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Abstract
The thalassemia screening program in Indonesia mostly conducted sporadically. Ideal prospective screening is still limited. 
This study aimed to compare thalassemia screening methods using the extended family approach with and without a history 
of severe thalassemia and the feasibility of implementing extended family screening method. A case control study was con-
ducted in Dr. Hasan Sadikin General Hospital Bandung with 3 generations of extended families. Data were collected from 
150 subjects of 8 extended families with severe thalassemia as an index case entry and 151 subjects of 12 families with no his-
tory of thalassemia. All subjects were examined for Hb, MCV, MCH, and peripheral blood smear (PBS) as initial laboratory 
examinations. Subjects with MCV < 80 fL, MCH < 27 pg, and suggestive findings on PBS continued hemoglobin analysis. 
Carrier status was determined by definition. All subjects consented to undergo screening and voluntarily participated. The 
proportion of thalassemia carriers and the participation rate between the 2 groups were compared. Sixty-four of 150 (42.7%) 
and 16 of 151 (10.6%) carriers were identified in both the case and control group (p < 0.001). The participation rate was 42–88 
vs. 23–100% (p = 0.244). The mean age was 31.9 ± 21.2 vs. 31.1 ± 20.8 years (p = 0.782). The median family size was 28.5 
vs. 20 subjects per family (p = 0.245). The types of identified thalassemia carrier in both groups consisted of β-thalassemia, 
β-thalassemia/HbE, suspected α-thalassemia, and β-thalassemia Hb variant. All carriers continued the counseling process. 
The extended family method seems feasible to be implemented for thalassemia screening in West Java, Indonesia.
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Introduction

Thalassemia is one of the most common genetic blood disor-
ders and is inherited mostly in an autosomal recessive man-
ner following Mendel’s laws. Genetically, it is characterized 
by a mutation in the α- or β-globin gene causing decreased 
or no production of the α- or β-globin chain in red blood 
cells. This condition induces hemolytic anemia, which later 
develops into chronic anemia. Patients suffering from this 
disease require lifelong blood transfusion and other medica-
tions to achieve a longer life expectancy and better quality of 
life (Cappellini et al. 2014; Payandeh et al. 2014). Mutation 
of the β-globin gene (HBB, NM_000518) is common in the 
population around the thalassemia belt region, including Indo-
nesia (Fucharoen and Winichagoon 2011). Globally, around 
7% of pregnant woman carry thalassemia or hemobinopathy 
and over 1% of couples are at risk of having children with 
a thalassemia disease (Modell and Darlison 2008), while in 
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Indonesia, the Eijkman National Molecular Institute reported 
that the prevalence of β-thalassemia carriers is approximately 
3–10% (Sofro 1995), whereas the prevalence of α-thalassemia 
carriers is approximately 2.6–11% (Setianingsih et al. 2003). 
Assuming that approximately 5% of the Indonesian popu-
lation are thalassemia carriers, it is predicted that approxi-
mately 2,500 new thalassemia major cases will occur per year 
(Wahidiyat et al. 2020). The burden of affected families is 
immense, and the cost of treatment means that thalassemia is 
a catastrophic disease that produces not only medical prob-
lems but also psychosocial and financial problems (Ministry 
of Health Indonesia 2018; Wahidiyat et al. 2020). To date, this 
disease is ranked fifth among chronic diseases and continues 
to burden the national health insurance program (National 
Health Insurance of Indonesia 2019). Without the implemen-
tation of an effective prevention program, it seems that thalas-
semia will continue to be a major healthcare problem.

Thalassemia is a preventable disease, and it is well known 
that prevention efforts could reduce the incidence of this 
disease. Prevention of thalassemia can be accomplished by 
hindering marriage between thalassemia carriers to prevent 
the birth of a child with thalassemia major. Hence, the major 
effort is to identify thalassemia carriers. Worldwide screening 
and prevention programs can be implemented prospectively 
or retrospectively. The prospective screening method applies 
thorough screening to the general population to identify 
thalassemia carriers before and at childbearing age before they 
have an affected child and target screening, which is restricted 
to a particular population group, such as couples preparing 
to marry, before conception or in early pregnancy. Prospec-
tive carrier identification is more appropriate for populations 
with a high frequency of thalassemia. However, retrospective 
screening is conducted when couples already have an affected 
child. Practically, family member approach for severe thalas-
semia patients is the index case, which adopts either immedi-
ate or extended family screening or both (Ansari et al. 2012). 
Retrospective screening is often performed in populations 
with a low frequency of thalassemia or at the initiation of a 
prevention program in a high-frequency population (Angas-
tiniotis et al. 2013). Studies in many countries have found 
extended family screening with some modifications success-
ful in identifying thalassemia carriers (Ahmed et al. 2002; 
Ansari et al. 2012; Baig et al. 2008; Gorakshakar and Colah 
2009; Jain et al. 2012). Countries have found that thalassemia 
prevention programs are more beneficial than allowing uncon-
trolled progress of the disease (Cousens et al. 2010; Pauzy 
et al. 2018; Viprakasit et al. 2013).

To date, thalassemia screening programs in Indonesia 
have mostly been conducted sporadically by researchers 
and the results are used to represent the national prevalence 
of thalassemia carriers. While the numbers of thalassemia 
major or transfusion-dependent thalassemia (TDT) patients 
mostly based on reports from parents’ associations registry. 

A national screening program will be implemented soon. 
Due to economic constraints, the screening program was 
identified as cost-effective and as a feasible method for 
nationwide applicability. This study aimed to compare 
thalassemia screening methods using extended families 
approach with and without a history of severe thalassemia 
and the feasibility of implementing extended family screen-
ing method.

Methods

A case control study was conducted in Dr. Hasan Sadikin 
General Hospital, Bandung, Indonesia, from February 
to September 2020, involving 3 generations of extended 
families. Ethical approval was obtained from the Ethical 
Committee of Medical Faculty of Universitas Padjadjaran/
Dr. Hasan Sadikin General Hospital, Bandung, Indonesia. 
This study was conducted according to the principles of the 
Declaration of Helsinki, and the period of recruitment was 
8 months.

Eight families with children with severe thalassemia as 
index case entries and twelve control families with no his-
tory of thalassemia were offered testing to identify carriers. 
The criteria for selection were voluntary participation and 
the availability of many family members. A meeting was 
arranged with three generations of each family to educate 
and explain the importance of testing to identify other car-
riers. After meeting and counseling, written consent from 
all subjects was obtained voluntarily to participate and 
undergo screening. When family representatives agreed, a 
three-generation pedigree (index case, siblings, parents, par-
ent’s sibling and families, grandfather and grandmother) was 
drawn up, and arrangements were made for testing family 
members. Upon obtaining written informed consent, approx-
imately 5.0 mL of venous blood was collected from each 
participant in an ethylenediaminetetraacetic acid (EDTA)-
anticoagulated blood sample tube. The results were given to 
the carriers themselves (or to the parents when a carrier was 
less than 18 years old).

All subjects were examined for Hb, mean corpuscular 
volume (MCV), and mean corpuscular hemoglobin (MCH) 
simultaneously using an automated hematology analyzer 
(Sysmex XN 1000) and peripheral blood smear (PBS) as 
initial laboratory examinations. Screening for thalassemia 
carriers was based on MCV, MCH, and hemoglobin elec-
trophoresis. A MCV value less than 80 fL and/or a MCH 
value of less than 27 pg (for children according to age) and 
a suggestive finding on PBS were used as cutoff levels to 
initially identify participants as potential thalassemia car-
riers. These are the widely recommended RBC indices to 
continue to hemoglobin analysis using capillary electro-
phoresis. Sebia capillary electrophoresis was performed 
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for thalassemia carrier detection (Giordano 2013; Stephens 
et al. 2012). If the HbA2 level was more than or equal to 
3.5%, HbF and HbE level higher than normal for age, HbA2 
level was less than 3.5%, and presence of Hb variant, it 
was concluded as β-thalassemia, β-thalassemia/HbE, sus-
pected α-thalassemia, and β-thalassemia Hb variant carriers, 
respectively (Giordano 2013; Stephens et al. 2012). All iden-
tified carriers continued the counseling process, which was 
adjusted according to the age of the subjects. For subjects 
less than and equal to 15 years old, counseling will be deliv-
ered to parents or guardians; for those more than 15 years 
up to 18 years old delivered to the subject accompanied by 
parents or guardians; while for those more than 18 years of 
age, counseling was delivered directly to the subject.

Statistical analysis

The collected data were analyzed using SPSS version 25.0. 
The frequency of subject characteristics and screening test 
results were calculated. Student’s independent t test or the 
Mann–Whitney test was used for comparisons between both 
groups. A p value of < 0.05 was considered statistically sig-
nificant in all analyses.

Results

Sixty-four of 150 (42.7%) carriers were identified in the case 
groups vs. 16 of 151 (10.6%) in the control groups, which 
was significantly different (p < 0.001). The mean age was 
31.9 ± 21.2 (range 1–92) vs. 31.1 ± 20.8 (range 1–78) years 
old (p = 0.782), and the median family size was 28.5 (range 
13–88) vs. 20 (range 13–46) subjects per family (p = 0.245). 
Clinical parameters, including Hb, MCV, and MCH, were 
significantly different between the case and control groups 
(p < 0.05). The mean hemoglobin A2 (HbA2) levels in carri-
ers were 4.7 ± 1.0; 5 (1.7–6.3) in the case group vs. 2.5 ± 0.5 
and 2.4 (1.8–3.3) in the control group (p < 0.001). The type 
of identified thalassemia carriers in both groups consisted 
of β-thalassemia carrier, β-thalassemia HbE, suspected 
α-thalassemia, and β-thalassemia Hb variant (53 (83%) vs. 
5 (31%); 8 (13%) vs. 2 (13%); 2 (3%) vs. 9 (56%); 1 (1%) 
vs. 0 (0%), respectively). A participation rate of more than 
40% (range 42–88%) was reported in the index case fami-
lies with a mean of 60.4%, while in the control group, the 
participation rate was more than 20% (range 23–100%) with 
a mean of 60.4% (Table 1). In 8 extended families with an 
index case, all parents as the second generation (100%) were 
confirmed as having the β-thalassemia trait. In 4/8 index 
cases, siblings had the β-thalassemia trait: in one family, 
both children were severe β-thalassemia patients, one family 
had a normal sibling, and the remaining (2/8) index cases 
were only children. From the first generation of 8 extended 

families, it was found that either grandfathers or grandmoth-
ers from the father and mother of the index case were identi-
fied as having β-thalassemia traits. In 5/8 extended families 
with index cases, cousins (third generation) were identified 
as having β-thalassemia traits. A summary of the charac-
teristics of the extended family with index cases of thalas-
semia major and with no history of thalassemia is shown in 
Tables 2 and 3. Figure 1 provides the pedigree of the case 
group, and Fig. 2 shows an example of a pedigree from the 
control group.

Discussion

There are several possible strategies for thalassemia screen-
ing depending on the factors to be considered, such as 
the frequency of the disease; heterogeneity of the genetic 
defects; available resources; and social, cultural, and reli-
gious factors. However, the available technical facilities, 
infrastructure, and financial resources affect both the strat-
egy and the choice of methods for carrier identification 
(Angastiniotis et al. 2013).

Many countries have conducted their own strategies based 
on nationwide capacities. Screening can be categorized as 
mandatory or voluntary. Despite the WHO recommenda-
tion that no compulsory genetic testing should be conducted, 
some countries, including Iran, Saudi Arabia, and Palestin-
ian territories, have laws in place making hemoglobinopa-
thy screening mandatory for all couples before obtaining 
approval to marry. In Cyprus, couples waiting to get married 
are required by the church to be screened and counseled. 
In other countries, including Sardinia, Greece, Guangdong 
Province of China, and England, hemoglobinopathy screen-
ing programs are offered on a voluntary basis. The success 
of thalassemia prevention programs has been demonstrated 
in Cyprus, Greece, and the UK (Angastiniotis et al. 2013; 
Cousens et al. 2010).

Retrospective or inductive screening (also known as 
cascade screening or extended family testing) involves the 
testing of relatives of identified carriers and/or patients and 
is a powerful means of improving the efficiency of carrier 
identification (Angastiniotis et al. 2013). Some countries 
have used a combined approach regarding resources, such 
as Sardinia and Malaysia, which generally use prospective 
strategies; however, in some states, screening is conducted 
retrospectively.

In Sardinia, for instance, such a policy has led to the 
detection of 90% of expected at-risk couples through 
tests on only 15% of the adult population (Cousens et al. 
2010). Pauzy et al. (2018) reported the result of a thalas-
semia screening in Sabah, an East Malaysian state located 
in Borneo that has many indigenous ethnic groups. Of 645 
blood samples obtained from all over Sabah, 94% of the total 
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sample came from voluntary screening, and 30% (193/645) 
were identified as thalassemia and/or hemoglobinopathy car-
riers, most of whom had β-thalassemia traits (23%). This is 
much higher than the estimated rate of β-thalassemia carriers 
in the Malaysian population of 3–5% (Ibrahim 2009).

Ideally, as a country with a high frequency of thalassemia, 
Indonesia should implement mass screening, which can be 
mandatory or voluntary (Angastiniotis et al. 2013; Maskoen 
et al. 2019; Modell and Darlison 2008). Several thalassemia 
screening studies in Indonesia have demonstrated various 
results. Sofro AS (1995) reported that there was a 3–10% 
β-thalassemia carrier rate in Indonesia. Lanni et al. (2004) 
also reported a rate of thalassemia carriers in Jogjakarta 

of 1.5–36% HbE/β-thalassemia carriers and 2.6–11% 
α-thalassemia carriers.

The present study was conducted in Bandung, West Java 
Province, Indonesia, which has a high number of patients 
with thalassemia major. To date, West Java Province, with 
a population of 50 million, which is almost one-fifth of the 
Indonesian population (approximately 268 million), is the 
province with the highest incidence of thalassemia major; 
almost 40% (4,199/10,555) of cases originate from this 
region (Working Group of Hematology Oncology Indone-
sian Pediatric Society 2020). Several isolated studies and 
thalassemia screening programs have reported quite different 
results. The latest report from Maskoen et al. (2019), in a 

Table 1   Characteristics and 
clinical parameters of the case 
and control groups

*Notes: (1) SD is standard deviation. (2) Hb is hemoglobin. (3) MCV is mean corpuscular volume. (4) 
MCH is mean corpuscular hemoglobin. (5) HbA2 is hemoglobin A2. (6) HbF is hemoglobin F

Variable Cases group 
8 extended families
(n = 150)

Control group 
12 extended families
(n = 151)

p value

Age, n (%)
 ≤ 18 years old 52 (34.7%) 50 (33.1%) 0.776
 > 18 years old 98 (65.3%) 101 (66.9%)

Sex, n (%)
Male 71 (47.3%) 64 (42.4%) 0.388
Female 79 (52.7%) 87 (57.6%)

Participant rate, n (%)
Mean ± SD 60.4 ± 5.2 60.4 ± 6.4 0.244
Median (range) 62 (42–88) 64 (23–100)

Hb (g/dL)
Mean ± SD 13.2 ± 1.8 13.7 ± 1.9 0.025
Median (range) 13.2 (5.1–17.7) 13.6 (8.3–18.1)

MCV (fL)
Mean ± SD 75.4 ± 10.4 83.6 ± 6.8  < 0.001
Median (range) 78.8 (55.4–95.7) 84.4 (59–104.1)

MCH (pg)
Mean ± SD 24.9 ± 4.3 27.8 ± 2.8  < 0.001
Median (range) 26.1 (14.4–31.8) 28.3 (15.9–35.8)

Peripheral blood smear, n (%)
Microcytic hypochrome 80 (53.3%) 25 (16.6%)  < 0.001
Normal 70 (46.7%) 126 (83.4%)

HbA2

Mean ± SD 4.7 ± 1.0 2.5 ± 0.5  < 0.001
Median (range) 5 (1.7–6.3) 2.4 (1.8–3.3)

HbF
Mean ± SD 0.2 ± 0.5 0.3 ± 0.6 0.354
Median (range) 0 (0–3.4) 0 (0–1.8)

Type of thalassemia carrier, n (%)
β-Thalassemia trait, n (%) 53 (83%) 5(31%)  ≤ 0.001
β-Thalassemia/HbE, n (%) 8 (13%) 2(13%)
Susp α-thalassemia, n (%) 2 (3%) 9(56%)
β-Thalassemia Hb variant (Hb-

N-Baltimore), n (%)
1 (1%) 0(0%)
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cross-sectional study on family gathering for Thalassemia 
Day in Bandung, West Java, reported that 13.7% of family 
members of thalassemia major patients were identified as 
HbE/β-thalassemia carriers. Most of the studies or screen-
ings were provided for families who had an index case, 
retrospectively.

Most thalassemia carriers in the case group were 
β-thalassemia which is in line with the most common type 
of thalassemia in Indonesia (Ministry of Health Indonesia 
2018). Meanwhile in the control group, the majority was 
identified as suspected α-thalassemia and further examina-
tion is needed to confirm the precise diagnosis. However, 
at least 7/151 = 4.6% had confirmed as thalassemia carrier.

This study demonstrated that 42.7% of thalassemia car-
riers were identified from 8 extended families of the case 
index, much more than in the control group, which identified 
10.6% thalassemia carriers from 12 extended families with-
out a history of thalassemia. The incidence of thalassemia 
carriers in the control group (10.6%) was in line with the 
incidence of thalassemia carriers in previous study reported 
by Sofro AS (1995), Lanni et al. (2004), and other sporadic/
sentinel screenings of the general population in some regions 
of Indonesia (Husna et al. 2017; Rujito et al. 2014; Susanti 
et al. 2017). It seems the control group who were originated 
from families without thalassemia history can be considered 
to represent the general population who screen prospectively.

As we expected, we found the prevalence 4 times higher 
carrier thalassemia in the extended family of cases group. It 
means, for retrospective screening, practically extended fam-
ily approach is more efficient. This cascade or extended fam-
ily screening has been applied in previous studies in some 
countries. In previous studies in Pakistan, Ahmed S. et al. in 
2002 identified 31% β-thalassemia carriers in the extended 
family of an index case as a case group, while there were 
no thalassemia carriers identified in the control group; Baig 
SM et al. in 2009 identified 44.4% β-thalassemia carriers; 
Ansari SH et al. in 2012 identified 62.2% of siblings identi-
fied as β-thalassemia carriers as opposed to 5–8% carriers in 
the general population; and Majeed T. et al. in 2013 found 
61% of different types of thalassemia disorders, includ-
ing 51.9% for the β-thalassemia trait. In a study in India 
in 2009, Gorakshakar AC et al. reported a 21.9% rate of 
β-thalassemia carriers in an extended family of thalassemia 
major patients; this result was 5–6 times higher than the 
incidence of thalassemia carriers in the general population. 
Jain et al. conducted a study with “risk group screening” in 
2012 (West Bengal, India) and found that 55.8% were identi-
fied as β-thalassemia carriers, followed by 15.7% as carriers 
of HbE/thalassemia.

In this study, we investigated families in three generations 
and draw it in a three-generation pedigree. We also elabo-
rated their family history through in-depth history taking. 
Assessment of family history is useful to detect increased Ta
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risks for diseases that have modifiable risk factors or pre-
ventable exposures (Brock et al. 2010). When a relatively 
common disease is caused by an inherited mutation in a 
single gene, family history assessment may lead to early 
diagnosis and more aggressive management (Wattendorf 
and Hadley 2005). Furthermore, extended family in three 
generations will assess risk factors for inherited or multi-
factorial disorders that may be amenable to risk screening, 
genetic testing, prenatal diagnosis, and disease prevention or 
management. It can reveal information (such as early onset 
disease, close relationships between individuals with dis-
ease, multiple affected family members, suspicious a kind 
of disease history, or diseases with known genetic basis) 

and provides a pictorial representation of diseases within 
a family and is the most efficient way to assess hereditary 
influences on disease (Wattendorf and Hadley 2005).

Practically, it can be initiated by determining an index 
case and making their own pedigree, then tracing all of the 
family members with their baseline data, including their 
addresses, and mapping them to the closest primary health-
care facilities that have thalassemia screening facilities. This 
process can be facilitated by using a simple (Android) appli-
cation, so it can be implemented by many family members.

In taking the family history, it is important to note the 
ethnicity of the four grandparents. Ethnic background can 
be a risk factor for significant inherited conditions that may 

MaleFemales Β-thalassemia 
major

Β-thalassemia 
carrier

Deceased Not 
par�cipated

Fig. 1   Pedigree of index case families (all). Arrow (in diagonal) indicates index case

Fig. 2   Pedigree of control 
family
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be screened for carrier status and subsequently tested (for 
instance, thalassemias and hemoglobinopathies). Clinicians 
should be familiar with specific populations within their region 
of practice that may have carrier risks for inherited disorders. 
It is also necessary to include the evaluation of the possibility 
of consanguinity preference. Consanguinity not only increases 
the risk of multifactorial conditions, but also has the potential 
(an estimated tenfold increased risk) to expose rare autosomal 
recessive conditions in offspring through shared inheritance 
of gene mutations (Modell and Darr  2002; Modell and 
Darlison 2008). In Pakistan, a higher incidence of thalassemia 
and hemoglobinopathies was identified in families with 
cultural preferences for consanguineous marriage (Ahmed 
et al. 2002; Ansari et al. 2012; Baig et al. 2008; Majeed et al. 
2013). In this study, based on thorough interview, there are no 
family members who had history of consanguineous marriage. 
However, in some areas in West Java Province and also in 
some regions in Indonesia, this culture does exist.

The extended family screening method will be able to 
trace the second-generation profile and thus is better able 
to focus on family members of productive age, including 
the siblings of thalassemia major patients, cousins, couples 
who plan to marry, couples who plan to have children, and 
pregnant women. Early identification of thalassemia carriers 
will provide time and consideration to select potential part-
ners for those who are unmarried and antenatal screening for 
couples at risk (Angastiniotis et al. 2013; Gorakshakar and 
Colah 2009). Genetic counseling by a certified counselor 
should be conducted both before and after screening.

In this study, all parents of the case index were thalas-
semia carriers, and one grandfather or grandmother from the 
father’s and mother’s side of the index case was identified 
as a thalassemia carrier. It was found that thalassemia carri-
ers occurred since the previous first generation, and thalas-
semia carriers or thalassemia major was traced in the next 
generation if marriage between thalassemia carriers was not 
avoided. Carriers pass the mutation to their offspring in an 
autosomal recessive manner; if they meet and marry another 
thalassemia carrier, they will be at risk of giving birth to 
either a new thalassemia carrier or a child with thalassemia 
major (Fucharoen and Winichagoon 2011). Most of the 
index cases had siblings and cousins who were identified 
as thalassemia carriers and were recommended to continue 
genetic counseling. Therefore, once an index case is identi-
fied, it is an important marker to conduct screening for the 
extended family (Ahmed et al. 2002; Ansari et al. 2012).

This study found that the participation rate was quite high 
in both the case and control groups (42–88% vs. 23–100%, 
respectively) and was not significantly different. The com-
parable participation rate between the two groups indicated 
that with thorough and intensive education, the extended 
family screening method was feasible to be implemented. 

This result also suggested that thalassemia screening and 
counseling were acceptable in extended families of severe 
β-thalassemia patients in Indonesia.

Thalassemia is a disease that is still unfamiliar to society. 
Social stigma about thalassemia also makes families tend 
to conceal the illness. Community education and socializa-
tion about thalassemia should continue from secondary high 
school to university and should be provided in the general 
population to couples and pregnant women (Rakhmilla et al. 
2018). Thalassemia prevention programs by socialization 
in the population can use social media, including health 
promotion programs such as education. Health promotion 
is a process to empower members of society to be inde-
pendent with the aim of maintaining and improving health 
(Angastiniotis et al. 2013; Khorasani et al. 2008; Singh et al. 
2019). Screening can be targeted to different age groups with 
genetic counseling adjusted according to the age of the indi-
vidual or the target group being screened (Angastiniotis et al. 
2013). This study showed that regardless of the screening 
method, education to the public which will make them aware 
and understand of this disease with the importance of its 
prevention is one of the important keys in implementing this 
program beside fully government support.

The success of thalassemia screening programs could ulti-
mately prevent new cases of newborns with severe thalas-
semia. Thalassemia screening in the extended family which is 
feasible to be implemented also efficient, we identified many 
more carriers than population-based screening. Furthermore, 
from our experience, this screening method is well accepted 
by family members regardless of their thalassemia carrier 
status. This study emphasizes that thalassemia screening in 
the extended family is a good candidate alternative screening 
method for developing countries with a high prevalence of 
thalassemia carriers but limited resources to initiate screening 
programs, such as the province of West Java, Indonesia, either 
as a single or in combination with restricted to a particular 
population group screening while waiting for the availability 
of resources to carry out an ideal population screening.

Although the results of the screening programs are com-
parable with those of other countries based on different 
methods, the feasibility of implementing screening meth-
ods in Indonesia, whose geographical, economic, social, cul-
tural, and political milieu is varied, should be determined 
for each region.

Conclusion

The extended family method that can obtain higher coverage 
seems feasible to be implemented as a potential alternative 
of thalassemia screening method in West Java, Indonesia. 
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Practically, screening is focused on siblings and cousins 
before and at childbearing age of individuals with thalas-
semia major as index cases. For Indonesia’s national pre-
vention program, it is suggested to implement a combined 
approach regarding resources and budgets, using a restricted 
prospective strategy and combining it with retrospective 
ones such as extended family screening.

Acknowledgements  The authors would like to thank all the families 
for participating in this study. We would also like to thank the Indo-
nesia Ministry of Health for their kind support in the research grant 
for this study.

Author contribution  All authors have participated equally in the com-
pletion of this project. Susi Susanah was responsible for the conception, 
design of the study, acquisition of data, analysis and interpretation data, 
and writing and revising the manuscript. Nur Melani Sari, Lulu Eva 
Rakhmilla, and Yunia Sribudiani contributed to acquisition of data. 
Delita Prihatni contributed to laboratory test and quality monitoring. 
Puspasari Sinaga and Jessica Oktavianus Trisaputra contributed to the 
acquisition of data, analysis of data, and writing the manuscript. All 
authors have read and approved the final manuscript.

Funding  The author(s) disclosed receipt of the following financial 
support for the research, authorship, and publication of this article: 
The present study was supported by research grant from the Indonesia 
Ministry of Health.

Availability of data and materials  The datasets generated during and/or 
analyzed during the current study are available from the corresponding 
author on reasonable request.

Code availability  Not applicable.

Declarations 

Ethics approval and consent to participate  The Ethical Committee of 
Medical Faculty of Universitas Padjadjaran/Dr. Hasan Sadikin Gen-
eral Hospital, Bandung, Indonesia, reviewed and approved the study 
(number: 203/UN6.KEP/EC/2020). All procedures followed were in 
accordance with the ethical standards put forth by the Helsinki Decla-
ration of 1975, as revised in 2000(5). Informed consent was obtained 
from all patients included in the study.

Consent to participate  Informed consent was obtained from all indi-
vidual participants included in the study, or from the parents if partici-
pant less than 18 years old.

Consent for publication  Participant signed informed consent regarding 
publishing their data.

Conflict of interest  The authors declare no competing interests.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 

the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.

References

Ahmed S, Saleem M, Modell B, Petrou M (2002) Screening extended 
families for genetic hemoglobin disorders in Pakistan. N Engl J 
Med 347(15):1162–1168. https://​doi.​org/​10.​1056/​NEJMs​a0132​34

Angastiniotis M, Eleftheriou A, Galanello R, Harteveld CL, Petrou M, 
Trager-Synodinos J (2013) Prevention of thalassaemias and other 
hemoglobin disorders: volume 1: principles. In: Old J, 2nd edn. 
Thalassaemia International Federation, Nicosia (Cyprus).

Ansari SH, Baig N, Shamsi TS, Saif-ur-Rehman AZH, Behar Z et al 
(2012) Screening immediate family members for carrier identifi-
cation and counseling: a cost-effective and practical approach. J 
Pak Med Assoc 62(12):1314–1317

Baig SM, Din MA, Hassan H, Azhar A, Baig JM, Aslam M et al (2008) 
Prevention of beta-thalassemia in a large Pakistani family through 
cascade testing. Community Genet 11(1):68–70. https://​doi.​org/​
10.​1159/​00011​1641

Brock JA, Allen VM, Keiser K, Langlois S (2010) Family history 
screening: use of the three generation pedigree in clinical practice. 
J Obstet Gynaecol Can 32(7):663–672. https://​doi.​org/​10.​1016/​
s1701-​2163(16)​34570-4

Cappellini MD, Cohen A, Porter J, Taher A, Viprakasit V, editors 
(2014) Guidelines for the management of transfusion dependent 
thalassaemia (TDT), 3rd edn. Thalassaemia International Federa-
tion, Nicosia (Cyprus)

Cousens NE, Gaff CL, Metcalfe SA, Delatycki MB (2010) Carrier 
screening for beta-thalassaemia: a review of international practice. 
Eur J Hum Genet 18(10):1077–1083. https://​doi.​org/​10.​1038/​ejhg.​
2010.​90

Fucharoen S, Winichagoon P (2011) Hemoglobinopathies in Southeast 
Asia. Indian J Med Res 134(4):498–506

Giordano PC (2013) Strategies for basic laboratory diagnostics of the 
hemoglobinopathies in multi-ethnic societies: interpretation of 
results and pitfalls. Int J Lab Hematol 35(5):465–479. https://​doi.​
org/​10.​1111/​ijlh.​12037

Gorakshakar AC, Colah RB (2009) Cascade screening for beta-thalas-
semia: a practical approach for identifying and counseling carriers 
in India. Indian J Community Med 34(4):354–356. https://​doi.​org/​
10.​4103/​0970-​0218.​58399

Husna N, Sanka I, Al Arif A, Putri C, Leonard E, Handayani NSN 
(2017) Prevalence and distribution of thalassemia trait screen-
ing. J Med Sci 49(3):106–113. https://​doi.​org/​10.​19106/​JMedS​
ci004​90320​1702

Ibrahim H (2009) Malaysia Thalassaemia-Current Situation in Control 
Strategies and Health System. Malaysian Thalassemia Registry. 
https://​www.​slide​share.​net/​Thala​ssaem​ia_​Intl_​Fed/​curre​nt-​situa​
tion-​in-​contr​ol-​strat​egies-​and-​health-​syste​ms-​in-​asia-​malay​sia

Jain BB, Roy RN, Ghosh S, Ghosh T, Banerjee U, Bhattacharya SK 
(2012) Screening for thalassemia and other hemoglobinopathies 
in a tertiary care hospital of West Bengal: implications for popula-
tion screening. Indian J Public Health 56(4):297–300. https://​doi.​
org/​10.​4103/​0019-​557X.​106419

Khorasani G, Kosaryan M, Vahidshahi K, Shakeri S, Nasehi MM 
(2008) Results of the national program for prevention of beta-
thalassemia major in the Iranian Province of Mazandaran. Hemo-
globin 32(3):263–271. https://​doi.​org/​10.​1080/​03630​26080​20042​
69

111Journal of Community Genetics (2022) 13:103–112

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1056/NEJMsa013234
https://doi.org/10.1159/000111641
https://doi.org/10.1159/000111641
https://doi.org/10.1016/s1701-2163(16)34570-4
https://doi.org/10.1016/s1701-2163(16)34570-4
https://doi.org/10.1038/ejhg.2010.90
https://doi.org/10.1038/ejhg.2010.90
https://doi.org/10.1111/ijlh.12037
https://doi.org/10.1111/ijlh.12037
https://doi.org/10.4103/0970-0218.58399
https://doi.org/10.4103/0970-0218.58399
https://doi.org/10.19106/JMedSci004903201702
https://doi.org/10.19106/JMedSci004903201702
https://www.slideshare.net/Thalassaemia_Intl_Fed/current-situation-in-control-strategies-and-health-systems-in-asia-malaysia
https://www.slideshare.net/Thalassaemia_Intl_Fed/current-situation-in-control-strategies-and-health-systems-in-asia-malaysia
https://doi.org/10.4103/0019-557X.106419
https://doi.org/10.4103/0019-557X.106419
https://doi.org/10.1080/03630260802004269
https://doi.org/10.1080/03630260802004269


1 3

Lanni F, Sofro AS, Ismadi M, Marzuki S (2004) ISV1-5 (GÆC): The 
most common β-thalassemia mutation found in the Island of 
Sumatera. Indon J Biotechnol 6:571–577

Majeed T, Akhter MA, Nayyar U, Riaz MS, Mannan J (2013) Fre-
quency of β-thalassemia trait in families of thalassemia major in 
patients, Lahore. J Ayub Med Coll Abbottabad 25(3–4):58–60

Maskoen AM, Reniarti L, Sahiratmadja E, Sisca J, Effendi SH 
(2019) Shine & Lal index as a predictor for early detection of 
β-thalassemia carriers in a limited resource area in Bandung. 
Indonesia BMC Med Genet 20(1):136. https://​doi.​org/​10.​1186/​
s12881-​019-​0868-x

Ministry of Health Indonesia (2018) Guidelines of thalassemia man-
agement in Indonesia

Modell B, Darlison M (2008) Global epidemiology of haemoglobin 
disorders and derived service indicators. Bull World Health Organ 
86(6):480–487. https://​doi.​org/​10.​2471/​blt.​06.​036673

Modell B, Darr A (2002) Genetic counseling and customary consan-
guineous marriage. Nat Rev Gen 3(3):225–229. https://​doi.​org/​
10.​1038/​nrg754

National Health Insurance of Indonesia (2019) Laporan Pengelolaan 
Program dan Laporan Keuangan Tahun 2019 (Auditan). Indone-
sian Health Ministry

Pauzy LHM, Esa E, Mokhri NM, Yusoff YM, Jamaludin NA, Zakaria 
Z (2018) Thalassemia distribution based on screening programs in 
the population of the East Malaysian State of Sabah. J Blood Dis-
ord Transfus 9:1–4. https://​doi.​org/​10.​4172/​2155-​9864.​10003​95

Payandeh M, Rahimi Z, Zare ME, Kansestani AN, Gohardehi F, 
Hashemian AH (2014) The prevalence of anemia and hemoglo-
binopathies in the hematologic clinics of the Kermanshah Prov-
ince, Western Iran. Int J Hematol Oncol Stem Cell Res 8(2):33–37

Rakhmilla LE, Susanah S, Rohmawaty E, Effendi SH (2018) Effective-
ness of an educational intervention in providing knowledge about 
the prevention of thalassemia: an effort to reduce new thalassemia 
cases. Asian J Epidemiol 11(2):59–64. https://​doi.​org/​10.​3923/​
aje.​2018.​59.​64

Rujito L, Sunayya L, Basalamah M, Setyono J, Siswandari W (2014) 
Detection of thalassemia carrier using capillary electrophoresis in 
Banyumas District. J Indon Med Assoc 64(6):275–280

Setianingsih I, Harahap A, Nainggolan IM (2003) Alpha thalassaemia 
in Indonesia: phenotypes and molecular defects. Adv Exp Med 
Biol 531:47–56. https://​doi.​org/​10.​1007/​978-1-​4615-​0059-9_4

Singh L, Minal W, Mukesh A (2019) Awareness about thalassemia and 
feasibility of cascade screening in families of thalassemia major 
patients. Int J Contemp Pediatr 6(6):2526–2531. https://​doi.​org/​
10.​18203/​2349-​3291.​ijcp2​01945​82

Sofro AS (1995) Molecular pathology of beta-thalassemia in Indonesia. 
Shouteast Asian J Trop Med Public Heatlh 26(l):221–224

Stephens AD, Angastiniotis M, Baysal E, Chan V, Fucharoen S, 
Giordano PC et al (2012) ICSH recommendations for the meas-
urement of haemoglobin A2. Int J Lab Hematol 34(1):1–13. 
https://​doi.​org/​10.​1111/j.​1751-​553X.​2011.​01368.x

Susanti AI, Sahiratmadja E, Winarno G, Sugianli AK, Susanto H, 
Panigoro R (2017) Low hemoglobin among pregnant women in 
midwives practice of primary health care, Jatinangor, Indonesia: 
iron deficiency anemia or β-thalassemia trait. Anemia Article ID 
6935648,5 pages. https://​doi.​org/​10.​1155/​2017/​69356​48

Viprakasit V, Limwongse C, Sukpanichnant S, Ruangvutilert P, Kan-
janakorn C, Glomglao W et al (2013) Problems in determining 
thalassemia carrier status in a program for prevention and con-
trol of severe thalassemia syndromes: a lesson from Thailand. 
Clin Chem Lab Med 51(8):1605–1614. https://​doi.​org/​10.​1515/​
cclm-​2013-​0098

Wahidiyat PA, Sari TT, Rahmartani LD, Setianingsih I, Iskandar SD, 
Pratanta AM et al (2020) An insight into Indonesian current tha-
lassaemia care and challenges. ISBT Sci Ser 1–8. https://​doi.​org/​
10.​1111/​voxs.​12544

Wattendorf DJ, Hadley DW (2005) Family history: the three-generation 
pedigree. Am Fam Physician 72(3):441–448

Working Group of Hematology Oncology Indonesian Pediatric Soci-
ety (2020) Prevalence and distribution of thalassemia major in 
Indonesia (unpublished).

Publisher's Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

112 Journal of Community Genetics (2022) 13:103–112

https://doi.org/10.1186/s12881-019-0868-x
https://doi.org/10.1186/s12881-019-0868-x
https://doi.org/10.2471/blt.06.036673
https://doi.org/10.1038/nrg754
https://doi.org/10.1038/nrg754
https://doi.org/10.4172/2155-9864.1000395
https://doi.org/10.3923/aje.2018.59.64
https://doi.org/10.3923/aje.2018.59.64
https://doi.org/10.1007/978-1-4615-0059-9_4
https://doi.org/10.18203/2349-3291.ijcp20194582
https://doi.org/10.18203/2349-3291.ijcp20194582
https://doi.org/10.1111/j.1751-553X.2011.01368.x
https://doi.org/10.1155/2017/6935648
https://doi.org/10.1515/cclm-2013-0098
https://doi.org/10.1515/cclm-2013-0098
https://doi.org/10.1111/voxs.12544
https://doi.org/10.1111/voxs.12544

	Extended family thalassemia screening as a feasible alternative method to be implemented in identifying carriers in West Java, Indonesia
	Abstract
	Introduction
	Methods
	Statistical analysis

	Results
	Discussion
	Conclusion
	Acknowledgements 
	References


