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Sickle cell haemoglobinopathies in England
JILLIAN R MANN

Children's Hospital, Birmingham

SUMMARY Ninety-six Birmingham children with sickle cell disease were studied prospectively
between 1969 and 1979. Thirty-five were homozygotes for HbS (SS), 12 had sickle thalassaemia
(S thal), and 23 were double heterozygotes for HbS and C (SC). Twenty-six whose family studies
were incomplete were classified as SS or S thal although most were thought to be SS. The average

length of follow-up was 5-1 years. Four SS children and 1 SC child died, the annual mortality
rates being 1 - 3 % for SS and presumed SS, 0% for S thal, and 0 9% for SC children. The incidence
of pulmonary illnesses and anaemic crises was greater than reported from Jamaica, while leg
ulceration described there and in New York was not observed in Birmingham. Severe infections
were less common than in the series reported from New York and no case of salmonella osteo-
myelitis was observed in Birmingham. In general the S thal and SC children had milder illnesses
than the SS, and the SS children often showed impairment of growth and sexual maturation.

The natural history of sickle cell disease in children
varies greatly from country to country depending on
socioeconomic and environmental factors. In west
Africa, where child mortality rates were high, at
least 40% ofchildren with sickle cell diseases used to
die during the first 2 years, mainly from infections
and anaemic crises,' and fewer than 20% survived
into adulthood.2 It has been calculated that 40% of
SS Jamaicans survive into middle age3 and similar
mortality rates have been reported from North
America,4 5 while Saudi Arabs have an unusually
benign disease, which has been attributed to a
genetically-determined ability to increase fetal
haemoglobin (HbF) production.6

In 1971 about 93 000 of Birmingham's 1 million
population were new commonwealth* immigrants7
and a survey of schoolchildren8 showed that among
the 60% who were of African or West Indian
origin, hetero- or homozygous HbS was present in
8 %, HbC in 3 %, and P-thalassaemia in 0 75 %. Thus
it can be calculated that about 155 children and
adults with SS, SC, and S thal now live in
Birmingham.

This report describes a prospective study started
in 1969 of children with sickle haemoglobinopathies
carried out at Birmingham Children's Hospital. It is
the first account of the natural history of the disease
to give mortality rates and to describe certain other

*Comprising countries in the British Caribbean, parts of
Africa, the Indian subcontinent, Sri Lanka, Singapore,
Malaysia, Cyprus, Gibraltar, Malta, Gozo, etc.

clinical and haematological features of children with
sickle cell diseases living in the UK.

Patients and methods

Ninety-six children with SS, S thal, and SC were
studied between January 1969 and December 1979.
Children doubly heterozygous for HbS and heredi-
tary persistence of HbF were excluded. Forty-eight
patients were recruited into the study from clinics in
the hospital during 1969-70 and 48 children newly
diagnosed or referred from elsewhere were added
subsequently. Their families had come to
Birmingham from the West Indies (87), west Africa
(8), and the Yemen (1).
With the exception of 5 asymptomatic S thal and

SC children, all of them were reviewed regularly in a
special clinic until their care was transferred else-
where. At each clinic visit height, weight, and
development (including sexual maturation, illnesses
since previous attendance, Hb level, haematocrit,
and reticulocyte count) were recorded. For the
analysis of the growth data, heights and weights were
plotted on the British standard growth charts9 for
white children, since there are no such charts for
black children living in Britain. Heights were
expressed as standard scores defined as the number
of standard deviations (SD) by which the measure-
ments differed from the mean for healthy white
populations of the same age and sex.10 Bilirubin
levels were not recorded systematically.

676

copyright.
 on M

ay 15, 2023 by guest. P
rotected by

http://adc.bm
j.com

/
A

rch D
is C

hild: first published as 10.1136/adc.56.9.676 on 1 S
eptem

ber 1981. D
ow

nloaded from
 

http://adc.bmj.com/


Treatment consisted of folic acid 5 mg daily,
provision of analgesia (generally aspirin) for painful
crises, and antibiotics for infections as clinically
indicated. Prophylactic penicillin was not given,
except to one child who had two episodes ofpneumo-
coccal septicaemia and to another after splenectomy
for recurrent sequestration crises. Eighteen children
received sodium bicarbonate orally for a year during
a clinical trial to test its efficacy in preventing
painful crises,11 and 5 received a course of ancrod in
a double-blind study to determine whether this
anticoagulant shortened established painful crises.'2
Prophylactic dental care was arranged, generally in
the hospital's dental department.
For surgical procedures intra- and postoperative

intravenous hydration and 40% oxygen-anaesthetic
mixtures were used. Preoperative blood transfusion
to Hb level 10-11 g/dl was carried out if blood loss
was expected or if the preoperative Hb level was
<7 g/dl. Before the splenectomy and one chole-
cystectomy serial blood transfusions at weekly
intervals to Hb level 13-14 g/dl for 3 weeks were
performed to reduce the circulating HbS to <20%.
Tourniquets were not used.

Haematological tests were performed using
standard methods'3 and HbF levels by alkali
denaturation.'4 Whenever possible clinical exam-
ination, Hb level, haematocrit, reticulocyte count,
HbF and A2 levels, and Hb electrophoresis were
performed on the patient, the parents, and all
siblings. Children with only HbF, A2, and S, were
classified as SS if both parents were heterozygotes
(AS), or as SS or S thal if both parents were not
available for testing. Only when one parent was
shown to have ,3-thalassaemia and the other to be
AS was the child classified as having S thal.

Results

Ninety-six children aged between 3 months and 19
years were studied for an average of 5 1 years a
patient (Table 1). Thirty-seven children are still
attending the clinic, 5 have died, 7 were lost to
follow-up but have been traced and confirmed to be

Table 1 Patients studied, and deaths

Haemoglobino- No ofpatient Average no of Deaths
pathy years years per

patient No %

SS (n = 35) 203 5-8 4 1.9)
SS or S thal > 1.3

(n = 26) 130 5.0 0 0
Sthal(n = 12)* 42 4-2 0 0
SC(n=23)t 117 5.1 1 0.9

*2 t3 patients discharged after diagnosis made.
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Table 2 Presenting feature or source

Age range SS SS or S that SC
(years) thal

Already attending
Birmingham Children's
Hospital* 1-15.6 21 14 5 8

Transferred from
another hospital* 0.9-14.2 4 3 1

Painful crisis 2-7-13 4 1 3
Anaemic crisis 1-7-4 1 2
Infection* 0.3-5.2 2 3
'Haemic' murmur 9.2 1
Pallor 0.3 1
Epistaxis 10-3 1
Splenomegaly 1.2 1
Family study 3.9-8*7 3 1 2
School sickle survey 3.4-16.2 1 4 5
Blood test before surgery 3-8.8 2 2

*3 children (2 SS, 1 SS or S thal) had first presented before start of
survey with pneumococcal meningitis at the ages of 1, 1-6, and 2.8
years.

alive and well, while the medical care of the re-
mainder has been transferred to the GP (n = 9), or
to paediatric or adult clinics elsewhere in the UK
(n = 29), or abroad (n = 9).
The presenting features are shown in Table 2.

Most children were diagnosed because of painful
bone or abdominal crises, but 3 presented with
life-threatening anaemic crises, while 20 who were
asymptomatic or had only mild symptoms (14 had
the milder disorders S thal or SC) were diagnosed
during family studies, in the Birmingham school
haemoglobinopathy survey,8 or on routine testing
before surgery. Three children who had presented
before the start of the study did so with pneumo-
coccal meningitis when aged 1, I - 6, and 2 8 years.
The mean Hb levels for each group of patients at

entry to and exit from the study are shown in Table 3.
From these findings, from studies on globin chain
synthesis (K D Griffiths, J R Mann, and D N Raine,
1981, unpublished data), and from clinical simi-
larities, it is considered that most of the children in
the SS or S thal group were actually SS. However
the possibility that some had S thal with a com-
pletely inactive j-thalassaemia gene (P3O) cannot be
excluded. Two of the S thal children had SrO
thalassaemia, low Hb levels (8-0-9 1 g/dl), and a
severe clinical course, but the remainder had some
production ofnormal adult HbA (Sp+ thalassaemia),
higherHb levels (10- 6-13 - 1 g/dl), and few symptoms.
In all groups of patients the Hb levels tended to rise
with increasing age, possibly owing to 'auto-
splenectomy'. As expected, the Hb levels were in
general higher in S thal and SC children than in SS.
HbF levels (Table 3) were raised in most SS and

S thal children, but varied widely and exceeded 10%
in only 2 SS children (18 - 7 and 13 * 3 %) whose
illnesses were of comparable severity to those of
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Table 3 Haemoglobulin and HbF levels

Haemoglobino- Haemoglobin (gldl ± SD) HbF (% SD)*
pathy

At start of study At end of study

SS 8-2±1-0 8.3+0.9 4.7+45
SS orS thal 8-0 ± 1-0 8-2 + 1-0 5-1 ± 3-5
S thal 11-1 ± 1-3 11.5 + 1.5 5.3 ± 4-5
SC 11.5 ± 1.3 11.8 ± 1.3 1-8 ± 2-0

*Children aged <1 year and levels measured before 1970 excluded.

other SS children. Two S thal children also had levels
above 10% (11-2 and 14 5%). In the SC children
HbF levels were normal or only slightly raised.
The principal complications are shown in Table 4.

Painful bone and abdominal vaso-occlusive crises
were the most numerous, but were not recorded in
detail since the majority did not necessitate treatment
in hospital, and a parallel study'1 had established
much individual variation with an average frequency
of 2 or 3 episodes per patient a year. Anaemic crises,
which were often life-threatening and associated with
infections, and the formation of red cell auto-
antibodies,15 occurred on multiple occasions
(maximum 8 times in one child). Pulmonary illnesses,
generally diagnosed as pneumonia, although
respiratory pathogens were seldom isolated and
pulmonary infarction could not be excluded, were
the next most common, and were also often re-
current in affected children. Often pulmonary
illnesses and anaemic or painful crises occurred
simultaneously. The serious infections, which
occurred only in the SS and presumed SS children,
were osteomyelitis due to coagulase-positive
staphylococci (in 2) and klebsiella (in 1), pneumo-

Table 4 Numbers of children with complications* and
additional problems

SS SS or S thal SC
S thal

Anaemic crises 17 (41) 12 (27) 1 (2)
Pulmonary illnesses 15 (26) 8 (10) 1 1
Other serious infections 5 5
Nocturnal enuresis 5 2 1
Severe/recurrent epistaxes 3 1 4
Avascular necrosis of bone 2 1 3
Hemiplegia + epilepsy, low IQ 2 1
Subarachnoid haemorrhage 2
Atopy 2 1 2
Ventricular septal defect I I
Priapism I
Gastric ulcer I
Growth hormone deficiency I
Malabsorption, hepatitis,

mental retardation I
Obesity 1 1

*Painful crises excluded.
Number of episodes shown in brackets.

coccal septicaemia (in 1, a 3-year-old boy who had
originally presented at 1 * 6 years with pneumococcal
meningitis), severe gastroenteritis (in 4), glandular
fever with respiratory obstruction necessitating
tracheostomy (in 1), and giardiasis (in 1).

Avascular necrosis of bone resembling Perthe's
disease occurred in an SS boy, and necrosis and
fusion of the 10th, 11th, and 12th thoracic vertebrae
in an SS girl. Osgood-Schlatter's osteochondritis-
like lesions of the tibial tuberosity were seen in 1

S,rO thal and 3 SC children.
Serious central nervous system complications were

confined to the SS and presumed SS children.
Priapism is a recognised symptom of sickle cell
anaemia.
The details of the children who died are shown in

Table 5. The SC girl's final illness was preceded by
hypersplenism and has been reported previously.16
The overall mortality rate for Birmingham children
with sickle haemoglobinopathies (Table 1) was
1% per annum, but was higher (1-3%) in the SS
and presumed SS children than in S thal (0) or
SC (09%).

Table 5 Deaths
Sex Haemoglobino- Age (years) Cause of death

pathy

Male SS 3.2 Found dead in bed at home.
Necropsy showed
bronchitis. Previously
had had 8 anaemic crises

Male SS 5.7 Found dead in bed at home.
No cause detected

Male* SS 8.6 Gastroenteritis. Previous
cerebral crisis resulting
in hemiplegia and
epilepsy

Female* SS 14.3 Found dead in bed at home.
Necropsy showed
subarachnoid haemor-
rhage (ruptured Beri
aneurysm)

Female SC 12.4 Splenic sequestration

*Brother and sister.

Table 6 Operations performed under general anaesthesia
SS SS or thal S thal SC

Dental 12 15 5 4
Ear, nose, and throat 5 3
Cranial burr holes 2 (n = 1)
Tracheostomy/closure/

laryngoscopy 4 (n = 1) 1
Cholecystectomy 2
Splenectomy I
Hip manipulation 1
Appendicectomy 1
For osteomyelitis 7 (n = 2)
Umbilical hernia repair 2
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Sixty-five operations were performed under
general anaesthesia (Table 6) without any serious
complications.
The growth of the children with SS and presumed

SS is impaired compared with that of the black
children with S thal and SC, and with standards for
healthy white children (Figs 1 and 2). The standard

BOYS

Start of study

Sickle cell anaemia
Height

9 90
50

/ /& 10
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scores for height for children aged <10 years at the
start and those aged >10 years at the end of the
study are shown in Fig. 3; although there was
considerable individual variation, all the children
with heights >2 SD below the mean were SS or
presumed SS patients, in whom there was also a

trend towards further deviation below the mean

End of study

10
0
0

Weight

Start of study End of study *90

1 2 3 4 5 6 7 8 9 1011 12131415161718
e (years)

Fig. 1 Heights and weights of boys at start and end of study. Continuous lines represent 10th, 50th, and 90th
centiles for standard white population.
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during the second decade. The deviation was
principally due to delayed pubertal development
which is also illustrated by the later menarche in SS
and presumed SS girls (Table 7). Lean body habitus
was present in most of the SS and presumed SS
children, whereas the S thai (except one St3O thai
girl) and SC children were generally heavier (Figs I
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90'
80'

70-1
60'-
50*

80
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60'
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and 2). Obesity occurred in one S thai girl and one
SC boy. Growth hormone deficiency as well as
delayed puberty was detected in one SS or S thai boy,
who showed a good spurt after treatment with
growth hormone which was started almost con-
currently with the onset of pubertal development
at 16 8 years.

Sickte cetL anaemia
Height

Start of study End of study

0e

WeIght

Start of study End of study
*90

SS
oSSor S that
I S that

A SC

E1617 18 1 2 34
Age ( years

Fig. 2 Heights and weights ofgirls at start- and end of study. Continuous lines represent 10th, 50th, and 90th

centiles for standard white population.
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Fig. 3 Standard scores for height. Dots on the left of
each column show heights of children aged < 10 years at
start of study, and on the right ofeach column show
heights of children aged > 10 years at end ofstudy.
Mean and SD for each group of children is also shown.

Table 7 Age (years) at menarche

Ages of girls over 10 Age at Average
years who have not yet menarche age at
reached menarche menarche

SS* 13-4, 13-8, 16-3, 17-1 13-5, 14, 14.3, 15
14.8, 15.2, 15.7,
18-1

SSorSthal 12.1 12-8, 13-7, 14, 13.7
14, 14.3

Sthal* 11, 15-8t 11, 11 11
SC 10.9,12.4 10-2, 12, 12, 11-6

12, 12

*Information not recorded for one child in group, tS130 thalassaemia.

Discussion

In Africa,2 17 18 where the climate and infections
create conditions in which childhood mortality rates
are high, few SS individuals have survived into adult
life, whereas SC disease is milder, presents later, and
is compatible with a longer life-span. Malaria is a

major cause of death in SS children (although AS
individuals have some resistance to the parasite) and
antimalarials with folic acid, antibiotics, and other
measures to improve child health have been effective
in reducing massive splenomegaly,2 mortality, and
morbidity.2 1920 Nevertheless, the majority of
African SS children still die.
The outlook is better in non-malarial countries

such as the West Indies and North America. How-
ever, although the majority of Birmingham's black
population is of West Indian origin, with a similar
incidence of sickle haemoglobinopathies,8 21 this
study suggests that the environmental differences
between temperate industrial urban Birmingham and

Sickle cell haemoglobinopathies in England 681

tropical rural Jamaica have influenced the clinical
manifestations.

In a retrospective review of 100 Jamaican SS
children22 74 had presented with symptoms before
age 3 years and 2 had died, but precise mortality
rates were not calculated. Their Hb levels were
lower (6-8 g/dl) than Birmingham children's, and
serum bilirubin level was increased (>1 mg/100 ml;
17 1 ,umol/l) in 67% of determinations. Painful
crises were not quantified but pulmonary illnesses
and anaemic crises were recorded in fewer Jamaican
(36 and 17%) than Birmingham SS children (43 and
49% respectively) while leg ulceration, present in
13 Jamaican children, the youngest aged 6 years, has
not been seen in Birmingham. The incidence of other
complications was similar. For example, theJamaican
series included 4 children with meningitis (1 pneumo-
coccal), 2 with subarachnoid haemorrhage aged 9
and 11 years, 2 with hemiparesis, 1 with priapism,
and 9 with epistaxis. Haematuria occurred in 1
Jamaican child and has been reported in other series,
but was not observed in Birmingham children.

Subsequent reports have indicated that among
Jamaican infants diagnosed since 1973 by cord blood
Hb electrophoresis and studied prospectively, 87% of
SS and 95% of SC, compared with 99% of normal
control children, survived the first 2 years of life,23
and about 40% of SS Jamaicans have survived into
middle age.3 Most of the early deaths resulted from
acute splenic sequestration and pneumococcal
infections in young SS children,23 while SC23 and
older SS children4 have been at smaller risk.
However, the Birmingham deaths were in children
aged >3 years, although others not included in this
series might have died undiagnosed with apparent
sudden infant death syndrome; in Los Angeles4
during a 10-year period 7 babies with apparent
sudden infant death syndrome were found on Hb
electrophoresis and blood culture at necropsy to
have had SS and pneumococcal septicaemia. Further
studies in Birmingham are attempting to assess the
extent of this problem, and in Jamaica the value of
prophylactic penicillin and pneumococcal vaccine in
infants is now being assessed (G R Serjeant, 1980,
unpublished data).

In the urban environment of New York,5 where
between 1956 and 1973 in a study of 551 children
annual mortality rates were 2% for SS, 0% for SC,
and 1 5% for S thal, 67% of deaths occurred before
age 4 years, most commonly from infections, cerebral
thrombosis, or haemorrhage, or from splenic
sequestration. New York children had fewer anaemic
crises and a different pattern of infections from those
in Birmingham: meningitis occurred in 6 9% ofNew
York children (compared with 0% of Birmingham
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children, or 3% including illnesses before the study),
severe diarrhoea in 16% (compared with 4 %), and
urinary infections in 9% (0%). No case of salmonella
osteomyelitis was noted in Birmingham whereas over
half of cases in New York were caused by Salmonella
sp. Cerebrovascular accidents and mental retardation
were of similar incidence in the two cities but leg
ulcers, haematuria, lead encephalopathy, and certain
central nervous system manifestations-such as
sudden blindness-seen in New York children have
not been observed in Birmingham.
As in Jamaica24 and elsewhere, Birmingham SC

children have had less severe symptoms than those
with SS, whereas those with SrO thal were affected
to a similar extent as those with SS.25 Children with
Sf+ thal were often asymptomatic.
There have been a number of reports about the

growth of children with sickle cell anaemia22 2631
but interpretation ofthe results has been complicated
by the small numbers in some studies. However, in
general there is agreement that SS children are
generally thin, while their heights show pronounced
individual variation. In most series some children
have been of subnormal height, while others have
been tall. Sexual maturation has commonly been
delayed,29 as has skeletal development,32 but adults
have generally been of average or above average
height.3 In Birmingham, too, wide individual
variation in the heights of SS children is evident,
but the heights of the S thal and SC are similar to
those of the English white standards. Eleven per cent
of SS and presumed SS children aged <10 years and
16% aged >10 years had heights >2 SD below the
mean for white standards, so it seems clear that their
more severe illnesses have led in some to delayed
growth and late sexual maturation.

Davis33 studied Hb levels in 75 children with
sickle cell anaemia aged 4 days to 16 years and
showed a progressive fall from mean levels of
9 75 at I month to 8 07 at 1 year, 8 18 at 5 years,
7*7 at 10 years, and 7 29 g/dl at 12-16 years. How-
ever some ofthe age groups contained small numbers
of children and the Birmingham data suggest that
after the first year of life 'steady state' Hb levels
remain constant or perhaps rise slightly. As in Los
Angeles,4 few Birmingham children had high HbF
levels, and increased HbF did not convey clinical
advantage; this was consistent with the reported
similar survival of high and low HbF cells.34
Good anaesthetic techniques and the other

measures described have permitted many surgical
procedures to be carried out safely on Birmingham
children, confirming previous reports35 36 of the
efficacy of simple management of patients with
sickle haemoglobinopathies.

This study has demonstrated the natural history of
the sickle haemoglobinopathies in children living in
the UK and has further illustrated that the mani-
festations of these disorders vary from country to
country, depending on many factors, which may
include the weather, endemic infections, and the
standards of nutrition and medical care.
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