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Abstract:

Background: Central nervous system (CNS) involvement is one of the most important extra-
pulmonary manifestations of tuberculosis (TB) causing considerable mortality and morbidity.
Presentations of CNS TB are extremely variable. Treatments are generally more effective if the
disease can be detected early. This study is to find out the various clinical patterns and
investigation findings that might help in early detection of CNS TB.

Objective: This study was conducted to detect various clinical manifestations of adult CNS TB at
an earlier stage of evaluation.

Methods: This was a hospital based observational study (cross sectional type) conducted on 30
patients of CNS TB who were admitted in Sir Salimullah Medical College Mitford Hospital, Dhaka
during a period of 6 months from October 2013 to April 2014 .

Results: Among the participants 53% were male and 47% were female, with a male female ratio
of 1.13: 1. Mean age of the participants was 35.17+6.14 years. Tuberculosis involving brain (i.e.
cranial TB) was most common (30.4%) in 15-24 years age group whereas spinal form of TB was
most common (42.8%) in 25-34 years age group. Mean age of the participants having Brain TB
was 36.46+6.90 years. Mean age of the participants having spinal TB was 32.36+£12.52 years.
Highest number of the cranial forms of TB was tuberculoma (52.2%) in this study and was
found mostly in the young adults. Spinal TB was found in 25-34 years age group in highest
number, all but one were Potts disease. Tuberculoma and tuberculous meningitis had an equal
distribution in female sex while males had a higher (53.8%) occurrence of tuberculoma. On the
other hand, spinal involvement was commoner in male sex (43.5%).Fever was the most common
symptom noted in all forms of CNS TB patients (78.26% for brain and 71.43% for spinal cord TB
patients) followed by headache and loss of consciousness representing 2" and 3 common
symptom in brain TB patients. Most common clinical signs in brain TB were signs of meningeal
irritation (65.22%), cranial nerve palsies and papillodema while spastic paraparesis with sensory
level being the commonest in spinal cases. Tuberculoma was the most frequent neuro-radiologic
findinds in case of brain TB patients and paraspinal soft tissue shadow with vertebral collapse
was commoner in spinal TB patients.

Conclusion: This study has highlighted the relative frequency of various types of brain and
spinal TB lesions along with the symptoms, signs and laboratory findings in Bangladeshi adult
patients. In Bangladesh, tuberculosis should be always an important differential diagnosis in
patients of fever with headache as well as spastic paraplegia or quadriplegia for any duration in
any sex group.
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Introduction

Tuberculosis (TB) remains a major global
problem and is one of the leading causes of
infection-related mortality across the world
(Nicholas A et al 2009). Central nervous system
(CNS) involvement is noted in 5 to 10% of extra
pulmonary TB cases, and accounts for
approximately 1% of all TB cases. (Cherian A
et al 2011).TB meningitis accounts for 0.5-1%
of tuberculosis disease and intra-cranial
tuberculomas which on a global level account
for up to 40% of brain tumors’ (Jacobs R.F.et
al 2003, Jain S.K.et al 2005)-CNS TB carries a
high mortality and a distressing level of
neurological morbidity. The incidence of CNS
tuberculosis is directly proportional to the
prevalence of tuberculous infection in general
(Garg R.K. 1999).

In recent times, there has been a resurgence of
tuberculosis in both developing and developed
countries. Risk factors include the increasing
prevalence of HIV infection, over-crowding in
the urban population, poor nutritional status,
appearance of drug-resistant strains of
tuberculosis and an increase in migration from
countries where tuberculosis is prevalent to the
developed world (Garg R.K. 1999).

Several studies has been done to find out
presentation, diagnosis, treatment and
outcomes of Tuberculous Meningitis (TBM)
cases in various countries of the world, but
various aspects of CNS TB as a whole, which is
not always necessarily cases of TBM, are yet to
be evaluated. CNS TB can be defined as
tuberculous involvement of the brain and spinal
cord.Granulomatous inflammation of the CNS
by the Mycobacterium tuberculosis may involve
the meninges, brain, spinal cord and the bones
covering the brain and spinal cord, and its
manifestations clinically depends on the specific
location of the disease process (Trivedi R et al
2009). Hence, it is difficult to classify the varied
manifestations of CNS TB. However, it can be
classified into two major forms—one is
Intracranial CNS TB, the other one is Spinal
TB. Intracranial TB is further classified into five
forms-

* Tuberculous meningitis (TBM)
* Tuberculous encephalopathy

e Tuberculous vasculopathy
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* CNS tuberculoma (single or multiple)

e Tuberculous Brain Abscess

Spinal TB is again classified into three forms-
* Pott’s spine and Pott’s paraplegia

* Non-osseous spinal tuberculoma
* Spinal meningitis (Garg R.K. 1999).

Each of the forms has distinct pathology,
clinical features and characteristic laboratory,
imaging and histopathological or cytological
findings that lead to diagnosis.

In Bangladesh, little work has been done to
assess the various presentations of CNS TB.
The study aimed at diagnosing various forms
of CNS TB common in Bangladesh, with feasible
diagnostic tools in hand, and thus focusing on
the fact that CNS TB is diverse in its
presentation and early diagnosis of this
devastating disease is necessary for starting
early treatment to reduce morbidity and
mortality.

Materials & methods:

This study was an observational study (Cross
sectional type) & was carried out in different
units of Medicine and Neurology Departments
of Sir Salimullah Medical College and Mitford
Hospital, Dhaka, over a period of 6 months from
October 2013 to April 2014. All adult patients
who have clinical diagnosis of CNS Tuberculosis
(as per operational definition) hospitalized in
medicine and neurology wards of Sir Salimullah
Medical College and Mitford Hospital, Dhaka;
during the study period were the study
population.

Eligibility criteria:
Inclusion criteria:

* Both male and female from all ethnic origin,
age more than 15 years.

* All patients who have compatible clinical
features along with diagnostic investigation
findings suggesting CNS TB.

Exclusion criteria:
Patients whose clinical features were
compatible with CNS tuberculosis but
supportive investigations (e.g., imaging, MT,
CSF study etc) did not suggest TB.
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* Not willing to give informed consent (by
patient or relatives)

Operational definitions:
A. CNS TB:

Either intracranial or spinal or both forms of
TB cases which fulfil the following clinical,
imaging or cytological criteria.

Tuberculous Meningitis (TBM):
Clinical
fever and headache (for more than 14 days)
b. vomiting
c. altered sensorium or focal neurological

deficit

CSF

e pleocytosis (more than 20 cells, more than
60% lymphocytes)

* increased proteins (more than 100 mg/dl)

& low sugar (less than 60% of corresponding
blood sugar)

e positive CSF culture for M.tuberculosis/
positive ADA test/ PCR (Polymerase Chain
Reaction) positive for M.tuberculosis.

Imaging

* exudates in basal cisterns or in sylvian
fissure hydrocephalus

e infarcts (basal ganglionic)

* gyral enhancement

¢ tuberculoma formation

Evidence of tuberculosis elsewhere
* Chest X-ray (CXR)-apical opacity/cavitations

* Sputum for AFB positive

e Positive granulomatous inflammation with
caseation and epithelioid cells in lymph
node biopsy. (Ahuja GK et al 1994).

Tuberculous vasculopathy:

Patient presenting with features of focal deficits
like hemiplegia/aphasia etc. and CT scan
evidence of ischemia along with other features
of tuberculosis.
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Intracranial tuberculoma:
Clinical:

e Low-grade fever, headache vomiting,
seizures, focal neurological deficit &
papilloedema (characteristic of
supratentorial tuberculomas).

* Brainstem syndromes, cerebellar
manifestations, and multiple cranial
nervepalsies (Intratentoria ltuberculoma)
(TalamasO et al 1989,Rajshekhar V et al
1997, Vengsarkar US et al 1986)

Imaging

e On CT, tuberculomas are characterized as
low- or high-density and rounded or
lobulated masses and show intense
homogenous or ring enhancement after
contrast administration.

Pott’s spine and Pott’s paraplegia:

Clinical

* Local pain, tenderness over the affected
spine or overlying bony deformity in the
form of gibbus.

e Acute or subacute, progressive, spastic type
of sensorimotor paraparesis.

Imaging

e Dorsal spinal X-ray/MRI
demonstrating the destruction of adjacent

vertebral bodies and intervening disc

spine

spaces.

e (CT-guided needle biopsy to establish
tuberculosis.

Non-osseous spinal cord tuberculosis:

e The clinical features are indistinguishable
from those of any extramedullary or
intramedullary tumor.

* MRIis the investigation of choice for these
lesions.

Study Procedure:

Diagnosis of various types of CNS TB was done
on the basis of compatible clinical features and
associated consistent imaging (Chest X-ray, CT
scan/ MRI of Brain, MRI of spines) and CSF
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findings. Cytological examination was done from
paraspinal masses in case of spinal TB or where
accessible lymph nodes were found (in case of
Cranial TB).Biopsy and histopathological
examination from brain lesion was not feasible.
A structured data collection form was developed
containing all the variables of interest. Data
were collected by interview, observation, clinical
examination and investigations.

Statistical Analysis:

Statistical analyses were carried out by using
the Statistical Package for Social Sciences
version 16.0 for Windows (SPSS Inc., Chicago,
lllinois, USA). Continuous variables were
expressed as mean, standard deviation, and
categorical variables as frequencies and
percentages.

Ethical Consideration:

Prior to the commencement of this study, the
research protocol was approved by the local
ethical committee.

Results:

A total of 30 patients were included in the study.
Mean age of the participants was 35.17+6.14
years. Tuberculosis involving brain (i.e. cranial
TB) was most common (30.4%) in 15-24 years
age group whereas spinal form of TB was most
common (42.8%) in 25-34 years age group
(Table I) Mean age of the participants having
Brain TB was 36.46+6.90 years. Mean age of
the participants having spinal TB was 32.36+
12.52 years. Highest number of the cranial
forms of TB was tuberculoma (52.2%) in this
study and was found mostly in the young adults
(Table II). Spinal TB was found in 25-34 years
age group in highest number, all but one were
Potts disease. (Table III) 53% of participants
were male & 47% were female, with a male
female ratio of 1.13: 1.(Table IV). Tuberculoma
and tuberculous meningitis had an equal
distribution in female sex while males had a
higher (53.8%) occurrence of tuberculoma
(Table VI). On the other hand, spinal
involvement was commoner in male sex (43.5%)
which was Pott’s disease. (Table VII).
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Table I
Distribution of the study patients by age (n=30)

Age of Pattern of CNS TB
participants Cranial TB  Spinal TB
n=23 n=07
15-24 07(30.4%) 02(28.6%)
25-34 04(17.4%) 03(42.8%)
35-44 05(21.7%) 00(0%)
45-54 03(13.04%) 02(28.6%)
55-64 04(17.4%) 00(0%)
MeantSD(years) 36.46+6.90 32.36+12.52
Table II
Age distribution of various Brain TB lesions
(n=23)

Age of the Type of brain TB
participants TBM Tuberculoma Total
(years) n=11 n=12 n=23
15 - 24 03(27.3%) 04(33.3%)  07(30.4%)
25 - 34 02 (18.2%)  02(16.7%) 04(17.4%)
35— 44 04(36.4%)  01(8.3%) 05(21.8%)
45 - 54 00(0%) 03(25%)  03(13.04%)
55 — 64 02(18.2%) 02(16.7%)  04(17.4%)

Fever was the most common symptom noted in
all forms of CNS TB patients (78.26% for brain
and 71.43% for spinal cord TB patients) followed
by headache and loss of consciousness
representing 274 and 3" common symptom in
brain TB patients.(Table VIII). Paralysis of lower
limbs (71.43%) & low back pain (42.86%) are
the major symptoms in spinal TB patients after
fever. (Table IX). Most common clinical signs in
brain TB were signs of meningeal irritation
(65.22%), cranial nerve palsies and papillodema
while spastic paraparesis with sensory level
being the commonest in spinal cases.(Table XI
& XII)

In case of cranial tuberculosis, the duration of
presenting symptoms were mostly in the range
of 7 days to one month. 39.13% patients
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presented with a history of 7-14 days illness &
longer duration of presenting symptoms (>2
months) was more observed in cases of spinal
TB (42.86%). (Table X)

Table III
Age distribution of various Spinal TB lesions
(n=07)
Age of the Type of spinal TB lesions
participants Pott’s Non-osseous  Total
(years) Disease spinal TB n=07
n=06 n=01
15 - 24 02(33.3%) 00(0%)  02(28.6%)
25-34 03(50%) 00(0%) 03(42.9%)
35 - 44 00(0%) 00(0%) 00(0%)
45 - 54 01(16.7%)  01(100%) 02(28.6%)
55 — 64 00(0%) 00(0%) 00(0%)
Table IV
Sex distribution of the participants in respect of
age (n=30)
Age of the Sex of the participants
participants Male Female Total
(years) n=16 n=14 n=30
15-24 01 (6.3%) 08(57.1%) 09(30%)
25-34 06(37.5%) 01(7.1%) 07(23.3%)
35-44 02(12.5%) 03(21.4%) 05(16.7%)
45 - 54 03(18.8%) 02(14.3%) 05(16.7%)
55 -64 04(25%) 00(0%)  4(13.3%)
Table V

Sex distribution of the participants (n=30)

Type of CNSTB  Sex of the participants

Male n=23 Female n=07
Brain TB 13(56.5%) 04(57.1%)
Spinal TB 10(43.5%) 03(42.9%)
Table VI

Sex distribution of Brain TB (n=23)

Sex of the participants
Type of Brain  Male Female Total
TB n=13 N=10 n=23

TBM 06(46.4%) 05(50.0%) 11(47.8%)
Tuberculoma 07(53.8%) 05(50.0%) 12 (52.2%)
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Table VII
Sex distribution of spinal TB (n=07)

Type of spinal Sex of the participants

TB Male Female Total
n=04 n=03 n=07
Pott’s Disease 04(100%) 02(66.7%) 06(85.7%)
Non-osseous 00(0%) 01(33.3%) 04(14.3%)
spinal TB
Table VIII

Distribution of patients having Brain TB
according to presenting Symptoms(n=23)*

Symptoms No. of cases Percentage
Fever 18 78.26%
Headache 16 69.57%
Loss of consciousness 08 34.78%
Vomiting 07 30.43%
Vertigo 04 17.40%
Cognitive impairment 03 13.04%
Convulsion 02 8.70%
Double vision 04 17.40%
Non-productive cough 02 8.70%
Hemiparesis H/0 01 4.35%
contact with known TB

H/O previous TB 02 8.70%
(Rx completed)

Weakness, weight 03 13.04%

loss, malaise etc.

*Values are not mutually exclusive

Table IX
Distribution of patients having Spinal TB
according to presenting Symptoms (n=07) *

Symptoms No. of cases Percentage
Fever 05 71.43%
Paralysis of lower limbs 05 71.43%
Low back pain 03 42.86%
Incontinence of urine 03 42.86%
Bone pain 01 14.28%
H/O previous TB 01 14.28%
(Rx completed)

*Values are not mutually exclusive
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Table X
Duration of presenting symptoms in brain &
spinal TB (n=30)

Duration of Cases of Cases of

symptoms brain TB (%) spinal TB(%)

7-14 days 09(39.13%) 01(14.29%

15-30 days 09(39.13%) 02(24.57%

31-60 days 01(4.35%) 01(14.29%)

>60 days 04(17.39%) 03(42.86%)
Table XI

Distribution of patients having Brain TB
according to clinical signs*

Signs No. of cases Percentage
Signs of meningeal 15 65.22%
irritation

Cranial nerve 09 39.13%
palsies(3rd,6th, 7th)

Papilloedema 05 21.74%
(Fundoscopy)

Optic atrophy 01 4.35%
(Fundoscopy)

Long tract signs 04 17.40%
Generalized 02 8.70%
lymphadenopathy

Hepatosplenomegaly 01 4.35%

*Values are not mutually exclusive

Table XII
Distribution of patients having Spinal TB
according to clinical signs*

Signs No. of cases Percentage
Spastic paraplegia 06 85.71%
Spastic quadriplegia 01 14.29%
Definite sensory level 05 71.43%
Gibbus 02 28.57%

*Values are not mutually exclusive

High ESR (>50 mm 15! hour) was found to be
more frequent in spinal forms than the cranial
forms, whereas military mottling shadowing and
non-homogeneous patchy opacities in both lung
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fields in chest X ray were found mostly in cranial
TB cases. (Table XIII & XIV).

Table XIII
Type of CNS TB Frequency Percent
Brain TB 09 39.13%
Spinal TB 05 71.43%

Distribution of patients of CNS TB based on
high ESR(n=30)

Table XIV
Distribution of patients with CNS TB based on
CXR P/ A appearance (n=30)*

Appearance in CXR No. of cases Percentage

Miliary mottling 03 13.04%
shadows

Patchy opacities in both 03 13.04%
lung fields

Rt Paratacheal 02 8.70%
Lymph node

Pleural effusion(mild) 01 4.35%

*Values are not mutually exclusive

Cerebrospinal fluid studies in cases of
tuberculous meningirtis revealed a raised ADA
level only in 36.36% cases, along with the
standard findings. (Table XV). In only one case
of tuberculous meningitis, CSF culture for
Mycobacterium tuberculosis became positive.
Tuberculoma was the most frequent neuro-
radiologic findinds in case of brain TB patients
and paraspinal soft tissue shadow with vertebral
collapse was commoner in spinal TB patients.
(Table XVI & XVII)

Table XV
CSF findings in tuberculous meningitis (n=11)*
CSF findings Frequency Percent
Lymphocytic 11 100.00%
pleocytosis
High protein (with or 11 100.00%
without low sugar conc.)
ADA level 04 36.36%
Positive culture for 1 9.09%

M.tuberculosis

*Values are not mutually exclusive
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Table XVI
Neuroimaging findings of Brain TB (n=23)*

CT/MRI appearance No. of cases Percentage
Multiple ring enhancing lesions of variable sizes in 11 47.82%
different areas having different intensities(MRI)or densities(CT)
Single large ring like contrast enhancing lesion with 01 4.35%
surrounding marked edema
Hydrocephalus 02 8.70%
Small infarcts 02 8.70%
Meningeal enhancement 01 4.35%
Normal imaging 04 17.40%
*Values are not mutually exclusive
Table XVII

Neuroimaging findings of Spinal TB (n=07)*
CT/MRI appearance No. of cases Percentage
Paraspinal mass with vertebral fracture and reduction of 06 85.71%
joint space causing cord compression
Multiple tubercular lesions at retro spinal soft tissue 01 14.29%

*Values are not mutually exclusive

Discussion:

In this study, mean age of the participants was
35.17+6.14 years. Highest participation was
observed from 15-24 years age group. Highest
number of the cranial forms of TB, which was
tuberculoma (52.2%) in this study, was also
found in the same age group. Spinal TB was
found in 25-34 years age group in highest
number, all but one were Potts disease. 53% of
the participants were male and 47% were
female, with a male female ratio of 1.13: 1. The
study is consistent with a prospective Canadian
cohort study of 82,764 patients with
tuberculosis where CNS-TB cases were observed
significantly among younger population;
however female sex were mostly affected in this
study (Phypers M et al 2006). Another study
conducted in Turkey, Istanbul consisting of 23
pathologically proven cases of tuberculomas
between 1988 and 2003 shows those patients’
ages varies from 3 to 67 years with a mean of
31.8 years (Bayindir C et al 2006).While it is
observed that the data from all these studies is
consistent with the age group in present study,
difference is noted in sex distribution of the
patients as males are more affected than
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females in either cranial (56.5%) or spinal
(43.5%) forms of TB in the present study. This
discrepancy might be due to factors influencing
epidemiological or social differences, like males
having chance of more exposure than females
and others and perhaps due to larger numbers
of male enrollment in the present study.

In the present study, fever was the most
common symptom noted in all forms of CNS
TB patients (78.26% for brain and 71.43% for
spinal cord TB patients).This observation is very
much typical of CNS TB and consistent with
almost all studies conducted on CNS TB where
about 60-90% of patients had fever as the main
presenting complaint of cranial TB. (Thwaites
G et al 2009) Headache, loss of consciousness
and vomiting were the next three common
symptoms of tuberculous meningitis and
tubercuoma. Non productive cough and
systemic malaise with weight loss and anorexia
were noted in 9-13% patients. History of
previous TB (treatment completed) and contact
with known TB case were also observed (in
8.70% and 4% patients, respectively) in the
present study. This is consistent with the data
from another study where a history of
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tuberculosis is elicited in approximately 10%
of patients (Sutlas, P. N. et al 2003). A history
of tuberculosis was also observed in 14.7%
patients in the study conducted in Italy (Kilani
B et al 2003).

Duration of presenting symptoms in cases of
cranial TB varied from one week to a period of
more than two months; however, a significant
number of patients had short history of 7 days
to two weeks (39.13%). This is consistent with
an Australian study of 58 patients of TBM where
the duration of presenting symptoms varied
from 1 day to 9 months and 55% presented
with less than 2 weeks of symptoms (Thwaites
G et al 2000).

The most common clinical sign in patients of
brain TB elicited in current study is sign of
meningeal irritation (65.22%), mostly neck
rigidity, which was found not only in meningitis
patients but also in patients of tuberculoma.
Cranial nerve palsies, mostly 3™, 6th and 7th
cranial nerves and papillodema on fundoscopy
were the next two common symptoms. These
findings are almost consistent with recent
studies (Cherian A et al 2011, Thwaites G et al
2009).

In case of spinal form of TB, weakness of lower
limbs was observed in the same percentage of
patients having fever (71.43%).Definite sensory
level and gibbus were found in a number of
patients. However, some studies suggest that
the incidence of paraparesis in patients with
Pott’s spine varies from 27% to 47% (Cherian A
etal 2011).

In the present study, high ESR (>50 mm 15t
hour) was found to be more frequent in spinal
forms (71.43%) than the cranial forms. It is
contradictory to some previous studies that a
raised ESR is not a very common finding for
CNS TB patients (Thwaites G et al 2009).1In this
study, high ESR findings among the brain TB
patients may be explained by associated lung
diseases or in some cases disseminated forms
of the disease; but explanation for raised ESR
in spinal TB patients remains obscure as these
patients did not have any pulmonary or
systemic involvement.
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Studies indicate that about 50% of patients with
TBM have chest X-rays suggesting active or
previous pulmonary tuberculosis while 10%
have miliary disease.(Thwaites G et al
2009).This is very much consistent with the
present study where military mottling
shadowing (13.04%) and non-homogeneous
patchy opacities in both lung fields (13.04%)
were the commonest chest X-ray finding of
cranial TB patients.

ADA level in CSF of tuberculous meningitis
patients in this study was found to be positive
in 36.36% patients. A trial comparing
concentrations of adenosine deaminase in the
CSF of different meningitis patients showed
universally raised concentrations in TBM
(Thwaites G et al 2000). On the other hand,
several other studies could not demonstrate a
distinction between TBM and bacterial
meningitis by ADA alone.(Rock R.B. et al 2008).

The MRI findings of 12 proved cases of CNS
tuberculosis were reviewed in a study in Paris,
France where several types of lesions were
identified: tuberculomas (58.3%), leptomeningitis
(41.67%), infarction (33.3%), abscesses (25%),
hydrocephalus (25%) (Boukobza M et al 1999)
.This study is partially consistent with the
present study in that the most frequent imaging
finding (47.82%) in this study is multiple ring
enhancing lesions of variable sizes in different
areas having different intensities (MRI) or
densities (CT), suggesting tuberculomas. In the
current study, most of the tuberculomas were
located supratentorially, with the commonest
site being the fronto-parietal lobes of cerebral
hemispheres, followed by the thalamus, basal
ganglia, periventricular region, occipital lobe
and both cerebellar hemispheres with brain
stems in descending order of frequency.
Similarity to this study was noted in the study
in Istanbul, Turkey (Bayindir C. et al 2006)

Paraspinal mass with vertebral fracture and
reduction of joint space causing cord
compression was the most common MRI finding
(85.71%) in spinal TB cases in this study which
is consistent with other studies conducted on
spinal TB cases. Non-osseous spinal cord TB is
very rare, even in geographical areas where
tuberculosis is endemic. (Devi B I et al 2002)
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Conclusion:

This study has highlighted the relative
frequency of various types of brain and spinal
TB lesions along with the symptoms, signs and
laboratory findings in Bangladeshi adult
patients. As brain biopsy and histopathology is
not available even in many tertiary level
hospitals in Bangladesh, diagnosis of brain TB
in particular was done largely on the basis of
compatible clinical features, morphological
features on CT scan /MRI of brain and/or CSF
findings. However, CT guided FNAC from
paraspinal soft tissues in cases of osseous
spinal TB (Pott’s disease) and from paratracheal
lymph nodes as well as fine needle aspiration
cytology (FNAC) from cervical lymph node were
possible. In Bangladesh, tuberculosis should
be always an important differential diagnosis
in patients of fever with headache as well as
spastic paraplegia or quadriplegia for any
duration in any sex group.
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