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Pattern for ao-thalassaemia in Yemeni
sickle-cell-disease patients

M.A.F. El-Hazmi ' and A.S. Warsy ?

SUMMARY A group of Yemeni patients with sickle-cell disease (SCD) and normal Hb AA individ-
uals living in Riyadh were studied to determine the incidence of the a-gene molecular defect.
Blood samples were obtained from 26 SCD patients and 13 controls {the Hb AA group). in the
SCD patients the frequency of single a-gene deletion (—o/ac) was 0.346, compared to 0.263 in
the Hb AA group. The frequency of two gene deletion (—a/-a) was 0.231 (0.0 for the Hb AA group).
In one Hb AA case, a lriple u-gene arrangement (uxo/ac) was found (frequency 0.053). The
results suggest that a-thalassaemia occurs frequently in Yemeni SCD patients. Further studies to
determine the overall frequency of a-thalassaemia in the Republic of Yemen would be of value for

paticnt management.

Introduction

Sickle-cell disease (SCD) occurs in the Re-
public of Yemen, aithough the exact gene
frequency is unknown [/] and information
on a-thalassaemia is scarce. The current lit-
erature contains no reports on the pattern of
interaction of a-thalassaemia and SCD
among the Yemeni population.

During our studies in Saudi Arabia, we
encountered a number of Yemeni SCD pa-
tients attending the Ministry of Health Chil-
dren’s Hospital and King Khalid University
Hospital for regular treatment and follow-
up, in whom DNA studies showed the pres-
ence of associated a-thalassaemia. We
conducted a comprehensive moiecular
analysis to determine the prevalence and
nature of o-thalassaemia gene defects in
Yemeni patients. Here we report our find-
ings in the Yemeni SCD patients and show

a pattern of interaction of Hb S and a-
thalassaemia genes.

Patients and methods

The study involved 45 Yemeni children un-
der 14 years attending the Ministry of
Health Children’s Hospital, and King Kha-
lid University Hospital, Riyadh. Blood
samples were collected by venepuncture in
EDTA or heparinized tubes during their vis-
its to the hospital. Haematological parame-
ters and red cell indices were estimated in
fresh blood using a Coulter Counter ZF6
(Beckman Coulter, California, United
States of America) with haemoglobinome-
ter attachment. Reticulocytes were estimat-
ed using a previously documented
procedure [2]. The blood was centrifuged
to separate the plasma from the cells and
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buffy coat. The plasma was removed and
stored frozen at —20 °C. The red cells and
buffy coat were carefully separated and the
red cells wash-ed twice with cold physio-
logical saline and haemolysed just prior to
use by adding cold distilled water. The
haemolysate was used to estimate haemo-
globin types by electrophoresis at alkaline
[3] and acid pH [4], and for determining Hb
F [5] and A, levels [3].

The plasma was used to estimate bio-
chemical parameters using an autoanalyser
(American Monitor Parallcl), at the Clini-
cal Biochemistry Laboratory, King Khalid
University Hospital. The buffy coat was
used for the extraction of DNA according
to the procedure previously documented
[6]. The DNA was separated and purified,
and 10 pg aliquots were used for digestion
with restriction endonucleases Bg! II or
BamHI separately, following the procedure
supplied by the manulacturer. The digest
was subjected to electrophoresis to sepa-
rate the DNA fragments on 0.9% agarose
gel. The fragments were transferred by
Southern blotting to nitrocellulose sheets
{7]. The DNA containing the a-globin gene
was identified by using a radio-labelled
probe of a 1.5 kb fragment of the o-globin
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gene cloned into the Pst I sitc of PLTNI,
and released upon digestion with Pst II.
The filters were extensively washed and
subjected to autoradiography for visualiza-
tion of bands and determination of band
size, by comparison with markers run in the
gel along with the samples,

Results

Haemoglobin electrophoresis showed 26
children had the Hb SS phenotype whilc 19
had Hb AA. The latter group, attending the
hospital for minor illnesses, were used as
controls. Thc fragments gencrated by
BamHI and Bg! 1l indicated oi-thalassaemia.
BamHI produced 14.5kb, 14.5kb+ 10.5kb
and 10.5 kb fragments in individuals with
oo/, —o/0te and —oU/~o gene arrange-
ments respectively (Figure 1). No individu-
al with- —/ genc arrangement was identi-
fied. Bgl II produced 12.5 kb + 7.0 kb in
owov/oie cases, 15.8 kb +12.5kb+ 7.0 kb in
—o/ox cases and 15.8 kb in ~o/—ou cases
(Figure 2), All gene deletions were right-
ward deletions. Both one (—ov/oux) and two
(—o/—a) a-gene deletions were identified in
the SCD and Hb AA groups. The frequen-

Table 1 Frequency of a-thalassaemla gene arrangement in Yemeni children with sickle-cell

disease (SCD) and controls

o-thalassaemia gene arrangement

Group ouosonex —oufou —o/—x oeooefoeoe
No. % No. % No. % No. %

SCD

(n = 26) " 42.3 9 346 6 23.1 0 0
Hb AA controls

{n=19) 13 68.4 5 26.3 0 0 1 53
Total

(n =45) 24 53.3 14 311 6 13.3 1 22
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Table 2 Gene frequency of a«w/, —a/ and coaa
genes in Yemeni SCD patients and Hb AA
controls

Gene frequency SCD Hb AA Total
oo/ 0.596~ 0.8420 0.700
—af 0.404* 0.1316* 0.289
aoo 0.000 0.0263 0.011

*Statistically significant (P < 0.05)
SCD = sickle-cell disease

cies of a-thalassaemia in the total group,
and in the SCD and normal controls sepa-
rately, are shown in Table 1. One Hb AA
child had a triple a-globin arrangement,
which produced 12.5 kb, 7.0 kb and 4.0 kb
fragments upon digestionwith Bg/ II, and
17.5 kb with BamHI. The SCD and Hb AA
children were grouped on the basis of their
o-gene arrangement (i.e. ccat/ovor, —at/ouee or
—o/-a) and the prevalence of each gene ar-
rangement was calculated (Table 2) The
values of haematological and biochemical
parameters were separately calculated in
each group, using the Staristical Analysis
System program at the Computer Centre of

King Saud University. The results are pre-
sented in Table 3.

Discussion

Both sickle-cell and a-thalassaemia genes
occur in Middle Eastern countries with
varying frequency [8,9]. Some areas, par-
ticularly those with a past or present history
of malaria endemicity, have a high frequen-
cy of both these genes [8]; this is seen in
one of the Republic of Yemen’s neighbours,
Saudi Arabia [9-72]. As consanguineous
marriage and marriage between members
of the same tribe are common throughout
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Figure 1 Autoradiograph of restriction
endonucleases BamH| pattern: —a/aa
(sample no. 1); aa/aa (sample no. 2);
-/~ (sample no. 3)

Bgl Il
1 2 345 67 89

Qrigin

15,8 Kb
12.5 Kb

7.0 Kb

Figure 2 Autoradiograph of restriction
endonuclease Bgl Il: -a/aa (sample nos 1, 3,
5); —a/-o [sample nos 2,7, 9, 8 (leftward
deletion)]: o.o/oc (Sample nos 4, 6)
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Table 3 Haematological parameters in Yemeni SCD patients, with and without o-thalassaemia

Parameter —al~a —a/aa aoc/oo
(n=6) {(n=9) {n=11)

Haematological
Haemoglobin {g/dl ) 8 80 + 0.70 9.00 + 3.20 9.50 = 1.60
Red blood cell count (x10'/L) 3.60 + 0.77 3.70 £ 3.000 2.80 + 0.35°
White blood cell count (x10%L}) 11.80 £ 0.70 12.60 £ 5.20 12.30 £ 7.40
Packed cell volume (L/L) 0.25 £ 0.03 0.20 + 0.042 0.27 + 0.04
Reticulocytes (%) 6.80 + 3.80° 23.10 + 16.60¢ 9.80 + 6.80
Mean corpuscular volume (fL} 73.20 £ 7.50° 80.30 = 6.20° 95.40 + 13.80°
Mean corpuscular haemoglobin (pg) 24.80 + 4.70° 31.80 + 7.80 34.30 £ 6.00°
Mean corpuscular haemoglobin
concentration (g/dL) 34.30 + 18.00 35.20 + 3.60 35.40 + 1.90
Hb A, (%) 4,10 + 1.50 3.20 + 0.76 3.30 £ 0.40
Hb F (%)} 7.50 = 3.30 10.10 = 3.70 5.70 £ 4.60

Biochemical
Total bilirubin (mmol/L) 28.0 £ 180 76.3 + 38.6 120.0 = 153.8
Delta bilirubin (mmol/L) - 100+ 1.4 33.2+41.5
Total protein (g/t) 60.0 £ 20.9 753+ 5.9 706 £ 6.2
Albumin (g/L}) 30.0 £ 20.0 42.7 + 8.1 426 £ 4.5
Alanine aminotransferase (U/L) 48.0 £ 25.5 43.0 = 10.0 230+ 1.4
Aspartate aminotransferase (U/L} 79.0 £ 5.6° 155 + 6.4 58.2 + 36.9
Alkaline phosphatase (U/L} 163.0 + 4.2 2753 + 87.0 167.4 + 41.8
Lactate dehydrogenase {U/L) 269.5 £ 98.3 783.7 £ 197.6* 278.3 £ 1886
Ferritin (ng/mL) 276.2 + 208.0 190.6 £ 158.2 355.8 » 264.0

*Statistically significant (P < 0.05) compared to SCD with aw/aa
sStatistically significant (P < 0.05) compared to SCD with ~a/mer
*Stalistically significant (P < 0.05) compared to SCD with —a*a

Values are presented as mean + standard deviation.

the region [13], coexisting a-thalassaemia
and SCD cases occur, influencing the pre-
sentation of SCD [/4]. Because of Saudi
Arabia’s close proximity to the Republic of
Yemen (we have reported a high frequency
of Hb S and o-thalassaemia genes in the
south-western region of Saudi Arabia [8,9—
121), we expected to find a high frequency
of these genes in the Republic of Yemen.
This expectation was confirmed by the
findings of Haider [/].

Our study showed a number of interest-
ing findings. First, in the group overall,
31.1% were found to have one oa-gene

(—o/oer) deletion, and 13.3%, two a-gene
deletions (—o/—a), giving a gene frequency
for —ov/ of 0.289. Secondly, the frequency
of o-thalassaemia was significantly higher
(0.404) in the children with SCD (-~a/aa =
34.6%; —o/—a = 23.1%) compared with the
children with Hb AA (0.1316), where
26.3% had one a-gene deletion and none
had two a-gene deletions. One case of a tri-
ple a-gene arrangement was seen, giving an
aoc/— frequency of 0.011.

The a-gene deletion is a rightward dele-
tion which results in the deletion of a 3.7 kb
fragment comprised partly of o, and o,
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globin genes, thus producing a hybrid
[15,16). Cases of leftward deletion are not
seen in Saudi Arabia, although o-thalas-
saemia due to the occurrence of one or two
o-gene deletions is frequent. The leftward
deletion has heen identified, but at a very
low frequency [17,18). Instances of triple
oi-gene arrangement have been reported in
Saudi Arabian Hb AA and SCD cases, also
at a very low frequency [/9,20].

Within the SCD group, when the chil-
dren without ot-thalassaemia (oo/oor) were
compared to those with one (—o/0iat) or two
(—o/—t) gene deletions, some statistical
differences were seen in the haematologi-
cal parameters. The red cell count was
highest in the —o/oia and lowest in the oo/
ot groups, while packed cell volume was
lowest in the —o/oiax group. Red cell indices
decreased significantly as the number of o-
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genes deleted increased. Reticulocytes
were higher in SCD with one o-gene dele-
tion, but significantly lower in those with
two 0--gene deletions. This unexpected re-
sult may be due to a number of children
with very high rates of haemolysis and
hence reticulocytosis.

Among the biochemical parameters,
several differences were seen but none was
statistically significant. These results match
results from Saudi Arabia for some parame-
ters, but nat all [74].

This preliminary report on SCD in Ye-
meni children shows a higher frequency of
a.-thalassaemia in the SCD group
compared with that of the Hb AA group.
Whether the associated o-thalassaemia has
any ameliorating effect on the nature of
SCD in Yemenis is yet to be determined.
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