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ABSTRACT
This study is an attempt to evaluate the prevalence of hemoglobin S in Wadi Eshati Region.
The study group was composed of 2095 persons (984 males and 1111 females) between 2 and
85 years old were selected randomly from 16 towns and villages in Wadi Eshati Region, South
of Libya who attended either Primary Health Care Unites, Brack Central Hospital, and from
some primary and secondary schools in the region. All participants were subjected to complete
blood count and screened for sickle cell anemia by sickling test, solubility test. Iso-Electric
Focusing (IEF) tests were conducted on all positive sickling and solubility tests.
The prevalence of sickle cells in this region (4.15%) which is almost similar to those of other
studies carried out in other regions in Libya, moreover, we observed that the prevalence of
HbAS (2.53%) and Hb SS (0.14%) among females was higher in compare to males, (1.43%
and 0.05% respectively).
A systematic neonatal screening programme for this disorders and all other abnormal
hemoglobin, seems reasonable for early diagnosis and management.
Introduction
The sickle cell syndrome refers to a state
in which red cells undergo sickling when
deoxygenated. This occurs in homozygote
state of hemoglobin S gene (sickle cell
anaemia), hemoglobin SC, hemoglobin SD
and hemoglobin S beta thalassaemia states.
Sickle cell anaemia is the most severe
sickle cell disorder, while hemoglobin SD
is the mildest and hemoglobin SC and
hemoglobin S- -thalassaemia are in
between with a variable overlap in severity
(1).
Sickle cell disease is one of the commonest
genetic disorders worldwide and is the
most commonly inherited hematological
disease affecting humans (2). It is one of
the most global problems of hemoglobin
disorder. It had spread through migration
from its native areas in the Mediterranean
Region, Africa and Asia and is now an
endemic throughout Europe, America and
Australia (3). Sickle cell anaemia results

From substitution of a single amino acid,
namely valine for glutamic acid in the
sixth codon of beta globin gene in
chromosome number 11. As a result of this
substitution RBCs undergo sickling when
deoxygenated (4). The susceptibility of red
cells to sickle correlates well with the
concentration of sickle hemoglobin within
the red cells (5). Several other factors
influence the course and severity of the
disease. These include the presence or
absence of alpha thalassaemia gene,
oxygen content of the inspired air, cardiac
and pulmonary status. Other factors such
as dehydration, infection, acidosis and
hypothermia may precipitate in some of
the complications of this disease (6).
The clinical features of sickle cell
disorders reflect the propensity of the red
cells to assume a sickled configuration
when blood is doxygenated, leading to a
shortened red cell survival (chronic
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hemolysis) and a tendency to vasoocclusion of many body organs (6).
Although patients with sickle cell anaemia
may adapt to their anaemia quite well,
their illness is interspersed with acute
episodes, or crises, which include episodes
of sequestration of blood into the lung,
liver or spleen, or the occlusion of cerebral
vessels with resulting stroke. Furthermore,
they are particularly prone to infection in
early childhood and indeed at all ages (7).
For reasons that are not yet fully
understood, there is a remarkable
variability in the severity of sickle cell
disease (8).
But even in populations such as those of
the Eastern Saudi Arabia and/or parts of
India, which have a high frequency of
thalassaemia and/or an unusual ability to
produce Hb F in adult age (both of which
when inherited with sickle cell disease
tend to result in milder illness) (9).
Although little is known about the
mortality from ‘‘sickling’’ disorders in
developing countries, it is clear that in subSaharan Africa, many children die of it in
their early ages. Both in the USA and in
Jamaica, the peak incidence of death
among those affected with these disorders
appears to be at 1–3 years of age, usually
due to infection. Recent data from the
USA suggest that among affected adults,
the median age of death is 42 years for
males and 48 years for females (10).
The sickle cell gene is distributed widely
throughout sub-Saharan Africa, the Middle
East and some parts of the Indian subcontinent, where carrier frequency ranges
from 5% to 40% or more of the population.
The most recent estimate suggests that
annually there may be about 270 million
carriers for important inherited disorders of
hemoglobin and 300,000 –400,000 births
of infants with sickle cell anaemia or
serious forms of thalassaemia(11,12).

The number of people suffer from sickle
cell anemia in Libya is unknown. The
sickle cell gene with other abnormal
hemoglobins in Libya was first described
The first cases of abnormal hemoglobins
reported in Libya in the medical litreture
was in 1979 by Jain in a study carried on
545 subjects from the University of
Garyounis,
Benghazi.
Abnormal
haemoglobins were encountered in 23
subjects of unrelated families, giving an
overall incidence of 4.2%. Sixteen of these
subjects had Hb-AS trait (3.0%), Five
subjects had Hb-AC trait (0.9%) and two
subjects had Hb-AD trait (0.36%) (13), but
now is recognized to be widespread,
especially in the south of Libya, where the
prevalence of sickle cell trait is around
4.4% and 1.2 for sickle cell diseas (14).
This study was designed to determine the
prevalence of Hb S in Wadi Eshathi
Regions in the South of Libya.

MATERIALS AND METHODS
Sample Collection:
Between July 2007and March 2008, a total
of 2095 venous blood samples were
randomly collected in EDTA tubes from
persons of different age groups (ranging 285 years) belonging to different regions in
Wadi Eshathi, using disposable syringes
and needles for each individual. The
samples were transported to Brack General
Hospital Laboratory within two to three
hours of collection for hematologic tests,
solubility test and sickling test. These
samples were subsequently analyzed at
Human Histology Laboratory unit of the
Biotechnology Research Center in
Twesha-Tripoli, Libya using very sensitive
test (Iso Electric focusing) to confirm the
presence of hemoglobin S in these
samples.
Hematological Analysis:
Hemoglobin concentration, RBC count,
packed cell volume, mean corpuscular
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volume, mean cell hemoglobin and mean
cell hemoglobin concentration were
conducted by automated cell counter
(MINDRAY
BC-3000
Plus
Auto
hematology Analyzer. Shenzhen Mindray–
Biomedical). Hematological tests were
conducted to show the statistical difference
between normal and abnormal positive
samples using t test.
Slide Sickling Test:
Whole blood was mixed, with strong
reducing agent (Sodium metabisulfite) on a
glass slide, which deoxygenated the
Hemoglobin molecules. Under these
conditions, hemoglobin S present in red
blood cells causes the formation of sickle
shaped red cells (15).
Solubility Test:
Whole blood was added to saponincontaining potassium buffer. Red blood
cell is lysed due to saponin present in
solution. Hemoglobin S and other sickling
hemoglobins in reduced state, form liquid
crystals and yield a turbid appearance in
contrast to normal hemoglobin which gives
transparent appearance (15).
Iso-Elctric Focusing (IEF(
Isoelectric focusing takes place in a pH
gradient and is limited to molecules which
can be either positively or negatively
charged (amphoteric molecules), like
proteins, enzymes and peptides. Separation
takes place in a pH gradient which is
formed by special amphoteric buffers
(ampholytes) having high buffer capacities
at their pI(isoelectric point). The pH
gradient is produced by an electric field.
Before an electric field is applied, the gel
has a uniform pH-value and almost all the
carrier ampholytes are charged. When an
electric field is applied, the negatively
charged ampholytes move towards the
anode, the positively charged ones to the
cathode and their velocity depends on the
magnitude of their net charge. The carrier

ampholytes align themselves in between
the cathode and the anode according to
their pI, and determine the pH of their
environment. A stable and gradually
increasing pH gradient depending on the
initial mixture of ampholytes is formed.
Isoelectric focusing (IEF) on agarose gels
(Resolve System, Hemoglobin test kit;
Perkin Elmer Life Sciences, Norton, OH,
USA) was used to confirm Hb variants
such as Hb S detected by positive sickling
and solubility tests. About 5l from each
blood sample was eluted in 200l of Hb
elution solution supplied by Perkin Elmer
for 30 minutes of continuous mixing in
miro-wells plate. Then the samples were
focused on agarose gels for 45 min. at 1.5
kV, 18 mA, after which the protein was
fixed by immersion in 5% Trichloracetic
acid in 35% methanol, and then the plate
was stained and dried at 50o C to 60o C
(16).
Age groups.
According to World Health Organization
(WHO)
standards,
hematological
parameters differ from one another
depending on age and sex. The total
samples were divided into 4 age groups.
The first age group (<5 years) with 26
samples, (10 males and 16 females), the
second age group (5– 11 years) with 210
samples (116 males and 94 females), the
third age group (12- 14 years) contained
216 samples (120 males and 96 females),
and the fourth age group (over 15 years)
had 3461 samples (732 males and 911
females).
Results
Hemoglobin S is distributed worldwide,
and this study was carried out to evaluate
the prevalence of Hb S in the Wadi Eshati
Region.
Venous blood samples were collected from
2095 persons belonging to Wadi Eshati
Region, ranging from 2- 85 years (mean
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heterozygous for Hb S (Hb AS), and 4
samples (0.19%) were homozygous for
HbS (Hb SS). Table 1 and figure 1
represent positive samples for Hb S in the
total samples.
Table 1: Prevalence of HbS of total samples
Hemoglobin type
number
Percentage %
HbAS
83
3.96
HbSS
4
0.19

age 29.9 18.11). Out of the 2095
participants screened, 87 samples (4.15%)
were found positive for HbS. On the other
hand, 83 samples (3.96%) were found

Total

87

4.15

95.85%

HbAS
HbSS
HbAA
3.96%
0.19%

Figure 1: prevalence of HbS of total samples

According to the results of the tests carried
out for this study 87 samples (4.15%) were
found positive for HbS for both genders
(Table 1, figure1).
Out of the total samples, 31 samples of
males (1.48%) were positive for Hb S, out
of which 30 samples (1.43%) were found
heterozygous for HbS (HbAS), and only
one sample (0.05%) was homozygous for
HbS (HbSS). But, in females, 56
samples(2.67%) were found positive for
Hb S, out of which 53 samples (2.53%),
were found to be heterozygous for HbS
(Hb AS), and 3 samples (0.14%) were

homozygous for HbS (Hb SS). Table 2,
figure 2 represent the prevalence of HbS in
males and females in the total samples.
All the samples of the first age group were
found negative for HbS (0%) (n= 26). In
the second age group, 6 samples (2.86%)
were positive for heterozygous HbS, (one
sample 0.48% in males and 5 samples
2.38% in females). In the third age group,
11 samples (5.09%) were positive for
heterozygous HbS (6 samples 2.78% in
males and 5 samples 2.31% in females),
while in the fourth age group, 70 samples
(4.26%) were positive for HbS. 66 (4.02%)
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positive samples were heterozygous for
HbS of which, 23 samples (1.40%) were in
males and 43 samples (2.62%) were in
females, whereas, 4 samples (0.24%) were
ٍSex

positive for homozygous HbS of which
only one sample (0.06%) was in males and
3 samples (0.18%) were in females
(n=1643)(Table 3).

Table 2:- Prevalence of HbS among sex (males & female) of total samples.
HbAS
HbSS
Total
N

%

N

%

N

%

Males (N = 984)

30

1.43

1

0.05

31

1.48

Females (N= 1111)

53

2.53

3

0.14

56

2.67

Total 2095

83

3.96

4

0.19

87

4.15

[

Figure 2: Prevalence of HbS in males & females.

M= males
Hb

Table 3: Prevalence of HbS in different age groups
F= females
2-4 years
5-11 years
12-14 years
15 years & over
N=26
N=210
N=216
N= 1643
M N=16

HbAS
%
HbSS
%
HbAA
Total

N=0
0%
N=0
0%
N=16
100%

F
N= 10
N=0
0%
N=0
0%
N=10
100%

M
N=116
N=1
0.48%
N=0
0%
N=115
54.76%

F
N = 94
N=5
2.38%
N=0
0%
N=89
42.38%

M
N= 120
N=6
2.78%
N=0
0%
N=114
52.78%

F
N = 96
N=5
2.31%
N=0
0%
N=91
42.13%

M
N= 732
N=23
1.40%
N=1
0.06%
N=708
43.09%

F
N = 911
N=43
2.62%
N=3
0.18%
N=865
52.65%
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Statistical t test was done to compare the
hematological parameters of heterozygous
HbS and the negative samples in each age
group. In the first age group, no positive
sample for HbS was found, and the t test
wasn’t done for this age group, but in the
second age group, statistically there was no
significant
difference
in
all
the
hematological
parameters
performed
(p>0.05). In the third age group, there were
significant differences in packed cell
volume (PCV), mean corpuscular volume
(MCV), and mean cell hemoglobin
concentration (MCHC) (p<0.05), whereas
no significant difference was found in the
other hematological parameters performed
(p>0.05).
In the fourth age group, no significant
difference was detected between HbAS
positive samples and negative samples in
males (p>0.05), but a significant difference
was detected in RBCs count and MCV
(p<0.05). No significant difference was
detected in the other hematological
parameters performed (p>0.05).
Also t test was performed to compare

hamatological parameters of homozygous
HbS with negative samples, and statistical
significant differences were detected in all
the hematological parameters performed
(p>0.05), but statistical significant
differences were detected between
homozygous HbS and Heterozygous HbS
in all the hematological parameters
performed
(p>0.05),
except
in
MCV(p>0.05).
By comparing the tests carried out in this
study (slide sickling test, solubility test and
IEF test) to detect Hb S, it was found that
the slide sickling tests and tube solubility
tests were giving the same results in
detecting HbS. These two tests gave
similar results as IEF tests, but not like IEF
tests . Sickling tests and solubility tests
can't distinguish between homozygous and
heterozygous HbS. Figures 3a & 3b show
slides of sickling and and cloudy tubes of
positive solubility tests due to the presence
of HbS (Samples No:3, 4, & 5). and IEF
tests (figure 4a, & 4b). which show
transparent negative samples (samples No
1, & 2).

Figure 3: Sickling test using Sodium metabisulfate (rows represent sickled cells).
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Figure 4: solubility test, 1= normal control, 2= normal sample, 3= positive control for HbAS, and
4 & 5 positive for HbAS..

Also IEF test considered to be more
accurate for the detection of hemoglobin S,

which precipitated on the gel as clear band
in figure 5.

Figure (5) IEF gel ( Sample No:1, 2 HbA control. Sample No:3 HbS control. Sample No:4 HbF
control. Sample No: 6,8,9,12 positive HbAS, Whlie sample No:5,7,10 HbSS. and sample NO:11
HbA

Discussion:
Hb S is amongst the most prevalent
hemoglobinopathies
worldwide.
The
prevalence of hemoglobinobathies in
different parts of Libya by other studies,
was found to be 4.2% (17, 18). In this
study, the prevalence of Hb S in the whole
population screened was found to be
4.15%.
Out of all the samples, 83 samples (3.96%)
were heterozygous for HbS (HbAS), and
0.19% were Homozygous HbS (HbSS).
This prevalence is considered to be less
when compared to the other previous
studies carried out in Gariones University
Bengazi- Libya on 545 students, which
showed 3% positive for HbAS, and 0.33%
HbAC (13).

On the other hand, most of the HbS
positive samples were heterozygous
(3.96%) whereas, the prevalence of HbSS
was 0.19%, and this is confirmed by many
other similar studies and this percentage is
also less when compared to other studies in
different
parts
of
Libya
which,
demonstrate that the HbAS was 1.6%, and
0% for HbSS (18). Also the prevalence of
Hb AS is slightly higher when compareed
to other studies in Yemen by Al-Nood et
al., 2004, which showed that the Hb AS
was 2.2% (16).
According to age groups, the prevalence of
HbS was found highest in the third age
group (5.09%), while the first age group
showed the lowest prevalence (0%), but in
the second and the fourth age groups, it
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was2.86% ,and 4.26% respectively. The
prevalence of Hb S in the younger age
group was more comon in children, which
was in agreement with Deshmukh et al.,
2006 (19), but different from Balgir, 2007,
who didn’t find any relation between age
and prevalence of HbS in persons (20).
Depending on the t test, no significant
difference was detected (p>0.05) in the
second age group. This confirms that
HbAS has no difference between
hematological parameters with normal
samples. In the third age group, there were
significant differences between Hct, MCV
and MCHC (p<0.05), where other
parameters
showed
no
significant
difference (p>0.05). In the fourth age
group, there was a significant difference in
RBCs and MCV in females (p<0.05). That
may be due to the effect of the other
factors such as age, sex, physiological
factors, sample collection time, site of
blood collection and the nutritional status
(21).
But HbSS samples showed a significant
difference in HbAA, and this is considered
to be the typical picture of a sickle cell
disease (22). According to the tests carried
out in this study, we found that

sickle, and solubility
tests were compatible with Isoelectric
focusing tests in the detection of HbS.
These tests may be used as primary
screening tests, on account of their low
cost, but they can’t differentiate between
HbAS and Hb SS in contrast with IEF test.
On the other hand, sickle solubility tests
are not sensitive for the detection of HbAC
(19).
Conclusion
The prevalence of sickle cells in this
region (4.15%) which is almost similar to
those of other studies carried out in other
regions in Libya, moreover, we observed
that the prevalence of HbAS (2.53%) and
Hb SS (0.14%) among females was higher
in compare to males, (1.43% and 0.05%
respectively).
Sickle cell disorders should be considered
a public health problem in Wadi Eshati
Region. A systematic neonatal screening
programme for this disorders and all other
abnormal hemoglobin, seems reasonable.
Adapted management of hereditary sickle
cell should be available as early
identification, control and management of
sickle cell disorders is necessary to prevent
childhood deaths.

مدي انتشار اخلضاب املنجلي يف منطقة وادي الشاطئ – جنوب ليبيا
1

 ٔ عثذانغالو جًعح،2الدٛ أتٕتكش يعشٔف ي،3ٌيحًذ يشٔا
الملخص
. يُطقح ٔاد٘ انشاغئٙ) فHbS( ٙش يعذل اَرشاس انخعاب انًُجهٚ ذقذٙذٓذف ْزِ انذساعح إن
ٍ عممُح يمم82-2 ٍٛ إَمماز) خاممخاا ذشأعممد أعًمماسْى تمم3333ٔ ، ركممٕس086( حٛ(ُممح عشممٕاٛ ع2902 ذممى جًممد عممذد
 ٔانًرٕعممػٙى اخعاعممٛ تممشا انعمماو ٔيممٍ غهثممح يممذاسط انرعهممٙممح ٔيغرشمموٛح اخٔنٛممح انلممحٚ يشاكممض انشعاٍٙ عهممٚانًرممشدد
.تانًُطقح
،محَٛقح انرًُجم ٔانزٔتاٚح تطشٛا انًرجهٚ) ٔانًغح عٍ ٔجٕد انخالCBC( ُاخ خععد الخرثاساخ عذ انذو انكايمٛد انعًٛج
.Iso-Electric Focusing (IEF)ذْا تاخرثاسٍٛ ذى ذأكٍٛ انغاتقٚ ظٓشخ يٕجثح تاالخرثاسُٙاخ انرٛد انعًٛكًا أٌ ج
 تعمط انًُماغٙ ْزِ انًُطقح يرقماسب يمد يما ْمٕ يغمجم فمٙ) فHbS( ٙأظٓشخ انُرا(ج أٌ َغة اَرشاس انخعاب انًُجه
%9.36 ٔ %2.21( ٍ انُغمام نغمًح انرًُجمم ٔانخعماب انًرجماَظٛ كًا ذى يالعظح أٌ َغمثح االَرشماس تم.اٛثٛاخخشٖ يٍ ن
.)ٙ انرٕانٙ عه%9.92 ٔ ،%3.61(  انشجالٙ) كاَد أعهٗ يًا فٙ انرٕانٙعه
 يممٍ عذيممّ كممأجشامٙممذ نهكشممد عممٍ ٔجممٕد انخعمماب انًُجهممٛممد انًٕانًٛمماو تانًغ م ح انممذٔس٘ نجٛممّ َقرممشو ظممشٔسج انقٛٔعه
.ٍٛكَٕٕا يٕجثٚ ًٍح انًثكشج تٚش انالصيح نهعُاٛص ٔاذخار انرذاتٛاعرشاص٘ يثكش نرشخ
اٛثٛشح – نٕٚ انط-حٕٚٛاخ انحُٛيجًٕعح أتحاز أيشاض انذو – يشكض تحٕز انرق
اٛثٛح – تثشا – جايعح عثٓا – نُٛح ٔانرقٛح انعهٕو انُٓذعٛح – كهٛقغى انًخرثشاخ انطث
اٛثٛ ن- ح انعهٕو جايعح انواذح – غشاتهظٕٛاٌ – كهٛقغى عهى انح

-3
-2
-1
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