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Abstract:

Background: Thalassemia carrier rate in Egypt is as high as 9-10%. The first step to eradicate
thalassemia is to define population at risk.

Aim of the work: to define the high risk population to be screened for thalassemia.

Subjects and Methods: This observational cross-sectional study included children aged
between 1 and 16 years presenting with microcytic anemia to Cairo university Children
Hospitals from the period between March and September 2022. Children with hemoglobin
<10mg/dL. and mean red blood corpuscle volume (MCV) <70fl were included in the study.
Complete blood count, serum ferritin, and hemoglobin electrophoresis were done.

Results: Out of a total of 180 patients, 120 patients (66.7%) had iron deficiency anemia, 2
patients (1.1%) had alpha thalassemia, and 14 patients (7.7%) had beta thalassemia, 14 (7.7%)
patients had thalassemia trait, 3 (1.67%) had sickle thalassemia, 7 (3.88%) had combined iron
deficiency anemia (IDA) and thalassemia, and 20 (11.1%) required further investigations.
Patients were divided according to MCV into 3 groups MCV<60, 60-65, >65. There was no
significant difference in the diagnosis between the three groups.

Conclusion: 22 % of children with MCV < 70 fl were found to have an inherited hemolytic
anemia. Children with MCV <70 should be screened for thalassemia.

Level of Evidence of Study: IV (I).

Keywords: Thalassemia; prevention; microcytic anemia; iron deficiency; screening.
Abbreviations: HB: hemoglobin; Hb Al: Adult hemoglobin; HbA2: Hemoglobin A2; HbF: Fetal
Hemoglobin F; HbS: Sickle Hemoglobin; HCT: hematocrit; IDA: Iron deficiency anemia; MCHC:
mean corpuscular hemoglobin concentration; MCV: mean red corpuscular volume, RDW: red cell
distribution width; SF: serum ferritin

Introduction

Thalassemia is the commonest form of inherited anemia worldwide. It is transmitted in an
autosomal recessive fashion. It occurs when there is unbalanced production of alpha and beta
chains of hemoglobin leading to precipitation of either chains within erythroid cells, ineffective
erythropoiesis in bone marrow and excessive hemolysis peripherally (2). Clinically, initially the
patient may complain of jaundice, and pallor requiring regular long life blood transfusions
starting early in life. Later, the patient starts to accumulate an iron burden from repeated blood
transfusions and will need iron chelating agents for life. Thalassemia exerts a financial and
social burden on the government in supplying the medications, securing the blood and screening
it. There are other expenses to be covered that include laboratory tests, medical consultation
costs, prevention costs and indirect expenses like travel costs (3). Families may face employment
problems, and other siblings may suffer from negligence. From here comes the importance of
screening for thalassemia especially in countries that lie within the thalassemic belt. Iran, for
instance, has implemented one of the successful thalassemia prevention programs in 1997 over
a number of stages. First, in an attempt not to stigmatize women, men were first tested and
those who were identified as thalassemia carriers were asked to test their female partners to be
(4). The most convenient method for diagnosis of thalassemia carriers is detection of hemoglobin
A2 (HBA2) where HBA2 more than 3.5% indicates thalassemia trait (5). The carrier’s status can
be confirmed by hemoglobin electrophoresis (6) and/or high performance liquid chromatography.
Next, abortion for affected fetuses at early weeks of pregnancy was religiously legalized (7).
Eventually, some prenatal diagnosis centers were founded (8). As a result of this obligatory
prevention program, the number of newborns with thalassemia major in Iran declined from 1087
cases in 1989 to 239 in 2009 giving a success rate approaching 80 % (9). The costs of screening
are incomparable to the costs of following up and treating patients with thalassemia.
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In Egypt, there is a high carrier rate of thalassemia of 9-10% (10, 1I). Screening of
thalassemia carriers is the first step towards the eradication of thalassemia. The aim of this
study is to define the high risk population to be screened for thalassemia.

Subjects and Methods

This is an observational cross-sectional study conducted on 180 children aged between 1 and
16 years presenting with microcytic anemia to Cairo University Children Hospitals, Egypt from
the period between March and September 2022. The study was approved by the Research Ethics
Committee, Faculty of Medicine, Cairo University, Egypt (MS-685-2021). Care takers of recruited
children consented to the trial. The study complied with the Declaration of Helsinki for trials (12).

Participants

Children with hemoglobin (Hb)<10mg/dLL and mean red blood corpuscle volume (MCV) <70fl
were included in the study. Patients with current infections and history of blood transfusion in
the preceding 3 months and patients on iron therapy were excluded. The sample size for our study
was calculated using Medcalc 19 program (MedCalc Software, Ostend, Belgium) as follows: by
setting alpha error of 5%, 95% confidence level and 80% power sample. The sample size was
calculated from prevalence haemoglobinopathies in children with microcytic anemia (13) (18.9%),
by equations mentioned by Machin and co-workers in 2009 (14).

Methods

All patients included in the study were subjected to a detailed history taking and a thorough
physical examination and the following investigations: Complete blood count, serum ferritin, and
hemoglobin electrophoresis were done. Five milliliters of blood were collected from each patient
into three vacutainer tubes. The first two vacutainer tubes containing sterile EDTA for complete
blood picture and hemoglobin electrophoresis. The third plain sterile vacutainer tube for ferritin
quantification by ELISA assay.

Patients were then diagnosed according to serum ferritin and Hb electrophoresis results into:
- Iron deficiency anemia (IDA): Serum ferritin less than 7ng/dl (15).

- Hemolytic anemia: absent adult hemoglobin (HbA), elevated Hb A2 and fetal hemoglobin (HbF)
levels (16) or abnormal hemoglobin.

- IDA deficiency anemia and hemolytic anemia: Serum ferritin levels less than 7ng/dL and
elevated HbF levels.

- Others group: do not fulfill any of the above criteria.

The hemolytic anemia group in turn was divided into the following groups: Thalassemia trait
group: Hb A2 >3.5% (5), non-transfusion dependent thalassemia group, alpha thalassemia: as
diagnosed by molecular studies or by the presence of HbH (17), and sickle thalassemia group:
presence of sickle hemoglobin (HbS) >60%, HbA 20-30%, HbA2 >3.5%, HbF <20% (18).

Statistical Analysis

Data were statistically described in terms of mean + standard deviation (+ SD), median,
range, or frequencies (number of cases) and percentages when appropriate. Numerical data were
tested for the normal assumption using Kolmogorov Smirnov test. Comparison of numerical
variables between the study groups was done using Kruskal Wallis test. For comparing
categorical data, Chi-square (x2) test was performed. Exact test was used instead when the
expected frequency is less than 5. Accuracy was represented using the terms sensitivity, and
specificity. Two-sided p values less than 0.05 was considered statistically significant. IBM SPSS
(Statistical Package for the Social Science; IBM Corp, Armonk, NY, USA) release 22 for Microsoft
Windows was used for all statistical analyses.

Results

The mean age of the studied 180 patients was 4.06 + 3.318 years with a range of 1-15 years.
The study group comprised 116 (64.4%) males and 64 (35.6%) females. Those living in rural
areas were 104 (57.8%) and 76 (42.2%) were living in urban areas. Family history of blood disease
was positive among only 18 (10%) patients. The laboratory parameters of the studied cohort is
shown in Table 1. The diagnosis of type of anemia among the studied 180 children with MCV
<70fl is presented in Figure 1.
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Table 1. Laboratory findings of the studied cohort.

Number Mean (S.D) Range
Hb (g/dL) 180 8.806 (1.2257) 3.0-9.9
MCV (1) 180 60.763(6.4605) 43.1-70.0
MCHC (g%) 180 32.211 (2.8950) 18.2-41.0
HCT (%) 180 27.794 (4.0585) 10.9-36.6
RDW (%) 180 24.504(10.5783) 12.3-73.4
Mentzer (f1/10 6 /pl) 180 13.715 (3.9238) 7.9-42.7
SF (ng/dL) 180 31.494 (84.1615) 1.2-740.2
Hb F (%) 34 18.474 (20.7427) 0.4-84.1
Hb A1 (%) 180 92.42 (15.815) 6-99
Hb A2 (%) 180 2.80 (0.971) 0-7
Hb S (%) 3 70.73 (5.518) 67-77

Hb: Hemoglobin; Hb Al: Adult hemoglobin; HbA2: Hemoglobin A2; HbF: Fetal Hemoglobin F;
HbS: Hemoglobin S; HCT: hematocrit; MCHC: mean corpuscular hemoglobin concentration;
MCV: mean red corpuscular volume, RDW: red cell distribution width; SF: serum ferritin.

Table 2. The diagnostic yield to thalassemia according to the MCV

MCV <60 MCV 60-65 MCYV 65-70 P
(n=75) (n=48) (n=57) value

Gender

Male 50 27 41

Female 25 21 16 0.234
Age

Mean + SD 4.1+£3.16 4.26+3.61 3.9943.31 0.959

Range (1-13) (1-13) (1-15) )
Residence

Rural 45 26 33

Urban 30 22 24 0.815
Diagnosis

Iron deficiency 44 36 40

Alpha thalassemia 2 0 0

Beta thalassemia 7 3 4

Thalassemia trait 10 2 2 0.277

Sickle thalassemia 0 1 2

IDA + thalassemia 4 0 3

Others 8 6 6
Hemoglobin

Mean + SD 8.44+1.13 892 +1.4 9.19 +1.07 0.02

Range 5.1-9.9 3-9.9 4.3-9.9 )
Mean Corpuscular Volume

Mean + SD 54.3 + 3.63 62.16 + 1.35 68.09 + 1.44 <0.001

Range 43.3 —59.9 60-65 65.4 — 70 )
Mean Corpuscular Hemoglobin Concentration

Mean + SD 32.19+ 3.71 32.1+2.52 32.32+ 1.79 0.930

Range 18.2 —41 23.4 —36.3 28.7— 36 )
Hematocrit

Mean + SD 26.38 + 3.34 28.3 + 4.42 29.23 + 4.07 <0.001

Range 16- 34.6 12.8 — 33.9 10.9 — 36.6 )
Red Cell Diameter Width

Mean + SD 22.29+5.49 23.87+9.61 27.94 + 14.88 0.008

Range 12.4 — 44 12.3 —52.3 12.7-73.4 )
Hemoglobin A

Mean + SD 94.09 + 8.97 93.89 + 13.54 89 +22.84 0.717

Range Hb 42.6 — 98.5 14.4 - 98 5.6 - 98 )
Hemoglobin A2

Mean + SD 3.06 +1.29 2.55 +0.66 2.65 +0.53 0.006

Range 0.8-17.4 0.00 - 5.6 2.0-4.7 )
Hemoglobin F

Mean + SD 11.39+ 14.58 13.4 +£13.7 34.06 + 26.27 0.016

Range 0.4-53.9 0.7-40 4.1-84.1 )
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The yield of diagnosis of thalassemia according to the MCV; MCV<60 fl, MCV 60-65 fl, MCV
>65 fl is shown in Table 2. A total of 40 (22.2%) children with MCV < 70 fl were found to have a
hemolytic anemia.

Iron Deficiency Anemia
Alpha Thalassemia

Beta Thalassemia
Thalassemia Trait

Sickle Thalassemia

Iron Deficiency & Thalssemia

Others

Figure 1. Diagnosis of type of anemia among our studied cohort with MCV< 70f1.

Discussion

Iron deficiency anemia was present among 67% of our studied cohort. Generally, iron
deficiency anemia is the most common cause of microcytic anemia (19). Different studies reported
lower prevalence of IDA among children with microcytosis ranging from 17 — 26.6%. It was
concluded, that the prevalence of IDA in children across Egypt was around 33% (20).

The prevalence of thalassemia trait among our patients was around 7.7%. This is in
accordance to the reported percentages among the Egyptian population as reported in one study
(21). However, this is less than that reported by El-Shanshory et al., who stated that 35.8% of
the study population were thalassemia carriers. El Shanshoury recruited relatives of
thalassemia major patients, which explains the high prevalence rate. It has been estimated that
around 3% of the world population are thalassemia carriers but Egypt lies within the thalassemic
belt with a high carrier rate (10).

Differentiation between thalassemia and iron deficiency anemia is of ultimate importance
for a number of reasons. First of all, iron supplements used to correct iron deficiency anemia are
not recommended in patients with thalassemia unless iron deficiency is reported (22). Second,
whenever iron deficiency is diagnosed, further investigations are needed to identify the possible
causes such as malabsorption, blood loss or inadequate intake which are unnecessary in the case
of thalassemia. Lastly, proper identification of patients with thalassemia allows for an effective
genetic counseling to prevent recurrence of the condition in one’s family (23).

By comparing patients with different MCV (Table 2) we found no significant difference in
the diagnosis between the three groups implying that persons with MCV below 70 should be
screened for thalassemia. Screening for thalassemia first took place in Italy, in the 1970’s (24).
Several countries implemented the national screening program for thalassemia since then
including Bahrain (1985), Turkey (1995) and Iran (1997). The Iranian experience was successful
as there was a twenty nine fold decrease in thalassemia cases over a thirty year period (25).

The low socioeconomic status of the majority of our patients can be a hurdle to requesting
further diagnostic investigations. On the other hand, by giving iron therapy to all patients with
low MCV can lead to unnecessary increase in iron stores that in severe cases may require iron
chelation which is costly itself. Hence the implementation of national screening and preventive
measures 1s mandatory as Egypt lies within the thalassemic belt with high prevalence of
consanguinity. It could be started by inexpensive methods as raising awareness about the
disease and its prevention techniques among the Egyptian population. Thalassemia could be also
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taught to school children and be a part of their syllabus. Another approach that could be
attempted is to implement mandatory screening program that is enforced by law where
premarital candidates undergo screening for carrier states and consequences should be clearly
emphasized if carrier couples decide to have children. This, however, could be faced by a number
of challenges. Abortion for example is considered illegal in our country.

Conclusion

From our study we conclude that there is a high rate of thalassemia carriers in Egypt, MCV
alone cannot conclude or exclude the presences of carriers and Hb electrophoresis is mandatory
in any anemic patient with MCV less than 70, we also emphasize that iron therapy should be
withheld in children with microcytic anemia unless iron deficiency had been confirmed by iron
studies. In order to reduce the incidence of thalassemia, a premarital screening program with
proper action taken must be implemented.
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