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Introduction

Thalassemia is a genetic disorder that impairs the
production of hemoglobin in the blood, leading to

Abstract
Background: Major B-Thalassemia is the most prevalent single-
gene disorder in Iran. Over 2 million beta-thalassemia carriers
and more than 25,000 patients have been identified nationwide.
This study aimed to evaluate the Major f-Thalassemia (MBT)
screening surveillance system in the Jiroft district, southeast Iran.
Methods: This descriptive study was conducted using the census
method and was based on the information recorded in the files
of all major thalassemia births (born between 2011 and 2021) in
the health centers of Jiroft University of Medical Sciences. A
formula was used to calculate the program’s incidence, expected
incidence, and success rate. Stata version 14 and Excel software
were utilized to analyze the data, and the qualitative data are
presented as numerical values and percentages.
Results: During the study periods, 91 patients with beta-
thalassemia Major were born in the population covered by
Jiroft University of Medical Sciences. By performing prenatal
diagnosis tests in the first weeks of pregnancy and obtaining
parental consent for legal abortion, the birth of 422 sick children
was prevented. The 11-year incidence of beta-thalassemia major
was 5.32 per 10,000, and the expected incidence (if no prevention
program was implemented) was 30 per 10,000 live births. The
mean success rate of the Major B-Thalassemia surveillance
system during the study period was 82.26%, which reached
95.45% in 2021.
Conclusion: The implementation of efficient, effective health
policies influenced by the native culture of the region has resulted in
the thalassemia prevention program in Jiroft City being completely
effective. The implementation success rate of this program has
exceeded 95%. Modeling and adapting these preventive policies
can assist in implementing thalassemia prevention programs in
other parts of the country and developing countries.
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anemia.' The disorder, named after the Greek words for
sea and blood, is most prevalent in regions such as the
Mediterranean, North and West Africa, the Middle East,
India, and Southeast Asia.>3
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The average incidence of Major B-Thalassemia
(MBT) in Eastern Mediterranean countries, including
Turkey, Cyprus, Syria, Israel, Lebanon, and Palestine,
is estimated to be 3.14 per 10,000°. Beta-thalassemia
carriers are estimated to number around 80 million
worldwide, and low or middle-income countries
account for 90% of the approximately 23,000 annual
births of babies with MBT globally. Countries such as
Cyprus (12-15%), Greece (7.4%), Turkey (2.1%), and
Arab countries (1-11%) have the highest prevalence of
beta-thalassemia minor in the Mediterranean region.*

Beta-thalassemia is the most prevalent single-
gene disorder in Iran, with over 2 million carriers
and 25,000 patients identified in the country.>®
Thalassemia minor is more common in Iran than the
global average, estimated at 4-8%. In some provinces,
it reaches 10%, posing significant challenges to the
success of thalassemia prevention programs in these
regions.> "8 Jiroft, located in southeast Iran, has a high
prevalence of thalassemia. The disease rate varies
across different regions of the city and is higher in
the southern areas of the province.®

Untreated beta-thalassemia primary patients
usually die before age five if not diagnosed before
birth. Symptoms include stunted growth, anemia,
enlarged liver and spleen, muscle weakness, and
skeletal changes. Thalassemia patients are also at risk
of HIV, hepatitis C, and B infection and may develop
osteoporosis.” 10

The Centers for Disease Control and Prevention of
the Ministry of Health and Medical Education (Iran)
aims to reduce the number of major births of beta-
thalassemia in Iran through the national program
to prevent its occurrence since 1997. This program
involves three strategies. The first strategy requires
thalassemia minor screening for all couples before
marriage and counseling and dissuasion for those with
both partners affected. The second strategy involves
screening during pregnancy and following up with the
approved flow chart to prevent beta-thalassemia major
births. The third strategy involves identifying and
screening thalassemia carrier couples who married
before 2016."

The thalassemia prevention program is a crucial
and long-standing program in the healthcare system
aimed at preventing new disease cases.'? Marriage
screening, genetic counseling, prenatal diagnosis, and
care programs are currently being implemented in
Iran to prevent the birth of patients with thalassemia
major.”* ¥ The program has resulted in an 80%
reduction in cases of thalassemia major in the country,
preventing at least 10,000 patients. The incidence of
the disease has dropped from 1000 to less than 200
cases per year. However, new cases are still reported,
especially in high-prevalence areas like Sistan and
Baluchistan, Khuzestan, Hormozgan, and Jiroft."

Studies in Iran have shown that the leading cause
of new cases of beta thalassemia major after the
implementation of prevention programs is the marriage
of parents before the start of the screening program
and lack of carrier information. Other factors include
errors in genetic testing and screening, issues with the
disease care system, insufficient follow-up, delayed
PND tests, and inadequate counseling services.'>

This study aims to investigate and analyze
the causes of beta thalassemia majors in the cities
affiliated with Jiroft University of Medical Sciences
from 2011 to 2021.

Methods

Study Design

This descriptive study was conducted using the
census method based on the information recorded in
the files of all major thalassemia births (born 2011-
2021) at the Jiroft University of Medical Sciences
Health Center. All necessary information was
extracted from the national form used for examining
the occurrence of genetic diseases, focusing on data
related to premarital screening, history of gene care,
and the cause of disease occurrence. The study’s
inclusion criteria encompassed all Iranian patients with
a confirmed diagnosis of MBT, whose information
was registered in the health center affiliated with Jiroft
University of Medical Sciences and who had a file in
the Jiroft Blood Transfusion Center.

Measures

The following formulas were used to calculate the
incidence, expected incidence, and success rate of the
program:

Incidence: (number of identified patients/ number
of births in the same year) *10000.

Expected incidence: (number of identified patients
+ number of aborted beta-thalassemia patient fetuses/
number of births in the same year) *10000.

Success rate: (number of aborted fetuses of the
patient/number of born patients + number of aborted
fetuses of the patient) *100.

Genetic Care Process

Based on the screening test results, couples
diagnosed as definite carriers of thalassemia or
suspected high-risk couples are introduced to the care
team at the health care centers by the genetic counselor.
These couples are cared for and followed up during
the fertility period until the completion of the family
with healthy children. Initially, couples are referred
to the program’s selected genetic diagnosis laboratory
to determine the type of gene mutation. Chorionic
Villus Sampling (CVS) is performed on the fetus from
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10 to 14 weeks during each pregnancy. If the fetus is
diagnosed with a problem, it is the responsibility of the
parents to decide on the abortion of the fetus. After a
comprehensive consultation, if abortion is chosen, the
parents are referred to forensic medicine to confirm
the diagnosis and obtain the abortion license. If the
procedure is confirmed to be legal, the couple will be
referred to the desired hospital for abortion.

Statistical Analysis

Data were analyzed using Stata version 14 (Stata Corp
LP, College Station, TX) and Excel software. Qualitative
data are presented as numbers and percentages.

Results

According to the information in Table 1, during 2011-
2021, 91 patients with beta-thalassemia Major were
born in the population covered by Jiroft University of
Medical Sciences. By performing prenatal diagnosis
tests in the first weeks of pregnancy, after obtaining
parental consent for legal abortion, the birth of 422 sick

children was prevented. The 11-year incidence of beta-
thalassemia major was 5.32 per 10,000, and the expected
incidence (if no prevention program was implemented)
was 30 per 10,000 live births.

As shown in Figure 1, the incidence has decreased
over the years studied, and a significant difference
was observed between the incidence and the expected
incidence. According to Table 2, the incidence in
Ghaleganj cities (10.48 per 10,000) was higher than
in other cities.

The success rate in most covered areas was above
80%, and in the whole area, it was 82.26%. The
success rate of the program in Qalaganj city was lower
than in other regions (70.83%), and in Kohnuj city,
it was higher than in other cities (91.56%) (Table 2).

Based on the information recorded in the files of
thalassemia patients, the causes of this disease were
divided into three categories: 1) causes related to
the process of identifying carrier couples, 2) causes
associated with the genetic diagnosis process, 3)
causes related to the genetic care process (Table 3).

Table 1: Frequency, incidence, expected incidence, and success rate of Major beta-thalassemia prevention program during 2011-2021

Year Observed TM Incidence per Expected incidence Total Expected TM  Aborted Success Rate
Births 10,000 per 10,000 Births Births (%)

2011 13 8.68 26.1 14961 39 26 66.66%
2012 16 10.10 27.8 15836 44 28 63.3%
2013 17 9.83 34.1 17293 59 42 71.18%
2014 10 5.40 18.9 18509 35 25 71.42%
2015 11 6.22 17.5 17668 31 20 64.51%
2016 5 2.87 25.8 17419 45 40 88.88%
2017 8 5.12 26.9 15620 42 34 80.95%
2018 5 343 35 14554 51 46 90.19%
2019 2 1.48 41.5 13489 56 54 96.42%
2020 2 1.56 52.3 12814 67 65 97.01%
2021 2 1.58 34.8 12630 44 42 95.45%
Total 91 5.32 30.03 170793 513 422 82.26%

TM: Thalassemia Major
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Figure 1: Comparison of the actual and expected incidence (Per 10,000 population) of beta-thalassemia major in the population covered by

Jiroft University of Medical Sciences between 2011 and 2021.
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Table 2: Frequency of incidence, expected incidence, and success rate of the Major beta-thalassemia prevention programs by regions

Location Observed TM Incidence per Total Expected TM Therapeutic Success Rate (%)
Births 10000 Births Births abortion
Jiroft 25 5.08 49169 117 92 78.63%
Anbarabad 9 4.57 19659 59 50 84.74%
Kahnooj 7 2.34 29829 83 76 91.56%
Ghalegnaj 21 10.48 20034 72 51 70.83%
Roudbar 19 5.70 33285 114 95 83.33%
Manoojan 7 4.99 14028 43 36 83.72%
Faryab 3 6.26 4789 25 22 88%
Total 91 5.32 170793 513 422 82.26%
Table 3: Incidence of thalassemia by causes
Actions Incidence of thalassemia by causes Frequency Percent
Identification process Unofficially marriage 20 22%
Failure to identify couples getting married before the screening program 5 5.5%
Mistakes in premarital screening or pnd] test 9 10%
Genetic diagnosis process Non-identical fetal and parental mutations 6 6.5%
Genetic care process Did not do the PND test  PND 34 37%
or abortion Abortion 11 12%
Failure to detect pregnancy in time 6 7%
Total 91 100%

PND: Prenatal Diagnosis

Discussion

This study was conducted to retrospectively analyze
the incidence of MBT over the last decade in the cities
affiliated with Jiroft University of Medical Sciences.
The target population in this study included all beta-
thalassemia major babies in the areas covered by Jiroft
University of Medical Sciences between 2011 and 2021.

This study investigated the quality of implementing
the national program to prevent thalassemia in the
south of Kerman province (Jiroft city). In other words,
the higher the quality of the implementation of the
mentioned program, the closer the number of beta-
thalassemia births will be to zero, and the success rate
will be closer to 100%.

The results show that implementing the thalassemia
prevention program in the southern region of Jiroft
City has been successful over the past 11 years.
Although the number of births has not reached zero,
thalassemia births have decreased from 13 cases in
2011 to 2 in 2021. The success rate increased from 66%
in 2011 to 95.45% in 2021, and during this period, 422
thalassemia patients were prevented from being born.

The increasing trend of the success rate can be
divided into two periods: before and after 2016. After
this year, the success rate reached over 80%, with
a significant jump, and this rate reached more than
97% by 2020. So, only six patients were born during
the three years from 2019 to 2021. The results show
that since 2016, the implementation of specific health
policies has improved the quality of the thalassemia
prevention program.

In this study, the average incidence of MBT during

the last decade (cumulative incidence) was estimated
to be 5.32 per 10,000. The incidence trend during the
previous decade has been significantly decreasing,
decreasing from 8.68 per 10,000 in 2011 to 1.58 per
10,000 in 2021, which means that more than 80% of
the incidence has been reduced in a decade.

The results of Giambona’s study in Sicily,' Italy,
also showed that the implementation of the thalassemia
prevention program caused the incidence of MBT (41
per 10,000 before the performance of the prevention
program) to decrease by more than 85% after about
three decades of the implementation of the prevention
program in 2015. The prevalence of thalassemia
carriers in the mentioned region is estimated to be 8%,
similar to the Jiroft region in this respect. The results
of the Ladis’s study in Greece also show a decrease
in the incidence of thalassemia major in three decades
after the start of the prevention program by more than
81%, which is similar to the present study.”

In Iran, the study of Samavat and Model was
the first research investigating the implementation
adequacy of the thalassemia prevention program
during the first five years after its start (1998-2002)
in Iran. Without the program’s implementation,
expected births were estimated to be around 1200
people per year. The results showed that thalassemia
births decreased and reached 78 cases in 2002." The
reason for the previous report was the delay in birth
registration.'® Miri’s study determined that the number
of thalassemia births in 2014 decreased to 239 cases
in the country. The success rate of implementing the
prevention program until 2009 was estimated to be
more than 82%.'® Different provinces of the country
have not been evaluated equally. This issue has been
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more pronounced, especially in the case of regions
such as Kohgiluyeh Boyer Ahmad and the Southeast
of the country."”

The results of the study by Ghorbani Aliabadi
and colleagues in Jiroft City show that the incidence
of thalassemia births between 2001 and 2015 was
much higher than in other provinces despite the
decreasing incidence in the region. More than half of
the thalassemia children were born between 2006 and
2015.%° Meanwhile, a study in Fars province showed
that the success of implementing the prevention
program in 2011 led to only 2 cases of thalassemia
births in Fars province, which has a population of
nearly 5 million people.?! our study has also confirmed
the significant jump in the success of the thalassemia
prevention program in Jiroft city, especially from
2016 onwards. About 73.5% of thalassemia children
in this study were born between 2011 and 2015. In the
last three years leading to 2021, annual births have
reached only 2.

This study divides MBT occurrence factors into
three categories according to causes (Table 3). The
first and most important cause of MBT, which includes
more than half (56%) of the causes of thalassemia
births, are factors related to the genetic care process.
These are caused by the non-cooperation of pregnant
mothers or families to perform PND2 (37%), lack of
cooperation to perform abortion treatment (12%),
or failure to recognize pregnancy on time (7%).
According to the recorded information, the main
factors that led to not doing PND2 were the non-
cooperation of pregnant mothers, lack of consent of
husbands (cultural poverty), fear of sampling, and
lack of proper understanding of complications. In
connection with the non-cooperation for the abortion
treatment that led to the birth of 11 thalassemia
children, factors such as fear due to the history of
previous abortions, financial poverty, maternal love
and guilt for the abortion, hope for healing by prayer
writers and inhibiting religious beliefs, it had led to
non-cooperation.

In connection with the failure to recognize
pregnancy in time, the religious fatwa in Iran should be
mentioned that if the diagnosis of MBT is confirmed
during the PND?2 test, abortion treatment will be
allowed only before 18 weeks.?> During pregnancy,
followed by failure to perform PND2 before 18 weeks
was the cause of occurrence (7%) of MBT cases in
this study.

Although the incidence of thalassemia births has
decreased significantly after 2016, according to the
current study, the first and most important factor in
the incidence of thalassemia is the factors related to
the genetic care process, i.e., failure to perform PND2
and Abortion has been a treatment in such a way that
during six years ending in 2021, this factor accounted

for 16 out of 24 cases (66.6%) of thalassemia births.

Notably, in the study of Rezabeighi in Kerman,
the main factor in the incidence of thalassemia
births was the lack of identification of thalassemia
carrier couples.? Still, in the present study, the main
incidence factor is different.

The second reason for the occurrence of MBT
in this study, which included (37.5%) of the causes,
was the factors related to the identification process,
which had children from informal and unregistered
marriages (22%), children from spouses before the
implementation of the prevention program (5%), and
births resulting from errors in the screening process
and Prenatal diagnosis (PNDI) (10%).

The current study mentioned that informal and
unregistered marriages were the second cause of
MBT births. In this regard, it is essential to note
that the highest and lowest percentages of success in
implementing the prevention program belonged to the
cities of Kohnouj (91.56%) and Qalaganj (70.83%),
respectively. In Qalaganj city, the population of Sunnis
is higher than in the other areas under our study. As
a result, the number of unofficial and unregistered
marriages in this region is higher than in other places;
therefore, due to the cultural differences caused by
Religion, the necessary cooperation to implement
the prevention program in this region has been less
than in other places. Previous studies at the national
level have also shown that in Sunni areas, especially
in the Southeast of the country, such as Sistan and
Baluchistan, informal and unregistered marriages
have been the primary cause of MBT in these areas.'®:
22.24 For instance, in a study by Miri Moghadam in
2012 in Sistan and Baluchistan province, 80% of
the thalassemia patients under study resulted from
informal and unregistered marriages (the leading
cause of incidence) in the region. More than 70% of
the couples were unaware that they were carriers of
thalassemia.”® Previous studies have paid particular
attention to this significant occurrence factor,
especially in areas with Sunni populations, such as
the country’s Southeast. In planning, Ati has found
it necessary to adjust the thalassemia prevention
program based on cultural norms in these areas."

In the current study, the number of children
born from unofficial and unregistered marriages has
declined to zero in the four-year period ending in 2021.
The last instance of this occurrence was in 2017 when
2 out of 8 cases (25%) were attributed to the annual
birth rate of thalassemia. Therefore, the apparent
success of preventive policies and executive solutions
concerning this emerging factor has been evident in
the region under study in recent years.

Lastly, the third factor related to the genetic
diagnosis process involved non-identical mutations
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in the fetus and parents, which accounted for 6.5% of
the causes in this study.

The significant decrease in thalassemia births
from 2016 onwards in Jiroft city can be attributed to
the measures taken by the Health Deputy. In the last
five years, various actions have been implemented.
The following can be mentioned among the most
critical measures:

1- Organizing committees to analyze the causes of
occurrence and provide related interventions.

2- Educating, raising awareness, and changing
attitudes in target groups and key people of society
(Friday imams, local religious leaders, head marriage
registrars, students, and young people on the verge of
marriage).

3- Enlisting the participation of clerics to cooperate
and gain people’s satisfaction.

4- Setting up two new laboratories equipped with
electrophoresis devices.

5- Allocating allowances to poor couples and
providing vehicles and guest houses to accommodate
teams in the province’s center to perform genetic
diagnosis tests.

6- Using the capabilities of psychological experts
in health networks.

7- Launching campaigns to identify couples
without thalassemia screening tests before marriage
in the context of pre-pregnancy care.

8- Intra-departmental coordination with the family
and school population health group to improve the
index of coverage of pre-pregnancy services to reduce
the age of pregnancy detection and strengthen monthly
genetic care.

9- Setting up a sample transfer system to the
genetic diagnosis laboratory to prevent couples from
not cooperating due to lack of financial resources or
distance.

This study does have certain limitations. First,
the small sample size could affect the results’
generalizability to other regions or countries with
different cultural, social, and economic backgrounds.
Second, measurement errors are possible, particularly
in terms of the accuracy of implementing the
thalassemia screening program and the reliability of
diagnosing beta-thalassemia major cases.

Conclusion

Implementing efficient and effective health policies in
line with the region’s native culture has resulted in the
highly effective execution of the thalassemia prevention
program in Jiroft City. The success rate of this program’s

implementation has exceeded 95%. Modeling and
adapting these preventive policies could potentially
enhance the implementation of the thalassemia
prevention program in other parts of the country and
developing countries.

Despite the apparent success of these policies, the
primary cause of MBT incidence in the region after
2016 is related to the genetic care process, particularly
the non-cooperation of pregnant mothers and their
families in performing Prenatal Diagnosis (PND2) or
abortion treatment. In this context, a broader and more
effective implementation of the current preventive
policies could likely be effective and potentially
reduce the incidence to zero.
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