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Sickle cell disease (SCD) is a complex inherited 
red blood cell disorder with a high worldwide 
prevalence. SCD are common among people 
from Africa, Mediterranean countries, Türkiye, 
Arabian Peninsula, Indian subcontinent, and 
the United States.1 Most neonates with SCD 
are healthy in the early period after birth and 
they become symptomatic during infancy or 
childhood with a decrease in fetal hemoglobin 

(HbF) level and an increase in hemoglobin S 
(HbS).2 Delay in the diagnosis of the disease can 
cause complications that may affect the patient’s 
life. An effective neonatal screening program 
for SCD will reduce morbidity by providing 
early diagnosis and treatment of these life-
threatening complications of the disease, 
such as acute splenic sequestration crisis and 
bacterial sepsis.3-5 Newborn screening for SCD 
is being carried out in some countries to prevent 
morbidity associated with this disease.6 

In a screening study, including adults, it 
was established that in Antalya, HbS had the 
highest prevalence (0.24%) after thalassemia 
traits (10.2%).7 We thought that the prevalence 
of newborns with SCD might be higher than 
reported. In Türkiye, there is no nationwide 
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ABSTRACT

Background. In a screening study conducted on adults, the prevalence of sickle cell traits in Antalya was found 
to be 0.24%. Since no screening studies have been conducted in the neonatal period in our region, the exact 
incidence has not been determined. In this study, we aim to report our experience of neonatal screening for 
sickle cell disease in Antalya, Türkiye. 

Methods. During a 14-month period, 2562 heel prick blood samples, taken on filter paper from Akdeniz 
University Hospital, Antalya Education and Research Hospital and Antalya Atatürk State Hospital and four 
other healthcare centers, were studied using the high pressure liquid chromatography method. Blood samples 
were studied using the ‘Sickle Cell Short Program’ test method on a Bio Rad Variant device. 

Results. In the study, no patients with sickle cell disease were identified. Four newborns who were sickle cell 
carriers (0.15%) and two newborns who were Hemoglobin D carriers (0.08 %), were found.

Conclusion. Considering the efficiency and cost calculations made as a result of the data obtained from our 
study, it was concluded that sickle cell screening would not be effective in newborns. It seems more effective 
and economical to screen the children of parents, who are found to be at risk for Hemoglobin S carriage as a 
result of premarital tests. 
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newborn screening program for SCD. Newborn 
screening programs in our country are being 
conducted for phenylketonuria, congenital 
hypothyroidism, biotinidase deficiency, 
congenital adrenal hyperplasia, cystic fibrosis 
and spinal muscular atrophy. In this study, we 
aimed to identify the prevalence of SCD and 
HbS carriage among the newborns in Antalya. 

Material and Methods

Approval for the study was obtained from the 
Antalya Provincial Health Directorate. This 
study was conducted over a 14-month period 
(in 2004-2005 (as a master’s thesis) and 2007-
2008 (as a project supported by the Turkish 
Society of Hematology) at Akdeniz University 
Hospital. During the study period, the heel 
prick blood of 2652 newborn babies, including 
those born in Akdeniz University Hospital, 
Antalya Education and Research Hospital, 
Antalya Atatürk State Hospital, and babies, and 
those who applied to four health centers (Health 
centers no. 6, 7, 11, and Maternal Child Health 
and Family Planning Center no. 1), determined 
by the Antalya Provincial Health Directorate, 
were collected. Ethical approval was obtained 
before the start of the study. Before the blood 
samples were taken, informed consent was 
obtained from the parents of the newborns. 
Ninety of the samples were excluded from the 
study due to improper storage conditions or 
incompliance with the age range. The results of 
2562 newborns were evaluated. These newborns 
consisted of 1062 males and 1035 females, yet 
the genders of 465 newborns were not specified. 
Newborns, who were born preterm or had 
received red blood cell transfusions, were not 
included. 

Heel prick samples of the newborns were taken 
onto Guthrie filter paper (Sergio Bianchi). 
Infants within the first month were included in 
the study. In general, blood samples were taken 
just before hospital discharge and usually on 
day 2 of life. Birth date, sample date, gender, 
mother’s name, address and telephone number 
information were written on Guthrie paper. 

The blood samples were left to dry for at least 
four hours and the samples were stored at 4oC 
before and after the study. The blood samples 
were studied within the next two weeks. High 
performance liquid chromatography (HPLC) 
was performed using the Bio-Rad VARIANTTm 
instrument. Experiments were carried out in 
accordance with the kit procedure (Variant 
Sickle Cell Short Program Pack, Bio-Rad 
Laboratories, Milan, Italy). This program is 
specifically designed to provide a qualitative 
result for hemoglobins A, F, S, C, D, and E in 
neonates. No limit value was reported for the 
hemoglobin variants in the testing procedure. 
Regardless of the abnormal hemoglobin 
percentage, all patients showing abnormal 
hemoglobin were recalled for HPLC study. 
The families of all babies with hemoglobin 
variants were requested to be tested in the 
following months and HPLC analysis was 
performed using ‘thalassemia short program’ to 
confirm the accuracy of the diagnosis. Genetic 
counseling was offered to the families. 

Results 

In this study, 2562 babies were screened. As a 
result of the screening, no homozygous sickle 
cell patients were detected. HbS carriers were 
found in four (0.15%) neonates. In addition, 
Hemoglobin D (HbD) carriage was detected in 
two (0.08%) cases. Apart from HbS and HbD, no 
other abnormal hemoglobin was found during 
our study. The HPLC results and hematological 
parameters of these four HbS carriers are 
shown in Table I. The HbS percentage of seven 
cases was found to be in the range of 0.1-0.3% 
and when the control electrophoresis of these 
cases was studied, the results were found to 
be false positive. In our study, the HbS value 
in a one-day-old baby who was an HbS carrier 
was found to be 1.9%. No intermediate value 
between 0.3% and 1.9% was found in all cases. 
HbS percentages of all other HbS positive cases 
were found to be above 2%. The hemoglobin 
variants of the three families were studied 
again to confirm the diagnosis, but the family 
of the fourth baby (HbS 4) refused a retest. 
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Hemoglobin variants of the family members are 
shown in Table II. When the family of the first 
baby, who was a carrier of HbS, was contacted, 
it was learned that they already had two more 
children, one of whom had homozygous 
sickle cell and the other was a carrier. It was 
determined that the family had this baby (HbS 
1) with the prenatal diagnosis method. When 
the family of the second HbS carrier baby 
(HbS 2) was reached, it was learned that his 
father had Sβ thalassemia. Although these two 
families were knowledgeable about sickle cell 
anemia, it was found that the family of the third 
carrier baby (HbS 3) was not aware of such a 
disease. As a result of the HPLC analysis of her 
family, it was seen that her mother and sibling 
were carriers of HbS. The family was informed 
about the disease. 

Discussion 

The main objective of the newborn screening 
program is to improve outcomes in SCD 
through early treatment and care. It has 

been emphasized that knowledge of the 
diagnosis and parent education will enable 
the implementation, in the early intervention 
period, of treatment approaches which change 
the course and severity of the disease and follow-
up of possible complications and therefore, 
will become life-saving.8 It will be beneficial to 
screen newborns for sickle cell anemia in regions 
where hemoglobinopathies are common, in 
order to prevent lethal complications of SCD in 
childhood. Although the benefits of screening 
for hemoglobinopathies are well known, the 
most important limiting factor for widespread 
use is the cost of screening. A sickle cell screening 
program, including systematic screening of 
all newborns, particularly in areas where the 
disease incidence is 0.5 per 1000 or higher, has 
been proposed.9 In a screening study on adults, 
the incidence of HbS was found to be 0.24% 
in Antalya.7 Since some of the patients with 
SCD had died due to intervention problems 
in the early stages of life, it was thought that 
this rate may be higher in the neonatal period. 
However, consequently, we found a carrier rate 

Table I. Hematological parameters of newborns with HbS.

HbS carriers Age RBC 
(x106mL) 

Hb 
(g/dL)

MCV 
(fL)

MCH 
(pg/cell)

MCHC 
(g/dL)

HbF 
(%)

HbA 
(%)

HbS 
(%)

HbS 1 7 days 5.06 17.90 100.10 35.30 35.30 61.2 6.6 4.7
2 months 3.06 9.50 87.10 31.00 35.60 70.4 16.2 12.5 

HbS 2 5 days 4.90 17.50 89.70 35.80 39.90 68.4 3.3 2.7 
HbS 3 2 days 4.86 17.20 104.70 35.40 33.80 68.9 5.7 5.2

4 months 3.76 9.90 76 26.40 34.70 17 42.7 37.2 
HbS 4 1 day NK NK NK NK NK 55.9 2.6 1.9
Hb: hemoglobin, MCH: mean corpuscular hemoglobin, MCHC: mean corpuscular hemoglobin concentration, MCV: mean 
corpuscular volume, NK: not known, RBC: red blood cell.

Table II. Hemoglobin variants of family members.

Newborns Subjects 
Hemoglobin percentages (%)

HbA HbA2 HbF HbS
HbS 1 Mother with HbS 53.00 4.10 0.50 42.40

Sibling with HbS 51.70 2.20 2.20 38.10 
Sibling with SCD 3.10 4.60 4.60 76.20 

HbS 2 Father with S/β-thalassemia 11.7 6.9 6.9 74.8 
HbS 3 Mother with HbS 43.8 4.40 4.40 41.80 

HbS carier sibling 54.8 4.5 4.5 40.40 
Hb: hemoglobin, SCD: sickle cell disease
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that was much lower than we had expected. 
No SCD patients were found in our study. 
On the other hand, it has been demonstrated 
that at a prevalence and incidence of 16 sickle 
cell traits per 1000 there is no significant 
identification cost difference between universal 
and targeted screening programs.10 In our 
study, the HbS carrier rate was 1.5/1000 and 
was 10 times less than the stated rate. In this 
case, it does not seem very beneficial to perform 
universal newborn screening for sickle cell 
anemia in our region. Hemoglobinopathy 
screening programs in Türkiye are aimed at 
preventing hemoglobinopathies and are based 
on premarital screening and prenatal diagnosis. 
The Hemoglobinopathy Control Program 
has been implemented in all 81 provinces 
of the country under the name “Pre-Marital 
Hemoglobinopathy Screening Program”.11 A 
premarital hemoglobinopathy test is mandatory 
and free of charge under this program. A 90.0% 
reduction has been recorded in the number of 
affected newborns with hemoglobinopathy 
as a result of the educational and prevention 
programs in the previous 10 years.12 No 
cases of homozygous sickle cell anemia were 
found in our study. It can be thought that this 
situation is a result of social education about 
hemoglobinopathies and widespread prenatal 
diagnosis. The reason for her unawareness of 
sickle cell carriage by the mother of our third 
case, was that at the time of her marriage, only 
33 provinces in our country had mandatory 
hemoglobinopathy screening programs and 
their marriage was held in another city, that 
did not offer this. Since 2019, premarital 
hemoglobinopathy screening has been carried 
out throughout the country.11 However, sickle 
cell patients continue to be born in our region 
despite premarital screening tests. This is 
mainly because families refer to a range of 
personal, cultural, social and religious beliefs 
when making decisions. Health professionals 
have to be sensitive to and respect these beliefs. 

Our study has some limitations. The main 
limitation of our study was that it was conducted 

only in health institutions in the center of 
Antalya. The data obtained from this study 
cannot give a general idea about the frequency 
of sickle cell disease in Türkiye. A nationwide 
study is needed to determine whether neonatal 
hemoglobinopathy screening is suitable for 
our country. On the other hand, the fact that 
this study was conducted in a region where 
hemoglobinopathies are common makes its data 
valuable. One of the limitations of our study is 
the time and duration of the study. Although 
there were no homozygous HbS patients in 
our study, it is known that children with sickle 
cell disease have been born in our region in the 
following years. Therefore, longer-term studies 
with a larger population are needed.

Newborn screening is an important public 
health measure to enable early detection of 
certain diseases for which early treatment is both 
possible and beneficial. We planned this study 
with the consideration that it could be necessary 
to screen newborns for sickle cell anemia due 
to the high incidence of hemoglobinopathy 
in our country. However, we did not find 
any homozygous sickle cell patients and we 
obtained a lower rate of HbS carriage than the 
rate found in the study on adults. Consequently, 
considering the efficiency and cost calculations, 
we concluded that newborn screening for sickle 
cell is not necessary in Antalya. We think that 
it will be more effective and economical to 
prevent the disease with premarital screening 
tests and to screen the children of parents who 
are found to be at risk for HbS carriage as a 
result of premarital tests. 
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