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ABSTRACT

Sickle cell disease (SCD) is one of the most prevalent monogenic diseases worldwide;
inherits in an autosomal recessive manner. Globally, SCD has been reported in a many
countries worldwide. This manuscript focuses on various aspects of SCD that affect people's
lifestyles and passes to the next generation due to poor understanding and awareness. The
distribution of SCD in tribal and non-tribal populations in several Indian states is discussed.
Tharu tribe is the most numerous schedule tribes in the state Uttarakhand, and many cases of
SCD have been documented from this region in recent years. During the course of the
research, socio-demographic data from Uttarakhand was gathered. The review revealed a
significant lack of understanding of SCD among healthcare providers and the general public.
When compared to planned care, the emergency setting provided a poor experience of care,
with the absence of prompt provision of pain medication being a major worry. When
compared to children and adults, adolescents and young people reported significantly worse

care experiences in various domains.
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INTRODUCTION

Sickle Cell Disease (SCD) is a group of
inherited single-gene autosomal recessive
disorder caused by the ‘sickle’ gene, which
affects hemoglobin structure [1]. The
molecular basis for sickle cell disease is an
A to T transversion in the 6™ codon of the
human p-globin gene [2]. This simple
transversion changes polar glutamic acid
residues to a non-polar valine in B-globin
polypeptide that results in a reduction of
solubility of this sickle haemoglobin [3].
The clinical manifestations of SCD arise
from the tendency of sickle hemoglobin
(known as HbS or 0(2[352) to polymerize at
reduced oxygen tensions and deform red
cells into the characteristic rigid sickle cell
shape. Such inflexible red cells cannot pass
through the microcirculation efficiently and
this result in anemia (due to destruction of
the red cells) and intermittent vaso-
occlusion causing tissue damage and pain
[4-5].

These rigid sickle-shaped red blood
cells (RBC) can  occlude the
microvasculature leading to the sudden
onset of painful vasoocclusive episodes
(VOC) [6-7]. Any cause that reduces
microvascular blood flow will increase
transit time, facilitating sickled RBC
entrapment and resulting in vaso-occlusion.
This condition causes stress, cold and pain

[8-9]. SCD amid tribal populations and

newly born children screening programs for
SCD have recently been initiated in
Odisha  and
Chattisgarh. Monitoring these birth cohorts

Maharashtra, Gujarat,
will help to know the actual status of SCD
in India. The

prenatal analysis is
satisfactory by tribal families in India. The
Indian Council of Medical Research and
the National Rural Health Mission in
different states are undertaking outreach
programs for better management and
control of the disease [10].

SCD is one of the most common
monogenetic diseases worldwide and is
attributes  significant morbidity and
mortality. Mutations causing abnormal
hemoglobin formation in this disease result
in structural abnormalities and cumulative
damage to the cellular membrane of sickled
erythrocytes [11]. The sickle cells clog the
blood vessel; they can block blood flow to
various parts of the body causing painful
episodes (known as sickle cell crises) and
raises the risk of infection. Besides, sickle
cells die earlier than healthy cells causing a
content shortage of red blood cells also
known as anemia [12].

According to the American Society
for Hematology Report [13] on Sickle Cell
Disease, the SCD is a chronic disease that

has been neglected so far. Those affected

by this disease are among the most
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vulnerable and underserved therefore the
disease has a profound impact on their
lives. Currently, the only approved drug for
adults with SCD is hydroxyl urea reduce
the severity and frequency of painful
episodes and is used for stroke prevention,
but may not prevent acute complications or
reverse organ damage that can result in
early death or other health problems.

SICKLE CELL ANAEMIA IN WORLD
Worldwide the most common monogenetic
diseases is the sickle cell disease which
trait significant mortality and morbidity.
The morbidity forms due to SCD were
abdominal pain (24%) and joint pain (56%)

[14]. It is estimated that Mutations causing

North America | Latin America
| 100,000 | 85,000

>5 million

.

abnormal haemoglobin formation in this
disease result in structural abnormalities
and cumulative damage to the cellular
membrane of sickled erythrocytes [11].

People of Caucasian, Hispanic, Indian,
Mediterranean, Middle Eastern, Native
American and other ancestries may be
influenced by migration patterns. Sickle
cell disease is affecting various parts of the
world as people travel or relocates from
their home countries, such as North and
South America and Europe. Between 2010
and 2050, the number of children born with
sickle cell disease is projected to increase

by 30% globally [15].

Middle East

Sub-Saharan Africa | Europe | NorthAfrica | India
~180,000 >1 million

Figure 1: Number of SCD cases worldwide [15]

In Sub-Saharan Africa, which accounts for
roughly 80% of the global disease burden,
sickle cell disease is a public health priority
and an underestimated health issue. Every
day, an estimated 1000 children in Africa

are born with sickle cell disease, with more

than half dying before reaching the age of
five [15].

SICKLE CELL ANAEMIA IN INDIA
WITH SPECIAL REFERENCE TO
UTTARAKHAND

Sickle cell anaemia was not reported in

India till the year 1951. Cases of sickle cell
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anaemia were reported first by Dunlop and
Majumdar [16] among laborers in the tea
gardens of Assam and the same year
Lehmann and Cutbushin [17]
sickle cell disease (SCD) in Nilgiri Hills
too. Hockham et al [18] highlighted some

reported

complexity and heterogeneities towards the
population of India.

Hockham et al [18] stated that the data of
SCA were scanty in the states like Haryana,
Uttarakhand and in parts of southern India
and North eastern India. In Uttarakhand the
Tharu tribe is the largest of the five

schedule tribes and also one of India's most

populated tribes with the majority of its
members (roughly 80%) live in the
Khatima and Sitargan;j tehsils (Figure 1) of
the Udham Singh Nagar district [19-20].
The Frequency of HbS trait in Uttarakhand
was found 0.15% of total cases [21]. SCD
is a major public health problem in
Uttarakhand as the state inhabits a sizeable
number and types of tribes in both i.e.
Mountains and plains of Uttarakhand. SCD
is one of the most common monogenic

disorders globally with an autosomal

recessive inheritance [22-23].

Figure 2: Map highlighting Tribes of Uttarakhand and Sitarganj and Khatima in U.S Nagar District have maximum

population of tribal people

DISTRIBUTION OF SICKLE CELL
ANAEMIA IN TRIBAL AND NON-
TRIBAL POPULATION

India has the main attentiveness of tribal
Tribal

populations internationally.

populations are believed to be the early
settlers in the country and are considered to
be the original population. According to the
Census of India [24] they contribute
approximately 8.6 % of the total Indian
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population, which are about 67.8 million
people. About 83% of the total scheduled

tribal population in the country lives in

Maharashtra, Odisha, Gujarat, Rajasthan,
Jharkhand, Chhattisgarh, Andhra Pradesh,
West Bengal and Karnataka [10].

rural areas of Madhya  Pradesh,
Table 1: Caste based distribution in various states of India
State Caste based Distribution Percentage
SC 1-11%
Gujarat ST 6-31%
GC 1-15%
Rajasthan ST 1-31%
Uttar Pradesh ST 1-18%
Madhya Pradesh SC 15-33%
ST 4-32%
Jharkhand ST 1%
SC 7.7%
Chhattisgarh ST 9.3%
GC 5.6%
OBC 5.6%
Dadra and Nagar Haveli ST 4-22%
West Bengal ST 1-2%
Assam TGW 15-29%
SC 4-24%
Maharashtra ST 1-35%
OBC 5-12%
SC 1-9%
Orissa ST 1-13%
GC 3-21%
Andhra Pradesh ST 11-34%
Karnataka ST 1-23%
Kerala ST 18-34%
Tamil Nadu ST 1-31%

*SC: Schedule Class *ST: Schedule Tribes *TGW: Tea Garden workers *GC: General Caste *OBC: Other
backward class. Source [25]

Dunlop and Mazumder [16] also reported
the presence of sickle hemoglobin in the
workers of tea garden from Assam who
migrated from tribal groups of Bihar and
Odisha. Since then, many inhabitant’s
groups have been screened and the sickle
cell gene is prevalent among three socio-
economically deprived ethnic groups, the

and

The

scheduled tribes, scheduled castes,
other backward classes in India.

prevalence of sickle cell carriers among
different tribal groups varies from 1-40%

[26].

SICKLE CELL ANAEMIA CASES IN
DIFFERENT AGE AND HEALTH
GROUPS

More than 500 children with sickle cell
anemia (SCA) die worldwide every single
day due to lack of timely access and early
diagnosis associated with the treatment,
therefore SCA remains an invisible global
health problem [26]. Wastnedge et al [28]
highlighted the Global burden of sickle cell
disease in children under five years of age
through meta-analysis which clear the
global birth prevalence of homozygous
SCD to be 0.11%. SCD cases were present
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in different regions of India i.e., North
Eastern (0-18%), Western (0-33.5%),
Central (22.5-44.4%), Southern (1-40%)
[29].

SOCIOLOGICAL GAP AWARENESS
focused on

Recent findings have

biomedical and epidemiological
characteristics but there has been scarce
research on social determinant and health
systems. Progress in clinical understanding
of SCD, as well as community awareness
campaigns, have encouraged patients to
gain access to therapeutic techniques but
there are currently less national or state-led
programs or mechanisms outlining a
health-systems response to SCD [30-31].
In India, many population groups have

been screened and the sickle cell gene has

been shown to be prevalent among three

socioeconomically disadvantaged ethnic
groups, the scheduled tribes (ST),
scheduled castes and other backward
classes (OBC). Melkani et al [20] designed
a questionnaire to collect the information
on sickle cell disease from Kumaun region
of Uttarakhand. The socio-demographic
findings with special reference to age,
caste, gender, Marital status, tribes,
education occupation and income were
highlighted. This study attempted to
understand the level of awareness public
concerns on sickle cell disease. It is also
reported that sickle cell disease is not only
limited to tribal population but it is
prevalent in other religions e.g. Muslim
families where congenial marriage or close

relationship marriage are a common

phenomenon.

Figure 3: Socio demographic status of respondents [20]
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It is concluded that there is an urgent need
of health educational programs regarding
sickle cell anemia in these tribal pockets of
Uttarakhand as very less number of
respondents or participants have heard
about Sickle Cell Anemia. It was observed
that people are interested and positive in
attitude towards creating awareness among
the tribal population through this survey, a
positive response was received on
educating them about Sickle Cell Disease,
importance of pre-marital, new born
screening and counselling and ready to
adopt certain lifestyle modifications after
proper counselling.

STATUS OF NATIONAL AND
INTERNATIONAL REGISTRY OF
SCA

The most common hereditary
hemoglobinopathy in the world is sickle
cell disease (SCD). SCD affects over
100,000 Americans and occurs in
approximately one in every 500 people.
This disease causes higher morbidity and
mortality including India. Similar rates
have been recorded in European and
Caribbean countries; for example, the
number of cases in France is estimated to
be about 12 000. SCD has a mean
incidence of 1 per 1000 births in Brazil,
with 3000 new cases reported each year.
There are about 25, 000,000 carriers of

sickle cell disease. A gene (Hemoglobin

AS) and about 1, 25,000 sickle cell disease
patients. It is estimated that there are
approximately 3.6 to 3.9 crore carriers of -
thalassemia in India, and approximately
every year 10 to 15 thousand babies are
born with -thalassemia major [32-34].

SCD primarily affects immigrants and their
descendants from endemic areas in
Germany, especially those from Africa and
the Middle East.SCD and its complications
are becoming more common in Germany,
according to admission diagnosis data.
More comprehensive epidemiological data
are needed to document the disease burden,
identify gaps in patient management, and
enhance patient care.

Many clinical questions about SCD have
already been addressed by several patient
registries around the world. The German
Society of Pediatric Oncology and
Hematology developed a registry for
patients with SCD for these purposes
(GPOH) [35].

Canadian government takes some steps
towards the better approach to tackle SCD.
So, the Sickle Cell Disease Association of
Canada/Associationd” Anémie Falciforme
du Canada (SCDAC/AAFC) were enforced
to acknowledges its responsibility to work
closely with the World Health Organization
and the World Sickle Cell Network to

achieve comprehensive care for all Sickle

Cell Disease patients on the other hand
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Sickle Cell Disease Association of America
(SCDAA) recently launched Get Connected
the first patient-driven registry for SCD
[36].

On June 19, World Sickle Cell Day, the
SCDAA launched a national registry for
children and adults with sickle cell disease,
their families and healthcare providers, as
well as advocacy organisations,
researchers, and individuals with sickle cell
trait.It also gives patients access to disease-
specific healthcare resources as well as
high-quality knowledge about clinical
treatment, science, activism, and policy
concerns related to sickle cell anaemia. Get
Connected is also intended to support
clinical research projects on sickle cell
disease by bringing scientists together with
the aim of conducting clinical trials focused
on sickle cell patients' needs. The SCDAA
describes the website as a way to link
people with sickle cell disease to
healthcare, mental health, clinical trials,
and other services [36].

By 1982, Cuba was producing an average
of 100 SCD infants per year. As a result,
the Cuban health system developed a SCD
preventive programme that operated in a
network that included primary care settings,
clinics, research facilities, and medical
genetics laboratories. The Sickle Cell

Anemia Prevention Program was created to

screen pregnant women and couples for

carriers and, if found, to perform antenatal

SCD genotype testing in the foetus.From

1982 to 2006, laboratory work at the

National Medical Genetics Center in Cuba

used haemoglobin electrophoresis on

equipment developed and patented by

Cuban researchers (CNGM) [37].

The Sickle Cell Disease Clinical Trials

Network was launched by ASH in 2019,

and it offers a mechanism for finding and

categorising patient cohorts for clinical
trials, matching trial sponsors with sites,
and recruiting qualified patients. It gathers
data from the RC Data Hub to help identify
areas of study and care that could benefit

from more data [38].

Three approaches to collecting and

reviewing data on people with SCD and

SCT
e Screening is the process of
determining whether an individual
has a disease or is a carrier of a
disease. In the United States,
screening of SCD is usually done at
birth (NBS) of during the prenatal
period.

e A disease registry is a method for
collecting data and communicating
with people who are afflicted with a
certain disease. Such systems may
be funded by the government,
disease

advocacy groups,
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pharmaceutical or device firms, or
other entities.

e Public health surveillance: ongoing,
systematic collection, review and
interpretation of health-related data
required for public health planning,
implementation and evaluation [39].

In India to bridge the gap between patients
and health care facilities in tribal areas, the
Ministry of Tribal Affairs (MoTA) has
launched the Sickle Cell Disease Support
Corner. The Portal is a web-based patient-
powered registry system that will collect all
information about SCD among India's tribal
people, including providing them with a
website to register themselves if they have
the disease or trait [40]. The help corner is
imagined as a one-stop hub for information
on SCD in India's tribal regions. The portal
will provide visitors with real-time data
through a dashboard, an online self-
registration service, which will serve as a
knowledge repository with information
about the disease and various government
initiatives. A National Council on Sickle
Cell Disease has also been established,
comprised of senior officials from the
Government of India as well as private and
public health care organisations, to ensure
prompt and efficient action [40].

STRESS DUE TO SICKLE CELL
DISEASE

Health care is a must and a fundamental
human need. The Alma Ata Declaration of
1978 recognizes the necessity to make
social  guarantees in the  various
Governments to guarantee the health and
other fundamental requirements of the
inhabitants of their country [41]. SCD
patients experience a great deal of stress,
not just as a result of external factors, but
also as a result of the illness itself, which
includes painful episodes and recurrent
medical treatments. Stress increases the
sympathetic ~ nervous  system  while
suppressing the parasympathetic nervous
system in SCD patients compared to non-
SCD patients, causing ANS hyper
reactivity [42-43]. Stress is strongly related
to higher pain severity, less social and
physical activity and increased use of
health care [44-46]. SCD has an emotional
and physical impact on individuals who
live with it for the rest of their lives [47].
Men and women with SCD reported
relatively similar pain experiences, contrary
to many studies on pain, particularly
chronic pain **. In individuals with SCD,
depression and anxiety predicted higher
and lower physical and mental quality-of-
life, accounting for more variation in all
quality-of-life categories than hemoglobin
typel49]. Shah er al [50] highlights the

effect of mental stress on autonomic

nervous system and microvascular blood
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flow and concluded that that the mental

stress  causes  vasoconstriction  and

autonomic nervous system reactivity in all

subjects.

GUIDELINES OF CDC,

UNICEF AND ICMR FOR SCA
The Indian Council of Medical

Research and the National Rural Health

WHO,

Mission in different states has undertaken
outreach programs for better management
and control of the disease [10]. The ICMR
report[S1] says that in India about 70
million patients suffer from rare genetic
diseases including SCD. ICMR has
released National guidelines for the
treatment of patients suffering from these
rare genetic diseases which are assisting
medical experts to get genetic therapy
product development and carry out clinical
trials in most of the states where prevalence
of SCD is high. The diagnosis facilities
including HPLC, molecular diagnosis and
established the programs like population

screening, antenatal screening, newborn

screening  and  prenatal  diagnosis.
UNICEF, CDC, ICMR and WHO
organised number of awareness

programmes on Sickle Cell Anaemia and
describes a series of public health strategies
to minimize the burden of the illness
through national creation or improvement
of policy; early detection, management and

community awareness.

THERAPEUTIC
AWARENESS/COUNSELLING
MEASURES USED IN SCA

Sickle cell studies require some national
programme for control and care of
Haemoglobinopatheis to generate data that
will lend itself to improved precision in
current estimates. Children’s suffering with
sickle cell anaemia should be given
prophylactic penicillin from birth until they
are at least five years old, and all people
with sickle cell illness should be vaccinated
against invasive pneumococcal disease. For
all children with sickle cell disease
beginning at the age of two and going
through adolescence, annual screening with
transcranial doppler ultrasound is suggested
for stroke risk assessment and transfusion
treatment in high-risk patients (For patients
with acute chest syndrome, antibiotics,
hospitalization and incentive spirometry are
needed. The promotion and administration
of hydroxyurea treatment in patients who
have a sickle cell anaemia is well
documented for nine months and older
because it can reduce the incidence of
vasoocclusive crisis and a limited-effect
acutes in the chest syndrome [52].

Allele frequency differences between
population groups are high, due to the
custom of within-group marriages, thus
there is likely an excess of recessive

diseases in India that can be screened and
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mapped genetically. In order to address this
burden, there is a need for national
comprehensive newborn screening  to
identify patients, and the development of
holistic SCD care programmes to provide
therapeutics and education for families and
children with SCD.
FUTURE PLANNING AND
PROSPECTS FOR THE
MANAGEMENT OF SCA
SCA morbidity and mortality are reduced
by newborn screening, early prevention
procedures, education about risks and
screening  services. Going  forward,
diagnosis and treatment of youth and adults
with SCA must be prioritized by adopting
genetic test, with an emphasis on quality of
life as well as medical risks. More
strategies are needed to minimize the
prevalence of SCD and the burden of
healthcare costs must be focused. Mass
consciousness campaign and education on
Sickle cell is needed.
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