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GeNeEvent
Pledge4Rare: 3 decades of caring for Rare Diseases,
from our home to yours
2021 marks the 30th Anniversary of the Humanitarian Program of Sanofi Genzyme. More than 3,200
patients with rare diseases in over 100 countries have received access to therapy since this program was
introduced. Rare disease day was celebrated by Sanofi Genzyme virtually on 27th Feb, 2021. Dr IC Verma,
Dr S Suresh, Dr Sujatha Jagadeesh, Dr Ashok Gupta and other panellists shared transformational stories of
families with rare diseases. The key highlights of the event were the experiences from a patient’s
perspective shared by Ms Alka, Dr Aparna and Mr George.

GeNeEvent
SIAMG-ORDI lecture series
The Society for Indian Academy of Medical Genetics (SIAMG) in collaboration with Organisation for Rare
Diseases, India (ORDI) conducted an online lecture series on common topics in medical genetics relevant
for clinicians. There were 13 sessions with three topics in each session. The sessions were conducted
virtually on Saturday afternoons from 10th October 2020 to January 23, 2021. Each lecture session was
attended by more than 100 participants including paediatricians, obstetricians and other clinicians
interested in clinical genetics.

GeNeEvent
Race for 7
The ‘Race for 7’, a seven-kilometers run for 7000 rare disorders, was organized by the Organization for
Rare Disorders India (ORDI), on 28th February, 2021.

GeNeDit
More and More for Rare
Editorial
Come February and there is a flurry of activity
related to rare diseases to celebrate Rare Disease
Day on 28th February. Last week I saw three
patients of Gaucher disease type III on a single
day, in the outpatient department. For a medical
geneticist, rare diseases are not so rare, as 80%
of rare diseases are genetic disorders. But
still, getting 3 patients of a rare disease on
one day is quite rare! Research and funding
agencies are taking up rare and genetic diseases
in a big way. There are many projects and
multicentric task forces on rare disease groups like
movement disorders, primary immunodeficiency
disorders, undiagnosed disease network, etc. In
addition, I would like to acknowledge targeted
activities by government agencies. This includes
the Virtual Centre for Molecular Medicine, the
National Registry for Rare and Other Inherited
Disorders (NRROID) by the Indian Council of
Medical Research (ICMR), the Center for Rare
Disease Diagnosis, Research and Training by
India Alliance, and the Mission Program on
Pediatric Rare Genetic Disorders as well as the
UMMID (Unique Methods of Management and
treatment of Inherited Disorders) initiative by
the Department of Biotechnology, Government of
India. Of these, UMMID and the Rare Disease
Registry need special accolades for their ambitious
nature and far-reaching positive implications.
The Rare Disease Registry will provide much
needed data about rare disorders, to assess the
burden of these conditions in our population
and for policy-making. UMMID is an ambitious
program involving training of doctors in genetic
diagnostics and establishing genetic diagnostic
centres called NIDAN (National Inherited Disorders
AdministratioN) Kendras at many hospitals and
medical colleges. The UMMID initiative also has a
component of prevention of genetic disorders in
the form of newborn screening and thalassemia
screening programs in district hospitals in
aspirational districts. This is an example of an
outreach program where the women and children
of lower socio-economic strata in less developed
districts will get modern preventive medicine
services. This will also help in direct training of the
medical and paramedical staff of district hospitals
Genetic Clinics 2021 | April - June | Vol 14 | Issue 2

and prepare them for countrywide programs of
this nature. Thus, UMMID has shown rays of hope
for integration of medical genetics services in
maternal and child care.
The rays of hope have really brightened the
lives of families with spinal muscular atrophy
(SMA) in 2020. The currently available three new
modalities of treatment including gene therapy
have been received by some patients of spinal
muscular atrophy in India and clinicians are
excited about it. On this Rare Disease Day, SMA
families in association with the Indian Academy of
Pediatrics, organized a program on an update on
SMA and aptly titled it ‘All India SMA (SMArt)
Update and Ray of Hope in 2021’. Many
well-wishers of rare disease families celebrated
the Rare Disease Day with various activities; to
mention a few: the ‘Pledge 4 Rare: 3 decades of
caring for Rare Diseases, from our home to
yours’ organized by Sanofi Genzyme on 27th Feb
2021 and the ‘Race for 7’ organized by the
Organization for Rare Diseases, India (ORDI). The
5th National Conference of the Indian Society of
Primary Immune Deficiency on 6th and 7th March
was also an important and informative event for
rare diseases. These celebrations brought a lot of
positivity amongst families of affected individuals
as well as among doctors. All the stakeholders
have come together on various platforms and
are jointly working for the goal of better
treatments for patients with rare disorders in
India. The trained medical geneticists, ‘awakened
clinicians’, and pharmaceutical companies with
humanitarian approach will work with government
policy-makers to make the much-awaited rare
disease policy a reality soon. Many new
therapeutic developments and gene therapies
for many disorders have shown success in the
research setting and they will hopefully become
available to our patients in the near future.
‘Care for the Rare’ – This is the message we
would like to share!

Dr. Shubha Phadke
1st April, 2021

1

Clinical Vignette
NR5A1-related Disorders: Case Report, Review of Phenotypes and
Issues in Genetic Counseling
Aashita Takkar, Dhanya Lakshmi Narayanan, Anju Shukla
Department of Medical Genetics, Kasturba Medical College, Manipal Academy of Higher Education, Manipal, India
Correspondence to: Dr Anju Shukla

Abstract
Nuclear Receptor Subfamily 5 Group A Member
1 (NR5A1) encoded steroidogenic factor-1 (SF-1)
regulates transcription of genes involved
in steroidogenesis, sexual development and
reproduction. SF-1 protein is expressed in the
bipotential gonad and later in developing ovaries,
testes and adrenal cortex. Pathogenic variants
in NR5A1 are known to be associated with a
wide spectrum of disorders of sex development.
Individuals with a variant in NR5A1 can present
with either 46,XX sex reversal 4 (MIM# 617480),
46,XY sex reversal 3 (MIM# 612965), adrenocortical
insufficiency (MIM#612964), premature ovarian
failure 7 (MIM#612964) or spermatogenic failure 8
(MIM#613957). We hereby report a 7-months-old
infant with ambiguous genitalia and a known
variant, c.251G>A p. (Arg84His) in NR5A1 in
heterozygous state inherited from his mother.
We also review the phenotypes and genetic
counseling issues pertaining to these disorders.
Keywords:
Nuclear
receptor
subfamily
5
group A member 1; Steroidogenic factor-1;
steroidogenesis; 46,XX sex reversal 4; 46,XY sex
reversal 3; adrenocortical insufficiency; premature
ovarian failure 7

Introduction
Pathogenic variants in NR5A1, which codes
for Nuclear Receptor Subfamily 5 Group
A Member 1 (NR5A1) encoded steroidogenic
factor-1 (SF-1) are known to cause 46,XX sex
reversal 4 (MIM# 617480), 46,XY sex reversal
3 (MIM# 612965), adrenocortical insufficiency
(MIM#612964), premature ovarian failure 7
(MIM#612964) or spermatogenic failure 8
(MIM#613957). Heterozygous variants in NR5A1
Genetic Clinics 2021 | April - June | Vol 14 | Issue 2

Email: anju.shukla@manipal.edu

have been identified in 10-15% of individuals with
46,XY DSD (Suntharalingham et al., 2015). We
discuss a 7-months-old with ambiguous genitalia
and a known variant, c.251G>A p. (Arg84His) in
NR5A1 in heterozygous state inherited from his
mother and review the phenotypes and genetic
counseling issues pertaining to NR5A1-related
disorders.

Patient details
A 7-months-old infant, reared as a male, born to
a non-consanguineous couple, had ambiguous
genitalia noted at birth. He was the first born of
his 21-years-old mother. His development was
normal. On examination, he had hypospadias,
palpable gonads in labioscrotal folds and
microphallus. No dysmorphic features were noted.
Ultrasonography of abdomen and pelvis showed
the absence of Mullerian structures like uterus and
ovaries. Karyotype was 46,XY. His serum sodium
was 138 mmol/L and serum potassium level was
5mmol/L. His hormone levels are provided in
Table 1. The differential diagnoses considered
were partial XY gonadal dysgenesis and
testosterone synthetic defects. Exome sequencing
of the proband showed a known heterozygous
variant, c.251G>A p.(Arg84His) in exon 4 in NR5A1
causative of 46,XY sex reversal 3. This variant was
absent in our in-house data of 650 individuals
but was present in one individual in gnomAD
in heterozygous state. Multiple in silico analysis
tools (MutationTaster, MutationAssessor, SIFT)
predicted this variant to be damaging to NR5A1
protein function. The amino acid arginine at
position 84 is highly conserved across species and
is located between zinc fingers and A-box domains
of SF1 in the carboxyterminal DNA binding region
of NR5A1 protein. This variant was shown to affect
2
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Table 1 Hormone profile of the proband.
Parameters

Levels in proband

Normal range

Testosterone

0.15 ng/mL

0.08-0.48 ng/mL

Luteinizing hormone

0.9 mIU/mL

1.7-8.6 mIU/mL

Anti-Mullerian hormone

19.55 ng/mL

2.2-4.0 ng/mL

Dehydroepiandrosterone sulphate

6 mg/dL

0.47-19.4 mg/dL

DNA binding and transcriptional activation but
had little effect on cellular localisation (Köhler et
al.,2008). Sanger sequencing confirmed the variant
in the proband and showed maternal inheritance
of this variant.

Discussion
Nuclear Receptor Subfamily 5 Group A Member
1 (NR5A1) encoded steroidogenic factor-1
(SF-1) regulates transcription of genes involved
in steroidogenesis, sexual development and
reproduction. SF-1 protein is expressed in the
bipotential gonad and later in developing ovaries,
testes and adrenal cortex (Domenice et al., 2017).
Individuals with heterozygous pathogenic variants
in NR5A1 variants present with a spectrum of
phenotypes like 46,XX sex reversal 4 (MIM#
617480), 46,XY sex reversal 3 (MIM# 612965),
adrenocortical insufficiency (MIM# 612964),
premature ovarian failure 7 (MIM#612964) or
spermatogenic failure 8 (MIM#613957). Table 2
lists the different phenotypes in 46,XY and 46,XX
individuals.
Individuals with 46,XY DSD may have
hypospadias, ambiguous genitalia with hypoplastic
phallus or complete external female genitalia,
infertility due to oligospermia/azoospermia and
rarely primary adrenal insufficiency. The most
common phenotype is ambiguous genitalia
without Mullerian structures (Suntharalingham et
al., 2015).
Individuals with 46,XX DSD and NR5A1 variants
may develop premature ovarian failure, primary
adrenal insufficiency, primary or secondary
amenorrhea and defective steroidogenesis. A
primary adrenal phenotype is a rare presentation.
One of the proposed reasons for the wide
range of phenotypes is interaction of NR5A1 with
other target genes like SRY, SOX9, STAR, WT1
and AMH, in gonadal and adrenal developmental
pathways. The phenotypic severity of these
disorders also varies, suggesting contribution of
modifier genes or an oligogenic pattern of
Genetic Clinics 2021 | April - June | Vol 14 | Issue 2

inheritance (Fabbri-Scallet et al.,2019).
Most of the variants reported in NR5A1 are in
heterozygous state and occur de novo. However
around 30% of these variants are known to
be inherited from the mother in a sex-limited
dominant fashion (Ferraz-de-Souza et al., 2011). In
the study by Fabri Scallet et al., 2019, of the 118
individuals whose parental segregation data was
available, 47 were de novo, 16 had paternally
inherited variants, 41 had maternal inheritance
and 3 individuals had biallelic variation. The
fathers who carried the variation, did not
have abnormal phenotype in majority. However
hypospadias was seen in five of them. Premature
ovarian failure was observed in 11 of the 41
mothers who carried the variant. The predominant
mode of inheritance was then ascertained to be
autosomal dominant with variable expressivity
and incomplete penetrance (Fabri Scallet et al.,
2019).
The variant identified in our patient was
originally reported by Kohler et al., 2008 as
a presumed de novo variant (the mother of
the patient did not have the variant, but the
father’s sample was not available for testing)
in a patient with 46, XY DSD and ambiguous
genitalia (Köhler et al., 2008). The same variant in
heterozygous state was later reported in two
additional individuals with variable phenotypic
features like genital ambiguity, clitoromegaly,
inguinal gonads and deranged androgen and
gonadotropin levels (Robevska et al., 2018).
Information on parents’ genotype was not
available. This variant was seen in one apparently
healthy East Asian male in gnomAD database
with an allele frequency of 0.000004114. This
could be because of variability in severity of
phenotype resulting in mild manifestations. All
types of single nucleotide variants including
loss-of-function variants (nonsense and frameshift
variants) as well as missense variants in primary
or alternate DNA binding domains of NR5A1,
are known to cause 46,XY DSD (Fabbri-Scallet et
al.,2018). Small deletions, insertions and intronic
3
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Table 2 Phenotypic features in 46,XY and 46,XX individuals.
46,XY

46,XX

Primary adrenal insufficiency

Primary adrenal insufficiency

Hypospadias

Premature ovarian failure

Male factor infertility due to oligospermia or azoospermia

Primary or secondary amenorrhea

Anorchia, ambiguous genitalia with hypoplastic phallus or
complete external female genitalia

-

variations are also reported in some individuals
(Fabbri-Scallet et al., 2019).
In the family we describe, the proband
inherited the variant from his mother who
appeared non-penetrant for this variant. This
phenomenon of sex-limited dominant inheritance
poses a challenge in genetic counseling of such
families. Females with heterozygous variants
in NR5A1 are at risk for premature ovarian
failure. But sometimes these women may not
demonstrate signs of early menopause or may
have completed their family before onset of
menopause. In such instances, it may appear that
they are non-penetrant and they may transmit
the variant to their sons who may be affected
(Ferraz-de-Souza et al., 2011). This could resemble
an X linked recessive pattern of inheritance. The
mother of the child we saw was advised evaluation
for premature ovarian failure. Though the chance
of inheriting the same variant in proband’s siblings
is 50%, the phenotypic features and severity
in an affected individual will be highly variable
and determined by the chromosomal sex. Also,
phenotypic variability would not be detected by
antenatal ultrasonography or any other prenatal
diagnostic modality. Families should be offered
adequate support for making decisions regarding
sex of rearing, medical and surgical management
and reproductive planning. Some of the important
aspects to be discussed on follow-up are risk of
adrenal insufficiency and testicular tumors. Where
applicable, options of fertility preservation should
be considered for affected individuals as there
are reports of progressive decline in testicular
function as well as the possibility of ovarian
dysfunction/ primary ovarian insufficiency in 46,XX
carriers (Philibert et al.,2011)
This report depicts the phenotypic variability
and specific counseling issues in NR5A1- related
disorders. Families dealing with such complex
issues may confront significant psychological
stress related to gender identity development
and gender dysphoria. Hence, a multi-disciplinary
Genetic Clinics 2021 | April - June | Vol 14 | Issue 2

approach of experts in clinical genetics,
newborn care, psychologists/psychiatrists and
endocrinologists are warranted for comprehensive
care of these individuals and families.
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(EFMR). EIEE9 is characterized by febrile or afebrile
tonic-clonic, myoclonic or atonic seizures, starting
in the early first year of life, and in some cases, is
associated with intellectual disability. PCDH19 gene
is the second known gene related to epilepsy
subsequent to SCN1A gene. The EFMR disorder
was first reported in 1971. Later, Dibbens et
al identified PCDH19 as the disease-associated
gene in 2008 (Dibbens et al., 2008). EFMR was
known to affect only female carriers and spare
hemizygous males. However, affected hemizygous
mosaic males were later reported to have clinical
features similar to those in affected females
(Depienne et al., 2009). Moreover, a person with
sex chromosome abnormality such as Klinefelter
syndrome (47, XXY) or trisomy X syndrome (47,
XXX) with pathogenic variant in PCDH19 gene is
also known to develop the phenotype (Romasko
et al., 2018). In addition, there are reports
of asymptomatic mosaic males and mutant
allele fractions (MAFs) of 4.16%–37.38% and
1.27%–19.13% in different tissues, hypothesizing
50% of MAFs for disease manifestation (Liu et al.,
2019).
We report on clinical exome sequencing in
a four-year-old male child who presented with
cortical dysplasia, gray matter heterotopias and
seizures since two months of age which revealed
mosaic variant in the PCDH19 gene.

Introduction

Patient and methods

PCDH19 gene located at the chromosome Xq22.1
locus, spanning six exons and encoding for
protocadherin 19 protein (PCDH19), belongs to
delta-2 protocadherin subclass of the cadherin
superfamily. The PCDH19 gene is predominantly
expressed in the brain and several different
pathogenic variants have been identified causing
epilepsy and mental retardation limited to females

This male patient initially presented at 2 months of
age with generalized tonic-clonic seizures without
fever. The seizures were controlled with one
drug initially but subsequently the patient needed
multiple antiepileptic drugs. Patient had global
developmental delay and at 4 years of age, he
could walk without support, run, write a few
letters, and could communicate with the parents.

Abstract
Epilepsy and intellectual disability limited
to females (EFMR)/ early infantile epileptic
encephalopathy-9 (EIEE9) is an unusual X-linked
disorder in which obligate male carriers are not
affected and females show severe epilepsy with
cognitive impairment. In the present study, a
male child who presented with cortical dysplasia,
gray matter heterotopias and seizures at two
months of age was evaluated using clinical exome
sequencing. Clinical exome analysis revealed a
mosaic truncation variant NM_020766.2: c.462
C>G in exon 1 of the protocadherin 19 gene
(PCDH19). This variant was further confirmed by
Sanger sequencing, which revealed mosaicism in
peripheral blood as well as saliva DNA in the
proband. This variant was not detected in the
Sanger sequencing of the parents. The PCDH19
gene located at the chromosome Xq22.1 locus,
encodes for protocadherin delta-2 protein with
1148 amino acids and is involved in calcium
dependent cell-cell adhesion. The present result
can be explained using cellular interference as the
disease mechanism and is well supported by
previous research studies.

Genetic Clinics 2021 | April - June | Vol 14 | Issue 2
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The patient was born to non-consanguineous
parents and there was no family history
of seizures. MRI of brain revealed cortical
dysplasia, gray matter heterotopias and thickened
gray matter. The patient’s family consented for
conducting the study and the same was also
approved by the Institutional Ethics Committee.
Genomic DNA was extracted from the
peripheral blood and saliva for the proband and
the parents using the phenol-chloroform and
salting out method, respectively. Clinical exome
sequencing was performed on the genomic
DNA and sequenced to mean coverage of
100X on the Illumina platform (Centogene,
Germany). The reads were mapped against human
reference genome assembly (hg19/GRCh37) using
Burrows-Wheeler Aligner (BWA-MEM) and variants
were identified through the Genome Analysis
Toolkit (GATK) pipeline. The variants annotated
using Annovar were filtered with 1% minor allele
frequency (MAF) against population databases
including 1000 genomes, Exome Variant Server
(EVS), Exome Aggregation Consortium (ExAC),
Genome Aggregation database (gnomAD), 69
Genome data (Cg69), Great Middle East (GME_all)
and in-house databases. The functional impact
of the variants identified was predicted using
bioinformatics tools like PolyPhen2, SIFT and
MutationTaster and known mutation databases
like ClinVar, OMIM etc.
Specific genomic primers were designed and
PCR was performed on the genomic DNA of
proband and parents from blood and saliva, using
the Qiagen Fast Cycling kit (Qiagen, Germany).
Sanger sequencing was performed to confirm
the identified variants on the ABI 3130 genetic
analyzer machine (Thermo Fisher Scientific, USA).

Results and Discussion
The quality metrics analyses of the clinical
exome sequence revealed a mean depth of
~135X with 97% of the reads having more
than or equal to 20X coverage. The total
number of variants was 32,607, which was
reduced to 1333 variants after filtering against
population databases. Further, only variants
of exonic and splicing regions were analysed
for variant types such as non-synonymous
SNV, frameshift deletion, frameshift insertion,
and stop gain variants. A hemizygous variant
NM_020766.2(PCDH19):c.462C>G (p.Tyr154*) was
identified in exon 1 of the PCDH19 gene in
Genetic Clinics 2021 | April - June | Vol 14 | Issue 2

the proband. This variant is absent in 1000G,
ExAC, gnomAD, Complete genomics (cg69), Great
middle east (GME) and in-house Indian databases.
At the variant position, the read depths for C
and G nucleotides were 16 and 64 respectively
(Figure 1A). The identified variant was confirmed
by Sanger sequencing in both the blood and
saliva genomic DNA in the proband (Figure 1B).
Parental segregation analysis revealed a de novo
mechanism for the variant (Figure 1). It is also
interesting to observe that the mutant G allele
showed predominance over the reference C
allele in the targeted Sanger testing. Moreover,
the ClinVar database classified the identified
variant as likely pathogenic with the accession
ID: VCV000619130.3 from multiple submitters
including the submission from the present study.
The other submitters reported on mosaic variants
found in five males showing severe symptoms.
The OMIM database has reported PCDH19
gene related phenotype as inherited in
an unusual X-linked pattern (OMIM number.
#300088). This unusual mode of inheritance is
explained by cellular interference, where the
co-existence of different cellular populations
distorts the cell sorting event in male mosaic.
The heterozygous females are affected as a
result of random X-inactivation. The cellular
interference mechanism was reported from
the study of Depienne et al, 2009, which
revealed a deletion in PCDH19 gene in a
male patient with similar phenotype of early
infantile epileptic encephalopathy-9 (EIEE9) or
‘epilepsy and mental retardation limited to
females’ (EFMR). EFMR has been known to
affect only female patients and pathogenic
variation in PCDH19 gene in hemizygous male
does not result in the disease. The PCDH19
gene encodes for the protocadherin-19 protein
which is involved in cell-cell adhesion (Juberg
et al., 2009). Hence, cellular interference was
hypothesized for the affected females, comprising
of two different cell populations existing as
PCDH19-negative and PCDH19-wild type cells due
to X inactivation disrupting the cell sorting
event. This cellular interference has also been
reported for craniofrontonasal syndrome, caused
by pathogenic variations in the EFBN1 gene. The
heterozygous females were observed to be more
severely affected than the hemizygous males. The
mosaic males with this condition suffered from
a more severe outcome in X-linked dominant
disorder which supports the cellular interference
mechanism (Twigg et al., 2013).
6
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Blood

Saliva

Figure 1 A) Integrative Genomics Viewer (IGV) screenshot showing hemizygous variant c.462C>G in
PCDH19 gene in the proband; read count for reference allele C is 16 and alternate allele G is 64.
B) Sanger sequencing on genomic DNA isolated from blood (left panel) and saliva (right panel)
showing mosaicism for the variant in the proband.

Conclusion
Early infantile epileptic encephalopathy-9 (EIEE9)
or Epilepsy and mental retardation limited
to females (EFMR) is an epileptic disease
characterized by early onset of seizures with
or without intellectual disability. The identified
variant NM_020766.2:c.462 C>G in PCDH19 gene in
proband is classified as likely pathogenic according
to the American College of Medical Genetics and
Genomics/ Association for Molecular Pathology
(ACMG/ AMP) guidelines. The aim of this report
is to highlight this neurologic disorder which
is inherited through X-linked inheritance with a
distinct disease mechanism known as cellular
interference.
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Abstract
Familial hemophagocytic lymphohistiocytosis (FHL)
is a hyperinflammatory disorder which occurs due
to a genetic defect in the cytolytic pathway of
natural killer cells and cytotoxic T cells. We present
here the case of a female infant who presented
with the typical features of high-grade fever,
hepatosplenomegaly and pancytopenia, and was
diagnosed to have FHL due to a homozygous
variant in the STXBP2 gene.
Keywords: Familial hemophagocytic lymphohistiocytosis, STXBP2

Introduction
Hemophagocytic lymphohistiocytosis (HLH) is
a hyperinflammatory disorder resulting from
prolonged and excessive activation of antigen
presenting cells (macrophages and histiocytes)
and CD8+ T cells. The two forms of HLH
are primary (genetic) and secondary (acquired).
Primary HLH occurs due to an underlying
genetic defect in the cytolytic pathway of natural
killer (NK) cells and cytotoxic T cells. The
disease usually presents in infancy and early
childhood but the first clinically significant episode
can present throughout life, ranging from
prenatal presentation to the seventh decade.
Secondary HLH may be triggered by an infection
[Epstein-Barr virus (EBV), herpes simplex virus
(HSV), cytomegalovirus (CMV), adenovirus, dengue,
ebola virus etc.], malignancy, or autoimmune
diseases (such as systemic onset juvenile
idiopathic arthritis). Though HLH is classified as
primary and secondary, there is a considerable
overlap between the two and often secondary
HLH is found to have an underlying genetic
defect. The estimated incidence of primary HLH is
Genetic Clinics 2021 | April - June | Vol 14 | Issue 2
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0.12/100,000 children per year in a Swedish study
and 0.34/100,000 children per year in studies from
Japan. The prevalence of all cases of HLH under 18
years of age has been estimated as 1.07/100,000
(Sen et al., 2017).

Patient details
Baby X, a 1-month-25-days-old female child,
second born to a non-consanguineous couple, was
admitted with history of high-grade intermittent
fever, breathlessness and occasional cough for 3
days. She was a born by Caesarean section at
term, with a birth weight of 3.06 kg and cried soon
after birth. The postnatal period was uneventful.
She was partially immunised for age (only birth
dose vaccines were taken). There was family
history of neonatal death; her elder sibling had
expired in the newborn period due to multiorgan
dysfunction.
On examination, the infant was irritable and
did not have any significant facial dysmorphism
except for low anterior hair line and small anterior
fontanelle. Weight at admission was 4 kg, length
52 cm and head circumference 35 cm. She had
mild respiratory distress but her chest was clear.
Cardiovascular system was clinically normal.
Abdomen was distended and soft to palpation.
She had an enlarged liver which was palpable
3 cm below the right costal margin and firm in
consistency. The spleen was palpable 2 cm below
the left costal margin. Hernial orifices were normal
and she had normal female genitalia. There was
no skin rash or pigmentation. Neurological
examination was normal.
She was initially managed with oxygen by
continuous positive airway pressure, intravenous
antibiotics (cefotaxime and amikacin) and other
supportive measures. On evaluation she was
found to have acute liver failure, cholestatic
8
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jaundice and multiple electrolyte abnormalities
(Table 1). She was managed with N-acetyl
cysteine infusion and other supportive measures.
All hepatotoxic drugs were avoided. Electrolyte
abnormalities were corrected with intravenous
and oral supplements. But the blood counts
and liver function progressively worsened (Table
1). There were no episodes of hypoglycaemia.
She developed diarrhoea which was managed
with oral rehydration solution, probiotics and
zinc supplements. In view of high spiking fever
and worsening general condition of the baby,
antibiotics were upgraded to meropenem and
vancomycin, and acyclovir was added suspecting a
viral etiology.

Figure 1 Bone marrow aspiration smear showing
hemophagocytosis
Hepatitis B surface antigen (HBsAg), and
antibody against hepatitis C virus and hepatitis
A virus (anti HCV and anti HAV) were
negative. Dengue IgM, Lepto IgM and Scrub
IgM serology, test for infectious mononucleosis,
and Enterocheck WB test for typhoid were
negative. The nasopharyngeal swab viral panel
was negative. Real-time reverse transcription
polymerase chain reaction (rRT-PCR) test for
coronavirus disease (COVID-19) was also negative.
Blood PCR for CMV, and HSV 1 and 2 IgM serology
were also negative. Serum alpha fetoprotein
was 46.88 mg/ml (reference range 0-9.5 mg/ml)
and serum lactate dehydrogenase was 971 IU/L
(reference range 230-400 IU/L). Urine metabolic
screening was negative. Urine examination
Genetic Clinics 2021 | April - June | Vol 14 | Issue 2

showed albumin 3+, pus cells 1-3/ high power field,
sugar nil, and acetone nil. The other investigations
were as follows: urine pH 5.5, serum sodium
113 mEq/L (130-140 mEq/L), serum osmolality
463 mOsm/kg (800-1300 mOsm/kg), and serum
chloride 131 mEq/L (80-209 mEq/L).
Serum ferritin was 1473 ng/ml and serum
triglycerides were 647 mg/dl. The clinical and
biochemical parameters satisfied the criteria
of HLH. Hence treatment with intravenous
immunoglobulin (IVIG) 2 g/kg and dexamethasone
regimen were started. Bone marrow aspirate
showed hemophagocytes (macrophage with
engulfed erythroblasts) suggestive of HLH (Figure
1). But the child failed to respond to IVIG or
steroids. Pancytopenia, liver dysfunction and
coagulopathy progressively worsened. Multiple
platelet concentrate, fresh frozen plasma and
packed red cell transfusions were given. But
she developed haemorrhage and shock not
responding to inotropes and succumbed to the
illness.
The peripheral blood sample was sent for
clinical exome sequencing to look for mutations in
genes involved in familial HLH. A homozygous
missense variant (c.1730G>A; p.Gly577Asp) was
identified in the STXBP2 gene (transcript ID
ENST00000441779) in the proband. This variant
was previously reported in a patient affected with
familial HLH 5 (Pagel et al., 2012). This variant
has not been reported in the 1000 genomes
database
(https://www.internationalgenome.
org/1000-genomes-browsers) and has a minor
allele frequency of 0.0004% and 0.027% in the
gnomAD (https://gnomad.broadinstitute.org/)
and internal databases, respectively. The
in silico predictions of the variant are
probably damaging by PolyPhen-2 (http:
//genetics.bwh.harvard.edu/pph2/) and damaging by SIFT (https://sift.bii.a-star.edu.sg/),
LRT
(http://www.genetics.wustl.edu/jflab/
lrt_query.html)
and
MutationTaster2
(http://www.mutationtaster.org/). The reference
codon is conserved across mammals. The variant
is classified as ‘likely pathogenic’ as per the
American College of Medical Genetics and
Genomics/ Association for Molecular Pathology
(ACMG/AMP) guidelines (Richards et al., 2015).
The child was thus diagnosed to have familial
hemophagocytic lymphohistiocytosis type 5 (FHL5)
(OMIM #613101). Both parents were heterozygous
for this variant. Genetic study of the deceased
sibling could not be done due to non-availability of
the blood or DNA sample.
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Table 1 Table showing the baseline investigations and the progression in the patient
Date

DA1

DA3

DA5

DA6

DA7

DA8

DA10

Normal
range

Hb (g/dl)

9.5

9.4

9.0

7.2

6.3

6

6.1

9-14

4,850

3,280

4,800

4,000

500019,500

P34 L66

P31 L61

P12 L83

P10 L90

TLC
(cells/mm3 )
DLC
Platelet
count
(cells/mm3 )

ANC 1649

ANC 992

ANC 576

ANC 400

P54-62 L25-33

65,000

35,000

31,000

10,000

1.5-4 X 105

CRP
(mg/dl)

1.39

BU/S Cr
(mg/dL)

19/0.5

13/0.4

18/0.4

SGOT
(IU/L)

368

241

707

SGPT
(IU/L)

207

205

Serum Na
(mM/L)

128

Serum K
(mM/L)

2.4

Negative

0-0.6

21/0.5

24/0.4

25/0.3

5-20/
0.3-0.7

1761

395

184

128

<40

378

873

509

419

223

<40

147

132

131

136

132

132

135-145

2.5

3.3

2.9

3.8

3.3

5.5

3.5-5

Serum
Ca/P
(mg%)

4.4/1.8
(corrected
Ca- 5)

4.8/2.4

8.5/1.6

9/1.6

8.1/4.3

9-10.6/
2.5-4.5

Serum Mg
(mg%)

1

1.6

1

1.6

1.5-2.5

0.5

0.5

1.7/0.3

0.2-1/
0-0.2

472

293

238

210-810

5.4/3.5

4.3/2.7

4.6/2.4

6.2-7.8/
3.5-5

19.7/
1.42

20.6/ 1.49

27.7/ 2.03

11-15/
0.8-1.1

27.7

28.1

39.5

32

Serum Bil
T/D (mg%)

0.9/0.5

Serum ALP
(IU/L)

720

0.8/0.2

Serum
Pr/Alb
(gm%)
PT
(sec)/INR

31/ 2.5

31.9/ 2.3

APTT (sec)

DA – Day of admission; Hb – Hemoglobin; TLC- Total leucocyte count; DLC – Differential leucocyte count;
P – Polymorphs; L- Lymphocytes; ANC – Absolute neutrophil count; CRP- C-reactive protein; BU – Blood
urea; S Cr – Serum creatinine; SGOT - Serum glutamic-oxaloacetic transaminase; SGPT - Serum
glutamic-pyruvic transaminase; Serum Na – Serum sodium; Serum K – Serum potassium; Serum Ca/ P –
Serum calcium/ phosphorus; Serum Mg – Serum magnesium; Serum Bil T/D – Serum bilirubin total/ direct;
Serum ALP – Serum alkaline phosphatase; Serum Pr/ Alb – Serum total protein/ albumin; PT –
Prothrombin time; APPT – Activated partial thromboplastin time
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Discussion
Critical to the diagnosis of HLH is the awareness
about the disease and high degree of suspicion
in children with some of the clinical features.
There is considerable overlap between HLH
and the symptoms and signs of many other
diseases and the combination of clinical and
laboratory signs, their severity and the changes
over time help in diagnosis. It closely resembles
severe systemic sepsis and some consider HLH
and severe sepsis to be phenotypes of a
spectrum of hyperinflammatory reactions. The
cardinal features of HLH are high grade fever,
hepatosplenomegaly and cytopenias, with a failure
to respond to initial anti-infective treatments. The
inflammatory reaction results in elevation of levels
of tumour necrosis factor (TNF) 𝛼, interleukin 6
(IL-6), interleukin 1 (IL-1) and other interleukins,
which causes high fever and infiltration of tissues
with activated macrophages and lymphocytes. This
leads to multi-organ inflammation and damage.
The HLH-2004 study developed diagnostic
criteria for the clinical diagnosis of HLH (Henter et
al., 2007). In a child with appropriate clinical
presentation, identification of mutation in one of
the genes involved or fulfilment of five of the eight
criteria, confirms the diagnosis of HLH. Fever and
splenomegaly are consistent features in children
other than neonates, seen in 90-100% of cases.
Hyperferritinemia is a crucial marker of active
HLH/macrophage activation syndrome (MAS) and
values more than 10,000 µg/L in children were
found to be 90% sensitive and 96% specific
for HLH. In case of other investigations like
blood counts, erythrocyte sedimentation rate (ESR)
and transaminases, change in parameters over
time rather than absolute values are important
for the diagnosis. A paradoxical drop in ESR
in spite of active systemic inflammation in the
proband is suggestive of HLH. This is due to
the fall in fibrinogen level due to fibrinogen
consumption and liver dysfunction. A dropping
ESR in conjunction with elevated c-reactive protein
(CRP) is an important sign of HLH.
While the presence of hemophagocytosis in the
bone marrow can help to confirm the diagnosis of
HLH, it is frequently absent especially in the early
stages of the disease. Moreover, bone marrow
aspiration/biopsy is an invasive procedure which
may be difficult to do in a sick child. Two other
biomarkers, measurement of NK cell function
and soluble interleukin 2 receptor 𝛼 chain
Genetic Clinics 2021 | April - June | Vol 14 | Issue 2

(sIL-2Ra, CD25) are available only in specialised
immunology or research laboratories.
HLH can be either primary due to an autosomal
recessive monogenic disorder or secondary to
infections, malignancy or autoimmune disorders.
Genetic forms of HLH can be further classified into
familial HLH and lymphoproliferative syndromes.
Familial HLH can be subdivided into conditions
without skin hypopigmentation and with skin
hypopigmentation (Table 2) (Al-Herz et al., 2014).
Genetic testing by DNA analysis of the genes
involved will help to confirm the diagnosis.
However, most of the patients have severe
systemic symptoms at diagnosis, and timely
appropriate treatment for HLH is needed before
genetic testing to distinguish primary from
secondary HLH.
HLH
is
characterized
by
multisystem
inflammation
due
to
prolonged
and
excessive activation of antigen-presenting cells
(macrophages and histiocytes) and CD8+ T cells,
and excessive proliferation and ectopic migration
of T cells. NK cells modulate the initial responses
of antigen-presenting cells to incoming pathogens
like viruses (likely through cytokine signalling)
and thus attenuate the subsequent activation of
antigen-specific T cells. The perforin/granzymes,
Fas/Fas
ligand,
membrane-bound
TNF-𝛼,
membrane-bound lymphotoxin, and TNF-related
apoptosis-inducing ligand (TRAIL), are the
various mechanisms implicated in NK/cytotoxic T
lymphocyte (CTL)-mediated cytotoxicity (Madkaikar
et al., 2016; Filipovich & Chandrakasan, 2015).
Among these, the perforin/granzyme and Fas/Fas
ligand interactions are the two most important
mechanisms. Various proteins involved in this
pathway are lysosomal trafficking regulator (LYST)
protein, adaptor related protein complex 3 subunit
beta 1 (AP3B1), syntaxin 11, Rab27a, Munc13-4,
and Munc18-2 (Figure 2). All genetic forms of HLH
are due to variations in one of the genes coding
for these proteins (Table 2).
The initial treatment options of HLH
consist
of
combinations
of
proapoptotic
chemotherapy and immunosuppressive drugs
targeting the hyperactivated T cells [such as
steroids, cyclosporine A, antithymocyte globulins,
2-chlorodeoxyadenosine,
and
Alemtuzumab
(Campath-1H)]
and
macrophages/histiocytes
[etoposide, steroids, and high-dose intravenous
immunoglobulin (IVIG)] (Madkaikar et al., 2016;
Ishii, 2016). Recently, Alemtuzumab (Campath-1H),
a monoclonal antibody to CD52, was found to
have a significant response against refractory
11
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Table 2 Classification of genetic forms of HLH (Al-Herz et al., 2014).
Disease name

Gene

Protein

Function

Familial HLH without skin hypopigmentation
FHL1

Unknown

-

-

FHL2

PRF1 (first gene reported,
in 1999)

Perforin

Pore formation

FHL3

UNC13D (second gene
reported, in 2003)

Munc 13-4

Vesicle priming

FHL4

STX11

Syntaxin 11

Vesicle fusion

FHL5

STXBP2 (reported in 2009)

Munc 18-2

Vesicle fusion

Familial HLH with skin hypopigmentation
Griscelli syndrome
type 2

RAB27A

Rab27a

Vesicle docking

Chediak-Higashi
syndrome

LYST

Lyst

Vesicle trafficking

Hermansky-Pudlak
syndrome type 2

AP3B1

AP3B1

Vesicle trafficking

Lymphoproliferative disorders
XLP1

SH2D1A

SAP

Signalling in T, NK and
NK-T cells

XLP2

XIAP

XIAP

Signalling pathways via
NF-𝜅B

ITK deficiency

ITK

ITK

Signalling in T cells

CD27 deficiency

CD27

CD27

Lymphocyte
co-stimulatory molecule

XMEN syndrome

MAGT1

Magnesium
transporter 1

T cell activation via T cell
receptor

FHL - familial hemophagocytic lymphohistiocytosis; HLH - hemophagocytic lymphohistiocytosis; ITK interleukin-2-inducible T cell kinase; NF-𝜅B - nuclear factor kappa-light-chain-enhancer of activated B cells;
NK - natural killer; SAP- signalling lymphocyte activation molecule (SLAM)-associated protein; XIAP X-linked inhibitor of apoptosis protein; XLP- X-linked lymphoproliferative syndrome; XMEN- X-linked
immunodeficiency with magnesium defect, Epstein-Barr virus infection and neoplasia.
HLH, but CMV reactivation and adenoviremia
were frequent complications of this therapy.
Currently, definitive treatment and potential cure
of FHL is only achieved by hematopoietic
cell transplantation (HCT). Supportive care
including prophylaxis for pneumocystis jirovecii,
and other fungal or opportunistic infections by
empiric broad-spectrum antibiotics or antifungal
therapy also plays a major role in successful
treatment. Granulocyte-colony stimulating factor
(G-CSF) can also be used to increase
neutrophil counts in myelosuppression.
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The proband described above had all the
clinical features to suspect HLH and molecular
testing confirmed the diagnosis. Since there is 25%
recurrence risk in each future pregnancy, prenatal
diagnosis can be offered in the next pregnancy. A
high index of suspicion and proper diagnostic
workup including molecular testing will help in
confirmation of the diagnosis and appropriate
genetic counseling.
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NK cell/
Cytotoxic T cell
SORTING (LYST)
POLARISATION (AP3B1)
Perforins
Granzymes
VAMP7
Rab 27a
Munc 13-4

DOCKING (Rab 27a)

Nucleus

FUSION
(Syntaxin 11,
SBP2)

PRIMING (Munc 13-4)

Munc 18-2
SNAP 23
Syntaxin
11

Target cell

Granule release mechanism in
NK cells and Cytotoxic T cells

Figure 2 Granule release mechanism in natural killer (NK) cells and cytotoxic T cells showing various
molecules and their functions.
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Role of ultra-rapid exome sequencing
in critically ill infants and children (Lunke
et al., 2020)
This study was conducted in Australia to evaluate
the feasibility of ultra-rapid exome sequencing in
critically ill pediatric patients. A total of 108 sick
children with a median age of 28 days, underwent
exome sequencing. Fifty five out of 108 patients
(51%) received a molecular diagnosis within the
median time of 3.3 days. Additional 11 children
(20%) received a diagnosis by supplementary
genetic tests like copy number analysis of exome
data, mitochondrial genome sequencing, RNA
analysis and additional phenotyping. Of the 55
patients who received a diagnosis, 42 patients had
a significant change in management. Negative
results also lead to changes in management in 6
out of 53 (11%) cases. Based on the positivity
rate and clinical utility, the authors suggested
that ultra-rapid exome sequencing is a feasible
testing option in critically ill pediatric patients with
suspected monogenic conditions in the Australian
public health care system.

Clinical utility of rapid next generation
sequencing: physicians' perspectives
(Dimmock et al., 2020)
As a part of the Newborn Sequencing Genomic
Medicine and Public Health 2 (NSIGHT2) study, 189
seriously ill infants with diseases of unknown
etiology were randomised to exome versus
genome sequencing, initially as solo, and then as
trios. The diagnostic yield was similar between
both groups [exome sequencing: 18/95 (19%)
and genome sequencing: 18/94 (19%)]. The
Genetic Clinics 2021 | April - June | Vol 14 | Issue 2
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time taken to report was also comparable in
both groups (exome sequencing: 11.2 days and
genome sequencing: 11 days). However, analytic
performance of genome sequencing was better.
Of the 153 cases who had negative results by solo
sequencing, trios were performed in 104 infants.
Only one extra patient was diagnosed by trio
exome sequencing. Apart from this, 24 neonates
who were considered too sick to await results
for 10 days, underwent ultra-rapid trio genome
sequencing. The diagnostic yield was better than
exome or genome (11/24; 46%) and the mean time
for report was 4.6 days.
Clinicians involved in direct care of newborns
(intensivists, pediatricians) were interviewed on
the clinical utility of rapid next generation
sequencing. Clinician responses were available
for 201 cases. Overall, clinicians believed rapid
next generation sequencing was useful in 154
out of 201 cases (77%), including positive and
negative results. Even though positive results were
associated with more changes in outcome (42/45;
93%), 112 of 156 (72%) cases with negative results
were also considered to have clinical utility. This
emphasizes the role of rapid next generation
sequencing in providing directions for care when a
result is available and also to narrow down
differential diagnoses when the result is negative.

Rapid exome sequencing in fetuses with
congenital anomalies (Deden et al., 2020)
Fifty four pregnancies with multiple congenital
anomalies detected by ultrasound in the fetus with
a likely genetic diagnosis, were recruited for rapid
exome sequencing. These fetuses were grouped
into 3 groups – skeletal dysplasia, multiple major
congenital anomalies, and intracerebral structural
anomalies. Overall, 18 of the 54 fetuses (33%)
14
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received a diagnosis with a median time of 10
days, of which skeletal dysplasia constituted the
majority (11 of 54; 20%). In a survey, physicians
indicated that rapid exome sequencing results
influenced clinical decision making in 68% of
cases. Rapid exome sequencing improves prenatal
diagnosis of fetuses with congenital anomalies,
and aids in prenatal and peripartum parental and
clinical decision making.

Parents' perspective (Cakici et al., 2020)
As a continuation of the NSIGHT2 study, parents of
children who underwent rapid next generation
sequencing were interviewed on their perceptions
on the utility, consenting and harms involved with
rapid next generation sequencing. Out of 161, 156
(97%) parents believed testing was somewhat
useful on a Likert scale, even though molecular
diagnosis was made only in 23% infants. Only
a few parents (~5%) reported harm, stress
or confusion. Positive results were useful in
managing symptoms of their infants. Rapid next
generation sequencing was perceived as beneficial
by parents in infants with unknown diagnosis in
the intensive care unit.

Extra counseling support for parents (Hill
et al., 2020)
Forty critically ill children with a likely monogenic
disorder were recruited for trio rapid genome
sequencing in the Rapid Paediatric Sequencing
(RaPS) study. Face-to-face and telephonic
interviews were conducted for 11 parents and
19 professionals to assess their perspectives on
rapid genome sequencing. Both the parents and
professionals believed rapid genome sequencing
had clinical benefits in the form of obtaining

diagnosis, ruling out differentials and future
pregnancy planning. In addition, professionals
opined rapid genome sequencing influenced
patient management, deciding palliative care and
reduction of unwanted invasive procedures that
lead to reduction in cost. Psychological benefits
reported by parents included relief, reassurance,
and greater certainty. However, additional
psychosocial support is recommended by authors
to parents as they are likely to have increased
stress, especially in a critical setting, and when
waiting for results.
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This 16-year-old male patient was referred for evaluation of short stature, lower limb
deformity, and intellectual disability. Findings characteristic for this disorder were
noted in radiographs of the pelvis and thoracolumbar spine. Identify the condition.
Please send your responses to editor@iamg.in
Or go to http://iamg.in/genetic_clinics/photoquiz_answers.php
to submit your answer.

Answer to PhotoQuiz 51
Autosomal Recessive Osteopetrosis (Infantile Malignant Osteopetrosis)
Autosomal recessive osteopetrosis (ARO), also known as infantile malignant osteopetrosis, is a
disorder characterized by abnormal expansion of the cortical and trabecular bone. The main clinical
manifestations are sclerosis of the base of the skull resulting in optic nerve compression, facial palsy
and hearing loss; narrowing of the bone marrow cavity and marrow insuﬃciency resulting in severe
anemia and thrombocytopenia; increased extramedullary hematopoiesis leading to
hepatosplenomegaly; hypocalcemia with tetanic seizures and secondary hyperparathyroidism;
macrocephaly; fractures; and growth failure. It is genetically heterogeneous and biallelic pathogenic
variants in the TCIRG1, CLCN7, OSTM1, TNFRSF11A or SNX10 gene have been reported to be associated
with the severe form of ARO; variants in certain other genes including TNFSF11 and PLEKHM1 have
been reported to cause milder forms. Hematopoietic stem cell transplantation is the recommended
therapy, but cranial nerve dysfunction is usually irreversible. Majority of untreated children with the
severe form of ARO do not survive beyond the ﬁrst decade.

Correct responses were given by:
1. Dr Subhash Chandra Shaw, Department of Pediatrics, Armed Forces Medical College, Pune
2. Dr Nibedita Mitra, Southern Railway Headquarters Hospital, Chennai
3. Dr Jayaprakash Parameswaran, Institute of Child Health, Government Medical College, Kottayam, Kerala
4. Dr Gayatri Indla, Lotus Ultrasound and Fetal Care Centre, Kurnool, Andhra Pradesh
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5th National conference of the Indian Society of Primary Immune
Deficiency (ISPID)
The 5th National conference of the Indian Society of Primary Immune Deficiency (ISPID) was conducted virtually on
March 6 and 7, 2021. The conference was organised by the Department of Clinical Immunology & Rheumatology, Sanjay
Gandhi Postgraduate Institute of Medical Sciences (SGPGIMS) and the Department of Pediatrics, King George Medical
University, Lucknow.
The theme for the meeting this year was autoinflammation and autoimmunity in primary immune deficiency
disorders. Talks by eminent national and international experts in the field of autoinflammatory and autoimmune diseases
were the highlights of this virtual meeting. More than 120 participants including rheumatologists, paediatricians and
geneticists participated in this online event. The free paper and case presentation segment, where the residents and
trainees showcased their work, was engrossing. There was a separate online poster presentation segment. Dr Manisha
Madkaikar, Director, NIIH, Mumbai, addressed the gathering during the curtain raiser event to the Indian Council of
Medical Research (ICMR) Primary Immune Deficiency registry. Dr Haseena Sait, DM trainee in Medical Genetics, SGPGIMS,
Lucknow, won the first prize for the case presentation. The meeting ended with an online quiz program for residents and
trainees in clinical immunology and rheumatology.
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Love for Genetics!
My life was balanced, like
a ‘balanced translocation’
Living merrily with a sense of satisfaction!
Passionate to know the ‘Genes’
at the source of incarnation,
My DNA received a ‘cryptic gain’ with
ﬁre in the soul and determination!
It was curiosity, learning, enquiry in ‘Array’
Understanding genetics with
inﬁnite possibilities every day!
Tried performing RFLP, MLPA and PCR
Reached near the ‘gain’ with eﬀorts so hard!
Finally reached that ‘allele’ of the DNA
By sequencing the exome, all the way.
And there lies the mutation in a ‘gene’
‘Gain of function’ was the situation
I thank God, I got mutated,
For the love of genetics
feels perfectly motivated!
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