the impaired but not abolished
IL-12 response. The response to IFN-o was also
tested. After IFN-a stimulation, phosphorylation
of STAT1 and STAT3 is observed in control cells.
However, in cells from the TYK2-deficient
patient, the phosphorylation of STAT1 was
impaired, and the phosphorylation of STAT3 was
abolished (Fig. 2.2c). The STAT3 phosphoryla-
tion after IFN-o/IFN-f stimulation was rescued
by transduction of the WT allele of TYK2 within
the cells. These results show that TYK2 is
required for IFN-o/IFN-f signaling, but, as for
IL-12, a TYK2-independent response to IFN-a/
IFN-B is also visible. Other functional assess-
ments showed that TYK2-deficient cells display
an impaired response to IL-23, with normal pro-
portions of circulating IL-17+ T cells, and an
impaired IL-10 response [23]. Cellular responses
to IL-21, IL-27, IFN-y, IL-28/IL-29 (IFN-1), and
leukemia inhibitory factor (LIF) were normal.

WES of patient P3 was analyzed following the
same criteria as P1. In P3, a heterozygous unreported
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Fig. 2.2 Genetic and functional characterization of
TYK2-deficient patient P1. (a) Pedigree of the TYK2-
deficient family. The generations are indicated by a
Roman numeral (I-II) and the individuals by an Arabic
numeral. A double line between the parents means con-
sanguinity. The arrow points to the proband (P1). Black
shapes indicate disease status. “m” indicates a mutated
allele. (b) Impaired response to IL-12 in TYK2-deficient
patients. Blood was stimulated for 48 h with BCG alone
(MOI = 20) or BCG and 20 ng/ml IL-12. The IFN-y pro-
duction was assessed by ELISA on supernatants from
healthy individuals (local controls, LC), patients, healthy

variation was detected in STAT!. The familial seg-
regation is currently unknown (Fig. 2.3a). The vari-
ation is a missense mutation replacing a leucine in
position 498 to a valine (L498V). The leucine at
position 498 is highly conserved in other species
and predicted to be damaging with a CADD score
at 24. It locates in the linker domain of STAT1, and

relatives (travel controls, TC, to whom the patients should
be compared), TYK?2-deficient patients including P1, and
negative controls (IL-12Rp1-/-). Mean values for each set
of conditions are indicated by solid lines. (¢) Impaired
IFN-o/IFN-f signaling pathway, rescued by transduction
of WI-TYK2. Western blot detecting pSTAT3 in mock-
transduced (Mock) or TYK2-transduced (TYK2) EBV-B
cells from a healthy control (C+) and P1, without (NS)
and with (IFN-p) stimulation for 30 min with 10° TU/ml
IFN-B. The following specific antibodies were used: anti-
TYK?2, anti-pSTAT3, anti-STAT3, and anti-tubulin as a
loading control

surprisingly no mutations in this domain of the pro-
tein have been described. STAT] is a transcription
factor of the STAT family, activated as described
before. Schematically, STAT1 is involved in differ-
ent signaling pathways: IFN-y (and IL-27) and
IFN-o/IFN-f (and IL-29). Activation by IFN-y (and
IL-27) leads to the activation of STAT1 homodi-
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Fig. 2.3 Genetic and cellular investigation of STATI-
deficient patient P3. (a) Familial segregation of the mutant
STAT] allele. The generations are indicated by a Roman
numeral (I-II) and the individuals by an Arabic numeral.
The arrow points to the proband. Black shapes indicate
disease status. “E” means no genetic data available and
“m” indicates a mutated allele. (b) L498V STAT! allele is
normally phosphorylated. Western blot detecting
pSTAT1 in mock-transduced (Mock), wild-type STAT1-
transduced (WT), or L498V-STAT 1-transduced (L498V)

mers, named GAF for gamma-activating factor,
that bind GAS (gamma-activated sequences) in the
promoter of target genes. GAF activation also
occurs following IFN-o/IFN-f stimulation. The
main transcription factor activated by IFN-a/IFN-3
and IL-29 is a heterotrimer consisting of STAT1/
STAT2 and p48 and named ISGF3 (interferon-stim-
ulated gene factor 3) that subsequently binds to
ISRE sequences in the promoter of target genes. It
was shown previously that GAF-IFN-y and ISGF3-
IFN-o/IFN-p signaling mediate anti-mycobacterial

Mock WT L498V

NS IFN-oo NS IFN-a« NS IFN-a

Mock WT L498V

IFN-a IFN-a IFN-a

U3C cell line (deficient for STAT1) without (NS) and with
(IFN-a) stimulation for 30 min with 10° TU/ml IFN-«. The
following specific antibodies were used: anti-STAT, anti-
pSTAT1, and anti-GAPDH as a loading control. (c)
L498V STATI allele impairs DNA-binding activity.
EMSA performed on mock-transduced (Mock), wild-type
STAT1-transduced (WT), or L498V-STAT1-transduced
(L498V) U3C cell line (deficient for STAT1) without (NS)
or with stimulation with IFN-y (10° TU/ml)(left) or IFN-«
(10° TU/ml)(right) for 30 min, with a GAS probe

and antiviral immunity, respectively [26, 27].
Different types of autosomal dominant STATI
mutations have been described [26, 28-30]. The
first ones are loss-of-function (LOF) mutations
with a dominant negative effect over the wild type
[26, 28, 31-33]. They alter either the phosphoryla-
tion or the DNA-binding activity of STAT1. The
patients suffered from mycobacterial disease due to
a lack of IFN-y responses, via STAT1. The others
are gain-of-function (GOF) STATI mutations and
have been described extensively in patients with
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chronic mucocutaneous candidiasis [29, 30].
However, mycobacterial disease is also observed in
a minority of patients even though the cellular
mechanism remains unexplained [34-37].

To differentiate between these two possibilities,
Western blotting and electrophoretic mobility shift
assays (EMSA), looking at the phosphorylation
and DNA-binding activity of STAT1 homodimers
(GAF, gamma-activating factor), respectively, were
performed. In human cells deficient for STAT1, the
functional effect of the mutation was assessed. As
shown in Fig. 2.3b, by the Western blotting, the
STATI L1498V allele displayed normal phosphory-
lation (comparable to the wild-type allele) after
IFN-o/IFN-f stimulation. GOF alleles previously
tested and reported in the literature exhibit an
increased phosphorylation as compared to the
wild-type allele [29]. In addition, a decreased (but
not abolished) intensity of the GAS-binding com-
plexes is observed in Fig. 2.3c by EMSA compared
to the wild-type allele. The complexes were shown
to be specific and formed of STAT1 by adding an
excess of cold probe and by super-shift experi-
ments (adding specific antibodies) (not shown).
These results suggest that L498V allele is hypo-
morphic and results in AD LOF STAT1 deficiency.
As for the other AD LOF STAT1 mutations, GAF
DNA-binding activity is also impaired after IFN-o/
IFN-f stimulation; however, the DNA-binding
activity of ISGF3, interferon-stimulated gene fac-
tor 3 (composed of STAT1/STAT2/p48), is main-
tained, certainly explaining the absence of viral
diseases in these patients. Altogether, we describe
here another genetic etiology for childhood TB,
AD LOF STAT1 deficiency, that should be consid-
ered in patients, in particular with CNS TB.

2.4  Discussion

We described the first Moroccan patients with
inherited TYK2 deficiency. The proband P1 had
multifocal TB disease (lymphadenopathy,
abdominal, and meningitis TB) leading to her
death. Her younger brother P2 had meningitis
from unknown etiology at 8 months of age and
did not suffer from any other infectious diseases
since. The clinical phenotype of these two

TYK2-deficient patients is similar to the six
other TYK2-deficient patients described [23—
25]. The core clinical phenotype shared by all
the patients with TYK?2 deficiency is mycobacte-
rial disease (either BCG or M. tuberculosis) and/
or viral diseases (mainly from herpes viruses),
due to impaired IL-12 and IFN-o/IFN-f
responses, respectively. All TYK2-deficient
patients but one exhibit a normal response to
IL-6 and did not display any clinical signs of
hyper IgE (atopic dermatitis, high serum IgE
level, and staphylococcal abscesses) [23]. This
contrasts with the first Japanese TYK?2-deficient
patient described who presented the classical
clinical signs of hyper IgE associated with myco-
bacterial and viral diseases [24]. It has been
shown that the response to IL-6 is independent
of TYK2 and that reintroduction of a WT TYK2
into the Japanese cells did not rescue the
impaired response to IL-6 [23]. Altogether, this
suggests that the impaired response to IL-6 in
this patient may be TYK2 independent and
responsible for some of the clinical features of
HIES. All the TYK2-deficient patients were
BCG vaccinated, but only four developed BCG-
osis, consistent with an impaired but not abol-
ished response to IL-12/IL-23. Indeed,
incomplete clinical penetrance is also observed
in patients with complete IL-12Rp1 deficiency
presenting with an abolished response to both
IL-12 and IL-23. Finally, an Iranian TYK2-
deficient patient has also been identified, and the
patient suffered from pulmonary TB as the sole
clinical phenotype [23]. These cases show
clearly that complete TYK2 deficiency is a
genetic etiology of TB.

We are also reporting the first Moroccan
patient (P3) with inherited STAT1 deficiency
presenting with multifocal TB disease including
lymphadenopathy, meningoencephalitis, tuber-
culomas, and brain abscesses. The first identifi-
cation of MSMD-causing mutations of STATI
was described in a 33-year-old French patient,
who developed a disseminated infection by
BCG in her infancy [26]. To date, eight hetero-
zygous LOF STATI mutations have been
reported in nine unrelated families (including
ours) originating from different countries
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(France, Saudi Arabia, Japan, the United States
of America, Germany) [26, 28, 31-33]. These
mutations are heterozygous missense mutations
affecting mainly the C-terminal part of STATI,
i.e., the SH2 domain and the tail segment of
STAT1 (L706S, Y701C, K673R, M654K, and
K637E). Two additional mutations are located
in the DNA-binding domain of STAT1 (E320Q
and Q463H). The mutation we are presently
reporting is located in the linker domain of
STAT1 (in between the DNA-binding and the
SH2 domains). The mutations affect either
phosphorylation (L706S, Y701C, K673R, and
M654K) or DNA binding (E320Q, Q463H,
L498V) or both (K637E) and exert a dominant
negative effect over the WT allele. As a conse-
quence, patients are vulnerable to mycobacterial
disease due to an impaired response to IFN-y. In
a family with AD LOF STAT! mutation and
MSMD, the grandfather of the proband was
shown to carry the heterozygous mutation and
had suffered from TB when he was younger,
suggesting that AD LOF STAT! mutations can
predispose to TB [28]. Here, we provide the

proof of principle that AD LOF STAT1 defi-
ciency is a genetic etiology of TB and should be
suspected in patients with low response to [FN-y
even in the absence of MSMD.

In the present review, we showed that CNS TB
of two Moroccan children were explained by
single-gene inborn errors of the IL-12/IL-23-
IFN-y pathway affecting TYK2 and STAT! (Fig.
2.4). To our knowledge, these are the first cases
of genetic defects in patients with clearly docu-
mented CNS TB. More generally, these observa-
tions support the general hypothesis that severe
TB of childhood is not only an infectious disease
but also a genetic disorder, at least in some
patients [3, 5, 15, 38]. These recent genetic find-
ings have provided us with some clues to under-
stand TB pathogenesis which is still barely
understood. A number of genetic defects impair-
ing IFN-y immunity lead to a vulnerability to
mycobacterial infections and in particular to
severe TB of childhood. These findings have
major medical implications, as they could pave
the way for novel treatments based on physiopa-
thology. The best example is for patients with
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IFN-YR IFN-o/BR IL-12/23RB1 Receptors
Signaling
Fig.2.4 Schematic l l molecules
representation of TYK?2 _ _
and STATI in cytokine i
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IFN-o/IFN-$, IL-12/
1L-23, IL-6, and IL-10
are shown with TYK2
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The p.rincipal secreted IL-12 IFN-0/B IFN-yIL-17 60 cytokine
cytokines and the
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impaired IFN-y production, such as those with
IL-12RpB1 (and possibly TYK2) deficiency, for
whom treatment with recombinant human (rh)
IFN-vy, in addition to anti-mycobacterial drugs,
seems to be effective [39-41]. Interestingly,
patients with AD STAT1 deficiency with partial
response to IFN-y, like patients with partial
IFN-yR1 deficiency, may also benefit from
rhIFN-y, as successfully done recently [32].

Conclusion

We illustrated in this review the genetic,
immunological analyses of patients with CNS
TB. They were explained by single-gene
inborn errors of IL-12/IL-23-IFN-y pathway
and IFN-y-dependent immunity affecting
TYK?2 and STAT]I.
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3.1 Introduction

Mycobacterium tuberculosis is a slow-growing
intracellular pathogen, and it is an acid-fast bac-
terium because the cell wall consists mainly of
hydrophobic mycolic acids. This is a specific
component of the cell wall of M. fuberculosis,
which makes up 50% of its dry weight. Due to
this thick layer of mycolic acids, the entry of
nutrients is impaired, which causes slow growth
of mycobacteria but also increases cellular resis-
tance to degradation through lysosomal enzymes
[1, 2] (Fig. 3.1).

Some components of the cell wall are impor-
tant virulence factors of M. tuberculosis. They
are characteristic for pathogenic mycobacteria
but not present on less pathogenic fast-growing
mycobacterial strains. It is always expected to
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Fig. 3.1 The structure
of the Mycobacterium
tuberculosis cell wall

Mycolic acids

Lipoarabino-
mannan

have predisposing factors for developing tuber-
culosis (TB), including overcrowding, malnutri-
tion, drug abuse, immunosuppressive treatment,
chronic diseases, and human immunodeficiency
virus (HIV) infection.

It is believed that extrapulmonary TB
infection including the central nervous sys-
tem (CNS) starts with respiratory infection
followed by hematogenous dissemination
to other sites. The first interaction between
M. tuberculosis and the host immune system
occurs after inhalation of tubercle bacilli to
the distal respiratory tract and reaching the
alveoli where multiplication will start. This
interaction between M. tuberculosis and host
cells is complex and extensively studied, but
until now, it is not completely understood.
Other sources of infection like the skin, intes-
tine, oropharynx, or the genitalia are very rare
and all associated with foci in regional lymph
nodes.

Cell Membrane

Porins

3.2 Immune Response

in Tuberculosis

In pulmonary TB, innate immunity is primarily
carried out by macrophages and dendritic cells
in the alveoli, which recognize diverse bacterial
moieties or pathogen-associated molecular pat-
terns using specific receptors, such as Toll-like
receptors (TLR2, TLR4, TLR9), mannose, C3,
or IgG Fc receptors among others [3-8]. Some
of these receptors also participate in macrophage
activation mediated by cytokines or chemo-
kines. Also airway epithelial cells respond rap-
idly to mycobacterial bacilli and produce murine
b-defensin-3 (mBD3) and murine b-defensin-4
(mBD#4), which probably contribute to the killing
of mycobacteria [2, 9, 10].

However, bacterial multiplication tends to be
mostly unimpeded by destroying the macrophages
(lysosomal acidification) or avoiding their death
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inside the infected alveolar macrophage by apop-
tosis [11, 12]. This apoptosis mechanism during
M. tuberculosis infection has been demonstrated
in multiple in vitro [9, 13] and in vivo [14-19]
studies. It also showed differences according to
the virulence of the M. tuberculosis strain which
may suppress this mechanism favoring bacterial
survival [20].

Adaptive immunity against mycobacterial
bacilli starts in the lung and regional lymph
nodes. Dendritic cells (not macrophages) trans-
port the bacilli from the lung to the mediastinal
lymph nodes [21]; this pathway is controlled by
chemokines and chemokine receptors (CCRS
and CCR?7). Activation and proliferation of T
lymphocytes and monocytes by dendritic cells
with the participation of cytokines (including
tumor necrosis factor alpha (TNFa), interleukin-1
(IL-1), and IL-12) may produce extensive inflam-
mation, which can cause local tissue damage. To
protect against tissue damage, anti-inflammatory
cytokines (including IL-10 and transforming
growth factor beta {TGF- f}) will be produced
to limit the inflammation and may also contrib-
ute to downregulating the protective, immunity-
facilitating bacilli proliferation [22, 23].

Immune reaction in the CNS was described as
being selective and modified to limit tissue dam-
age within the brain parenchyma, as it is poorly
regenerative [24-26]. The studies about the
immune response in CNS TB are limited. Studies
that reported high concentrations of cytokines
such as IFN-y, TNFa, IL-1pB, IL-6, IL-8, and
IL-10 did not find a relation with the activity or
severity of the disease and suggest the persis-
tence of CNS inflammation [27, 28]. Other stud-
ies showed that cerebrospinal fluid (CSF) gamma
interferon (IFN-y) and TNFoa were elevated
before treatment but non-detectable after 6
months of therapy when antibiotics were admin-
istrated with corticosteroids during the first 2
months of treatment [29-31]. One of these stud-
ies suggested that high levels of IFN-y measured
at 1 month of therapy predicted more likelihood
to have an intracranial granuloma detected [29].
Earlier studies with a small number of tubercu-

lous meningitis (TBM) patients showed the pres-
ence of other pro-inflammatory  and
anti-inflammatory cytokines (IL-10 and TNFa
soluble receptors) in the CSF [32, 33].

3.3  Mycobacterium Tuberculosis

in the Brain

The blood-brain barrier (BBB) is the primary
physiological protector of the CNS from hema-
togenous pathogens. It is principally composed
of tightly apposed human brain microvascular
endothelial cells, and despite the integrity of this
barrier, there are some bacterial and viral patho-
gens capable of crossing the BBB and causing
subsequent infection of brain parenchyma and
meninges (Fig. 3.2).

M. tuberculosis showed the ability in vitro to
invade and traverse the human brain microvascu-
lar endothelial cell monolayer mainly by virulent
mycobacteria [34]. This in vitro model does not
include cells that form the brain side of the BBB
(mainly astrocytes), and the role of these cells in
defense against entry into the brain parenchyma
is still unclear [35]. Previously, it was believed
that M. tuberculosis can cross the BBB as a free

Fig. 3.2 The blood-brain barrier (BBB) is composed
essentially of brain microvascular endothelial cells, the
basal portions of which are supported by astrocyte pro-
cesses. These endothelial cells provide protection by lim-
iting the access to the CNS. Such limited access is aided
by tight junctions and minimal transcytosis, thereby sig-
nificantly reducing paracellular and transcellular
movement
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(extracellular) organism or via infected mono-
cytes/neutrophils. While the following review
about CNS infection, such cellular traffic, is
severely restricted to the CNS before the inva-
sion by the offending pathogen [24], one report
utilizing CDI18 (-/-) leukocyte adhesion defi-
cient mice suggests that free mycobacteria (M.
avium) via intravenous inoculation may traverse
the BBB independence of leukocytes or macro-
phages, which develop a chronic, but not acute,
CNS infection [36].

An understanding of the pathogenesis of TB
of CNS was developed early in 1933 when Rich
and McCordock published their experimen-
tal observations of TBM. Using animal mod-
ules (rabbits and guinea pigs), they were able
to prove that the intravenous injection of M.
tuberculosis did not result in immediate menin-
gitis in any of the animals. They also suggested
that during or after bacteremia due to the pri-
mary tuberculous infection, tuberculous lesions
(Rich’s foci) will develop in the meninges, the
subpial or subependymal surfaces of the brain,
and may remain dormant for years. Ruptures of
the foci and mycobacteria release into subarach-
noid space or the ventricular system can cause
meningitis depending on the virulence of the
bacilli, ruptured foci number, and the immune
status of the host [37].

These two stages of CNS TB development
were also demonstrated in later articles, but
the specific stimulus for the rupture or growth
of Rich foci is not known [38—40]. If this pro-
gression of the disease occurs in the brain
parenchyma and meninges, different forms
of CNS TB can develop (Table 3.1). A recent
experimental study in BALB/c mice suggested
that mycobacterial strains with a distinctive
genotype can disseminate extensively after the

Table 3.1 Various manifestations of cerebral tuberculosis

Tuberculoma

Tuberculous abscess

Cerebral miliary tuberculosis
Tuberculous encephalopathy/encephalitis
Tuberculous meningitis

Tuberculous vasculopathy

The table is modified from Katti [41]

respiratory infection and infect the brain. In
meningeal TB, mycobacteria reach the CNS by
the hematogenous route secondary to pulmo-
nary infection [42].

3.4 Tuberculous Meningitis

(TBM)

TBM is characterized as a meningoencepha-
litis as it affects both the meninges and the
brain’s parenchyma and its vasculature. After
the release of tubercle bacilli from granulo-
matous lesions into the subarachnoid space,
a dense gelatinous exudate forms; it is florid
in the interpeduncular fossa and suprasellar
region anteriorly, and it may extend throughout
the prepontine cistern and surround the spinal
cord. Microscopically diffuse exudates con-
sist of polymorphonuclear leukocytes, macro-
phages, lymphocytes, and erythrocytes with a
variable number of bacilli within a loose fibrin
network [39, 41]. With the disease progression,
lymphocytes and connective tissue elements
predominate. Small and medium arteries, as
well as other blood vessels (capillaries and
veins) adjacent to and traversing the exudates,
become inflamed. This vasculitis, leading to
vascular occlusion and thus cerebral ischemia,
is a common sequela of tuberculous arteri-
tis. The most serious consequence of TBM is
vasculitis in the vessels of the circle of Willis,
the vertebrobasilar system, and the perforating
branches of the middle cerebral artery, resulting
in infarctions in the distribution of these ves-
sels. Hydrocephalus, often the communicating
type associated with chronic infection, results
from a disturbance in the flow of CSF because
of obstruction of the basal cisterns, an outflow
of the fourth ventricle, or the occlusion of the
cerebral aqueduct by the exudates [43]. Chronic
hydrocephalus may lead to atrophy of the gray
and white matter if untreated. “Border-zone
encephalitis” describes a tissue reaction com-
monly seen in brain tissue adjacent to zones
of thick adherent exudate which will cause
edema, perivascular infiltration, and microglial
reaction.
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3.5 Intracranial Tuberculoma
Tuberculoma is avascular spherical granuloma-
tous mass of small tubercles. The exact route of
entry of tubercle bacilli into the ventricles is con-
troversial. Hematogenous spread through the cho-
roid plexus is the most likely mechanism. Inside
the tuberculoma mass, TB bacilli could be demon-
strated within a necrotic area composed of caseous
material. Intracranial tuberculomas can occur at
any age, and the presenting symptoms are related
to their location. Infratentorial tuberculomas are
more frequent in children and may present with
brainstem syndromes, cerebellar manifestations,
and multiple cranial nerve palsies [44—47].

Tuberculoma is considered to be a likely
source of diffuse meningitis. Also, paradoxical
enlargement or development of tuberculomas
during anti-TB treatment can occur [48].

Intracranial Tuberculous
Abscess

3.6

Intracranial abscess formation is a rare manifes-
tation of CNS TB but has greater mass effect and
edema compared to tuberculoma. TB abscesses
have frank pus with a large number of polymor-
phonuclear leukocytes and a large number of
bacilli. Tuberculous brain abscess develops either
from parenchymal tubercular granulomas or
through the spread of tuberculous foci from the
meninges. It can present as solitary or multiple
lesions [49, 50].

3.7  Tuberculous Encephalopathy

It consists of diffuse edema of cerebral white
matter with fewer neurons in gray matter. The
pathogenesis of “tuberculous encephalopathy”
was described exclusively in infants and in chil-
dren by Dastur and Udani [51, 52] who sug-
gested that it was an allergic delayed type IV
hypersensitivity reaction due to cell-mediated
immunity to tuberculin protein. It was seen in
Indian children with pulmonary TB who devel-
oped neurological symptoms in the form of

convulsions, stupor, and coma without signs of
meningeal irritation or focal neurological deficit.
TB encephalopathy is a rare entity and develops
as a complication of pulmonary TB and exten-
sive cerebral demyelination.

3.8 Tuberculous Spondylitis

(Pott’s Disease)

It is usually secondary to an extra-spinal source of
infection and represents a combination of osteo-
myelitis and arthritis that usually involves more
than one vertebra. It spreads either via the arte-
rial or the venous route. An arterial arcade, in the
subchondral region of each vertebra, is derived
from anterior and posterior spinal arteries; this
arcade forms a rich vascular plexus. This vascular
plexus facilitates the hematogenous spread of the
infection in the paradiskal regions. The spread of
the infection via the intraosseous venous system
may be responsible for central vertebral body
lesions [53]. The anterior aspect of the vertebral
body adjacent to the subchondral plate is usually
affected. TB may spread from that area to adja-
cent intervertebral disks. In adults, disk disease
is secondary to the spread of infection from the
vertebral body. In children, the disk, because it is
vascularized, can be the primary site [54].

Vertebral destruction leads to a collapse of the
body of the vertebra along with anterior wedging.
Spinal cord compression in Pott’s spine is mainly
caused by pressure from a paraspinal abscess,
which is retropharyngeal in the cervical region
and spindle-shaped in thoracic and thoracolum-
bar regions. Neurological deficits may also result
from dural invasion by granulation tissue and
compression from the debris of sequestrated
bone, a destroyed intervertebral disk, or a dislo-
cated vertebra. Rarely, vascular insufficiency in
the territory of the anterior spinal artery has also
been suggested [41].

In spinal TB, with the involvement of more than
one vertebra because of segmental arteries that
bifurcate to supply two adjacent vertebrae, the
spread of the disease beneath the anterior or poste-
rior longitudinal ligaments involves multiple con-
tiguous vertebrae. A lack of proteolytic enzymes in
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Table Causes of neurological involvement
3.2 Mechanisms .
of paraplesia/ Early-onset paraplegia

i
tetriple%iagin spinal Mechanical pressure By tuberculous debris, sequestrum of bone or disk, abscess,
tuberculosis subluxation and dislocations, concertina collapse, and internal

gibbus
Tuberculoma in extradural, intradural, or intramedullary regions

Tuberculous granuloma
Tuberculous myelitis
Spinal artery thrombosis
Tuberculous arachnoiditis
Late-onset paraplegia
Transection of spinal cord
by bony bridge

Fibrosis of dura
(pachymeningitis)

May involve spinal cord parenchyma
Infective thrombosis of anterior spinal artery
Meningeal inflammation and fibrosis

Transverse ridge of bone produced by severe kyphosis

Formation of tough, fibrous membrane encircling the cord

The table is modified from Garg and Somvanshi [53]

mycobacterial infections has been suggested as the
cause of the subligamentous spread of infection
unlike in the case of pyogenic infections [55-58].

The upper lumbar and lower thoracic spine are
the most frequently involved sites. More than one
vertebra is typically affected, and the vertebral body
is more commonly affected than the posterior arch
[59]. The distortion of the spinal column leads to
spinal deformities [53, 60] (Table 3.2). Paraplegia is
the most devastating complication of spinal TB. In
a classical paper, Hodgson [60] classified paraple-
gia into two groups according to the activity of the
TB infection. These two groups were paraplegia of
active disease (early-onset paraplegia) and paraple-
gia of healed disease (late-onset paraplegia).

The kyphotic deformity is more likely to be
caused by lesions in the thoracic spine than by those
in the lumbar spine. A cold abscess can occur if the
infection extends to adjacent ligaments and soft tis-
sues. Abscesses in the lumbar region may descend
to the sheath of the psoas to the femoral trigone
region and eventually erode into the skin [61].

3.9 Tuberculous Arachnoiditis

Tuberculous arachnoiditis is a cause of myelora-
diculopathy in countries endemic for TB. The
inflammatory exudate surrounds the spinal cord
and nerve roots without infiltration. Frequently,
there is vascular involvement with periarteritis
and occlusion of small vessels. Neuronal struc-
tures are damaged by direct compression as well

as by ischemia. The changes of arachnoiditis may
be focal, multifocal, or diffuse. In TB arachnoidi-
tis, features of spinal cord or nerve root involve-
ment may predominate, but most often, there is a
mixed picture [44].

3.10 Non-osseous Spinal Cord
Tuberculosis

Intramedullary tuberculomas are extremely rarely
reported, and reports from developing countries
have also been sporadic. This was seen by Dastur
in 1983, when he reviewed cases with tuberculous
paraplegia without evidence of Pott’s disease [62].
It was observed that extradural tuberculomas,
arachnoid lesions without dural involvement, and
subdural/extramedullary lesions were present in a
significant number of patients.

Conclusion

In summary, despite the fact that it has been long
since the discovery of M. tuberculosis, remark-
ably little is known about the pathogenesis of
CNS TB. Understanding how M. tuberculosis
invades and survives in the CNS would be very
helpful to developing better preventive and man-
agement strategies. Future studies on M. tuber-
culosis and their interactions with the host
immune system and the BBB will lead to a better
understanding of CNS TB, with the aim to over-
come the considerable challenges in diagnosing,
treating, and managing this disease.
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nervous system (CNS). TB can cause diverse
lesions in the brain and spine and mimic a large
number of infective and noninfective disorders.
The current chapter discusses in detail the vari-
ous pathologic manifestations of TB of CNS, the
modalities used for diagnosis, and the differen-
tials to be considered before diagnosing a lesion
as tubercular in origin.

4.2 Pathogenesis of CNS
Tuberculosis: Infection

to Organ Dissemination

The infection typically begins when tubercle
bacilli are inhaled and reach a terminal airway
forming a pulmonary parenchymal (Ghon’s)
focus. The lymphatics in the vicinity of the Ghon’s
focus spread the infection to the regional lymph
nodes and contribute to the primary complex in
TB. The interplay between the hosts’ immunity
and the bacterial virulence decides the future
course of the disease. In the early phase, the infec-
tion is contained by nonspecific immunity, and
4-8 weeks later, cell-mediated immunity elimi-
nates the infection or leads to the formation of an
inactive focus. In the natural course of the disease,
the bacilli disseminate from the primary complex
via hematogenous route and reach the target
organs where they may survive for prolonged
periods [1]. Wallgren documented the clinical and
pathological spectrum after primary infection
with TB and formulated the timetable for child-
hood TB which is composed of five phases [2].
The period of highest risk for miliary TB and
tuberculous meningitis (TBM) is 1 to 3 months
after primary infection [2].

In adults, after 10-30 years of initial infection,
secondary or postprimary TB occurs when the
bacteria are reactivated, or the person gets rein-
fected to develop characteristic upper zone lung
cavities with proliferation of mycobacteria [1, 3].
It is rather surprising that immunocompetent adult
patients suffer worse from postprimary TB. This
is a mechanism to control the infection locally,
mainly in the upper lung zone as cavitary lesions
that shed large numbers of organisms into bronchi
that are subsequently coughed out from the air

Table 4.1 Organs
tuberculosis

involved in  extrapulmonary

Site of involvement Manifestation
Lymph nodes Tubercular lymphadenitis

Central nervous Tubercular meningitis,

system tuberculomas, abscesses,
radiculomyelitis

Pleura Tubercular pleuritis

Skeletal Tubercular osteomyelitis and

spondylitis
Gastrointestinal and
genitourinary tuberculosis,
tubercular peritonitis

Intra-abdominal

Heart Tubercular pericarditis

Skin Cutaneous tuberculosis
Disseminated Involving two or more organs
tuberculosis

passages. Extrapulmonary spread of infection is
on the other hand commoner in immunosup-
pressed and aged patients who develop dissemi-
nated disease. In immunocompetent adults,
extrapulmonary TB constitutes 15-20% cases of
TB, while in immunosuppressed patients, 50%
cases of TB are extrapulmonary. Almost any
organ can be involved in extrapulmonary TB,
especially in HIV coinfection or other immuno-
suppressed states. Table 4.1 enlists the extrapul-
monary organs involved in TB [4, 5].

4.3 Nervous System Involvement

in Tuberculosis

TB of CNS occurs in about 10-15% of patients
with TB [5]. According to the two-step model of
Rich and McCordock, at the time of initial pul-
monary infection, the bacteria reach the oxygen-
rich CNS via the systemic circulation within
2-4 weeks and get lodged in the parenchyma of
the brain, meninges, and adjacent tissues. These
sites eventually develop variable-sized granulo-
mas (Rich focus). Such foci may home in the
meninges or subpial or subependymal brain
parenchyma. After periods of dormancy, these
foci may rupture or grow to produce different
manifestations of CNS TB. TBM occurs with the
involvement of meninges which is usually due to
the rupture of such foci into the subarachnoid
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space or ventricles and less frequently secondary
to rupture into a blood vessel. When tubercles
enlarge in the substance of the brain but do not
rupture into the subarachnoid space, tuberculo-
mas result. Impaired cell-mediated immunity
underlies the development of CNS TB, and the
risk factors include old age, alcohol abuse, iatro-
genic immunosuppression, human immunodefi-
ciency virus (HIV) coinfection, and lymphomas
[6-11].

Resultant manifestations of the dissemination
of tubercle bacilli in the CNS include TBM,
tuberculomas, and tuberculous abscess. The
pathology of these lesions is detailed in this sec-
tion. Involvement of the spinal cord and cranial
and peripheral nerves is also common and will be
discussed in later chapters. Most of the present-
day understanding of the pathology of tubercular
lesions is based on studies on autopsy specimens
from patients with CNS TB. Most of the CNS TB
is caused by Mycobacterium tuberculosis; the
nontuberculous mycobacteria species (atypical
mycobacteria) cause infections in immunosup-
pressed individuals and are dealt with in Sect.
4.3.6 [12].

4.3.1 Tuberculous Meningitis

4.3.1.1 Introduction

Meningitis is the commonest manifestation of
CNS TB; it is also the most severe [13]. Children
are affected more frequently than adults, as noted
in 78 of the 100 autopsied cases of TBM in a semi-
nal study by Dastur et al. [14]. As earlier discussed,
hematogenous dissemination of TB bacilli to the
CNS leads to formation of a focus at the site where
the bacilli lodge. This focus is known as the Rich’s
focus, the rupture of which into the subarachnoid
space largely accounts for meningitis. The lesion
is usually suspected in cases with chronic menin-
gitic symptoms and a lymphocytic pleocytosis of
the cerebrospinal fluid (CSF). Basal meningeal
enhancement and hydrocephalus are the usual
findings noted on computed tomography (CT)
done in patients with TBM (Fig. 4.1). Conventional
magnetic resonance imaging (MRI) sequences in
early stages may not show any abnormality; in

Fig.4.1 Contrast-enhanced CT scan of the head showing
basal exudates causing obstructive hydrocephalus in a
patient of tuberculous meningitis (TBM)

such a situation, magnetization transfer sequences
are considered superior in detecting abnormal
meninges. Common sites of meningeal involve-
ment, as noted on post-contrast T1-weighted
sequences, are interpeduncular fossa, pontine cis-
tern, perimesencephalic cistern, suprasellar cis-
tern, and Sylvian fissures, with occasional
involvement of sulci over the convexities [15, 16].

4.3.1.2 Gross Pathology

TBM lesions predominate in the leptomeninges
at the base of the brain. Autopsy studies of brain
specimens from patients with TBM reveal cere-
bral edema, increased brain weight, and flatten-
ing of gyri. Herniation of tonsils and uncus may
occur as a result of the edema. The basal arach-
noiditis presents as opacity and thick surface exu-
dates, extending into the cisterns and around
Sylvian fissures, optic chiasm, cerebellum, and
brainstem. On cut sections of the brain, the ven-
tricles appear dilated, and communicating or
obstructive hydrocephalus may be present [17].
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The distal internal carotid artery, proximal middle
cerebral artery, proximal anterior cerebral artery,
and perforating vessels of the basal ganglion are
encased in the exudates. The lumina of the
encased arteries are narrowed and eventually
occluded. Areas of gray and white matter infarc-
tion especially involving the Sylvian fissure,
basal ganglia, and internal capsular region may
be present. Tubercles associated with TBM
appear as small focal opacities, 3-5 mm in diam-
eter [16, 19-21]. The infection may track down
from the posterior fossa and lead to spinal TBM
or myeloradiculopathy [21].

4.3.1.3 Microscopic Pathology

The exudates in the leptomeninges are serofibri-
nous with extensive caseous necrosis [16, 18]
(Fig. 4.2). An infiltrate of lymphocytes, plasma
cells, and epithelioid histiocytes is prominent by
the second week of infection [22]. Occasional
giant cells of Langhans type may be present.
Well-formed epithelioid granulomas are the hall-
mark of tubercular lesions but usually are few
and ill defined in TBM [17] (Fig. 4.3). Similar
chronic inflammation may be seen in the epen-
dyma and choroid plexus. The underlying brain
parenchyma is edematous with reactive gliosis
and areas of ischemic infarction. The vessels may

Fig.4.2 Meningeal
exudate (arrow) and
underlying granuloma
(asterisk) in a case of
TBM (hematoxylin and
eosin, x50)

show infiltrative, necrotizing, or proliferative
lesions or any combination of these on histology
[17]. Infiltrative transmural lymphocytic inflam-
mation may be noted in sections from the encased
basal arteries [16, 18, 23]. Fibrinoid necrosis of
vascular intima and media is seen in necrotizing
lesions. Proliferative lesions comprise prolifera-
tion of intima, atrophy of medial layer, and frag-
mentation of elastic lamina (Fig. 4.4). Meningeal
veins also show phlebitis and luminal thrombi.
Vascular lesions are usually resistant to anti-TB
treatment. Acid-fast bacilli (AFB) are found in
areas of caseous necrosis and can be demon-
strated in about 70-80% of cases [17] (Fig. 4.5).

4.3.2 CNS Tuberculoma

4.3.2.1 Introduction

Tuberculomas are caseous foci which result from
tubercles lying deep in the brain parenchyma.
Wakeley, in his observations on tuberculomas,
summarized the reported incidence of tuberculo-
mas of the brain to range between 2% and 33%
[24]. Brain tuberculomas may be seen in 15-50%
of all intracranial lesions in the developing world
and 4% of all intracranial lesions in developed
countries and account for a high morbidity and
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Fig.4.3 The meningeal
exudate comprising of
lymphocytes and a
collection of epithelioid
histiocytes (arrow)
(hematoxylin and

eosin, x200)

Fig.4.4 Meningeal
exudate with
fibrointimal proliferation
of vessel walls (arrows)
(hematoxylin and

eosin, x100)

mortality [22]. Way back in the late 1950s, Arseni
described the features in 201 cases of operated
tuberculomas [25]. The highest incidence was
seen in patients less than 30 years of age [25].
Infratentorial involvement was found to be more
common in adolescent age group, while supraten-
torial tuberculomas predominated in adult males
[25]. Dastur et al. noted a high incidence of
tuberculomas in children compared to adults with

infratentorial location being the favored site in the
younger age group [26]. The relatively high fre-
quency of tuberculomas in children, presumably,
is due to the fact that TB infection is relatively
commoner during childhood, and children are par-

ticularly susceptible to extrapulmonary TB
because they are unable to contain the infection at
sites beyond the lung. Brain tuberculomas are usu-
ally single; multiple tuberculomas are seen in
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Fig.4.5 Acid-fast
tubercle bacilli (arrows)
in a biopsy from a case
of TBM (Ziehl-Neelsen,
x1000)

15-34% of cases. The size varies between 1 mm
and 12 cm [22, 27, 28]. Tuberculoma patients may
present with signs and symptoms of raised intra-
cranial pressure mimicking other space-occupying
lesions. Thus, headache, vomiting, drowsiness,
papilledema, hemiparesis, or seizures can be the
presenting feature/s in such patients [29]. On
contrast-enhanced CT scan and MRI of the brain,
tuberculomas are seen as ring-enhancing lesions
usually with a conglomerate appearance (Fig. 4.6).

4.3.2.2 Gross Pathology

Mature tuberculomas are firm, grayish white,
lobulated nodules without a capsule and contain a
central area of caseation. Satellite lesions often
surround a larger granuloma. Most tuberculomas
vary in size from 2 to 40 mm in diameter but can
reach up to 12 cm in diameter. Tuberculomas
have a predilection for frontal lobes in adults and
cerebellum in children, but this is not always true,
and they can occur anywhere supra- or infraten-
torially. Less common features include calcifica-
tion or invasion of the bone surrounding the
tuberculoma [30].

4.3.2.3 Microscopic Pathology
A classic tubercle, as seen on microscopy, is a
central area of necrosis surrounded by inflammatory

cells comprising lymphocytes, epithelioid
histiocytes, and Langhans giant cells, with an encir-
cling rich vascular zone (Fig. 4.7). These lesions
begin as a cluster of microgranulomas which join to
form a noncaseating tuberculoma. Reactivation or
further evolution of these lesions leads to caseation
within the center of this tuberculoma. The caseation
is initially solid surrounded by a rim of granuloma-
tous infiltrate comprising of epithelioid histiocytes,
multinucleate giant cells, and mononuclear inflam-
matory cells. The central core is cheesy and has
high lipid content, with macrophage infiltration,
regional fibrosis, and perilesional cellular infiltrates
with a few bacilli in the center (Figs. 4.8 and 4.9).
Liquefaction of the solid caseation slowly begins
from the center. The capsule consists of granulation
tissue and compressed glial tissue. There is associ-
ated perilesional edema with some proliferation of
astrocytes in the surrounding brain parenchyma [16,
22, 31]. There may be evidence of calcification in
inactive lesions. Rarely, tuberculomas may occur as
a plaque-like meningeal covering without exuda-
tion. This leads to formation of a solid mass without
calcification or caseation. This is called an en plague
tuberculoma and was first described by Pardee and
Knox in 1927. The commonest location of en
plaque tuberculoma is reportedly in the frontopari-
etal region [32].
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Fig.4.6 A left temporal tuberculoma exhibiting an iso- to by edema. Post-contrast T1-W image (d) shows ring
hypointense lesion with mild perilesional edema on T1-W  enhancement and conglomerate appearance of the
image (a), T2-W (b), and fluid-attenuated inversion recov-  granuloma

ery (¢) images showing areas of mixed intensity surrounded
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Fig.4.7 Low-power
view of a tuberculoma
showing areas of
caseous necrosis
(asterisk), granuloma
formation (circle),
hyalinization (oval), and
inflamed glial tissue
(square) (hematoxylin
and eosin, x50)

Fig.4.8 Caseous
necrosis (asterisk) in the
center of a granuloma
(circle). Few giant cells
are noted (arrow)
(hematoxylin and eosin,
%x200)

4.3.3 Tuberculous Abscess

4.3.3.1 Introduction

Tuberculous brain abscess (TBA) is a rarer
manifestation of CNS TB, compared with
TBM and tuberculoma. Whitener analyzed
verified cases of TBA from the literature prior
to 1978 and concluded that their presentation

is acute, often occurring in the third and fourth
decades of life. Abscesses are usually supra-
tentorial in location, and their common mode
of presentation is with focal neurologic signs.
Associated evidence on history and laboratory
findings is present. He proposed the criteria
for the diagnosis of TB abscess as (1) the pres-
ence of a cavity in brain parenchyma with pus
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Fig.4.9 Langhans giant
cells (arrows) and
epithelioid cells (line)

in a tubercular granuloma
(hematoxylin and

eosin, x400)

in the center, as revealed on autopsy or surgi-
cal material, (2) microscopic evidence of
mixed inflammation with a predominance of
neutrophils and vascular granulation tissue,
and (3) the presence of tubercle bacilli in the
pus or wall of the abscess or a positive culture
for M. tuberculosis [33].

The exact pathogenesis of TBA is unknown. It
is hypothesized that the abscess arises from lig-
uefaction and caseous necrosis of tuberculomas.
The TB bacilli in TBA, as in other forms of CNS
TB, reach the brain via hematogenous spread
from foci in the lungs or other sites of primary
infection. The deficiency in the host immune sta-
tus, bacterial load, virulence of the organism, and
route of infection plays a central role in forma-
tion of TBA after the primary infection. On MRI,
TB abscesses vary form 3-20 mL in volume.
They are hypointense on T1-weighted and hyper-
intense on T2-weighted images and show distinct
rim enhancement on contrast administration (Fig.
4.10). The wall of the abscess is smooth or lobu-
lated in majority of cases. On routine sequences,
it is difficult to differentiate pyogenic from TBA;
newer sequences, like magnetization transfer
MRI, in vivo MR spectroscopy, and diffusion-
weighted imaging, may be useful in differentiat-
ing them [34].

4.3.3.2 Gross Pathology

TBA may be solitary or multiple. In a study on
110 patients comparing pyogenic, TB and fungal
brain abscesses, of the eleven culture-proven TB
abscesses, six were solitary and five multiple.
Three of eleven cases showed satellite lesions
[35]. On macroscopic examination, TBAs are
discrete lesions with central liquefactive necrosis
surrounded by a fibrous reaction and edema [36].

4.3.3.3 Microscopic Pathology
The classical histomorphological features of
TBA have been well described. A TBA is a local-
ized collection of pus admixed with TB bacilli
and surrounded by a capsule. A TBA does not
show typical tubercular granulomas. It closely
resembles a pyogenic abscess, and hence the
diagnosis of a TBA relies on the identification of
TB bacilli in the pus or wall of the abscess and
presence of a predominantly neutrophilic infil-
trate. The presence of epithelioid and giant cells
which are a characteristic feature of tubercular
granuloma is lacking in TBA [37].
Microscopically, the outermost wall of the
abscess is composed of gliotic parenchyma with
perivascular lymphocytic infiltrates and edema
surrounded in most cases by a collagenous
capsule and a rim of granulation tissue (Fig.
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Fig.4.10 MR imaging findings in case of a tuberculous
brain abscess (TBA) with perilesional edema in left
parieto-occipital region (arrows). T1-W image shows a
hypointense lesion with a hyperintense wall (a). Mixed

4.11). This is followed by sheets of histiocytes

and foamy macrophages with interspersed
aggregates of neutrophilic infiltrate (Figs. 4.12
and 4.13). Luminal necrosis differs from caseous

intensity lesion with irregular walls is seen on T2-W (b)
and fluid-attenuated inversion recovery sequences (c).
Post-contrast T1-W image (d) shows rim enhancement

necrosis by its richer content of fibrin and the
presence of neutrophils. Epithelioid granulomas
which are so typical of tuberculomas are ill
formed or resemble palisades around the necrotic
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Fig.4.11 Intense glial
inflammatory infiltrate
in a case of TBA
(hematoxylin and eosin,
x50)

Fig.4.12 Intense
mixed inflammation and
occasional giant cells
(arrow) in a section
from TBA (hematoxylin
and eosin, x100)

center [36-38]. Chakraborty et al. found that
AFB could be identified using Ziehl-Neelsen
staining in 62% cases and immunohistochemical
staining for mycobacterial antigen in 83% cases
of TBA [36] (Fig. 4.14). They could demonstrate
mycobacterial antigen within the epithelioid
cells, foamy macrophages, and Langhans giant
cells on immunohistochemical staining [36].

4.3.4 Complications of Tuberculous
Meningitis

Apart from tuberculomas and abscesses which
complicate TBM, there can be other
life-threatening complications that may occur
despite anti-TB treatment. These complications
are briefly discussed below.
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Fig.4.13 Inflammatory
infiltrate in TBA
comprising numerous
polymorphs with few
lymphocytes
(hematoxylin and

eosin, x400)

Fig.4.14 Numerous
tubercle bacilli in a TBA
(Ziehl-Neelsen, x1000)

Hydrocephalus

Hydrocephalus is the most common complica-
tion of TBM and can occur any time during the
course of the disease, as well as either before or
after commencement of therapy. Hydrocephalus
in patients with TBM is usually of communicat-
ing type (Fig. 4.15). Hydrocephalus occurs due to
the blockage of the subarachnoid space or the

ventricular pathways by the inflammatory exu-
dates. Obstructive hydrocephalus develops when
the aqueduct or the fourth ventricular outlets are
clogged by exudates [39, 40].

Stroke
As discussed earlier, basal exudates spread ante-
riorly encompassing the optic chiasm and ante-
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Fig.4.15 Dilated lateral and third ventricles in a patient
with TBM and hydrocephalus (white arrows). Mild
periventricular lucency can be seen around the frontal and
occipital horns of lateral ventricles (black arrows)

rior cerebral vessels and extend laterally into the
Sylvian fissures around the carotid artery, middle
cerebral trunks, and their penetrating branches.
Cortical infarcts in TBM are believed to result
from any or all of vasculitis, intimal proliferation
of vessel walls and thrombosis. These infarcts
occur most commonly in the territory of small- or
medium-sized vessels [41, 42]. Cortical venous
sinus thrombosis (CVST) or venous infarcts are a
lesser known complication of TBM. There are
isolated reports of CVST in TBM, usually occur-
ring secondary to endothelial injury due to an
inflammatory response, sluggish venous flow,
and increase in platelet aggregation [43, 44]

Ventriculitis

Ventriculitis or ependymitis iS a more common
complication of bacterial meningitis but does
occur in TBM as well. It requires long-term anti-
TB treatment or surgical intervention in resistant
or acutely deteriorating cases. As reported by
Singh et al., the most common feature of tubercu-
lar ventriculitis is hydrocephalus along with con-
trast enhancement of ependymal lining of one or
more of ventricle walls, with or without ventricu-
lar sludge in lateral ventricles [45].

Cranial Neuropathies

Evidence of cranial nerve involvement is seen
in about one-fourth of TBM patients. The most
common affliction is seen in the sixth cranial
nerve. In a retrospective analysis of 158 cases
with TBM, 38% of patients had cranial nerve
involvement, with abducens being the one
most commonly involved; 10% had multiple
cranial nerve involvement. Involvement of the
first, fourth, fifth, or eighth nerves was not
observed. Cranial nerve involvement is due to
basal exudates, vasculitis of arteries supplying
the midbrain region, optochiasmatic arach-
noiditis, and infiltration either directly by exu-
dates or by fibrous bands compressing the
nerves [46].

Tuberculous Encephalopathy

Dastur and Udani described the clinicopatho-
logical features of 20 cases of diffuse brain
damage in patients with TB [47]. They coined
the term “tuberculous encephalopathy,” and the
most striking abnormality on autopsy was
edema predominantly of the white matter. It was
originally proposed that the diffuse brain dam-
age is immune mediated, though later studies
suggested that hypoxic ischemic damage was
also contributory [47, 48].

Hyponatremia

Hyponatremia is one of the more common com-
plications in TBM seen in about 50% cases. Two
physiologically distinct conditions which can
lead to hyponatremia in TBM are syndrome of
inappropriate antidiuretic hormone secretion
(SIADH) and cerebral salt-wasting (CSW) syn-
drome. Hyponatremia in the setting of STADH is
dilutional as the total body sodium remains nor-
mal, while in CSW, urinary sodium excretion is
increased, and the urine output is inappropriately
high despite the presence of dehydration. While
fluid restriction can be detrimental for patients
with CSW, it is beneficial in STADH; exact diag-
nosis of the etiology of hyponatremia hence
becomes important. The electrolyte and hydra-
tion status of these patients require close moni-
toring [49, 50].
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Optochiasmatic Arachnoiditis

Optochiasmatic arachnoiditis is the foremost
cause of visual impairment in TBM. This is a
consequence of basal exudates in the interpedun-
cular, suprasellar, and Sylvian cisterns. An Indian
study related younger age, female sex, and raised
CSF proteins with optochiasmatic arachnoiditis.
This devastating condition is thought to be a
result of the exaggerated host response against
proteins of TB bacilli [51, 52].

4.3.5 HIV and CNS Tuberculosis

With the increasing incidence of acquired immuno-
deficiency syndrome (AIDS), a concomitant
increase in the incidence of extrapulmonary TB,
especially TBM, has been noted. Worldwide, TB is
among the leading causes of death in people infected
by HIV. CNS involvement has been reported in
10-20% of patients with AIDS-related TB. A high
mortality of around 80% has been reported for TB
of CNS among HIV-infected patients [53].

TB of CNS may present in HIV-infected indi-
viduals as meningitis, tuberculoma, abscess,
encephalitis, or radiculomyelitis. Treatment in
cases coinfected by HIV is complicated by
HIV-TB drug-drug interactions, interrelated drug
toxicities, and immune reconstitution inflamma-
tory syndrome. Generally, HIV-infected CNS TB
patients have a poorer outcome compared to non-
HIV patients. Impaired T cell-mediated immu-
nity and decline in CD4 T cells in HIV-infected
persons increase the risk of CNS TB. There is a
heightened risk of dissemination and extrapul-
monary TB during the stage of reactivation or of
primary progression after TB infection [54, 55].

Pathology

Though HIV infection does not modify the pre-
sentation of TBM or tuberculoma, the likelihood
of opportunistic intracranial infections and malig-
nancies should be excluded. An Indian study dem-
onstrated that HIV-positive patients with TBM
have fewer basal exudates which are thin and
serous. The inflammatory response is minimal
with few epithelioid histiocytes and no Langhans
type of giant cells. On the contrary, cerebral paren-
chyma and meninges are full of AFB, and infarcts

are common [56]. Tubercular granulomas are less
common in HIV-infected individuals, and the
most common etiology for granulomatous lesions
in HIV infection is cerebral toxoplasmosis. It has
been postulated that a severe degree of immuno-
suppression impairs the granulomatous inflam-
matory response to mycobacteria. TBAs occur in
a greater proportion of HIV-positive patients than
in the population in general [38]. In the absence
of a strong immune response, the foci of cerebritis
develop into abscess in the presence of HIV infec-
tion. A higher yield of AFB on smear (69%) and
culture (87.9%) of CSF has been reported from
HIV-positive patients rather than HIV-negative
ones [57].

4.3.6 Nontubercular Mycobacterial
CNS Infection

Nontubercular mycobacteria (NTM) are a rare
but serious cause of meningitis, especially in
immunosuppressed states. The pathogenic poten-
tial of these organisms can be made out with
increasing incidence of NTM with the advent of
AIDS pandemic. Flor et al., in 1996, described
the clinical details on reviewing all cases of NTM
described in English literature. Of the 52 reported
cases, 31 were caused by Mycobacterium avium
complex (MAC), 9 were caused by scotochromo-
gens, 6 by Mycobacterium kansasii, and 6 by
Mycobacterium fortuitum [58]. Apart from men-
ingitis, there have been reports of abscesses, both
single and multiple, caused by atypical mycobac-
teria, most notably, MAC and M. fortuitum [59,
60]. Table 4.2 lists the atypical mycobacteria that
cause CNS infections [61, 62]. On histopathol-
ogy, low-grade inflammation, perivascular
lesions, ill-formed granulomas without giant
cells, and the presence of AFB are the character-
istic features of CNS involvement [58].

The importance of identifying NTM species
in cases of meningitis/abscess lies in the fact that
these agents are nonresponsive to the first-line
drugs used to treat TBM. The choice of antibiot-
ics and duration of treatment are based on the
species identified. An apt clinical scenario and a
high degree of suspicion are required to diagnose
CNS infection with atypical mycobacteria.
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Table 4.2 Atypical
infections

Mycobacteria causing CNS

Mycobacterium abscessus
Mycobacterium avium complex
Mycobacterium celatum
Mycobacterium fortuitum
Mycobacterium gordonae
Mycobacterium haemophilum
Mycobacterium kansasii
Mycobacterium mucogenicum
Mycobacterium scrofulaceum

4.4 Histopathologic Differential
Diagnoses of CNS
Tuberculosis

4.4.1 Acute Inflammatory

Pathology

TBM may have an acute presentation. This is
relatively frequent in HIV-positive patients with
TBM. The CSF may show a neutrophilic
predominance. The exclusion of bacterial pyo-
genic meningitis is of utmost importance in such
cases. Examination of CSF sediment for the pres-
ence of acid-fast TB bacilli and other bacteria is
essential. The use of CSF culture and molecular
methods like PCR for identifying specific bacte-
rial or TB antigens is noteworthy [63].

4.4.2 ChronicInflammatory
Pathology

A variety of lesions may mimic TBM or tubercu-
lomas, both clinically and on radiologic assess-
ment. Such lesions may range from infections
with neurotropic fungi and viruses to partially
treated pyogenic meningitis, sarcoidosis, and
involvement of meninges with metastatic tumor
deposits. CSF may also show a lymphocytic
pleocytosis in most of these. The differential
diagnosis is aided by molecular tests for spe-
cific antigens in CSF and serum. In cases where
a noninvasive battery of tests does not lead to
a conclusive diagnosis, a biopsy of the lesion
becomes necessary. Many chronic lesions, espe-

cially fungal meningitis, produce granulomatous
lesions in the brain. Utility of special cytochemi-
cal stains, including those for tubercle bacilli
(Ziehl-Neelsen), fungi (periodic acid-Schiff,
Gomori’s methenamine silver, India ink stain-
ing), and other bacteria (Grams), cannot be over-
emphasized [64]. The time taken for culture of
CSF or biopsied tissue limits its utility as a diag-
nostic modality. Important differentials to be
considered in the workup of a patient with TB of
CNS are listed in Table 4.3 [17, 22, 63, 65-67].
Neurosarcoidosis deserves a special mention in
being a great mimicker of TB both clinically
and on biopsy. Sarcoid granulomas show subtle
differences from TB ones. The presence of case-
ation necrosis and a lymphocytic cuff around
the epithelioid cells favors a TB granuloma.
Schaumann and asteroid bodies may accompany
sarcoid granulomas but are nonspecific and can
be seen in TB lesions too [67]. In lesions where
a definitive diagnosis cannot be made, empiric
antimicrobial therapy may be instituted depend-
ing on the clinical scenario [68].

4.5 Diagnostic Tests

Biopsies of parenchymal brain lesions are rarely
necessary to make a diagnosis of TB of CNS. The
diagnosis is usually made with the help of radio-
logical findings in adjunct with evidence of TB at
other sites, usually the lung [30]. Evaluation of
the CSF is an invaluable aid in the diagnosis of
TB of CNS. Various tests can be done on CSF
samples in cases of TB of CNS. An overview of
the tests is provided here. These will be detailed
in Sect. V of the book.

4.5.1 Cerebrospinal Fluid

Aspiration

Cytology and Chemistry The CSF obtained in
TBM is usually at an elevated opening pres-
sure. A cobweb coagulum may be present. CSF
protein is elevated and usually ranges between
100 and 500 mg/dl. Grossly raised protein lev-
els associated with xanthochromia may be seen
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Table 4.3 Differential diagnoses of CNS tuberculosis

Cause
Fungal
Cryptococcosis

Aspergillosis

Histoplasmosis

Coccidioidomycosis

Blastomycosis

Viral

Partially treated
bacterial meningitis

Neurosarcoidosis

Neoplastic meningitis

Gross

Basal meningitis,
midbrain and basal
ganglia lesions

Basal meningitis,
vascular infarcts and
necrosis, fungal abscess
Basal meningitis,
lesions at gray-white
matter interface,
vasculitis

Basal meningitis,
abscess, infarction

Meningitis, subdural and
parenchymal abscesses
Panencephalitis, with or
without meningitis

Exudate over cerebral
surface, basal surface
spared, cortical venous
thrombosis

Single or multiple mass
lesions in parenchyma

Superficial parenchymal
and intradural metastatic
nodules, thickened
meninges

Microscopy

Chronic inflammation,
granulomas, foreign-body giant
cells, encapsulated budding
yeast

Granulomas, uniform septate
hyphae, branching at 45°
angles

Necrotizing granulomas,
intracellular yeast in
macrophages

Necrotizing granulomas,
dimorphic fungus with
branched septate hyphae and
endosporulating spherules
Granulomas, dimorphic fungus
with broad-based budding
Hemorrhagic encephalitis,
microglial nodules,
intracellular inclusions

Mixed inflammatory infiltrate,
subpial gliosis

Noncaseating granulomas,
absence of lymphocytic cuffing
of granulomas, Schaumann and
asteroid bodies

Atypical lymphoma or
carcinoma cells in meningeal
biopsy

Diagnostic tests

CSF cryptococcal capsular
polysaccharide antigen
(CRAg), India ink
preparation

Galactomannan ELISA and
PCR for fungal components
in CSF/serum, CSF culture
Specific CSF polysaccharide
antigen, fungal culture, urine
histoplasma antigen

CSF complement fixation
test, fungal culture

CSF fungal culture, serology
not helpful

Molecular tests for viral
DNA in CSF or serum;
plasma, CSF bromide
partition test

Latex agglutination test,
counter
immunoelectrophoresis,
PCR for specific bacterial
antigens
Angiotensin-converting
enzyme (ACE) in CSF and
serum (nonspecific)

Examination of centrifuged
CSF sediment for malignant
cells, biochemical tumor
markers in CSF
(nonspecific), tumor-specific
sequences on CSF PCR

in cases with subarachnoid block. Glucose
levels are low and generally less than 45 mg/
dl [69]. A centrifuged sediment shows an ele-
vated cell count with a majority of lymphocytes
(Fig. 4.16). Adenosine deaminase (ADA) is a
marker of T cell-mediated immune response,
and ADA levels are elevated in TBM in com-
parison to aseptic meningitis. But the utility of
ADA as a test diagnostic for TBM is limited by
its low specificity [70, 71]

Microbiology Demonstration of AFB in CSF
gives definitive evidence of TBM. However,

results of a Ziehl-Neelsen stain on a centrifuged
CSF deposit are not very encouraging, and positiv-
ity rates as low as 10% have been reported (Fig.
4.17). The probability of detecting bacilli in the
CSF increases with examination of repeat sam-
ples, of large CSF volumes, or in ventricular CSF
samples [18]. The use of fluorescent stains like
auramine-rhodamine has also been reported to be
of help [72]. Culture of CSF is time consuming
and may take 4-8 weeks to reveal a growth [63].
Conventional Lowenstein-Jensen culture positiv-
ity for TB bacilli has been reported to range
between 25 and 70% [73]. Rapid techniques for
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culture including the radiometric BACTEC
method take 7-10 days for diagnosis [74]. CSF
samples from cases of tuberculomas or TB abscess
usually do not show a specific change. The defini-
tive diagnosis in these cases can be made using
histopathologic or culture demonstration of bacilli
on biopsy tissue [75].

Immunopathology Tests detecting specific TB
antigens or antibodies include Hemagglutination,
Enzyme-linked immunosorbent assay, Immuno-

fluorescence assay, Radioimmunoassay, and
Western blotting. These give rapid results, but the
outcome is dependent on proper standardization
and type of probe used in the assay [75, 76].



50

K.P. Malhotra and D. Kulshreshtha

Nuclei Acid Amplification The polymerase chain
reaction (PCR) amplifies and detects a specific
sequence of the DNA of TB bacilli. Though
promising, a meta-analysis has shown limited
sensitivity (56%) and specificity (98%) for these
tests [77]. Conventional bacteriologic detection
may be better than nucleic acid amplification
(NAA) assays in initial disease detection; how-
ever, the NAA may be more helpful in detecting
disease in patients already under treatment. It
should nevertheless be borne in mind that nega-
tive results on bacteriology and PCR do not
exclude the diagnosis of TBM [68].

4.5.2 Biopsy

Histopathological confirmation on biopsy tissue
sample is the gold standard for the diagnosis of
CNS TB. Stereotactic, meningeal, or open biopsy
approach is used depending on the accessibility
of the lesion. Noninvasive diagnostic modalities
are the preferred diagnostic approaches. However,
biopsy becomes necessary in certain cases.
Indications for performing a biopsy in suspected
TB of CNS are detailed in Table 4.4.

4.5.3 Fine Needle Aspirates

Ancillary diagnosis of TB of CNS can be made
using material aspirated from a paraspinal abscess,
an enlarged peripheral lymph node, or a mass in
the lung. The aspirated material is usually thick
and creamy white. It is spread onto glass slides,

Table 4.4 Indications for biopsy in CNS tuberculosis

Clinical No clinical improvement
Deterioration in clinical status
Possibility of an alternative diagnosis

Radiological Lesion/changes not responding to

treatment

Increase in size of lesion (not
attributable to paradoxical reaction)

Atypical changes in the morphology
of lesion

Polymorphic lesions

stained appropriately, and examined. The proce-
dure is relatively noninvasive and painless, and
results can be obtained promptly since unlike
biopsy tissue, tissue processing is not required.

Conclusion

TB of CNS is the most dreaded expression of
extrapulmonary TB. Host-pathogen interac-
tions determine to a large extent the patho-
logic expression in the CNS. The diagnostic
armamentarium for neuro-TB includes an in-
depth assessment of clinical manifestations,
radiologic images, serology, CSF findings,
and tissue morphology. It is imperative to
remember the pathologic manifestations of
TB of CNS in order to correctly interpret the
diagnostic test results and judiciously treat
the patient.
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Abbreviations

AFB  Acid-fast bacilli

CNS  Central nervous system

CRP  C-reactive protein

CT Computed tomography

DNA  Deoxyribonucleic acid

ESR  Erythrocyte sedimentation rate
FNAC Fine needle aspiration cytology
HIV Human immunodeficiency virus
IICP  Increased intracranial pressure
MRI  Magnetic resonance imaging
PCR  Polymerase chain reaction

RIF Rifampicin

TB Tuberculosis

TBM  Tubercular meningitis

5.1 Introduction

Tuberculosis (TB) is a disease of antiquity [1].
Mention of this disease has been found as far back
as the Rig Veda, and evidence of the disease has
been found in Egyptian mummies dating to
3000 BC [2]. Though it can affect any organ system
of the body, central nervous system (CNS) TB is a
particularly dangerous form with high mortality and
morbidity [2]. Though the commonly encountered
variants of CNS TB are tubercular meningitis
(TBM), intracranial tuberculomas or abscesses, and
spinal TB, occasionally patients may present with
TB affliction of the scalp and skull bones as well.
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5.2  Scalp Tuberculosis

Cutaneous affliction by TB can be of three
types — lupus vulgaris, TB verrucosa cutis, and
scrofuloderma. However, the scalp is an uncom-
mon site of occurrence of all three. Lupus is the
Latin word for wolf and is a generic name for
diseases causing erosive, erythematous ulcer-
ation of the face ravaging it like the bites of a
wolf [3]. The suffix vulgaris was used to denote
its common occurrence. It was first described
by Erasmus Wilson in 1865 [4]. Manifesting as
reddish brown papules that later coalesce into
elevated plaques, it is caused by hematogenous
dissemination of TB bacilli from a primary site
of infection [3]. It usually occurs in the face. It
has an indolent course and rarely may progress to
squamous cell carcinoma. “Apple-jelly” appear-
ance of the papules is found on diascopy [3]. It
is diagnosed by the clinical features and skin
biopsy. It responds well to anti-TB drugs.

TB verrucosa cutis (also called warty TB or
prosector’s wart) is a paucibacillary TB infec-
tion of the superficial layers of the skin in an
individual who has a high degree of immunity
[3-5]. It was first described by Laennec in 1826,
based on his own disease that he contracted in
the autopsy room [4]. As it was thought to be
contracted from corpses, it was termed verruca
necrogenica by Wilks and Poland in 1862 [4]. It
commonly occurs at the distal extremities, dorsal
aspects of joints, and buttocks after trivial pen-
etrating injury [3, 6]. These warts tend to enlarge
centrifugally with central healing. Ulceration is
not a prominent feature. Diagnosis is made by
positive tuberculin skin test and histology. They
regress with anti-TB drugs.

The last variant, scrofuloderma, is the com-
monest type of cutaneous TB. It usually occurs
following secondary involvement of the skin
following liquefactive necrosis of the afflicted
lymph nodes lying underneath [3]. The neck
is the commonest site of involvement. Painless
fistula formation with pus discharge is the main
clinical feature — a finding in most cases of cal-
varial TB too. Diagnosis is made on clinical
grounds as well as by detection of the organism

on staining, culture, or polymerase chain reaction
(PCR) testing. Under treatment the fistula heals
with scarring [3].

5.3 Calvarial Tuberculosis

5.3.1 Introduction

Calvarial TB is a rare disease [7-9], infre-
quently encountered, and not always consid-
ered as a first differential diagnosis. It was first
reported by Reid in 1842 from Germany [9,
10]. Though recent years have seen a spurt of
publications on calvarial TB, these tend to be
in the nature of single case reports rather than
large series.

5.3.2 Epidemiology

The majority of cases of calvarial TB are
reported from developing countries where sys-
temic TB is endemic [7-22]. While 1% of cases
of TB occur in the bone [23], calvarial involve-
ment accounts for only 0.2—1.3% of these [7,
23], i.e., approximately 1 in 10,000 cases of
TB. Literature states that the frontal and pari-
etal bones having greater amount of diploic
space (and hence receiving more blood flow)
are more commonly affected than bones like
occipital or temporal which are less vascular-
ized [7, 8, 23]. Conversely, it has also been
stated that muscular attachments to the tempo-
ral and occipital bones render them vascular
with higher flow rates where a TB nidus cannot
gain a foothold unlike the frontal and parietal
bones which have a slow flowing diploic emis-
sary circulation that allows deposition of myco-
bacteria and growth of the TB focus [12].

The disease is rare in infants [23], as the skull
is poor in cancellous bone [10]. Despite this, it
has been described in children [24] — the young-
est described being only 10 months old [19]. This
condition is predominantly encountered in
younger individuals, and 75-90% cases have
been reported to occur in patients less than
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20 years and 50% in children less than 10 years
old [23]. It affects both sexes equally though cer-
tain series show a predilection toward females or
males [13-15].

5.3.3 Pathogenesis

The disease follows hematogenous seeding of TB
bacilli in the marrow spaces [7, 8, 13]. It can
occur rarely by lymphatic or contiguous local
spread from the face, paranasal sinuses, orbit, or
cervical lymph nodes [10, 13]. Infrequency of
calvarial TB is due to paucity of cancellous com-
ponent in the flat bones of the skull and also due
to lack of lymphatics in them [7, 12]. Mukherjee
et al. have used the term primary calvarial TB
when there is no evidence of TB detected any-
where else in the body [12].

In the setting of depressed host immunity,
deposition of the bacilli in the diploic spaces of
the skull is followed by proliferation of bacte-
ria, capillary obliteration, replacement of the
bone by granulation tissue and finally abscess
formation with destruction of the cortex.
Destruction of the outer table occurs and subga-
leal collection of pus and granulation tissue
results in a boggy swelling without increased
temperature, tenderness, induration, or sys-
temic symptoms like fever. On occasion this
may erode through the scalp and present as a
non-healing sinus. The inner table is relatively
resistant but when eroded results in the devel-
opment of an epidural collection [9]. The dura
is usually a resistant barrier to further intracra-
nial spread [8, 22]. However, sutures do not
prevent spread of the disease [8, 23]. It is
unclear if any of the tables is more likely to get
eroded than the other. While Strauss held that
the inner table was more likely to be initially
involved [25], others [9, 13] believe that the
outer table is more likely to be destroyed first,
and still others [26] found both tables to be
equally affected. In the series of Raut et al.
[18], 85% of patients had bony destruction, and
epidural collections were seen in 52%.

5.3.4 Role of Trauma and Immune
Suppression

Several case reports of calvarial TB report a past
history of trauma [17] to the involved bone. It has
been speculated that these areas have focal immu-
nosuppression with increased vascularity that
predisposes to the genesis of TB here at a later
date [12, 13]. Inflammatory cells that are attracted
to the site of trauma are also held to act as vectors
aiding transmission [15]. Several authorities,
however, hold that trauma is probably coinciden-
tal rather than causal [26, 27]. Immune-
suppressed states like human immunodeficiency
virus (HIV) infection are also implicated in its
causation [13, 20] as extrapulmonary TB has a
higher incidence in such patients (70% in HIV-
infected versus 15% in noninfected patients).

5.3.5 Presentation

The common presenting complaints are painless,
boggy swelling of the scalp and which may occa-
sionally spontaneously erode the skin (Fig. 5.1)
and form a discharging sinus [13, 17, 19, 28]. The
underlying bone may or may not be visible.
Inflammatory signs are markedly absent even in
the presence of pus. Skin discoloration (Fig. 5.2)
is a late feature [13]. Unlike Pott’s puffy tumor, it
may have a firmly attached base, and deficient
outer table of the skull may be palpable. Rarely,
headache may be present and is usually localized
to the site of infection [13]. Concomitant intra-
cranial pathologies (like epidural or cerebral
abscess, tuberculoma, or meningitis) may occur
due to which occasional patients have been
reported with drowsiness, seizures, hemiparesis,
and even increased intracranial pressure (IICP)
[13, 15, 21, 29]. There is a case report of occlu-
sion of sigmoid sinus following TBC mastoiditis
with IICP and formation of an encephalocele
[30] as well as one of occlusion of the superior
sagittal sinus [17]. Systemic manifestations like
weight loss, evening rise of temperature, decreas-
ing appetite, etc. are rare.
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Fig.5.1 (a) Plain radiograph showing erosion of the right
frontal bone in a 34-year-old male that had been twice
unsuccessfully operated and treated with broad-spectrum

antibiotics assuming swelling was due to an infected seba-
ceous cyst and (b) a discharging sinus showing skin
changes overlying sequestered bone

Fig. 5.2 (a) Preoperative clinical photograph showing a
spontaneously ruptured draining sinus in a 26-year-old
lady with skin changes and (b) intraoperative photograph

5.3.6 Investigations

Raised erythrocyte sedimentation rate (ESR)
and C-reactive protein (CRP) values and also
positive Mantoux test may give a clue for diag-
nosis of skull TB. Mantoux test may not be
positive in 10% of calvarial TB patients [23]
and is of doubtful value when positive in coun-

showing granulation tissue pouting out of the eroded pari-
etal bone in a 26-year-old lady

tries having a vaccination program with attenu-
ated TB bacilli. Likewise, ESR and CRP levels
are not always raised and also are not specific
for TB. Routine culture of the discharge is not
regularly reported in literature and is probably
not useful to clinch the diagnosis. Some series
have reported sterile or polymicrobial cultures
[12], and on occasion, it may even mislead the



5 Scalp and the Calvarium

61

clinician into assuming the case to be one of
pyogenic osteomyelitis [12].

Plain radiographs of skull are helpful in finding
the bony changes which commonly manifest as
punched-out lesions [23]. Computed tomography
(CT) scans are useful in identifying the extent of
damage to the skull bone, involvement and breach
of dura, size of the swelling and associated intra-
cranial pathologies [18]. Skull defects are usu-
ally single, but on occasion multiple punched-out
lesions have been described [16, 29].

Radiologically, three variants are described —
circumscribed sclerotic, lytic, and spreading
[18]. The lytic variant (Fig. 5.3), also called “per-
forating TB of the skull” by Volkmann [13, 18], is
the most common. In these areas of rarefaction
are seen initially that later developing into
punched-out defects. There is no periosteal reac-
tion. Rarely these may have a central sequestrum
(“button sequestrum” or “bone sand”) within
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Fig. 5.3 (a) 3D reconstructed CT scan showing a
punched-out lesion involving both tables of the skull in a
40-year-old lady (lytic tuberculosis) almost near the mid-
line, (b, ¢) coronal and axial CT images with contrast

[12]. The second variant is a defect having a mar-
gin of sclerotic bone. Its presence may indicate
secondary infection [12] or may represent evi-
dence of healing and is caused by new bone for-
mation on the edges. The third variant is the
“spreading type” where there is widespread
destruction of the diploic spaces with abundant
granulation tissue. This was called “diffuse TB of
the cranium” by Konig [18]. This classification
has been disputed by some authors who feel that
the types are not separable [12]. It must be
remembered that the radiological picture is non-
specific [18], and usual differential diagnoses
include skull metastasis, myeloma, hemangioma,
aneurysmal bone cyst, pyogenic osteomyelitis,
and Langerhans cell histiocytosis [12, 13].
Finally, magnetic resonance imaging (MRI) is
a sensitive tool in bringing out any associated
intracranial pathology (changes in meninges,
ventricular walls, or parenchymal foci of infec-

showing skull defect, and an epidural collection and (d)
intraoperative picture showing a punched-out lesion with
serous fluid mixed with pus coming out of it. The sur-
rounding bone margins are hyperemic
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tion) [18], epidural abscess, or venous sinus
involvement (Fig. 5.4). The extent of bone
involvement beyond the margins of the punched-
out lesion can also be appreciated as bone edema
on MRI sequences and may help to determine the
extent of craniotomy.

The gold standard for diagnosis is the demon-
stration of acid-fast bacilli (AFB) on microscopy
and growth on culture, but this may not be always
possible [7, 8]. The presence of characteristic
granuloma (epitheloid cells, plasma cells, and
Langhans-type giant cells with central caseous

Fig. 5.4 (a) T2 axial imaging showing an hyperintense
collection below the bone pushing dura inward, (b, ¢) T1
axial and sagittal imaging showing isointense collection
showing perforation of the skull but there is as yet no

scalp collection and (d) coronal contrast imaging showing
that there is enhancing soft tissue representing granulation
tissue. There is as yet no intradural involvement
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necrosis) on histology with response to empirical
anti-TB drugs is then considered to be proof that
the infection is TB [8, 11]. Usually, this tissue
is obtained by craniotomy of the involved bone
or by curettage and debridement. Some authors
have advocated fine needle aspiration cytology
(FNAC) to obtain tissue as a means of avoiding
surgery [7, 12]. They have, however, cautioned
that FNAC may not yield the correct diagnosis in
the presence of secondary infection [12]. In situ-
ations with low bacillary load where detection on
conventional staining and culture are difficult,
automated nested PCR test using a platform for
rapid nucleic acid amplification is a valid inves-
tigation to detect both mycobacterial DNA and
rifampicin (RIF) resistance and can clinch the
diagnosis [11].

5.3.7 Treatment

The mainstay of treatment is anti-TB drugs [22].
This consists of an intensive phase of therapy
with four drugs — RIF, isoniazid, ethambutol, and
pyrazinamide — and a continuation phase with
two drugs. While the World Health Organization
recommendation is to give the former for
2 months and the latter for 4 months in most
cases of extrapulmonary TB, they have suggested
continuing the latter for longer periods in special
situations like CNS TB. Our institute protocol is
to give the same for 18 months in calvarial TB —a
practice followed by other centers as well [9, 14,
15, 28]. Some authorities have advocated giving
anti-TB drugs for up to 24 months as well [18].
Steroids are not indicated unless there is evidence
of concomitant meningitis as well. Likewise,
anticonvulsants are also not required unless there
is a history of seizures [18].

Surgery is indicated when diagnosis is uncer-
tain [23], there is presence of epidural abscess,
there are lesions with mass effect and to remove
sequestrated bone [10, 28]. Craniotomy may be
done to ensure removal of the diseased bone
beyond the boundaries of the defect, but it is
unclear what margins would be considered
acceptable. We would think that freshening mar-
gins with a nibbler till there is bleeding from the

raw edges to be acceptable. The fibrosed walls
and mouth of any sinus can be dealt with at the
same sitting [13]. Tension of the suture line is to
be avoided to prevent necrosis of skin margins.
The question of cranioplasty to repair the crani-
ectomy defect has not been discussed in pub-
lished literature [12] — particularly with respect
to timing. Some authors advocate waiting for
microbiological cure before cranioplasty [28].
As it is often unclear if the lesion is TB or pyo-
genic at the time of surgery, we too would advo-
cate interval cranioplasty rather than primary
repair.

Conclusion

The calvarium and scalp are uncommon loca-
tions of TB. These patients present with an
indolent history and protean features. The clini-
cian must bear this possibility in the back of his
mind so that time is not wasted on futile thera-
pies and further CNS involvement is arrested.
Calvarial TB is akind of CNS TB, and extended
duration of anti-TB drugs is mandated.
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