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Summary 

Many pat ients with sickle cell anaemia ( S C A ) 
arc known to synthesize increased a m o u n t s of 
foetal haemoglob in ( l i b I7). In some si tuat ions, 
the levels a t t a ined a re so high that the course of 
the disease is ame l io ra t ed sincc l i b F does not 
participate in the polymerizat ion process 
characterist ic of the sickling p h e n o m e n o n . It 
has also been r epor t ed that the s imul taneous 
inheri tance of an u- tha lassacmia gene reduces 
the severity of S C A . We have examined the 
levels of l i b F in relation to the erythrocyte 
indices and the co inher i t ance of the dele t ion 
type a - tha lassacmin in S C A pat ients in 
Nigeria. T h e concen t ra t ion of Mb F in per iph-
eral blood was measured by the alkali dena tu ra -
tion technique of Be tke et al. (15), whilst 
erythrocyte indices were de te rmined o n a 
Coulter S plus II coun te r . Alpha- tha lassacmia 
was de tec ted by the restr ict ion endonuclease 
analysis of D N A o b t a i n e d f rom per ipheral 
white blood cells ( W B C ) and nuc lea ted red 
cells using a -g lob in gene-specif ic p robes . 

The mean l i b F level in 130 S C A subjec t s 
was 5.9 ± 3 . 8 % ( range 0 . 9 - 1 6 % ) . Males had 
significantly lower levels than females . l i b 
concentrat ion, haematocr i t , and H b A 2 did not 
differ in subjec ts with H b F levels lower than 
2% ( G r o u p I) when c o m p a r e d with those 
whose I lb F levels were higher than 8 % ( G r o u p 
II). The mean corpuscular volume ( M C V ) and 
mean corpuscular haemoglobin (MCI I) were 
lower in G r o u p I. Globin analysis in 30 of these 
subjects showed that 20 had four , eight had 
three, and two had two a -g lob in genes. T h e 
mean l i b F level (6.4 ± 3 . 7 % ) in the four 
alpha-gene g roup was significantly higher than 
that in the three a lpha-gene g roup (2.7 ± 

"To whom correspondence should be addressed. 

1.6%). These findings did not influence the 
severity of the disease. 

Resume 

II arrive souvent que les patients atteint de 
Pan£niic du drcpanocyte synthetiscnt des quan-
tites encore plus importantes d 'h&noglobine 
foetal . Parfois les niveaux atteints sont assez et 
si (Sieves pour influcr sur le cours de la nialadie 
puisque Mb F ne participe pas au processus de 
polymerisation qui caracterisc le phenom£ne du 
drcpanocyte . II a etc cgalement rapporte que 
Clientage simultane du gene de Palpha thalas-
semie rcduit la scvcrite du drcpanocyte . Nous 
avons examine le rapport entre les niveau du 
I lb F en relation aux indices d'erythrocyte et a la 
presence du type 'suppression' d 'a lpha thalass-
cmic dans les pat ients de Panemic du drcpano-
cyte au Nigeria. On a me sur <5 la concentrat ion 
du I lb F dans Ic sang pcriphcriquc en utilisant 
la mc thode de la denaturat ion de Palkali de 
Betke et al. [15) tandis que les indices d 'erythro-
cyte ont £t£ de te rmines sur un comptcu r 
Coul te r S plus II. Nous avons d<5tecte Palpha 
thalasscniie par Panalyse dc restriction d 'endo-
nuclcasc ob tcnu ft partir du W B C per ipher ique 
et des cellules rouges nuclccs en utilisant les 
sondes spdeifiques des gOnes d 'a lpha globine. 

Le niveau moyen dc I lb F chez les 130 cas du 
drcpanocyte <5tait de 5.9 ± 3 .8% (allant dc 0.9 5 
16%). Les niveaux dtaient plus bas chez les 
hommes . II n'y avail pas de difference dans la 
concentra t ion d ' H b , de Phdmatocrit ct de PI lb 
A2 q u a n d on a compare des cas aux niveaux de 
I lb F audessous de 2 % ( G r o u p e I) a ccux dont 
les niveaux de H b F etaicnt au-dessus de 8 % 
( G r o u p e II). Les M C V et MCI I <5taicnt plus bas 
dans le groupe I. L 'analyse du gene de globine 
des 30 dc ccs cas a donne les resultats suivants; 
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20 d ' cn t re cux avaient qua t re genes d ' a lpha 
globine, huit en avaient trois, et d e u x en 
avaient deux. Le niveau moyen d ' H b F (6.4 ± 
3 . 7 % ) dans le groupe de qua t re gdnes d ' a lpha 
globine <3tait beaucoup plus dlevd que celui du 
groupe de trois genes d 'a lpha globine (2.7 ± 
1 .6%) . Ces donntfes ni ' influent pas sur la 
sdv£rit<3 de la maladie. 

Introduction 

T h e sickle haemoglobin occurs in very high 
frequencies across a wide belt in tropical Afr ica. 
In Nigeria, lieterozygote f requencies a re as high 
as 25% (1,2), while sickle cell anaemia ( S C A ) 
is the commonest genetic disorder in the popu-
lation. T h e clinical manifestat ions have been 
found to vary tremendously among the pat ients 
f3) and this has led to a t t empts to unravel the 
causes of this variation. Extrinsic and intrinsic 
factors are known to ameliorate the severity of 
SCA. The extrinsic factors include the social 
class of the patient [4|. which in turn de te rmines 
the access to mcdical care, and the presence or 
absence of infections, particularly malar ia . 

Several studies on the influence of intrinsic 
factors on SCA have been repor ted . These 
include the demonstra t ion that very high levels 
of foetal haemoglobin lead to benign disease 
among Saudi Arabians [5,6), in Southern India 
(7), and also among Jamaicans (8). Shurafa et al. 
[9) repor ted that long survivors of SCA had sig-
nificantly higher foetal haemoglobin levels than 
short survivors. On the other hand, some studies 
have not demons t ra ted such beneficial effects 
(10,11). Results of investigations into the influ-
ence of a-thalassaemia have been equally contro-
versial, with some showing amelioration |12,13| , 
whilst o thers could demons t ra te no effect [14). 

T o examine the factors likely to affect the 
variability of the clinical manifes ta t ions of S C A 
in Nigeria, we de termined the levels of foetal 
haemoglobin and alpha globin genotypes in 
these patients. As far as we are aware , this is 
the first definit ive study in this region and our 
findings form the basis of this repor t . 

Subjects and methods 

T h e 130 subjects were randomly selected f rom 
the pat ients a t tending the paediatr ic and 
haematology clinics. T h e diagnosis of S C A was 

m a d e by s tandard clinical and laboratory 
s tudies . T h e r e were equal numbers of males 
and females and the ages ranged from 2 to 
30 years . Most had been studied for several 
years , and the haematological pa ramete rs are 
those taken in the s teady s ta te , and analysed by 
a Coul te r S plus coun te r . Foetal haemoglobin 
was de t e rmined by the alkali denatura t ion tech-
nique [15) as modi f ied by Pcmbrey [16). The 
cellular dis t r ibut ion of foetal haemoglobin 
was assessed using the Klc ihauer clution tech-
n ique [17). 

DNA Analysis 

Alpha- tha lassaemia was identif ied by restric-
tion cndonuc lease analysis of D N A . T h e D N A 
was ob ta ined f r o m per iphera l white and nu-
cleated red blood cells using phenol-chloroform-
isoamyl alcohol [18). T h e D N A was digested 
with Bam III and Bgl II enzymes . T h e frag-
men t s were sepa ra t ed by e lect rophoresis on 
0 .8% agarose gels and t rans fe r red on to nitro-
cellulose filters using the technique of Southern 
[19). This was fol lowed by hybridization using 
an alpha globin gene-specif ic p r o b e labelled 
with dCT 3 2 P. T h e filters were washed under 
s tr ingent condi t ions and sub jec ted to auto-
radiography [20). 

Results 

T h e propor t ion of haemoglobin F (I lb F) in the 
per iphera l b lood of S C A pat ients was found to 
vary considerably. T h e f requency distribution is 
shown in Fig. 1 and it is positively skewed. The 
mean was 5.9 ± 3 .8% with a range of 0 .9-
16.7%. T h e mean values in males were signifi-
cantly lower than in females (Table I). In all 
cases, the cellular distr ibution of Mb F was 
he te rogeneous . T h e mean values of l i b F in 
d i f ferent age g roups are shown in Table 2. 
T h e r e was a slight decrease from 6 . 8 % , in those 
unde r 5 years of age , to 5 .0% in the age group 
15-20 years , this was followed by a slight rise to 
6 . 4 % in those over 25 years. None of the 
d i f fe rences , however , reached statistical signifi-
cance . A compar ison of the haematological 
p a r a m e t e r s was m a d e between those subjects 
( G r o u p I) with low H b F levels ( ^ 2 % ) and 
those ( G r o u p II) with higher levels ( ^ 8%). 
T h e groups had equal numbers of males and 
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Fig. 1. Distribution of l ib F values in patients with 
sickle ccll anaemia. 

females , and the results arc shown in Tabic 3. 
T h e di f ference in MCV and MCI I reached 
statistical significance, however , due to logisti-
cal difficulties, only one quar ter of those 
studied had values for these pa ramete r s . 

Globin gene analysis was per formed in 30 
randomly selected subjects with the results 
shown in Tab le 4. The subjects with one alpha 
gene delet ion ( a - / « a ) had significantly 
lower M C V , M C H and mean H b F than those 
with the normal complement of four alpha 
globin genes ( a a / a a ) . T h e o ther two 
subjects homozygous for a- tha lassacmia (a - / 
a - ) had even lower M C V (69.0 fl> and M C H 
(21.1 pg) but the group was rather t oo small to 
be included in Table 4 for comparison. 

Tabic 1. Percentage levels of I lb F in males and 
females 

n Mean* SD Range 

Males 65 4.9 3.2 0.9-14.3 

Females 65 6.2 3.2 1.1-16.7 

P < 0.05, between males and females. 

Table 2. Percentage levels of Hb F in different 
age groups 

Age (years) 

< 5 5-10 10-15 15-20 20-25 > 25 

Mean 6.8 5.7 5.5 5.2 5.0 6.4 

SD 4.5 3.1 2.5 3.0 3.6 4.8 

Discussion 

The observat ions reported here show that the 
levels of foetal haemoglobin arc raised in SCA 
patients in this populat ion. T h e levels obta ined 
are similar to those in Jamaicans (5), black 
Amer icans [21] and Brazilians (22), but arc , 
however , markedly lower than those observed 
in Saudi Arabia and parts of India [23,24]. The 
levels of I lb F observed in our subjects are not 
very high and the foetal haemoglobin levels 
observed may not affect the clinical severity of 
their illness. Foetal haemoglobin does not 
participate in the polymerization process that is 
characteristic of the sickling phenomenon . 
However , when there is a mixture with sicklc 
haemoglobin, Hb F must attain a critical level 
for it to reduce polymerization by increasing the 
minimal gelling concentrat ion ( M G C ) . This 
happens in pat ients doubly heterozygous for the 
sicklc gene and the negro type of heredi tary 
persistence of foetal haemoglobin ( H P F H ) . 
Such combinat ions produce very mild symp-
toms, and have foetal haemoglobin conccntra-

Tablc 3. Hacmatological parameters in high and low l ib F groups 

Hb F (%) Mb (g/dl) MCV* (fl) MCH* (pg) Hb A2 (%) 

Group I as 2 7.9 ± 1.1 82.4 ± 6.2 26.7 ± 2.4 2.9 ± 0.7 

Group II 25 8 8.0 ± 1.3 100.8 ± 4.0 33.6 ± 2.1 2.6 ± 0.7 

'P < 0.05. 
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Table 4. Haematological parameters and a-globin genotype 

Genotype /it lib (%) MCV* (fl) MCI I* (pg) lib F* (%) l ib A , (%) 

a a /a a 18 7.6 ± 0.8 94 ± 4 . 4 31.2 ± 1.7 6.4 ± 3.7 3.2 ± 1.1 

a - / a a 10 7.8 ±1.4 86.7 ± 4.4 28.5 ± 2.6 2.7 ± 1.6 3.3 ± 0.9 

•/> < 0.05. 
t Excludes two with a - / a - . 

tions in the range 15-40%. T h e fact that a few 
SCA pat ients whose foetal haemoglobin levels 
reach beyond 15% arc not separa ted in this 
m d y reflects their very small numbers . T h e 
he te rogeneous distribution of Mb F in the cells 
also means that pe rhaps few cells are pro tec ted . 
The lower levels of Mb F found in males 
compared with females conf i rms the report of 
Ser jeant (8). al though this dif ference was not 
observed by Wood [25). A higher Mb F level 
would be expected if there was selective loss 
through haemolysis of cells with low amoun t s of 
this haemoglobin . Since the re is no evidence 
that such a situation occurs preferential ly in 
females , this difference remains unexpla ined . 

Our finding of a diminished amoun t of foetal 
haemoglobin in sickle cell subjects with co-
existent a- thalassacmia agrees with those of 
Higgs J 13.26). however . Embury has repor ted 
the opposi te , i .e. a higher level of foetal 
haemoglobin among pat ients with a- tha las-
saemia [12). Ano the r group has demons t r a t ed 
that patients with SCA and coexistent a-thalas-
saemia have reduced haemolysis [27). This is 
expected to lead to a reduced selection pressure 
for cells with high foetal haemoglobin levels 
since the red blood cells may be expected to live 
longer. This process can the re fo re explain the 
reduced levels of Mb F recorded in pa t ients with 
coexistent a - tha lassaemia . It is notable that 
the Mb F levels and a- tha lassaemia observed in 
these pat ients modified some erythrocyte 
indices ( M C V and M C I I ) . The re is no indica-
tion that the level of Mb F is sufficiently raised 
to modify the course of the disease in the 
subjec ts s tudied. 

Al though the pat ients examined had co-
existent heterozygous a- tha l -2 ( a - / a a ) , a 
larger number homozygous for a - tha l -2 
( a - / a - ) need to be investigated to d e m o n -
strate any meaningful effect on the severity of 

the disease . T h e p resen t f indings form the basis 
for fu r the r s tudies . 
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