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The sickle cell gene in India represents a separate occurrence of the HbS mutation (the

Asian haplotype), which has occurred against a genetic background characterised by

high levels of fetal haemoglobin and widely varying frequencies of alpha thalassaemia.

These features, which tend to inhibit sickling, change the expression of the disease,

which, in India, may be further modified by poor nutrition, malaria and other infections,

and limited public health resources. Sickle cell disease in Jamaica is predominantly

of African origin (the Benin haplotype) and faces some similar challenges. This review

assesses similarities and differences between disease expression in the two countries

and seeks to explore lessons from Jamaica, which may be relevant to Indian health care.

In particular, it addresses common causes of hospital admission as detailed from Indian

clinical experience: anemia, bone pain crisis, and infections.
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INTRODUCTION

The sickle cell gene in India was first reported among tribal people in the Nilgiri Hills of Tamil
Nadu in the south of the country (1). Since then, the distribution of HbS has been well documented
across Gujarat, Maharashtra, Madhya Pradesh, Andhra Pradesh, Chhattisgarh, and western Odisha
with a smaller focus in the southern states of Tamil Nadu and Kerala (2).

In peoples of African origin, there are three major beta globin haplotypes (Benin, Bantu, and
Senegal), and the clinical features of the Benin haplotype, which dominates in North America and
the Caribbean, have been well documented, but only limited information is available on the Asian
haplotype, which accounts for the disease in India and the Eastern Province of Saudi Arabia. For
brevity in the text, patients of African origin are referred to as African HbSS and those with the
Asian haplotype as Asian HbSS. An early study of 131 patients with Asian HbSS from BurlaMedical
College in Western Odisha (3) found a disease relatively mild compared to Jamaica with little
chronic leg ulceration and priapism, although hypersplenism appeared common. This impression
of mildness was supported by the finding of 15 cases of unsuspected SS disease among parents and
older relatives. Later studies from central India (4–6) reported a more severe clinical course but
the extent to which these differences are influenced by varying ascertainment biases is uncertain.
Newborn screening should avoid a symptomatic bias but only if complete follow-up is possible and
two major programmes based on newborn screening in south Gujarat (7) and Nagpur in central
India (6) weremarred by default rates of 30%−36%within the first year. The current review seeks to
clarify this rather confusing picture, assessing the evidence and, where possible, comparing Indian
findings with those in the Jamaican Cohort Study (8). In particular, it focuses on the most common
causes of hospital admission in Nagpur (4): anemia, bone pain crises, and infections.
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ANAEMIA

The Haematology of HbSS in Jamaica and
Odisha
All patients with homozygous sickle cell (HbSS) disease have
a shortened red cell survival due, in part, to the effect of
sickle haemoglobin (HbS) in reducing the deformability of
red cells. HbS within the red cell has a low oxygen affinity
becoming nearly fully saturated in the lungs but releasing
more oxygen per gram on haemoglobin in the periphery.
Both these factors should be borne in mind when assessing
haemoglobin levels in HbSS. In Jamaican patients, the mean
red cell survival was 12.6 days, which ranged between 4.2 and
25.0 days (9) (compared to approximately 120 days in normal
people). For comparison of Jamaica and Odisha, Jamaican data
were derived from the non-Cohort clinic of 1,389 subjects, since
this population provided more appropriate age matching with
Odisha patients (3). The results showed that Odisha patients
had significantly higher haemoglobin levels (mean 8.7 vs. 8.0
g/dl), lower reticulocyte counts (mean 6.5 vs. 10.5%), and
much higher fetal haemoglobin (HbF) levels (16.6 vs. 6.1%)
(Figure 1).

Molecular, haematological, and selected clinical
features show many differences between Odisha and
Jamaica (10).

Anaemia Due to Impaired Bone Marrow
Response
Aplastic Crisis
In Jamaica, acute anaemic events defined by haemoglobin
levels of 3–4 g/dl and absent reticulocytes show seroconversion
to parvovirus B19 in 95%, (11) and seroconversion in the
cohort occurred in 60% of SS subjects by age 15 years (12).
Parvovirus attacks red cell precursors in the bone marrow,
and the development of parvovirus antibodies usually allows
bone marrow recovery within 7–8 days, but this may exceed
the mean red cell survival causing death in some patients
with African HbSS. In Jamaica, treatment consists of outpatient
transfusion of a single unit of blood with follow-up after 3–4
days to confirm the reticulocytosis of spontaneous bone marrow
recovery. Parvovirus B19 is highly infectious and approximately
80% of susceptible siblings become aplastic either simultaneously
or within 3 weeks so susceptible siblings should be closely
monitored. The good news is that immunity to parvovirus
appears to be lifelong and recurrence of parvovirus-induced
aplasia has never been reported in SS disease.

In India, the frequent lack of reticulocyte counts in the
investigation of acute anaemia does not allow a clinical definition
of aplastic crisis, so comparable data are not available but the
virus is common as seroconversion to parvovirus B19 occurred
in 70% of healthy adult blood donors in India (13). Red cell
survival in Asian HbSS is unknown but it would be expected that
the commonly associated high levels of HbF may prolong red
cell survival, diminishing the fall in haemoglobin level and the
clinical severity of aplasia.

Hypoplasia From Nutritional Factors

Folate Deficiency
A falling haemoglobin associated with lower reticulocytes (1–4%)
may reflect relative bone marrow hypoplasia from nutritional
deficiency, infections, or metabolic problems such as renal
failure. The mean cell volume (MCV) is useful in distinguishing
iron deficiency (MCV low), or folate deficiency (MCV high),
compared to the patients’ steady-state values. The expanded bone
marrow in SS disease increases the requirements for folic acid,
and folate deficiency may lead to megaloblastic change with
falling haemoglobin and increasing MCV. Observations from
West Africa on the frequency of folate-deficient megaloblastic
change (14) led to the widespread use of folate supplementation
for SS disease elsewhere but the low dietary folate levels in
countries such as Nigeria may render patients especially prone
to this complication. The metabolic demands for folic acid are
increased in SS disease but the crucial question is whether or not
these are met by the diet.

In Jamaica, the dietary content of folic acid is relatively high
and folate supplementation had little demonstrable effect on
the clinical or haematological features of HbSS (15) so routine
folate supplementation seems unnecessary although changing
economic circumstances may influence policies (16). In India,
the situation is largely unknown although dietary limitation
for economic, religious, or cultural reasons may contribute to
bone marrow hypoplasia. Folate deficiency, suspected on the
basis of >3 lobes in neutrophils, occurred in over 80% of some
populations in a National Multi-centric ICMR study of tribal
populations (17).

Iron Deficiency
Although it is commonly assumed that iron from haemolysis
is available for recycling in HbSS and that iron deficiency is
unusual, the ICMR multi-centric study found evidence of iron
deficiency in two-thirds of patients with Asian HbSS and mean
haemoglobin levels increased by 2 g/dl after 3 months of iron
supplementation (18).

Hypoplasia From Renal Failure
In Jamaica, renal function declines inmost SS patients beyond the
age of 40 years (19) with an associated fall in total haemoglobin
(20) presumed to be consequent on reduced erythropoietin. Such
patients are treated by top-up transfusions indicated by patient
symptoms, and it is remarkable how low haemoglobin levels
are tolerated by some elderly patients. In India, chronic renal
impairment occurs in some elderly SS patients, but its prevalence
and natural history are unknown.

Red Cell Sequestration
Acute or chronic sequestration, most commonly in the
spleen, may contribute to lower haemoglobin and higher
reticulocyte counts.

Acute Splenic Sequestration (ASS)
In the Jamaican cohort, this was a major cause of early death, (21)
and events characterised by acute splenic enlargement of 4 cm
or more below the costal margin, a lowered haemoglobin level
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FIGURE 1 | Comparison of haematological indices in SS disease of African origin (red columns) and Indian patients from Odish. Top left: haemoglobin levels, Top

right: reticulocyte counts, Lower left: fetal haemoglobin levels. All differences are highly significant p < 0.001.

and increased reticulocytes, occurred in a quarter of children
by 2 years of age. Most events resolved after blood transfusion
and the spleen diminished in size. Recurrence was common,
often at shorter intervals with continuing mortality leading to
a policy of splenectomy after two attacks. Parents were taught
to feel for the spleen every day when bathing their child and
to contact the clinic immediately if they suspected enlargement.
Analysis of 5 years before, and after, this education programme
showed an apparent increased incidence from 4.6 to 11.3 per
100 patient/years, indicating events detected by the mother and
confirmed by doctors at the clinic so families can be taught to
detect this complication. The death rate fell from 29.4 to 3.1 per
100 events (22).

In India, this complication is known to occur (6), but its
natural history and the role of splenectomy in its management
are unknown.

Chronic Hypersplenism (CHS)
Sometimes splenomegaly is sustained with prolonged red cell
sequestration and a new haematological equilibrium with
haemoglobin levels (usually 4–6 g/dl), and higher reticulocyte
counts (usually over 15%) and red cell survival may be as short
as 1–3 days. The spleen is usually 4 cm or more below the costal

margin and often much larger and the metabolic demands of
the expanded bone marrow compete with those for growth and
height velocity may fall (23). The essential difference between the
pathology of ASS and CHS is currently unclear.

In the Jamaican cohort, this complication occurred in
approximately 10% and cases are monitored at monthly intervals
with haemoglobin and reticulocyte counts and measurement of
height, and if there is no evidence of spontaneous resolution
within 6 months or if height velocity crosses growth centiles,
then splenectomy is performed. An alternative approach is
chronic transfusion, but this has been found to be impractical
under Jamaican conditions. Two Jamaican patients died from
superimposed ASS while awaiting splenectomy for CHS.

In India, CHS occurs and may be more common than in
Jamaica. In the Odisha study, splenomegaly of 4 cm or more
occurred in 33/122 (27%) patients but splenomegaly does not
necessarily imply increased sequestration. Local awareness of
an enlarged spleen may lead to branding over the splenic area
(Figure 2), and others are treated by multiple transfusions. A
12-year-old patient attending the clinic in Valsad, Gujarat, had
had 69 transfusions with a spleen measuring 16 cm below the left
costal margin extending into the right iliac fossa (Figure 2), and
following splenectomy, he has required no transfusions over the
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FIGURE 2 | Left, 13-year-old patient with 12 cm spleen and splenic burn 4 months earlier. Right, 12-year-old patient from Valsad with 16 cm spleen and 3 months

after splenectomy.

past 8 years. Splenectomy in the treatment of CHS has worked
well in Jamaica, which is malaria free, but the role of malaria may
influence the decision for splenectomy and requires independent
assessment in India.

Comment on Anaemia
Most patients with African HbSS, while in the steady state,
maintain haemoglobin levels of 6–9 g/dl with reticulocyte counts
of 8–12%, well belowmaximal bonemarrow activity, and because
HbS has a decreased oxygen affinity, oxygen delivery is near
normal. When haemoglobin levels deviate from steady-state
values characteristic of that patient, there is always a reason and,
where possible, this should be investigated and addressed rather
than the “blanket” treatment of blood transfusion. Indeed in
some Indian clinics, patients are transfused at steady-state levels
simply to raise their haemoglobin to what the doctor considers a
“normal” level. Then, as the haemoglobin returns to the steady-
state levels, they are transfused again because of the falling
haemoglobin. This is unnecessary and poor practise exposing the
patient to cost and potentially serious complications.

BONE PAIN

Avascular necrosis of the bone marrow results in a spectrum of
clinical conditions, including dactylitis (hand-foot syndrome),
bone pain crisis of adolescence and early adult life, and avascular
necrosis of the femoral head (ANFH), each of which has a
characteristic epidemiology.

Dactylitis
In the Jamaican cohort, dactylitis commenced at 3–4 months
of age, affected 45% by 2 years of age (24), and became rare
after the age of 5 years when the susceptible bone marrow no
longer occupies the small bones of the hands and feet. The
only comparable Indian data derive from the cohort study in
Nagpur in which dactylitis occurred in 9% by the age of 5
years (6), although a history of dactylitis was given in 52% in
the Burla study (3). Dactylitis commonly recurs and usually
resolves completely although transient bacteraemias may cause

premature fusion and a permanent shortening of the affected
small bones (Figure 3).

Bone Pain Crisis
In Jamaica, the bone pain crisis affects principally the juxta-
articular areas of the long bones, ribs, and spine commencing
in later childhood, increasing in frequency during adolescence,
especially in males and tapering in frequency and severity
after the age of 30 years (25). Risk factors include a high
total haemoglobin (26, 27) and low HbF (27), and common
precipitating factors are skin cooling from exposure to cold water,
baths, and rain. When associated with high fever or chest signs,
hospital investigation may be necessary, but in their absence,
this complication is essentially pathologically benign and home
management is chosen in over 90% of cases admitted to the
day-care centre in Jamaica (28) and elsewhere (29). Jamaica
uses the WHO analgesic ladder commencing with paracetamol
and paracetamol/codeine mixtures, the latter available without
prescription and providing more adequate pain relief than
paracetamol alone. Analgesic policy may vary between countries,
and it is understood that narcotic agents cannot be given for
home use in France, but in Jamaica, this has worked well.

In India, the limited data suggest a similar clinical pattern,
and this complication is a common cause of hospital admission.
However, only weak analgesics such as paracetamol are available
for home use forcing patients requiring stronger pain relief
to attend hospitals with the associated costs, difficulties, and
disruption – indeed, the journey to hospital or a local clinic for
stronger pain relief is only likely to increase anxiety and the
degree of pain. Although some tablets combining paracetamol
and codeine are available in India, these are not widely used
and home analgesic policy for SS patients in India requires
urgent revision.

Avascular Necrosis of the Femoral Head
In Jamaica, this occurred in about 10% of the cohort usually
developing in adolescence or early adult life. The outcome
depends upon the age at which avascular necrosis occurs,
involvement of the immature capital epiphysis often allowing
retention of the joint space, and remoulding of the hip, whereas
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FIGURE 3 | Subjects attending sickle cell camps in Chhattisgarh, India. Left, shortened fourth metatarsal of the right foot. Right, shortened fifth metacarpal of the

right hand. Both almost certainly the sequel of infection superimposed on dactylitis.

the involvement of the mature capital epiphysis causes secondary
osteoarthritis with persistent pain and limitation of movement.
Early diagnosis and avoidance of weight bearing may retard
progression but eventually many patients require remodelling of
the femoral head or total hip replacement.

In India, the prevalence is unknown but it is common,
and requires study of its own risk factors, natural history, and
protocols for optimal management.

INFECTIONS

Spectrum of Bacteria
In Jamaica, review of 93 initial septicaemic events in the
cohort found 28 (30%) due to Streptococcus pneumoniae, 17
to Salmonella, 12 to Staphylococci, 11 to Haemophilus, 8 to
Klebsiella, 6 to Escherichia coli, 5 to Enterobacter, and 6 others
(Rankine-Mullings – unpublished).

Streptococcus Pneumoniae
Invasive pneumococcal disease (IPD) affected approximately
10% by the age of 12 years in the Jamaican cohort (30),
and pneumococcal prophylaxis has become routine (31, 32) in
African HbSS. In India, paediatric studies from Nagpur found
that febrile events were common causes of hospital admission
(4, 6), and organisms isolated on culture included Staphylococci,
E. coli, and Klebsiella, with a notable absence of S. pneumoniae.

In African HbSS, splenomegaly precedes the loss of splenic
function, which was abnormal as early as the first year of life
(33, 34). There is then an age-related decline in frequency of
splenomegaly (35). In Asian HbSS, splenomegaly develops later
and persists for longer (3, 36). Pitted red blood cells, which
correlate with other indices of splenic function, such as Howell-
Jolly bodies and technetium (99mTc) sulphur colloid scans (37),
increased later in Asian HbSS in eastern Saudi Arabia (38), and in
western Odisha (3, 39), compared to Jamaica (40). Since the age

specificity of IPD declines after the age of 3 years (41), persistence
of splenic function beyond 3 years could explain the apparent
absence of IPD in Indian experience and casts doubt on the need
for pneumococcal prophylaxis.

Salmonella
In the Jamaican cohort, the second most common organism
was Salmonella. Although it is well known to be associated with
osteomyelitis in HbSS, the absence of clinical bone involvement
in a septicaemic child led to the assumption of IPD and antibiotic
therapy inappropriate for Salmonella resulted in a mortality rate
of 23% (42). Salmonella carriage is likely to be more common in
India, and more extensive blood cultures are needed to define the
spectrum of septicaemic disease in Indian patients.

Other Infections
Malaria no longer exists in Jamaica but Plasmodium vivax has
been shown to be common among febrile HbSS patients in
Gujarat (43).

DIFFERENCES BETWEEN AFRICAN HbSS
AND ASIAN HbSS

There are many similarities between African HbSS, as observed
in Jamaica, and Asian HbSS but also some major differences.
In the Jamaican cohort, chronic leg ulceration, defined by a
minimal duration of 6 months, occurred in 30% (44) and
priapism in 33% (45), but in Indian patients, both complications
are rare and probably occur in less than 1%. The persistence
of splenic function beyond the high-risk period for IPD
may be vitally important casting doubt on the need for
pneumococcal prophylaxis. A further difference relates to the
use of hydroxyurea, which in African HbSS requires near toxic
doses of 35 mg/kg requiring regular monitoring of haematology,
whereas in Asian HbSS, a substantial elevation of HbF may be
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achieved by much smaller doses of 10 mg/kg (46, 47), implying
less risk and less-intensive haematological monitoring.

A direct comparison between newborn cohorts in Jamaica and
Nagpur, India, confirmed that Indian patients had higher levels of
HbF, later appearance of splenomegaly, and absence of IPD (48).

Comparison of HbSS Within India
Current claims of differences between HbSS in different parts
of India must be treated with caution because of the different
methods of patient ascertainment. The patients from Western
Odisha (3, 10) represented survivors and also the chance event
of awareness of the study. The supposedly more severe disease
described in central India and south Gujarat is based on newborn
screening but compromised by biases of selective default where
failure to attendmay be due to the lack of symptoms or death with
their different implications. In India, HbF levels are consistently
elevated compared to Jamaican patients but the prevalence of
alpha thalassaemia defined by at least one alpha globin gene
deletion varied widely in India, occurring in 16% in Akola (5),
28% in Nagpur (6), 53% in western Odisha (3), and 92% in South
Gujarat (7) compared to 37% in Jamaica. This may contribute
to possible regional clinical variation in India but the necessary
clinical data are not yet available.

CONCLUSIONS

This review has focused on the most common causes of hospital
admission in children with Asian HbSS in Nagpur, India, and
allowed some comparisons with Jamaican data. Haemolysis is
increased in both populations but a lower haemolytic rate
may occur in Indian disease consequent on the higher HbF
levels. In both Jamaica and India, bone pain continues to
be a major cause of hospital admission, and the wider use
of stronger analgesics may allow more Indian patients to be
treated at home. There is an impression that ANFH may be
more common in India although this may reflect symptomatics

selection. In Indian patients, splenic function persists beyond
the high risk period for IPD with profound implications for
clinical management. These differences also provide insights
into the pathological mechanisms of the disease, which in India
occurs against a genetic background of universally elevated HbF
levels but variable frequencies of alpha thalassaemia. Some of
the apparent variations between Jamaican and Indian disease
may reflect social, cultural, and economic differences in the
societies. Indian colleagues may learn from protocols developed
for African disease, but these may not always be appropriate for
Indian practise. Careful documentation of the disease in India,
preferably by following cases diagnosed at birth, will be essential
in evolving locally appropriate models of care.
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