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NEWBORN SCREENING FOR INBORN
ERRORS OF METABOLISM IN INDIA -
PRESENT STATUS, GAPS AND FUTURE
DIRECTIONS

*Amit Kumar Gupta
**Neerja Gupta

***Madhulika Kabra
****Seema Kapoor

Abstract: Newborn screening (NBS) is a proven public
health intervention enabling early detection and
management of treatable metabolic and genetic disorders.
In India, NBS has evolved from isolated pilot projects to
structured state-led initiatives like NEEV (Delhi) and
Shalabham (Kerala). Despite demonstrated feasibility,
nationwide implementation faces challenges of
infrastructure, cost and workforce limitations. A tiered,
resource-based strategy integrating NBS with existing
maternal-child health programs is proposed to ensure
equity, sustainability and long-term reduction in
preventable morbidity and mortality.

Keywords: Newborn screening, Inborn errors of
metabolism, India, Public health.

Points to Remember

 There is significant experience in India for NBS
on DBS of core disorders (CH, CAH, G6PD,
Galactosemia, Biotinidase deficiency) primarily
through large multicentric, funded projects and
some state programs establishing the feasibility and
need for a national program.

 Ongoing state programs (e.g. NEEV and
Shalabham under RBSK) have initiated
comprehensive screening which in addition to DBS
(disorders tested variable) include externally visible
birth defects, hearing and CCHD screening.
This strategy seems to be appropriate providing one
time approach , easier implementation and avoids
running multiple parallel programs thus saving
cost.

 Experience with expanded NBS using TMS is
limited though diagnostic facilities are available
both in public and private laboratories. The testing
is primarily utilised in high-risk scenarios. Some
national pilot programs may be initiated in larger
experienced institutions.

 FSMPs are now manufactured in India (barring
few) at a much lower cost and treatment for small
molecule IEMs is supported under the National
Rare Disease Policy 2021. There is a need to have
more centres with metabolic physicians and a
robust referral system.

 There is an urgent need to roll out a national NBS
program in a phased manner beginning from states
with better health statistics. Start with Tier I
(essential, universal), expand to Tier II in capable
states and aspire for Tier III in future as health
financing improves.

 A tiered, pragmatic framework aligns with India’s
public health priorities, economic realities, and
infrastructure.
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CLINICAL PRESENTATION AND
ENZYME REPLACEMENT THERAPY IN
LYSOSOMAL STORAGE DISORDERS -
LESSONS FROM INDIA AND GLOBAL
CENTRES

*Prajnya Ranganath
**Sankar VH

Abstract: Lysosomal storage disorders are a group of
genetic metabolic disorders which usually present with
a chronic course and have varied manifestations with
multisystemic involvement including hepatosplenomegaly,
cytopenias, global developmental delay and/or
psychomotor regression, seizures and growth failure.
This group consists of around 70 clinically and
genetically heterogeneous conditions. The past few
decades have witnessed the development of enzyme
replacement therapies and other disease-specific
treatment strategies for lysosomal storage disorders.
This article reviews the clinical presentations, available
enzyme replacement therapies and other therapeutic
modalities with special reference to some of the relatively
common lysosomal storage disorders i.e., Gaucher
disease, Pompe disease, mucopolysaccharidoses and
Fabry disease.

Keywords: Lysosomal storage disorders, Clinical
manifestations, Enzyme replacement therapy.

Points to Remember

 Enzyme replacement therapy (ERT) improves
systemic manifestations but cannot cross the blood-
brain barrier, so neurological disease generally
continues to progress.

 Early initiation of ERT-especially in infantile
Pompe disease, severe MPS I and Fabry disease-
produces significantly better clinical outcomes.

 ERT requires lifelong weekly or biweekly infusions
and remains expensive, making sustained access a
major challenge in India.

 Although ERT benefits visceral, cardiac, and
skeletal systems, it has limited effect on poorly
vascularized tissues such as the cornea and bones.

 Emerging treatments like substrate reduction
therapy, chaperone therapy and gene therapy are
increasingly important additions where ERT alone
is insufficient.
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INBORN ERRORS OF METABOLISM - II

LONG-TERM FOLLOW-UP AND
NEURODEVELOPMENTAL OUTCOMES
IN CHILDREN WITH INBORN ERRORS
OF METABOLISM

*Umamaheswari Balakrishnan
**Rangan Srinivasaraghavan

Abstract : Inborn errors of metabolism affect
1 in 1000-3000 live births. Without universal newborn
screening in India, diagnostic timing varies widely,
delaying intervention. Many children experience
substantial neurodevelopmental burden despite metabolic
stabilization. Outcomes vary widely depending on
disorder type, timing of diagnosis, metabolic control and
access to care. Effective follow-up requires regular
biochemical and clinical monitoring, structured
neurodevelopmental assessment using WHO
International Classification of Functioning, Disability
and Health frameworks, coordinated metabolic clinics
and active parental involvement. Strengthening such
systems in resource-limited settings is essential to
translate survival into meaningful developmental gains.
This narrative review outlines a structured follow-up
program for children with inborn errors of metabolism,
including clinical and biochemical monitoring,
neurodevelopmental services, parental roles and
establishment of dedicated metabolic clinics.

Keywords : Treatable IEMs, Follow up, Metabolic clinic,
Biochemical monitoring, Growth, Neurodevelopmental
outcome.

Points to Remember

 Neurodevelopmental outcomes in IEMs are
variable and influenced by disease type, timing of
diagnosis, metabolic control, and access to care.

 Multidisciplinary, longitudinal follow-up is
essential for optimizing developmental outcomes.
General pediatrician should understand the
importance of long term follow-up.

 An ICF-guided neurodevelopmental approach
emphasizes functional abilities, participation and
quality of life beyond biochemical control.

 Strengthening follow-up systems and continued
research are crucial to improving long-term
outcomes, particularly in resource-limited settings.
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Abstract: Acute metabolic crises in Inborn Errors of
Metabolism (IEM) are life-threatening emergencies
warranting prompt management to optimize outcomes.
These crises typically manifest as sudden deterioration
following a healthy interval in neonates and triggered
by stressors like infection or fasting in children.
Management includes immediate stabilization followed
by specific therapeutic strategies: substrate reduction by
withholding feeding for 48 hours; toxic metabolite
elimination; provision of adequate calories and deficient
nutrients and enhancement of enzyme activity by cofactor
supplementation. Clinical protocols recommend
restarting enteral feeding with breast milk or special
formula milk within 48 hours, barring specific
contraindications. This review comprehensively details
these essential principles and strategies for managing
IEM crisis.

Points to Remember

 Early recognition and timely intensive care for
metabolic crises in IEM are crucial for preventing
mortality.

 Initial investigations of ‘GALAKS’ - glucose,
arterial blood gases, lactate, ammonia, ketones, and
urine reducing substances  help in guiding further
approach.

 Stabilization with airway, breathing, circulation
support and correction of hypoglycemia, seizures,
and metabolic acidosis form the foundation of acute
management.

 Substrate reduction is the key and is achieved by
nil per oral route, adequate glucose infusion to
prevent catabolism and initiation of special
formulas if the IEM diagnosis is known.

 Elimination of toxic metabolites should be done
by scavengers like sodium benzoate in
hyperammonemia and followed by extracorporeal
detoxification techniques.

 Supplementation with cofactors and vitamins, such
as biotin, thiamine and riboflavin will help in
specific IEMs.

 Prevention of recurrent crises is by
multidisciplinary long-term management involving
metabolic specialist, pediatrician, dietician and
neurologist.

 Genetic counselling and metabolic autopsy in
critical end stage cases is important for preventing
recurrence of the disorder in future pregnancies.* Professor of Pediatrics and
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NUTRITIONAL MANAGEMENT IN
INBORN ERRORS OF METABOLISM
- PRINCIPLES AND PRACTICAL
PITFALLS
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Abstract: Inborn Errors of Metabolism constitute a
heterogeneous group of genetic disorders, resulting from
an enzyme defect in biochemical and metabolic pathways
affecting proteins, fats, carbohydrates metabolism or
impaired organelle function presenting as complicated
medical conditions involving several human organ
systems. Their successful long-term clinical outcome is
fundamentally dependent upon prompt and precise
nutritional intervention. In majority of inborn errors of
metabolism, the key therapeutic strategy is nutritional
management which primarily is structured around the
restriction of toxic substrates, supplementation of
deficient products and strict prevention of catabolism.
This comprehensive review systematically delineates the
key principles of nutritional management, emphasizing
the necessity of highly individualized, dynamic and
rigorously monitored dietary regimens. Specific emphasis
is placed on the tailored nutritional strategies and
prevalent practical challenges associated with
Maple Syrup Urine Disease, Organic Acidemias,
Fatty Acid Oxidation Disorders, Glycogen Storage
Diseases, Galactosemia and Urea Cycle Defects.
Furthermore, this article articulates critical operational
pitfalls pertaining to the reliable procurement of
specialized medical foods, accurate biochemical
monitoring and ensuring patient adherence in resource-
constrained environments. Consequently, an anticipatory
and highly coordinated multidisciplinary team approach,
incorporating the expertise of the pediatrician, metabolic
specialist and specialized dietitian, is deemed

indispensable for optimizing somatic growth,
neurodevelopmental outcomes and the overall quality of
life for affected pediatric populations.

Keywords: Inborn errors of metabolism, Nutritional
management, Acute metabolic crisis, Specialized medical
foods.

Points to Remember

 Acute illness necessitates the immediate cessation
of the restricted substrate and aggressive high-dose
carbohydrate administration to prevent catabolism
and neurotoxicity.

 Monitoring is dynamic and must prioritize tracking
the specific toxic metabolite while urgently
checking urine ketones for signs of catabolism
during illness.

 For FAOD and GSD, the primary therapy is the
absolute prevention of fasting, often maintained via
strict nocturnal slow-releasing carbohydrate
administration.

 The availability of indigenous low cost specialized
medical formulae has made the treatment of IEMs
accessible in India. However long-term adherence
and requirement of dietician, specialized in the
management of IEM are the challenges for the
successful outcome.
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Abstract : Advances in the field of transplantation have
resulted in dramatic cure for children with inborn errors
of metabolism over the last three decades. Early diagnosis
and optimal patient selection are the key to successful
outcomes. The best outcomes have been seen in children
with mucopolysaccharidoses who have been transplanted
before the age of two years to prevent neurocognitive
deficits. The counselling of these families involves many
challenges including organ dysfunction during the
procedure, the long time required to perceive
improvement in the somatic features and the need for
holistic follow up with cardiac, orthopaedic, neurology
and ophthalmology colleagues. We present here, the data
available with current studies on patient referral, timing
of referral and the unique features in the care of these
children.

Keywords: Hematopoietic stem cell transplantation,
Inborn errors of metabolism, Lysosomal storage
disorders, Gene therapy.

Points to Remember

 Hematopoietic stem cell transplantation (HSCT)
for metabolic diseases involves inputs from a
multidisciplinary team before, during and long
after HSCT.

 The timing of HSCT must precede the onset of
disease progression; HSCT halts progression but
does not reverse existing disease related damages.

 HSCT can be performed using a matched sibling
donor, a matched unrelated donor or a
haploidentical parent donor.

 Myeloablative conditioning using treosulfan or
targeted busulfan prevents rejection of the graft.

 Gene therapy using autologous stem cells offers
the potential for better outcomes and lower toxicity
in this unique group of children.
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ROLE OF LIVER TRANSPLANT IN
CHILDREN WITH INBORN ERRORS OF
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Abstract: Inborn errors of metabolism (IEMs) represent
one of the major indications for pediatric liver
transplantation, particularly when conventional dietary
and medical therapies fail to prevent metabolic instability
or progressive organ damage. Liver transplant not only
replaces failing hepatic function but also corrects specific
enzyme deficiencies central to disorders such as urea
cycle defects, maple syrup urine disease, tyrosinemia,
organic acidemias, Wilson disease, glycogen storage
disorders, Crigler-Najjar syndrome, progressive familial
intrahepatic cholestasis and primary hyperoxaluria.
Evidence demonstrates that liver transplant provides
durable metabolic control, eliminates life-threatening
decompensation and permits dietary liberalization, with
survival outcomes comparable to non-metabolic
indications. Early transplantation mitigates irreversible
neurological, cardiac or renal injury and markedly
improves growth and quality of life. This review
summarizes the pathophysiology, indications and
outcomes of liver transplant across major pediatric

metabolic disorders, emphasizing its pivotal role in long-
term metabolic stabilization.

Keywords:  Inborn errors of metabolism (IEM), Pediatric
liver transplantation, Metabolic stabilization, Long-term
outcomes.

Points to Remember

  Liver transplantation serves as a metabolic cure,
correcting enzyme deficiencies in liver-related
metabolic disorders.

 Early liver transplant improves outcomes,
preventing irreversible neurological, cardiac, or
renal injury in disorders such as UCDs, MSUD,
and organic acidemias.

 Post-transplant metabolic stability helps in
elimination of life-threatening decompensations
and normalization of key biochemical parameters.

 Quality of life improves substantially, as children
can often discontinue strict dietary restrictions and
specialized metabolic therapies.

 Overall survival and graft outcomes are
comparable to non-metabolic transplant
indications, supporting LT as a safe and effective
long-term solution for selected metabolic diseases.
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Abstract: An enzyme deficiency or defect in a critical
metabolic pathway of the human body causes inborn
errors of metabolism. These disorders present with
multisystem involvement. Renal manifestations can be
in the form of tubular diseases like renal tubular acidosis,
renal stone disease, hyperuricemia, proteinuria,
glucosuria, acute kidney injury and chronic kidney
disease. Necessary investigations for the renal
manifestations must be a part of the routine follow-up
for these children.  Possible causes considered are the
accumulation of intermediate toxic substrates, energy
deficiency, deposition of crystalline substances and
subsequent multi-organ impairment. Specific therapies
with dietary modifications depending on the underlying
condition, are essential steps in treating inborn errors of
metabolism. Transplantation considerations in inborn
errors of metabolism have unique challenges, as
multisystem involvement is common. Isolated kidney, liver
or combined kidney-liver transplantation might be needed
depending on the underlying disease.

Keywords: Metabolic disorders, Fanconi syndrome,
Kidney transplantation, Liver transplantation and
combined liver-kidney transplantation.

Points to Remember

 Various renal manifestations are common in
children with inborn errors of metabolism.

 Although children with Tyrosinemia often present
with Fanconi syndrome, liver transplantation
remains the preferred treatment.

 Cysteamine therapy should be continued in
children with cystinosis even after kidney
transplantation.

 Lumasiran is a specific RNA interference (RNAi)
therapy for primary hyperoxaluria

 Metabolic crises should be managed appropriately
to prevent acute kidney injury in children with IEM.

 Isolated kidney, liver or combined kidney-liver
transplantation might be needed depending on the
underlying disease.
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RECENT ADVANCES IN INBORN ERRORS
OF METABOLISM - GENE THERAPY AND
EMERGING THERAPEUTICS
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Abstract: Inborn errors of metabolism comprise a
heterogeneous group of genetic disorders associated with
significant morbidity and mortality. Therapeutic
strategies for disorders with inborn errors of metabolism,
have been substantially evolved - from conventional
modalities like dietary modification and enzyme
replacement towards targeted molecular interventions
and precision therapies. Emerging therapeutic modalities
in inborn errors of metabolisms include viral vector gene
therapy, in vivo and ex vivo genome editing, epigenome
editing, ribonucleic acid-based therapeutics, small-
molecule chaperones and next-generation protein and
cell therapies that offer transformative and potentially
curative outcomes. This review summarises recent
advances across these platforms, highlighting disease-
specific progress in multivarious inborn errors of
metabolism-disorders.

Keywords: Inborn errors of metabolism, Emerging
therapies, Gene therapy, Genome editing, RNA
therapeutics

Points to Remember

 Therapeutic strategies for inborn errors of
metabolism are expanding from conventional
management strategies such as dietary
intervention, cofactor supplementation and enzyme
replacement to newer personalised gene-based
therapies.

 These advancements in therapies include novel
chaperones / other small molecules, enzyme
replacement therapy strategies, therapies related
to metabolic bypass and repurposed drugs.

 High-end viral and non-viral gene delivery
platforms, genome editing and RNA therapeutics
and their efficacy, safety, are being studied widely
and in various stages of development for a variety
of IEMs.

 In vivo gene therapy involves vector delivery directly
to the patient, predominantly using adeno-
associated virus vectors. Ex vivo hematopoietic stem
cell - lentiviral gene therapy enables central
nervous system cross-correction, providing durable
benefit in leukodystrophies.

 Lipid nanoparticle-mRNA and extracellular
vesicle-based systems are emerging as repeatable,
low immunogenicity alternatives, with growing
promise for hepatic and CNS-targeted IEMs.

 CRISPR, base editors and prime editors enable
single-base correction with low genotoxic risk,
provide an effective therapeutic alternative.
Preclinical and murine studies seem promising but
need further evaluation to establish clinical
translation of benefits.

 Availability and affordability of these therapeutic
advances still remain a great challenge. Therefore,
scaling up production of these newer therapies to
meet the demand and lowering costs to ensure
equitable access to these life-saving treatments is a
much needed action.
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ANTIPSYCHOTICS IN CHILDREN AND
ADOLESCENTS

*Jeeson C Unni
**Irshad M

Abstract : Prescription of antipsychotics has increased
over the last few years. Their indications extend beyond
schizophrenia and bipolar disorder and has found a place
in the management of autism spectrum disorder and
Tourette syndrome. Selection of antipsychotics should be
individualised for each child. An understanding of the
adverse effects of this group of drugs is essential for
proper monitoring and follow up of children and
adolescents on these drugs.

Keywords: 1st generation antipsychotic, 2nd generation
antipsychotic, Atypical antipsychotic, Medication,
Children, Adolescents, Safety, Efficacy.

Points to Remember

 Antipsychotic medications are effective in treating
several psychiatric conditions in children and
adolescents. Although not curative, they allow
adequate control of clinical symptoms in lifelong
psychiatric ailments.

 Antipsychotics result in a number of adverse effects
in this population and different agents present
highly variable safety profiles. Therefore,
prescribing of these drugs involves a difficult
balance between the need to relieve mental disease
symptoms and the risk of drug-induced toxicity.

 SGAMs overall dominate prescribing preferences
but FGAMs are still prescribed in the youngest in
varying proportions.

 Children under 9 years old on antipsychotics (‘off
label’) should be carefully monitored as the risk/
benefit ratio of these medications remains unclear
especially in the youngest.

 A multi-disciplinary team including the
pediatrician, the child psychiatrist and clinical
psychologist need to hand hold the child and the
family together while monitoring the progress of
therapies. Counselling of the adolescent and the
caregivers, by this team, regarding the goals to be
achieved, medication used at various stages of
disease, dose adjustments and early recognition of
developing side-effects, are an integral part of
management of these children.
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NEO CAPSULE

NEUROLOGICAL EXAMINATION OF
THE NEWBORN

*Sindhu Sivanandan
**Lakshmi V

Abstract: Neurological examination of the newborn
remains a fundamental component of neonatal assessment
despite advances in neuroimaging and
neurophysiological investigations. It is a cost-effective,
time-efficient and immediately actionable bedside tool
that provides critical insights into neurological integrity,
maturation and early dysfunction. The neonatal nervous
system is developmentally dynamic and neurological
findings vary significantly with gestational age, postnatal
maturation, behavioral state and clinical condition.
Unlike older children, neonatal neurological assessment
relies predominantly on observation of spontaneous
behavior, posture, tone, reflexes and responses to sensory
stimuli, supplemented by targeted examination
maneuvers. This review outlines a structured and
systematic approach to the neonatal neurological
examination, emphasizing the importance of clinical
history, accurate gestational age assessment and serial
examinations.

Keywords: Neurological examination, Behavioral state,
Passive tone, Active tone, Primitive reflexes.

Points to Remember

 Neonatal neurological examination remains an
essential bedside tool, providing immediate
assessment of neurological integrity.

 Interpretation must always be contextualized to
gestational age, behavioral state and clinical
condition.

 Observation forms the cornerstone of neonatal
neurological assessment, with posture, spontaneous
movements, tone, alertness and reflexes offering
critical insights.

 Hammersmith neonatal examination is a
structured tool for neurological assessment for term
neonates and preterm infants at term corrected age.

 Modified Sarnat examination allows to grade the
severity of encephalopathy and assess eligibility for
therapeutic hypothermia.
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CASE REPORT

ANAPLASTIC LARGE CELL LYMPHOMA
MANIFESTING AS CUTANEOUS
GRANULOMATOUS LESION
– A DIAGNOSTIC CHALLENGE
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Abstract: Anaplastic large cell lymphoma is a rare form
of mature T-cell non-Hodgkin lymphoma. It typically
presents at an advanced stage with extra-nodal
involvement. Granulomatous inflammation on biopsy can
be misleading often suggesting chronic infections and
inflammatory conditions. We report a case of pediatric
anaplastic large cell lymphoma presenting as  recurrent
cutaneous abscesses with granulomatous inflammation.

Keywords: Recurrent abscess, Cutaneous lymphoma,
Granuloma.
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