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ABSTRACT

Background: Sickle cell disease (SCD) is a hereditary hemoglobinopathy caused by a mutation in the 3-globin gene
leading to the formation of abnormal Hemoglobin S (HbS). The disease is highly prevalent among tribal populations in
India, particularly in Maharashtra, where several tribal communities exhibit a high carrier frequency. Children with SCD
are vulnerable to severe anaemia, recurrent infections, vaso-occlusive crises, malnutrition, and organ damage, which
significantly contribute to childhood morbidity and mortality.

Objective: To review the burden of child mortality associated with sickle cell disease in the tribal regions of Maharashtra
and to explore the disease through an integrative perspective encompassing contemporary medical understanding and
Ayurvedic concepts.

Methods: A narrative review with an integrative analytical approach was conducted using published scientific literature,
epidemiological studies, government reports, and classical Ayurvedic texts. Relevant information related to
epidemiology, mortality determinants, pathophysiology, healthcare challenges, and Ayurvedic interpretations of
hereditary disorders was critically analyzed.

Results: The review identified SCD as a significant contributor to childhood morbidity and mortality in tribal areas of
Maharashtra. Major factors associated with increased mortality include severe hemolytic anaemia, recurrent infections,
acute chest syndrome, malnutrition, delayed diagnosis, inadequate immunization, and limited access to specialized
healthcare services. From an Ayurvedic perspective, SCD may be understood through the concepts of Beeja Dushti
(genetic defect), Kulaja Vyadhi (hereditary disorder), Anukta Vyadhi (unclassified disease), and Pandu (anaemia-related
disorder). Integrative approaches involving newborn screening, genetic counselling, hydroxyurea therapy, nutritional
support, and evidence-based Ayurvedic supportive measures may contribute to improved disease management and
quality of life.

Conclusion: Sickle cell disease remains a major public health challenge among tribal populations of Maharashtra and
continues to contribute substantially to child mortality. Strengthening early diagnosis, preventive healthcare,
comprehensive disease management, and integrative healthcare strategies may help reduce disease burden and improve
survival outcomes. The National Sickle Cell Anaemia Elimination Mission represents an important initiative toward
achieving these goals.
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INTRODUCTION
disease (SCD) is a
hemoglobinopathy caused by a point mutation in the 3-

Sickle cell hereditary
globin gene, resulting in the formation of abnormal
hemoglobin S (HbS). Under conditions of hypoxia,
infection, HbS

polymerization leading to erythrocyte sickling, chronic

dehydration,  or undergoes
hemolysis, vaso-occlusive episodes, and progressive
multi-organ damage®. According to the World Health
Organization (WHO), approximately 5% of the global
population carries genes responsible for hemoglobin
disorders, and nearly 300,000-400,000 infants are born
annually with severe hemoglobinopathies, including
sickle cell disease?. The WHO has recognized SCD as
a major global public health problem because of its
significant contribution to childhood morbidity and
mortality, particularly in low- and middle-income
countries where healthcare resources remain
inadequate?.

In India, SCD constitutes a major public health
challenge predominantly affecting socioeconomically
disadvantaged tribal populations distributed across
central and western states including Maharashtra,
Madhya Pradesh, Chhattisgarh, Gujarat, and Odisha*.
Maharashtra is recognized as one of the high-burden
states for sickle cell disorders, especially within the
Vidarbha region and tribal belts comprising districts
such as Gadchiroli, Chandrapur, Nandurbar, Amravati,
Yavatmal, and Gondia. Epidemiological studies have
reported that the prevalence of sickle cell trait among
certain tribal communities ranges from 20% to 35%,
indicating a substantial genetic burden within these
populations®. Recognizing the substantial burden of

sickle cell disease among tribal populations, the

Government of India launched the National Sickle Cell
Anaemia Elimination Mission on 1% July 2023 with the
goal of eliminating the disease as a public health
problem by 2047. Under this initiative, large-scale
screening is being conducted in 21 districts of
Maharashtra, including tribal-dominated districts such
as Gadchiroli, Gondia, Chandrapur, Nandurbar,
Yavatmal, Amravati, Palghar and Nashik. The
programme aims to screen approximately 6.3 million
individuals in the 0—40 years age group between 2023
and 2025. As of January 2025, more than 5.3 million
individuals had been screened, representing
approximately 82% of the target population. The
programme also emphasizes genetic counselling,
prenatal diagnosis, disease surveillance through a
dedicated digital portal, free confirmatory testing, and
comprehensive patient management, highlighting the
growing commitment of public health authorities
toward reducing the burden of SCD in Maharashtra®.

Children affected with SCD commonly suffer from
recurrent vaso-occlusive crises, severe chronic
anaemia, repeated infections, splenic dysfunction,
growth retardation, malnutrition, and end-organ
complications involving the lungs, kidneys, bones, and
central nervous system’. These complications
significantly increase infant and under-five mortality
rates and adversely affect overall quality of life. The
clinical burden of SCD in tribal regions is further
aggravated by poverty, low literacy rates, poor
nutritional status, inadequate antenatal and maternal
healthcare, delayed diagnosis, poor sanitation, and
limited access to  specialized  healthcare
services®.Inadequate awareness regarding genetic

counselling, newborn screening, vaccination, and
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preventive healthcare measures also contributes to
recurrent crises and increased mortality among
affected children®.

Although sickle cell anaemia is not described as an
independent disease entity in classical Ayurvedic
literature, several Ayurvedic principles provide a
conceptual basis for understanding hereditary and
hematological disorders. The hereditary transmission
of disease may be correlated with Beeja Dushti (defect
in reproductive elements/genetic defect), wherein
abnormalities in parental reproductive components
result in congenital disorders®. The familial
occurrence and inherited nature of the disease may also
be interpreted under the concept of Kulaja Vyadhi
(hereditary disorders). Furthermore, SCD may be
categorized as an Anukta Vyadhi (disease not
specifically described in classical texts), which can be
understood through analysis of the involved Dosha
(biological humors), Dushya (affected body tissues),
Dhatu (body tissues), Srotasa (body channels), and
associated clinical manifestations.

From an Ayurvedic perspective, recurrent painful
crises, pallor, weakness, fatigue, and progressive tissue
depletion observed in SCD may be associated with
vitiation of Vata Dosha (principle governing
movement and neural functions), Pitta Dosha
(principle governing metabolism and transformation),
and Rakta Dhatu (blood tissue). The pathological
involvement of Rasavaha Srotasa (channels carrying
nutritive fluid/plasma) and Raktavaha Srotasa
(channels carrying blood) may contribute to impaired
deficiencies, and chronic

circulation, nutritional

debility. Recurrent hemolysis, malnutrition, and
chronic inflammation may further result in Dhatu
Kshaya (tissue depletion) and Ojakshaya (depletion of
vital immunity and vitality),

thereby reducing

resistance to infections and worsening disease

prognosis.Ayurvedic management approaches such as
Rasayana Chikitsa (rejuvenative therapy), dietary
regulation, immune-enhancing herbal formulations,
and holistic lifestyle interventions may provide
supportive benefits in improving immunity, nutritional
status, and quality of life among affected children™®.

Therefore, considering the high prevalence of sickle
cell disease and its significant contribution to
childhood morbidity and mortality among tribal
populations of Maharashtra, there is an urgent need to
systematically evaluate the factors associated with
disease burden and mortality in affected children.
Furthermore, despite substantial advances in
contemporary medical management, challenges related
to early diagnosis, accessibility of healthcare services,
nutritional deficiencies, recurrent infections, and long-
term disease management continue to persist in tribal
regions. In this context, the present study is undertaken
to assess child mortality associated with sickle cell
disease in tribal areas of Maharashtra and to explore
the potential role of integrative approaches combining
contemporary medical understanding with Ayurvedic
concepts and supportive therapeutic principles. Such
an integrative perspective may help in developing
comprehensive, culturally acceptable, and sustainable
healthcare strategies aimed at reducing disease
complications, improving quality of life, and
enhancing survival outcomes among affected tribal

children.

METHODOLOGY

Study Design

The present study will be conducted as a narrative
review with an integrative analytical approach to
evaluate child mortality associated with SCD in tribal

regions of Maharashtra. The study will focus on
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understanding the epidemiological burden of the
disease, factors contributing to increased childhood
mortality, and the potential role of integrative
Ayurvedic and contemporary medical perspectives in
disease management and prevention. Classical
Ayurvedic literature including Charaka Samhita,
Sushruta Samhita, and Ashtanga Hridaya along with
contemporary Ayurvedic publications will be critically
reviewed to understand the Ayurvedic interpretation of
hereditary and hematological disorders relevant to
sickle cell disease. Ayurvedic concepts such as Beeja
Dushti (genetic or reproductive element defect),
Kulaja Vyadhi (hereditary disorder), Anukta Vyadhi
(unclassified disease), Rakta Dhatu (blood tissue),
Raktavaha Srotasa (blood-carrying channels), and
Rasayana Chikitsa (rejuvenative therapy) will be
analyzed and correlated with the contemporary
understanding of SCD pathophysiology and clinical
manifestations.

Search strategy overview

A comprehensive literature search will be carried out
using keywords including “Sickle Cell Disease,”
“Sickle Cell Anaemia,” “Child Mortality,” “Tribal
Population,” “Maharashtra,” “Hemoglobinopathies,”
“Ayurveda,” “Beeja Dushti,” “Integrative Medicine,”
and “Hereditary Disorders.” Boolean operators such as
AND and OR will be applied to refine the search
strategy and retrieve relevant scientific articles.

The collected data will be systematically analyzed to
assess prevalence patterns, mortality trends, clinical
complications, healthcare challenges, nutritional
factors, socioeconomic determinants, and preventive
healthcare strategies associated with SCD in tribal
regions. Comparative analysis will be performed to
evaluate the relevance of Ayurvedic concepts and
supportive  therapeutic

approaches  alongside

contemporary medical management. The integrative

analysis will aim to identify potential strategies for
reducing disease burden, improving quality of life, and
minimizing childhood mortality among tribal
populations affected with sickle cell disease.
Inclusion Criteria

The inclusion criteria for the study will comprise
research articles, epidemiological surveys, review
articles, and government reports published in English
language focusing on sickle cell disease in India,
particularly Maharashtra, and studies discussing child
morbidity and mortality associated with SCD.
Literature describing Ayurvedic concepts related to
hereditary diseases and blood disorders will also be
included.

Exclusion Criteria

Studies lacking relevant epidemiological information,
duplicate publications, non-peer-reviewed articles, and
literature unrelated to child health or tribal populations
will be excluded from the review.

Epidemiology of Sickle Cell Disease in Maharashtra
SCD constitutes a major public health concern in
Maharashtra, particularly in the eastern Vidarbha
region and tribal-dominated districts such as
Gadchiroli, Chandrapur, Gondia, Nagpur, Nandurbar,
Bhandara, and Yavatmal''. Recent data from the
National Health Mission, Maharashtra further
demonstrate the magnitude of the disease burden.
Under the National Sickle Cell Anaemia Elimination
Mission, mass screening activities have been
implemented across 21 districts of the state. By
January 2025, approximately 53 lakh individuals had
undergone screening, accounting for 82% of the total
targeted population. The extensive screening
programme has facilitated the identification of
previously undiagnosed carriers and affected
individuals, enabling early diagnosis and timely

intervention. The disease predominantly affects
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vulnerable tribal communities including Bhil, Madia,
Pawara, and Otkar populations, where the prevalence
of sickle cell trait has been reported to range between
20% and 35%. These findings indicate that SCD
continues to represent a major public health challenge
in Maharashtra, particularly within tribal communities
where disease prevalence remains disproportionately
high®.

Recent state-level screening initiatives have identified
thousands of previously undiagnosed carriers and
affected individuals, highlighting the ongoing burden
of SCD in Maharashtra. Despite improvements in
diagnostic services and awareness programmes, the
disease remains a significant cause of morbidity and
mortality among tribal children due to delayed
diagnosis, inadequate healthcare access, and
socioeconomic constraints. The persistence of SCD in
these regions underscores the need for strengthened
screening programmes, genetic counselling services,
and community-based interventions.

Child Mortality Associated with Sickle Cell Disease
Child mortality in tribal populations is influenced by a
complex interaction of biological, nutritional,
socioeconomic, and healthcare-related factors. Among
children with SCD, mortality risk is substantially
increased due to chronic hemolytic anaemia, recurrent
infections, malnutrition, delayed diagnosis, inadequate
immunization coverage, poor maternal health, and
geographical isolation from specialized healthcare
facilities®?.

A major contributor to mortality is splenic dysfunction,
which develops early in life and predisposes affected
children to severe bacterial infections including
These

infections often progress rapidly and may become fatal

pneumonia, septicemia, and meningitis.

if timely medical intervention is unavailable.

Furthermore, malnutrition and poor socioeconomic

conditions weaken immune competence and

exacerbate disease severity. Consequently, the
coexistence of SCD and social deprivation creates a
significant challenge for reducing under-five mortality
in tribal regions of Maharashtra.

Contemporary Medical Perspective on Sickle Cell
Disease and Child Mortality

From a biomedical perspective, SCD results from a
mutation in the B-globin gene leading to the production
of abnormal hemoglobin S (HbS). Under conditions of
reduced oxygen tension, HbS polymerizes, causing
erythrocytes to assume a characteristic sickle shape.
These abnormal red blood cells exhibit reduced
deformability and increased fragility, resulting in
chronic hemolysis, wvascular obstruction, tissue
ischemia, chronic inflammation, and progressive organ
damage®®.

The clinical consequences of these pathophysiological
processes include severe anaemia, recurrent painful
vaso-occlusive crises, acute chest syndrome, stroke,
growth retardation, and repeated infections. Several
mechanisms directly contribute to mortality in
pediatric patients. Chronic hemolytic anaemia leads to
persistent tissue hypoxia and cardiovascular stress.
Functional asplenia increases susceptibility to life-
threatening infections such as pneumonia, meningitis,
septicemia, and malaria. Acute chest syndrome
remains one of the leading causes of death among
children with SCD, while recurrent vaso-occlusive
events may result in stroke and progressive failure of
vital organs®.

The burden of mortality is further intensified in remote
tribal areas where access to diagnostic laboratories,
blood transfusion services, pediatric intensive care
facilities, and specialist healthcare providers is often

limited. These healthcare disparities frequently delay
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diagnosis and treatment, thereby increasing the
likelihood of preventable complications and death®>/,
Ayurvedic Interpretation of Sickle Cell Disease

Although sickle cell disease is not explicitly described
in classical Ayurvedic literature, its hereditary nature
and clinical manifestations can be understood through
SCD may be
categorized as Anukta Vyadhi (disease not specifically

established Ayurvedic concepts.

described in classical texts) and Adibalapravritta
Vyadhi (congenital or hereditary disorder)®-22,

The genetic basis of the disease may be interpreted
through the concepts of Beeja Dushti (defect in
reproductive elements), Beejabhaga Dushti (defect in
chromosomal components), and Beejabhagavayava
Dushti (defect at the gene level), which closely
resemble modern concepts of inherited genetic
abnormalities. Furthermore, hereditary disorders are
described in Ayurveda under terms such as Kulaja
Vyadhi
(inherited disorder), and Sahaja Vyadhi (congenital

(familial disease), Anuvamshika Vyadhi
disease), providing a conceptual framework for
understanding the transmission of SCD#22,

Among the classical disease entities, Sannipatika
Pandu appears to share several similarities with SCD.
Clinical manifestations such as Raktaalpata (anaemia),
Shithilendriya (fatigue and weakness), Aruchi (loss of
appetite), Hatanala (impaired digestive capacity),
Shwasa (dyspnea), Arohana Ayasa (exertional
fatigue), Pindikodweshtana (calf muscle cramps),
Jwara (fever), Parvabheda (joint pain), and Klama
(persistent exhaustion) resemble many of the clinical
features observed in patients with sickle cell disease.
Therefore, the terms Kulaja Pandu or Anuvamshika
Pandu may provide a more appropriate Ayurvedic
correlation for SCD*8-22,

Dosha-Dushya Involvement and Samprapti

The pathogenesis of SCD can be interpreted through
the involvement of Vata Dosha (principle governing
movement and physiological regulation) and Pitta
Dosha (principle governing transformation and
metabolism). Vata Dosha may contribute to the
recurrent painful crises, circulatory disturbances, and
tissue ischemia observed in the disease, whereas Pitta
Dosha may be associated with pathological alterations
in Rakta Dhatu (blood tissue) and chronic hemolytic
processes’®23,

The maintenance of normal tissue structure and
function depends upon Kapha Dosha (principle
responsible for stability and nourishment). Depletion
of Kapha may result in Dhatu Vaipareetya
(abnormality of body tissues), contributing to disease
progression. Consequently, the pathological state of
SCD may be understood as a combination of
aggravated Vata and Pitta with diminished Kapha,
resulting in abnormalities of Rakta Dhatu, Rasavaha
Srotasa (channels carrying nutritive fluids), and
Raktavaha Srotasa (blood-carrying channels)!®-22,
According to Ayurvedic embryological principles,
abnormalities in  Beeja, Beejabhaga, and
Beejabhagavayava resulting from vitiated Doshas may
lead to congenital defects in the developing fetus.
Classical Ayurvedic texts further attribute hereditary
abnormalities to defects in parental reproductive
elements, inappropriate dietary and lifestyle practices,
and disturbances occurring during fetal development

(Figure 1)8-22,

Upahata Beeja (Homozygous)

Rakta Dhaatwagni Dushtii

Vikrita Rakta Dhaatu Nirmana

> Tridosha Prakoapa

Nishsarata, Shithilendriyata,
Vivarnata

Beejadushtijanya Pandu

Figure 1 Samprapti of Beejdoshjanya Pandu
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Integrative Interpretation of Sickle Cell Disease

A comparative analysis reveals significant conceptual
parallels between modern biomedical understanding
and Ayurvedic principles. Genetic mutations described
in modern medicine may be correlated with Beeja
Dushti, while chronic hemolytic anaemia resembles
Pandu. Vaso-occlusive crises may be interpreted as
Vata Prakopa associated with Srotorodha (obstruction
of channels). Recurrent infections correspond to
Ojakshaya (depletion of immunity and vitality), organ
ischemia may be associated with Raktavaha
Srotodushti (pathology of blood-carrying channels),
and growth retardation resembles Dhatu Kshaya
(tissue depletion). The increased mortality observed in
affected children may be understood as progressive
depletion of Bala (strength) and Ojas (vital essence).
L Integrative Management and Public Health
Implications

Effective reduction of child mortality associated with
SCD requires a comprehensive and multidisciplinary
approach. Contemporary medical management
emphasizes universal screening, newborn screening
programmes, genetic  counselling, vaccination,
hydroxyurea therapy, blood transfusion support, and
nutritional supplementation. These interventions have
demonstrated substantial benefits in reducing
morbidity and mortality when implemented early and
consistently.

From an Ayurvedic perspective, supportive measures
such as Rasayana Chikitsa (rejuvenative therapy),
Chikitsa

Brimhana Chikitsa (nourishing

Balya (strength-promoting  therapy),
therapy), Agni
Deepana (enhancement of digestive and metabolic
functions), and Rakta Prasadana (maintenance of
healthy blood tissue) may help improve nutritional
status, immunity, tissue nourishment, and overall
formulations such as

guality of life. Classical

Amalaki

Punarnava Mandura, Drakshavaleha,
Rasayana, and Guduchi Satva, along with herbs
including Ashwagandha and Yashtimadhu, may have
supportive roles; however, robust clinical studies are
required to establish their efficacy in SCD.

At the public health level, strengthening tribal
healthcare infrastructure, expanding newborn and
school-based screening programmes, promoting
community awareness, encouraging premarital and
genetic nutritional

counselling, improving

rehabilitation, and integrating evidence-based
Ayurvedic support with modern healthcare services are
essential. Telemedicine services, mobile healthcare
units, and capacity building of ASHA workers and
tribal health personnel may further improve healthcare
accessibility. In this regard, Maharashtra's recent
"Arunodaya" initiative represents an important step
toward large-scale screening, early diagnosis, and
timely intervention in tribal populations.

Recent efforts to reduce the burden of sickle cell
disease have been strengthened through the National
Sickle Cell Anaemia Elimination Mission launched by
the Government of India in 2023, which aims to
eliminate SCD as a public health problem by 2047. The
mission is based on three major pillars: health
promotion through awareness and genetic counselling,
prevention through large-scale screening and early
diagnosis, and holistic management through
continuous patient care and support. A notable feature
of the programme is its digital health infrastructure,
including mobile applications for field-level screening,
integration with the Ayushman Bharat Health Account
(ABHA) system, and web-based treatment portals for
monitoring patient management, hydroxyurea therapy,
blood transfusions, and follow-up care. By combining
health

technologies, and strengthened healthcare services, the
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mission has the potential to improve early detection,
treatment adherence, disease surveillance, and long-
term outcomes among tribal populations affected by

sickle cell disease.?

CONCLUSION
SCD continues to be a significant contributor to
childhood morbidity and mortality in the tribal

regions of Maharashtra, where high disease

prevalence, socioeconomic challenges,
malnutrition, delayed diagnosis, and limited
healthcare access adversely affect survival

outcomes. Complications such as severe anaemia,
recurrent infections, acute chest syndrome, and
organ damage further increase the risk of mortality
among affected children. Although SCD is not
explicitly described in Ayurveda, its hereditary
nature and clinical manifestations can be
understood through concepts such as Beeja Dushti
(genetic defect), Kulaja Vyadhi (hereditary
disease),
disorder).  An

combining contemporary medical knowledge with

and Pandu Roga (anaemia-related
integrative  understanding

Ayurvedic  principles provides a broader
perspective for supportive care and long-term
disease management. Strengthening newborn

screening, genetic counselling, vaccination,
nutritional support, and healthcare accessibility in
tribal areas, along with exploring evidence-based
Ayurvedic supportive interventions, may help
reduce disease burden and improve the quality of
life and survival of children affected by SCD in
Maharashtra.The

Sickle Cell Anaemia Elimination Mission further

recently launched National

strengthens these efforts by combining large-scale
screening, genetic counselling, comprehensive
health
technologies, thereby creating opportunities for

patient ~management, and digital
early diagnosis, improved treatment adherence,

and enhanced disease surveillance in tribal

populations.
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