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Abstract

Hemoglobinopathies (HGP) are among the most common hereditary diseases in Morocco. They constitute a real public
health problem given their frequency and the difficulties of treating them. We studied here Two hundred patients with ane-
mic syndrome or microcytosis. There is a qualitative and quantitative analysis by Capillarys 2 flex piercing electrophoresis
and High-Performance Liquide chromatography. The Homozygous Beta-thalassemia, drepanocytosis, S/ beta-thalassemia and
Hemoglobin C disease patients’ blood were sent for genetic confirmation. Unlike the northern zone, the most frequent hemo-
globinopathies, here, are beta-thalassemia (17%) followed by sickle cell disease (10.5%), then hemoglobin C (6.6%), minor
alpha-thalassemia (1.2%) and finally, O Arab /beta-thalassemia (0.6%). We report that iron deficiency is very common in
patients with a percentage of 14, 5%. It’s the pathology number 2 next to beta - thalassemia. Using IBM SPSS, no difference
detected between intragroup means values of Hb A2, Hb F and Hb variant. Equally, the same result found between age classes
groups in all type of hemoglobinopathies (p<0.0001). In addition, we note Well correlation between HPLC and CE values in
thalassemia and hemoglobinosis.

KKeywords: Hemoglobinopathies, Thalassemia, Drepanocytosis, Iron Deficiency Hemoglobin C, Hb A2, Hb F, Anova test.
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Introduction

Hemoglobinopathies recognized as a hereditary anom-
aly; transmitted according to the autosomal recessive mode and
affect the hemoglobin protein (Hb) [1]. Because of their high fre-
quency and potential seriousness, these conditions represent a
major public health problem worldwide. According to data from
the health organization, 7% of the world’s population carries an
abnormal globin gene and in some regions of the world up to
1% of newborns affected by a hemoglobin pathology [2]. These
pathologies are especially widespread in tropical regions and ex-
tended to the majority of countries due to the different migratory
flows observed these last decades [3]. In Morocco, the epidemi-
ology of hemoglobinopathies remains unknown. The WHO esti-
mates the rate carriers in Morocco at 6.5%. A published study on
the prevalence of thalassemia in the northern region of Morocco
hospital shows that the Garb is the most touched [4]. In south of
Morocco, no hemoglobinopathy prevalence studied until now.
Our objective is to identify and estimate rate of different hemo-
globinopathies, participate to treatment management of these

diseases and to create national medical register.

The recent study, reports hematologic laboratory ex-
perience of CHU Mohamed VI in Marrakesh/Morocco over 3
years, and its contribution to the management of HGP. We pro-
pose results exploration of hemoglobinopathies cases, to study
their epidemiological characteristics and discuss their clinical

and biological features.
Patients and Méthods

Patients

These are patients showed at least twice in consultation
or hospitalization as well as their family members. After their in-
formed consent, they are included in studied series. A data sheet
completed for each patient during the analysis of his medical re-
cord. It provides his clinical criteria and biological tests results.
They present anemic syndrome, abnormal blood Count, blood
smear anomalies and/or hemolysis signs (high LDH, high bili-
rubin or a drop in haptoglobin levels ...). Fortuitous discovery of
an abnormal Hb fraction observed when measuring “HbA1c” by

HPLC and during a family investigation in-patient’s relative.
Methods

This prospective study conducted within the hematolo-
gy department of the university hospital center Med VI of Mar-
rakech. During study period between January 2015 and Decem-

ber 2017, 200 HGP patients followed up by our team. Clinical
data, Hemogram, Biochemical assessment of hemolysis, person-
al and family history collected. The distribution of these cases
varies depending on the year; a maximum of cases is in 2016
with 59% of patients. HPLC and CE (capillary electrophoresis)
are available for analysis of Hb. Using HPLC (D10 Bio-Rad (Cal-
ifornia, USA), 200 samples were analyzed. The Sebia Capillarys 2
Flex Piercing analyzer (France) used for 158 samples tests.

Hemogram

This is the first examination giving useful information
to suspect a hemoglobin abnormality. The patient must not have
transfusion at least for four months ago [5]. The hematological
parameters measured electronically by a red blood cell counter
giving the erythrocyte count, the hematocrit, the rate hemoglo-
bin, erythrocyte indices (MCV, MCH, and MCHC). The auto-
matic counter used in the Hematology Laboratory is the Sysmex
XE 5000.

Blood smear

Blood smear reports any cells abnormality (anisocyto-

sis, poikilocytosis...and/or inclusions presence).
Capillary Electrophoresis (CE)

CE was performed following the manufacturer’s guide-
lines for the Sebia Capillarys 2 Flex piercing system using re-
agents provided in the Capillarys Hemoglobin (E) kit (Sebia,
Norcross, GA). The instrument analyzes EDTA whole blood for
hemoglobin variants. The lysed red cells electrophoresed in alka-
line buffer (pH 9.4) allowing separation directed by pH and en-
dosmosis. Detection of hemoglobin fractions using absorbance
at 415 nm. CE not require daily calibration, but normal Hb A2
control analyzed daily through each capillary before additional
quality control if required (as AFSC, AF or normal/ abnormal
Hb A2 controls) and in the end of runs. By this way, we ensure
proper charge and function of the capillaries. Results recorded
as an electrophoregraph and chromatograph which are then
analyzed [6] [7] [8]. The electrophoretic profiles obtained allow
qualitative and quantitative analysis of different hemoglobin
found. Therefore, it is possible to determine the percentages of

each hemoglobin fraction.
HPLC

HPLC analysis was performed using dual program
(A2/F) by D10 (Bio-Rad, Marne la coquette, France), which sep-
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arates hemoglobin fractions by cation exchange chromatography
using his alkaline gradient. HbA2 and Hb F single point calibra-
tors performed daily to adjust and ensure proper retention times
and to establish calibration parameters for accurate quantifica-
tion. Low and high controls evaluated at the front and the end of
each run. Hb A1C calculated simultaneously by D10 A2/F pro-
gram. Hb A1C>6% increase Hb F level (Hb F>1%). care should

be taken in diagnosing diabetic patients.
Statistical Analysis

IBM SPSS used to look for means values of age, sex
number, different hemoglobin variants, Hb A2 and F. Anova test
evaluate intra and inter groups correlation: between percent-
age of hemoglobin (normal and pathological) and ages classes

groups.

Ethics

All patients signed agreement and consent before anal-

ysis with respect for anonymity
Result
Age of patients

The patient’s age at diagnosis time varied between 4
months and 67 years, with an average of 24.5 years (standard de-
viation: 18.8 years). In our series, patients are divided into 41.1%
of men and 58.9% are women. There is a female predominance
with a sex ratio M/F of 0.7 (Table.1).

Age classes groups

70
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40

30

20

1

. =
M F

=

B <2 yrsold
B between 2 and 18 yrs

B between 18 and 65 yrs

Figure 1: Classes Age in Southern Moroccan Hemoglobinopathies Patients.

Geographical origin of patients

The origin of the patients is variable: Most patients are
from Marrakech (75%). Other patients are from Zagora, Tinghir,
Kelaa, chichaoua, ouarzazate, all from south of Morocco. Only

one from Guinee.

Blood count

Hemoglobin is lower (Hb <9 g/dl) in homozygous (B/B
or S/S) and double heterozygous forms (S/B). Nevertheless, it is
normal or moderately low in heterozygous Patients (Table.1). Se-

vere anemia observed in 27% of HGP patients.
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Parameters Values
Hemoglobin:

Hb <9 g/dl (27%)

2,3-13,4g/dl

9 g/dl <Hb <11 g/dl (56%)

Hb > 11 g/dl (17%)
MCV 44-115 %,
MCHC 15-32,9
RBC 3000 - 6000/mm’
platelets 54000/mm? - 315000/mm?*
Reticulocytes 15500 - 945000 g/l

Table 1: Variable parameters in blood count of hemoglobinopathies patients
Patient History: assemia patients which are not treated earlier. A family history

of HGP found in 16, 5% of cases. Family death story following

About thirty-nine patients (25%) have a history of con-
sanguinity. Therefore, consanguineous marriages contributes to
increasing recessive HGP patient’s number. Anemic syndrome
and microcytosis are the most common reason for consultation
(fig.2). The presence of frontal bumps, hypertelorism and en-
largement of the malar bones in 1,2% of homozygous beta -thal-

HGP observed in 1, 2% of patients. Multiple transfusions showed
in 7% of homozygous (BB, SS and some CC) or double heterozy-
gous patients (S/B). In our study, age at onset of clinical signs and
the first consultation varied between one and 36 months, with an

average delay of 10 months (in homozygous B/B, SS or S/B).

Clinical features in patients with
hemoglobinopathy
B Microcytosis B Anemia Congenital anemia M Anisocytose
m Target cells uSPM m Iron deficiency Reticulosis
H Asthenia B Spherocytosis H Dysmorphic Faces B Growth Delay
70% 60%
60% 53%
50%
40%
30%
I 9% 17% 1450% 14% 12 gos;
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Figure. 2: Clinical features in patients with hemoglobinopathy.
ANOVA 1 factor inferior HBA2 and superior HBA2 with PATHOLOGY
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Statistical analysis groups (age classes groups in all type of hemoglobinopathies
(p<0.0001). Well correlation noted between HPLC and CE val-

Using IBM SPSS, no difference detected between intra- ;o5 in thalassemia and hemoglobinosis (Table 2).

group means values of Hb A2, Hb F and Hb variant and inter

Sum of Mean of L .
ddl F Signification
squares squares
HB_A2 Intergroupes | 1532,832 | 25 61,313 145,761 | 0,000
Intra-groupes | 55,525 132 | 0,421
Low limit
Total 1588,357 | 157
Intergroupes | 1502,218 | 25 60,089 138,617 | 0,000
HB_A2
Intra-groupes | 57,220 132 | 0,433
Highlimit | 7, 1559,438 | 157
Table.2: ANOVA TEST of HbA2 values in pathological patients.
Hemoglobinopathy profile frequent form of HGP with 17% (table 3). 6% of patients have

severe HGP form (HMZ beta- Thalassemia, SS or S/ beta-thal-

It performed in all patients at least twice. Patients test-  3qsemia) (Figure 3). Screening was done for siblings and parents

ed for hemoglobinopathy by capillarys 2 flex piercingand HPLC ¢ 1g patients (11,4% of cases). it Detects asymptomatic carrier

in Southern Morocco and show 59% patients carried or homo-  parents of HGP in tested patients. The siblings are normal or het-

zygous of hemoglobin defect. Beta -thalassemia is the most erozygous for thalassemia or hb variant.

HEMOGLOBINOPATHIES PROFILE OF SOUTHERN MOROCCO

Beta-
thalassemia
17%

beta thalassemia 17%
uiron deficiency 14 5%

= drepanocytosis 10.5%

Hemaoglobin C 6.6%

m alpha thalassemia 1,2%
= () arab 0,6%
m Delta heta thalass,fg%a

® normal Hemoglobin
41%

2.50%

1.20%

Figure. 3: Hemoglobinopathies profile in southern Morocco (this study).
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DISEASE TYPE Hb Anomalies Percentage | Total
HTZ BT 14%
Beta- thalassemia (BT) 2 17%
HMZ BT 3%
o 5 A/S 7,5% L0.5%
repanocytosis R
panocyt $SOU SB 3% ’
CC 2%
Hemoglobin C CA 4%
C Beta-thalassemia 0.6% 6,6%
Alpha-thalassemia Alpha 1,2% 1,2%
Iron deficiency Carence 14,5% 14,5%
Elevated Hb F HbF <5% (nl Hemogram) 4,4% 4,4%
Delta-BT Hb F>5% (Hb A2 normal or low) | 2,5% 2,5%
Hb O Arabe HTZ O Arabe Hb 0,6% 1,2%
O Arabe/ BT 0,6%

Table 3: Hemoglobinopathies profile in southern Morocco (this study).

Hb A2 and F Values Means

In patients having normal hemoglobin profile (nor-
mal alpha and beta globin gene), Hb A2 level is between [2,5%,
3,2%], while Hb F level is moderate (< 5%) (table 4).

The Homozygous BT have a normal or high Hb A2
(<7,2%) but, dominated Hb F. Heterozygous Beta- thalassemia
patients have a high Hb A2(> 4%) and Hb F<3,7% (table 4). Nor-
mal or high Hb A2 detected in homozygous Drepanocytosis,

but, an elevated Hb F was observed. Minor Alpha thalassemia

patients show a lower Hb A2 level and normal Hb E. Delta be-
ta-thalassemia cases present a normal hemoglobin A2 percent-
age but, elevated Hb F They have an intermediate BT pheno-

type with anemia, microcytosis, asthenia and SPM.

Homozygous Hb C disease show normal Hb A2 and
Hb F percentage. Blood smear show micro spherocytosis, Mi-
crocytosis, target cells, schizocytosis, jolly body and in severe
form anemia, reticulocytosis, anisocytosis, thrombopenea and
lymphopenea. C/Beta thalassemia show high Hb A2 level but
it's normal in C/A patients (Table.4).

Hb Type Type HB_A2 HB_A2Bis | HB_F HB_FBis
AA NORMAL 2,6 3,2 1,6 1,9
A /BT 4,3 7,2 0,0 3,7
HTZ Beta- Thalassemia
B/B 3,1 7,3 25,9 97,9
S/S 2,2 6,2 6,8 21,3
Drepanocytosis S/B 0,3 3,3 11,2 14,1
A/S 2,8 4.4 0,0 2,9
AC 2,8 3,3 0,2 0,4
Hemoglobin C C/B 43 4,8 0,8 1,0
CcC 0,0 3,8 0,0 0,6
Delta beta thal Delta BT 2,0 2,8 5,5 9,2
00%<Hb F<5% Elevated Hb F 2,8 2,9 1,6 2,3
Alpha thalassemia Minor alpha thalassemia | 1,7 2,5 ,0 0,0
O arabe /BT 6,0 6,4 9,3 10,3
O Arabe Hb
Htz O Arabe 39,4 40,0 ,0 ,0

Table. 4: Hb A2 and F Values Means in Different Hemoglobinopathies Type in Our Study.
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Discussion

The Epidemiological Level

In our series, the patients are divided into 41,1% Male
and 58,9% females with a sex ratio M/F= 0.7, this female pre-
dominance was found at CHU Hassan II of Fez and in Italy with
an M/F sex ratio of 0.6 and 0.9, respectively [9] [10]. However,
male predominance found in CHU Ibn Sina in Rabat and CHU
Farhat -hachet of Sousse in Tunisia, with a sex ratio 1.4 and 1.36,
respectively [11] [12]. We find the same results in Tunisia and
Algeria with a sex ratio 1.9 and 2.1, respectively [13] [14]. The
female predominance cannot be explained by relationship be-
tween sex and disease since the transmission of this condition
is autosomal recessive that it affects both sexes equally. Fifty six
percent of patients had age superior to 18 yrs old. Age between
2 yrs old and 18 yrs old is in 34%. Less than 2 yrs old showed in
10% of patients (Figure.1).

In our series, 25% of cases have a consanguinity history.
Therefore, our society has changed. It is beginning to accept mar-
riages outside the family and even with strangers, especially, in
south of Morocco. Furthermore, 52.5% of patients have a consan-
guinity history in University Hospital Hassan II of Fez (northern
Morocco) [15]. Comparing to other countries in north of Africa,
higher frequency of consanguinity observed: 68% in El-Owed
region of Algeria [17], 65.6% in university hospital Hédi Chaker
in Tunisia [12] and 35.5% in CHU Khelil Amarane in Algeria
[13].

In our study, the age at onset of clinical signs and the
first consultation varied between 4 months and 36 months (av-
erage of 20 months). 29.6% of patients consulted after 6 months
due to low socioeconomic level. Therefore, this very late diag-
nosis lead to complication or death of homozygous form and
explain predominance of heterozygous forms (14%, generally

healthy patients).

Personal history in HMZ BT describe asthenia, congen-
ital anemia, SPM, HSPM, poly transfusion per 20 days to one-
month, repetitive infection, fever, icterus (hb<5), consanguinity
first degree, dysmorphic faces, retroperitoneal lesion (tubercu-
losis or lymphoma), multi lithiasis gallbladder and/ or leishma-
niosis. Splenectomy markedly improved their condition and re-
duced the level of Hb F. HMZ Drepanocytosis present congenital
anemia, asthenia, Vasculopathy, Epistaxis, frequent transfusion,

Growth delay and dysmorphic face in patients treated late.

Circumstances of discoveries

The revealing signs of beta-thalassemia in the present
study dominated by: Anemic syndrome (88%), abdominal dis-
tension (1,5%), and abnormal blood count in 13.6% of patients
which correlate with other studies [23, 24], excepting, in Tunisia

[22] (who studied major thalassemia).

In our study, 66% of the HGP cases had an anemic syn-
drome, as described at the literature [23] [24] (Fig.1). SMG noted
in all homozygous beta thalassemia patients and in 17% of HGP
cases, HSMG is present in 11.5% of patients, which unlike liter-
ature result [13, 14, 15, and 16]. This is due to the predominance

of heterozygous forms in our series.

Dysmorphic faces are more marked in severe forms
with patients treated late and in those who benefit from an ir-
regular transfusion program, while it is more discreet in patients
treated earlier. In our cases, dysmorphic face is quite present
(3,8%). Stunted growth showed in 0,6% of patients. It is a result
of anemia, low levels of IGF 1 hormones and IGFB-3. But, also by
erythroid lines expansion [25].

Biological criteria

Heterozygous carriers of BT typically present a rate low
mean corpuscular hemoglobin (MCH), a decreased MCV and an
increase of HbA2 level (>4%) compared to (>5%) in other study
(26). associated with a normal or slightly low Hb level. The smear
blood shows less severe erythrocyte abnormalities than in ho-
mozygous subjects. The Hb level varied between 9 and 13.9 g/d],
with an average of 11,5 g/dl with rare schizocytes and microcyto-
sis at smear. However, Homozygous p-thalassemia characterized
by a very low Hb, MCV and MCHC level. Affected individuals
present microcytosis, hypochromia, anisocytosis, poikilocyto-
sis, schizocytosis, target cells, Jolly body, and circulating eryth-
roblasts. The number of circulating erythroblasts (erythrocytes
nuclei) correlated with the severity of anemia and increases after
splenectomy. While, S/BT double heterozygosity, the Hb level is
equally low and the smear showed the presence of (sickle cells +
anisocytosis + target cells) in 12.3% of HGP patients. However,
S/S patients present a more severe anemia necessitating frequent

transfusion.
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Hemoglobinopathy profile (our series)

Beta -thalassemia is the most frequent form of HGP
in our cases studied. The same percentage observed in North-
ern Morocco. However, sickle cell disease affects less patients
(10.5%) compared to northern patients with 80% of drepanocy-
tosis patients. Delta beta —thalassemia, known as less frequent,
observed in 2.5% and apparently our sufferers less tolerate this
affection and most of them improved after splenectomy. Alpha
thalassemia which is more frequent in north of our country
(Laarech; 2,2%)), is less present in our patients (1.2%). Converse-
ly, the variant C of hemoglobin is more important in southern

Morocco with 6.6% comparing to the north.

We note that 4.4% of patients have an allele encoding
persistent Hb F in adulthood (> 1 year) with a percentage (<5%)
(Carrying two normal alpha and beta globin alleles). We note
also that iron deficiency is very present in our series with a rate of
14.5% giving it a rank between that of BT first and SCD second.

In total, we have 59% of cases with hemoglobinopa-
thies. The remaining patients have other anemic syndrome such
as hereditary spherocytosis (1,2%), sideroblastic anemia (0,6%)
or other hemolytic disease. According to the WHO, 17% affected
by B-thalassemia [16]. We note the same percentage in our study.
This rate declares BT as the first form of HGP in south of Mo-
rocco. The next one is drepanocytosis (10,5%). HTZ BT is more
frequent (14%) in our series compared to other countries. This

rate equally observed in Cyprus [2].

According to thalassemia distribution in Marrakech
region, haouz, southern Morocco and the World Health Orga-
nization (WHO), Morocco is in 10" rank. Hemoglobinopathies
correlated with a very low parasite density in infected patients
and therefore protect against malaria [14]. This explains the lo-

cation of Morocco in areas not endemic for malaria.

We note elevated Hb F in Moroccan beta thalassemia
and drepanocytosis patients that can explain why some cases
with lowest rate of Hb A or highest Hb S level, have moderate
form of HGP. An increase in Hb F compensate lowest rate of Hb
A in HMZ BT and inhibits the polymerization of sickle hemo-
globin and the resulting pathophysiology. Hydroxyurea, an in-
ducer of Hb E has already approved for the treatment of patients
with moderate and/or severe BT and SCD. These data suggest
that the high Hb F levels in beta thalassemia syndromes and SCD
result from increased erythropoietin levels. Possibly ineffective

erythropoiesis gives a survival advantage to F cells.

Conclusion

Some difficulties encountered during HGP study: poor
interrogatory and understanding parents’ languages. Under-
estimated number of cases because some patients go to private
laboratory and others are poor and do not even consult. These
patients with very low socio-economic level have difficult fol-

low-up.

This study declares that hemoglobinopathies are fre-
quent in our country and threaten future newborns lives. Pre-
ventive measures must take place and avoid consanguineous
marriages (or at less recommending premarital screening). This

way can reduce HGP risks and death in coming years.
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