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SUMMARY

Keywords

Bloodspot screening in newborns is an exemplary public health intervention as it is essential secondary
prevention with proven efficacy and benefit for the early diagnosis and prompt treatment of rare
diseases. In this mini review, newborn bloodspot screening (NBS) programs of 12 countries were
examined in terms of the extent of diseases/disorders screened to form recommendations for Turkey's
expanded newborn screening program. Essentially, Turkey and 11 selected countries' official policies/
national programs or strategies in terms of newborn screening and the number of diseases/conditions
screened were examined. The current status of spinal muscular atrophy (SMA) screening was also
checked through the SMA NBS Alliance. In addition, WHO and EURORDIS guidelines for newborn
screening were also reviewed. On the Pubmed database, following the search strategy "((newborn
screening[ Title/Abstract]) OR (newborn screening program|[Title/Abstract])) OR (newborn blood
spot screening[ Title/Abstract])" in the PubMed database from 1 January 2008 to 1 December 2021.
Diseases that will be recommended to be included in the Turkish national newborn bloodspot screening
program will be presented by evaluating the updated criteria of Wilson and Jungner by constructing
international comparisons. The number of diseases/disorders screened by the inspected 12 countries is
eminently variable and ranges from 5 in Turkey to 51 in New York, United States of America (USA).
Acknowledging the programs of other countries, it is evident that Turkey must advance its program by
evaluating the epidemiological data in Turkey, the health workforce, and infrastructure while relying
on the updated screening criteria. The newborn bloodspot screening program should be expanded
based on the cost estimates and implemented starting with pilot applications and the diseases/disorders
that are deemed appropriate should be included in the national program.

rare diseases, neonatal screening, newborn screening, dried blood spots, secondary prevention

1. Introduction

Rare diseases are a group of diseases, most of which
are genetically based, chronic, mostly life-threatening, a
cause of severe morbidity, and have an onset at a younger
age compared to other chronic diseases (/,2). While at
least 3—4 new rare diseases are being identified annually
(3), there are more than 6,000 rare diseases globally
identified (4). To include a disease in the rare disease
group, frequency criteria are used corresponding to
countries and regions. While diseases that affect less than
1 in 2,000 people are described as "rare diseases" in the
European Union (EU) (5) and Turkey (3). It is estimated
that there are 5 million individuals with rare diseases in
Turkey (3) and 350 million globally (6).

Rare diseases are recognized as a serious public

health issue worldwide (7,8). Research, diagnosis, and
treatment of these diseases are exceedingly challenging
and pricey. In the early stages of the disease, some can
have no symptoms, are misunderstood, or confused with
other diseases. Due to the lack of convenient treatment
options, these diseases are seen as health orphans
because they have been neglected for years (9).

2. As a secondary prevention: bloodspot screening
in newborns and expanding of the screened disease/
condition(s) list

Bloodspot screening in newborns is an exemplary
public health intervention as it is an essential secondary
prevention with proven efficacy and benefit for the early
diagnosis and prompt treatment of rare diseases (/0,11).
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However, over time, in addition to its benefits, it has
become controversial due to the cost, clinical benefit, and
violation of ethical values for the diseases to be included
in a screening program (/2,13). An expert group for EU
member states has stated that newborn screening should
be evaluated within the framework of a common policy
within the Union. Experts expressed their opinions in
the following: governance of neonatal screening; criteria
to evaluate whether a screening program should be
performed; criteria on how a screening program should
be performed; informed consent; blood spot sampling;
laboratory procedures; blood spot storage; communication
of positive results; confirmation of diagnosis and
treatment; communication of unintended findings; quality
assurance of laboratory results; screening program
evaluation; epidemiological evaluation; and features
of disorders, which might be considered in the gradual
expansion of NBS in EU. They also created a proposed
model of a decision-making matrix for an appropriate
and standard policy (/4). Expanded newborn screening
programs have been initiated in the world, especially in
the European Region, North America, and Australia. For
this reason, this article establishes recommendations for
the expansion of the current newborn blood spot screening
program in Turkey, based on national data, by examining
international examples.

2.1. Current status in the number of disease/condition(s)
screened in newborns internationally and some countries'
policy

For this mini narrative review, essentially, Turkey and 11
selected countries' official policies in terms of newborn
screening and the number of diseases/conditions
screened were examined. The current status of SMA
screnning was also checked through the SMA NBS
Alliance. In addition, WHO and EURORDIS guidelines
for newborn screening were also reviewed. On the
Pubmed database, following with the search strategy
"((newborn screening[Title/Abstract]) OR (newborn
screening program|[Title/Abstract])) OR (newborn
blood spot screening[Title/Abstract])" in the "PubMed"
database from 1 January 2008 to 1 December 2021. A
total of 2,755 articles which was the full texts accessible
were evaluated, and after evaluation of the abstracts
and texts, 17 articles which reflected the opinions of
international consensus' and assessments, and articles
examining current policies and situations of countries
where official current policy documents were not
available were included. Studies on diseases/conditions
not currently included in the national screening program
were excluded. The Wilson and Jungner criteria serve as
a guide for determining whether a disease is a suitable
candidate for population-wide screening (/5) and has
been used for years (/6). However, today, because of
advancements in medicine, a demand for an update
has arisen. In 2008 and 2018, two different groups of

researchers identified new principles (16,17).

Accordingly, 12 criteria were listed under 3 headlines:
disease/condition, test/intervention, and program/system
principles (/6). Diseases that will be recommended to
be included in the Turkish national newborn blood spot
screening program will be presented by evaluating the
updated criteria of Wilson and Jungner by constructing
international comparisons.

The national newborn blood spot screening programs
of 12 countries (Australia, Canada, Germany, Denmark,
United Kingdom (UK), Israel, Italy, the Netherlands,
New Zealand, Norway, Turkey, and United States of
America (USA) were examined.

2.2. Current situation in the number of diseases/
conditions screened in 12 countries

The number of diseases/disorders screened by the 12
countries is highly variable and ranges from 5-51. The
number of diseases/conditions screened are as follows:
32 in Australia (/8), 25 in Ontario, Canada (/9), 19 in
Germany (20-22) 19 in Denmark (22,23), 9 in the UK (24),
12 in Israel (25), 40 in Italy (26), 25 in the Netherlands (27),
26 in New Zealand (28), 26 in Norway (29), 5 in Turkey
(30) and 51 in the New York, USA (31).

The most frequently screened diseases in the 12
countries examined are as follows: phenylketonuria (PKU)
and congenital hypothyroidism (n = 12); cystic fibrosis,
glutaric acidemia type I, maple syrup urine disease,
and medium-chain acyl-CoA dehydrogenase (MCAD)
deficiency (n = 11); isovaleric acidemia and very-long-
chain acyl-CoA dehydrogenase deficiency (VLCAD)
(n = 10); congenital adrenal hyperplasia, biotinidase
deficiency, tyrosinemia type 1, methylmalonic acidurias,
propionic acidaemia and long-chain 3-hydroxyacyl-
CoA dehydrogenase (LCHAD) (n = 9); severe
common immun deficiency (n = 8); galactosemia,
carnitine palmitoyltransferase-I (CPT-I) deficiency and
homocystinuria and trifunctional protein (TFP) deficiency
(n = 7); (multiple) holocarboxylase synthetase deficiency
homocystinuria, carnitine acylcarnitine translocase
(CACT) deficiency and carnitine palmitoyltransferase-
II (CPT-1I) deficiency (n = 6). Additionally, 33 diseases/
disorders are screened in 1, 2, 3, 4, or 5 countries (Table
1, Online Data, http://www.irdrjournal.com/action/
getSupplementalData.php?ID=100).

3. Differences between countries and international
standards

When the newborn blood spot screening programs of
these 12 countries is examined in terms of the number
of diseases/disorders screened, the New York, USA
ranks first with 55 diseases/conditions, Turkey ranks
last with 5 diseases/disorders followed by the UK with
9 diseases/disorders. Additionally, among the examined
countries, Italy ranks first with 40 diseases/disorders
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screened in the member countries of the World Health
Organization Regional Office for Europe. However, New
York, USA has the highest number of screened diseases/
disorders with 54 diseases/disorders among the examined
countries. The disease, commonly screened for in all of
the examined countries, is PKU. The striking finding is
that Turkey is the only country among these 12 countries
that does not screen for glutaric acidemia type 1, maple
syrup disease, and MCAD deficiency, and also one
of only two countries that do not screen for isovaleric
acidaemia and VLCAD deficiency. The prevalence of
consanguineous marriages in Turkey is around 25% (32)
where consanguineous marriages are a risk factor for rare
diseases. Therefore, there is a demand for an expanded
newborn blood spot screening program that will not only
use strategies to reduce consanguineous marriages, but
also provide early diagnosis and treatment of affected
children born from existing marriages. EURORDIS,
funded by the EU and brings together rare diseased
individuals and patient associations, has recently
announced that Italy has the largest newborn blood spot
screening program in Europe and called for a similar
program to be put on the agenda in other countries (2).

3.1. Rare diseases screened in newborns in Turkey from
past to present and future plans

Newborn screenings in Turkey started with PKU in 1983
and became a national program in 1994. Subsequently,
congenital hypothyroidism was included in the National
Screening Program in 2006, biotidinase deficiency in
2008, and cystic fibrosis in 2015, respectively (30,33).
Finally, the congenital adrenal hyperplasia screening
program was started in 2017 (30). gradually expanding
and becoming national at the beginning of 2022.
Approximately 1.2 million babies were born in Turkey
in 2020. Currently, there are two National Screening
Laboratories. Heel blood is taken within 48-72 hours
after birth and results are obtained in 1-2 days on
average. It has been stated that the coverage is 97% (34).

It is stated in the "Report of the Parliamentary
Research Commission Established to Determine the
Treatment and Care Methods for ALS, SMA, DMD, MS
and Other Diseases with No Definitive Treatment, and the
Problems and Solutions of People with These Diseases
and Their Relatives", under the Turkish Grand National
Assembly, that it is planned to screen an additional 32
diseases which were reported to the commission by the
Ministry of Health, General Directorate of Public Health
(Table 2) (35). If the screening program in Turkey can be
expanded with these diseases/disorders, it may develop
into one of the most extensive screening programs in the
world.

3.2. Opinions of various authorities and institutions/
organizations regarding the updated newborn screening
criteria

By examining the screening criteria put forward by Wilson
and Jungner in 2018, 12 principles under 3 domains were
determined and thus updated (/6). Accordingly, the first
domain consists of 3 parts: disease/condition principles
a) epidemiology of the disease or condition, b) natural
history of the disease or condition, c) target population
for screening. The second domain is test/intervention
principles, and again consists of 3 parts: @) screening test
performance characteristics, b) interpretation of screening
test results, c) post-screening test options. The last and
third domain, program/system principles, consists of 6
parts: a) screening program infrastructure, b) screening
program coordination and integration, ¢) screening
program acceptability and ethics, d) screening program
benefits and harms, ¢) economic evaluation of screening
program, f) screening program quality and performance
management (/6).

Additionally, EURORDIS identified 11 key
principles for newborn screening in January 2021 (36).
These principles can be briefly explained as follows: 7)
screening should be primarily for disease/conditions that
can be acted upon, such as treatment, ii) neonatal blood
spot screening should be embedded within the national
system so that it is accessible, #ii) families of the affected
babies diagnosed after the screening should be provided
with psychological, iv) social and economic support
by compatible experts, and all stakeholders should be
included in the screening program, v) in order to expand
the screening program, it should be susceptible to clear,
transparent, independent, evidence-based information and
policy change and development, vi) the management of
the screening program should be clear, comprehensive,
transparent and accountable, vii) the expenses should be
considered while determining the diseases to be included
or not in the screening program but it should not be
conclusive, and should be in line with the most recent
evidence, viii) all stakeholders should be informed and
educated about rare diseases and the screening program,
ix) the process should be standardized for Europe in
terms of quality and uniformity, x) blood spot samples
should be stored in the national biobank for research
purposes, holding appropriate security measures, xi) ERN
affiliated centers should be integrated into the care and
should be considered as preferential partners in providing
recommendations on the screening policies.

3.3. Importance, benefit, necessity and limitations of the
newborn screening

Newborn blood spot screening has some advantages and
disadvantages. These should also be considered when
determining the diseases/disorders to be screened (37,38).
Expanded newborn screening programs have been shown
in various studies to be cost-effective, affect the quality
of life, and reduce mortality and morbidity (39). Lindner
et al. (10) evaluated the expanded newborn blood spot
screening in Germany and found that physical and
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Table 2. Diseases/Conditions Planned to be Included in the Screening Program of the Ministry of Health, General

Directorate of Public Health in Turkey

Disease/Condition Groups

Diseases/Conditions

Fatty Acid Oxidation Disorders

Carnitine Cycle Disorders

Organic Acidemias

Isovaleric acidemia

Propionic acidemia

Urea Cycle Disorders

Arginase deficiency
Amino Acid Disorders

Tyrosinemia
Homocystinuria

Cobalamin disorders
Methylenetetrahydrofolate deficiency

Medium chain acyl CoA dehydrogenase deficiency

Long chain acyl CoA dehydrogenase deficiency

Short chain acyl CoA dehydrogenase deficiency

Multiple acyl CoA dehydrogenase deficiency (Glutaric acidemia type II)
Long chain hydroxyacyl CoA dehydrogenase deficiency

Trifunctional protein deficiency

Carnitine transporter deficiency

Carnitine palmitoyl transferase I deficiency
Carnitine palmitoyl transferase I deficiency
Carnitine/acyl carnitine translocase deficiency

Methylmalonic acidemia

B-ketothiolase deficiency
3-OH-3-methylglutaryl-CoA lyase deficiency
3-methylcrotonyl-CoA carboxylase deficiency

3-methylglutaconyl-CoA hydratase deficiency
2-methylbutyryl-CoA dehydrogenase deficiency
Isobutyryl-CoA dehydrogenase deficiency

Glutaric acidemia type I
3-oxothiolase deficiency
Holocarboxylase deficiency

Argininosuccinate synthetase deficiency (Citrullineemia)

Argininosuccinate lyase deficiency (Argininosuccinic aciduria)

Tetrahydrobiopterin deficiencies
Maple Syrup Urine Disease (MSUD)

Congenital Adrenal Hyperplasia*

* The screening program of congenital adrenal hyperplasia has been extended nationally since 2022.

Source: (35)

cognitive benefits were similar when phenylketonuria
was taken as the gold standard. In addition to screening,
positive cases have access to diagnostic tests and, as a
result, they also have access to appropriate treatments.
In this sense, it is critical to evaluate the diseases/
disorders to be screened in terms of long-term outcomes
(40). According to the long-term evaluation at Boston
Children's Hospital, the expanded blood spot screening
program had increased the mean IQ score and severe
clinical outcomes were significantly reduced, indicating
the success of the program (4/). Early diagnosis of
some of these conditions where treatment is available
is additionally of great importance (42). In addition
to the mentioned benefits, it is probable to claim that
screening has some negative aspects. Since they are not
diagnostic, screening tests have a certain percentage
of false positives or false negatives, which should be
within the limits of society's acceptance. While false-
positive results cause unnecessary additional testing
and thus additional costs, redundant intervention, and
complications for the patient, false-negative results may
cause delays in the diagnosis (37,38). Another critical
problem with screening is the demand for a significant

health workforce and infrastructure (38).

3.4. A holistic view of public health in screening for rare
diseases in newborns

The approach to rare diseases that are planned to be
screened with a holistic approach and public health
principles is given in Table 3. Although it is difficult
to calculate the burden of rare diseases, it is known
that childhood is an important cause of mortality and
morbidity. It has been shown that of all inborn errors
of metabolism, which are mostly covered by neonatal
screening programs, the overall birth prevalence estimate
was 50.9 per 100,000 live births by Water et al. (43). It is
stated that the inborn errorrs of metabolism are especially
responsible for sudden infant deaths and that most
of them are diseases that can be screened and treated
(44,45). In this sense, the issue cannot be seen apart from
Sustainable Development Goals (SDG) Goal 3, Target
3.2 which is explained (46) "By 2030, end preventable
deaths of newborns and children under 5 years of age,
with all countries aiming to reduce neonatal mortality
to at least as low as 12 per 1,000 live births and under-5
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Table 3. The holistic approach with the principle of public health on screening

Disease Onset and Progression

Postclinic Phase

Clinic Phase

Preclinic Phase

Secondary prevention Tertiary prevention Quadruple prevention

Primary prevention

Primordial prevention

Social and medical rehabilitation Avoiding fragmented service delivery

Reduction and prevention of delay in

diagnosis (early diagnosis)

Defining the risk factors

Evaluation of social determinants of rare
diseases that are planned to be screened

Interventions to reduce complications and  Avoiding overdiagnosis

slowdown the prognosis

Providing appropriate, effective and timely

treatment options

Planning the intervention for preventive

strategy

Making the infrastructure ready

Avoiding overmedication or medical/

surgical intervention

Standardization of the treatment protocol

Intervention

Legal regulations

Integration of health information systems

Integration of the decision support systems

Sustainable Development Goal 3, Target 3.2: By 2030, end preventable deaths of newborns and children under 5 years of age, with all countries aiming to reduce neonatal mortality to at least as low as 12 per 1,000 live births and
under-5 mortality to at least as low as 25 per 1,000 live births. From the data to policy; epidemiological assessment and monitoring for all phases and strategies, integrity of society, national/international solidarity, public health

ethics, equity in health and social care in the context of universal health coverage, financial planning, management of the health workforce, training of healthcare professionals, and establishing the appropriate infrastructure.

mortality to at least as low as 25 per 1,000 live births".
Although screening is a secondary prevention strategy,
it may be incomplete unless complemented by the other
four prevention strategies (38,47). To give an example
from social determinants, the existence of isolated groups
in a society e.g. populations with frequent consanguinity
marriages may cause some rare diseases to be seen
frequently (43). Also, screening of hemoglobinopathies
such as hemophilia, thalassemia and fragile X syndrome,
as well as CF in risky groups; in addition, Tay-Sachs
disease, Canavan disease, Familial dysautonomia for
Ashkenazi Jews is recommended by Joint SOGC-
CCMG Committee (48). Also Tay-Sachs disease carrier
screening is recommended by the American College of
Obstetricians and Gynecologists (ACOG) for women
with Ashkenazi Jewish, French-Canadian or Cajun
ancestry (49).

4. Limitations

This review cannot be considered as a systematic review.
It has some limitations, notably at the level of evidence.
The limited number of countries examined and the
fact that the countries examined are mostly developed
countries may be considered as cause for bias. The small
and insufficient number of studies conducted in Turkey
has made it difficult to evaluate the specifics of the
country and therefore caused the recommendations to
become limited.

5. Conclusion

The future of newborn screening programs, as an
example of secondary prevention, seems to be an
important issue that will always find its place in the
scientific community, to conserve and build up its
emphasis in terms of public health.

In order to achieve the determined goals of
sustainable development without wasting time,
equitable access to health services should be ensured
by considering ethical principles. When current criteria
are taken into consideration and examined, it is obvious
that an assessment must be made about expanding the
newborn blood spot screening program. In this scheme,
the epidemiological information, the infrastructure of the
screening program, and the economic evaluation of the
screening program should especially be scrutinized about
rare diseases/conditions that are candidates for screening
in Turkey. To begin with, the establishment of a rare
disease registry information system in Turkey would
provide epidemiological information and outputs such
as incidence rate for screening, benefits from treatments
and their effects on survival rate, and thus, a hierarchy
from data to information to policy. Second, infrastructure
projects must be arranged for the expanded screening
program, pilot applications can be implemented if
necessary, and an appropriate budget should be allocated.
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Thirdly, screening programs should be piloted as means
of evaluating economic outcomes. Finally, it is evident
that there is a need for more studies on the subject in
most investigated countries, especially Turkey and they
should review their policies in the context of a holistic
approach with the principle of public health on screening.

Funding: None.

Conflict of Interest: The authors have no conflicts of
interest to disclose.

References

10.

11.

Castro R, de Chalendar M, Vajda I, van Breukelen,
Courbier S, Hedley V, Montefusco M, Nielsen SJ, Dan
D. Rare Diseases. In: Handbook Integrated Care. Second
edition (Amelung V, Stein V, Suter E, Goodwin N, Nolte E,
Balicer R, eds.). Springer International Publishing; 2021;
pp. 763-782.

EURORDIS. Harmonised Newborn Screening in
Europe - a window of opportunity that we should not
miss! Published 2021. https://www.eurordis.org/news/
harmonised-newborn-screening-europe-window-
opportunity-we-should-not-miss (accessed November 7,
2021).

Satman I, Giidiik O, Yemenici M, Ertiirk N. Nadir
Hastaliklar Raporu. Published 2019. https://www.tuseb.gov.
tr/tuhke/uploads/genel/files/haberler/nadir _hastaliklar
raporu.pdf (accessed November 7, 2021). (in Turkish)
EURORDIS. What is rare disease? https://www.eurordis.
org/content/what-rare-disease (accessed November 8§,
2021).

European Union. Regulation (EC) No 141/2000 of the
European Parliament and of the Council of 16 December
1999 on Orphan Medicinal Products. Published 1999.
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?ur
i=CELEX:32000R0141&from=EN (accessed November
10, 2021).

Groft SC, Posada de la Paz M. Rare Diseases: Joining
Mainstream Research and Treatment Based on Reliable
Epidemiological Data. In: Rare Diseases Epidemiology:
Update and Overview. Second edition (Posada de la Paz M,
Taruscio D, Groft SC, eds.). Springer, 2017; pp. 3-21.

The Lancet. Making rare diseases a public-health and
research priority. Lancet. 2008; 371:1972.
Ramalle-Gomara E, Dominguez-Garrido E, Gémez-
Eguilaz M, Marzo-Sola ME, Ramon-Trapero JL, Gil-de-
Gomez J. Education and information needs for physicians
about rare diseases in Spain. Orphanet J Rare Dis. 2020;
15:18.

Taruscio D, Kodra Y, Ferrari G, Vittozzi L, National
Rare Diseases Registry Collaborating Group. The Italian
national rare diseases registry. Blood Transfus. 2014; 12
Suppl 3:5606-13.

Lindner M, Gramer G, Haege G, Fang-Hoffmann J,
Schwab KO, Tacke U, Trefz FK, Mengel E, Wendel U,
Leichsenring M, Burgard P, Hoffmann GF. Efficacy and
outcome of expanded newborn screening for metabolic
diseases — Report of 10 years from South-West Germany.
Orphanet J Rare Dis. 2011; 6:44.

Castellani C, Massie J, Sontag M, Southern KW. Newborn
screening for cystic fibrosis. Lancet Respir Med. 2016;

13.

15.

16.

18.

19.

20.

21.

22.

23.

24.

25.

26.

4:653-661.

Loeber JG, Burgard P, Cornel MC, Rigter T, Weinreich SS,
Rupp K, Hoffmann GF, Vittozzi L. Newborn screening
programmes in Europe; arguments and efforts regarding
harmonization. Part 1. From blood spot to screening result.
J Inherit Metab Dis. 2012; 35:603-611.

Burgard P, Rupp K, Lindner M, Haege G, Rigter T,
Weinreich SS, Loeber JG, Taruscio D, Vittozzi L, Cornel
MC, Hoffmann GF. Newborn screening programmes in
Europe; arguments and efforts regarding harmonization.
Part 2. From screening laboratory results to treatment,
follow-up and quality assurance. J Inherit Metab Dis. 2012;
35:613-625.

Cornel MC, Rigter T, Weinreich SS, Burgard P, Hoffmann
GF, Lindner M, Gerard Loeber J, Rupp K, Taruscio D,
Vittozzi L. A framework to start the debate on neonatal
screening policies in the EU: an Expert Opinion Document.
Eur J Hum Genet. 2014; 22:12-17.

Wilson JMG, Jungner G. Principles and practice of
screening for disease. 1968. https://apps.who.int/iris/
handle/10665/37650 (accessed November 7, 2021)
Dobrow MJ, Hagens V, Chafe R, Sullivan T, Rabeneck
L. Consolidated principles for screening based on a
systematic review and consensus process. CMAJ. 2018;
190:E422-E429.

Andermann A, Blancquaert I, Beauchamp S, Déry V.
Revisiting Wilson and Jungner in the genomic age: a
review of screening criteria over the past 40 years. Bull
World Health Organ. 2008; 86:317-319.

RACGP. Newborn Screening. https://www.racgp.org.
au/clinical-resources/clinical-guidelines/key-racgp-
guidelines/view-all-racgp-guidelines/genomics/newborn-
screening (accessed November 9, 2021).

Newborn Screening Ontario. Diseases Screened. https.://
www.newbornscreening.on.ca/en/about-screening/
diseases-screened (accessed November 9, 2021).

Brockow I, Blankenstein O, Ceglarek U, et al. National
Screening Report Germany 2018. 2021. https://www.
screening-dgns.de/Pdf/Screeningreports/DGNS-
Screeningreport-e_2018.pdf (accessed November 12,
2021).

Konstantopoulou V, Zeyda M. 25th Annual Meeting of
the German Society of Newborn Screening. Int J Neonatal
Screen. 2018; 4:17.

SMA NBS Alliance. Status of Newborn Screening for
Spinal Muscular Atrophy. Published 2021. https.//www.
sma-screening-alliance.org/map/ (accessed November 9,
2021).

Lund AM, Wibrand F, Skogstrand K, Bakvad-Hansen
M, Gregersen N, Andresen BS, Hougaard DM, Dung M,
Olsen RKJ. Use of Molecular Genetic Analyses in Danish
Routine Newborn Screening. Int J Neonatal Screen. 2021;
7:50.

National Health Services. Newborn blood spot test. Attps.//
www.nhs.uk/conditions/baby/newborn-screening/blood-
spot-test/ (accessed November 9, 2021).

Ministry of Health Israel. Diseases tested in neonatal
screening tests. Attps.//www.health.gov.il/Subjects/Genetics/
newborn_neonatal _screening/Pages/disease_testing.aspx
(accessed November 9, 2021). (in Hebrew)

Taruscio D, Kodra Y, Amicosante AMYV, Bacco G, Burlina
A, la Marca G, Leonardi A, Privitera MG, Salvatore
F, Segato A, Tamburini C, Vaccarotto M, Piccioli A.
Expanded Neonatal Screening Programme in the Italian
Regions and Autonomous Provinces. State of the Art up

www.irdrjournal.com



69

Intractable & Rare Diseases Research. 2022; 11(2):63-69.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

to June 30, 2019. Rapporti ISTISAN 20/18. 2020. https://
www.iss.it/documents/20126/0/20-18+web.pdf/5f473c42-
88df-5e07-28¢9-90d1d1cf93772t=1603173542977
(accessed November 9, 2021). (in Italian)

National Institute for Public Health and the Environment.
Newborn Blood Spot Screening Fact Sheet. 2020. https://
www.pns.nl/sites/default/files/2021-02/Newborn blood
spot screening fact sheet dec2020 UK 0.pdf (accessed
November 9, 2021).

National Screening Unit. About the test. Published 2017.
Accessed November 9, 2021. https://www.nsu.govt.
nz/pregnancy-newborn-screening/newborn-metabolic-
screening-programme-heel-prick-test/about-test (accessed
November 9, 2021).

Tangeraas T, Seves I, Klingenberg C, et al. Performance of
expanded newborn screening in Norway supported by post-
analytical bioinformatics tools and rapid second-tier DNA
analyses. Int J Neonatal Screen. 2020; 6:51.

T.C. Saglik Bakanligi Halk Sagligi Genel Midirliigii
Cocuk ve Ergen Sagligi Dairesi Baskanligi. Yenidogan
Metabolik ve Endokrin Hastalik Tarama Programi (NTP).
https://hsgm.saglik.gov.tr/tr/cocukergen-tp-liste/yenidogan_
tarama_programi.html (accessed November 1, 2021). (in
Turkish)

Department of Health Wadsworth Center. Screened
Disorders. https://www.wadsworth.org/programs/newborn/
screening/screened-disorders (accessed November 9, 2021).
Hacettepe Niifus Etiitleri Enstitiisii, T.C. Cumhurbaskanlig1
Strateji ve Biitce Baskanligi, TUBITAK. Tiirkiye Niifus
ve Saglik Arastirmas1 2018. 2019. http://fs.hacettepe.
edu.tr/hips/dosyalar/Ara%C5%9Ft%C4%B1rmalar%20
-%20raporlar/2018%20TNSA/TNSA2018 _ana_Rapor
compressed.pdf (accessed November 9, 2021). (in Turkish)
Tezel B, Dilli D, Bolat H, Sahman H, Ozbas S, Acican
D, Ertek M, Kése MR, Dilmen U. The development and
organization of newborn screening programs in Turkey. J
Clin Lab Anal. 2014; 28:63-69.

Loeber JG, Platis D, Zetterstrom RH, ef al. Neonatal
screening in Europe revisited: An ISNS perspective on the
current state and developments since 2010. Int J Neonatal
Screen. 2021; 7:15.

Tiirkiye Biiyiik Millet Meclisi Nadir Hastaliklar Aragtirma
Komisyonu. ALS, SMA, DMD, MS Hastaliklarinda
ve Kesin Tedavisi Bilinmeyen Diger Hastaliklarda
Uygulanan Tedavi ve Bakim Yo6ntemleri Ile Bu Hastaliklara
Sahip Kisiler ve Yakinlarinin Yasadiklari Sorunlarin ve
Coziimlerinin Belirlenmesi Amaciyla Kurulan Meclis
Arastirma. 2020. https://www5.tbmm.gov.tr/sirasayi/
donem27/yil01/ss199.pdf (accessed November 12, 2021). (in
Turkish)

EURORDIS. EURORDIS position paper: key principles
for newborn screening; 2021. https://www.eurordis.org/
newbornscreening (accessed November 11, 2021).

Wilcken B. Expanded newborn screening: reducing harm,
assessing benefit. J Inherit Metab Dis. 2010; 33(Suppl
2):5205-S210.

World Health Organization Regional Office for Europe.
Screening Programmes: A Short Guide. Increase
Effectiveness, Maximize Benefits and Minimize
Harm. 2020. https://apps.who.int/iris/bitstream/hand
le/10665/330829/9789289054782-eng.pdf (accessed
November 9, 2021).

Tiwana SK, Rascati KL, Park H. Cost-effectiveness of

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

expanded newborn screening in Texas. Value Health. 2012;
15:613-621.

Posset R, Gropman AL, Nagamani SCS, et al. Impact of
diagnosis and therapy on cognitive function in urea cycle
disorders. Ann Neurol. 2019; 86:116-128.

Landau YE, Waisbren SE, Chan LMA, Levy HL. Long-
term outcome of expanded newborn screening at Boston
children's hospital: benefits and challenges in defining true
disease. J Inherit Metab Dis. 2017; 40:209-218.
Balascakova M, Holubova A, Skalicka V, Zemkova D,
Kracmar P, Gonsorcikova L, Camajova J, Piskackova T,
Lebl J, Drevinek P, Gregor V, Vavrova V, Votava F, Macek
M Jr. Pilot newborn screening project for cystic fibrosis
in the Czech Republic: Defining role of the delay in its
symptomatic diagnosis and influence of ultrasound-based
prenatal diagnosis on the incidence of the disease. J Cyst
Fibros. 2009; 8:224-227.

Waters D, Adeloye D, Woolham D, Wastnedge E, Patel S,
Rudan I. Global birth prevalence and mortality from inborn
errors of metabolism: a systematic analysis of the evidence.
J Glob Health. 2018; 8:021102.

van Rijt WJ, Koolhaas GD, Bekhof J, Heiner Fokkema MR,
de Koning TJ, Visser G, Schielen PC, van Spronsen FJ,
Derks TG. Inborn errors of metabolism that cause sudden
infant death: A systematic review with implications for
population neonatal screening programmes. Neonatology.
2016; 109:297-302.

de Bitencourt FH, Schwartz IVD, Vianna FSL. Infant
mortality in Brazil attributable to inborn errors of
metabolism associated with sudden death: a time-series
study (2002-2014). BMC Pediatr. 2019; 19:52.

World Health Organization. Sustainable Development
Goals (SDGs). SDG 3 targets. https.//www.who.int/health-
topics/sustainable-development-goals#tab=tab 2 (accessed
June 28, 2021).

Akdur R. Temel Kavramlar. In: Saglik Bilimlerinde
ARASTIRMA VE TEZ YAPMA REHBERI (Projelendirme,
Uygulama, Rapor Yazma). ikinci Baski ; Ankara, Turkey,
2019: pp. 1-28.

Wilson RD, De Bie I, Armour CM, et al. Joint SOGC—
CCMG opinion for reproductive genetic carrier screening:
An update for all Canadian providers of maternity and
reproductive healthcare in the era of direct-to-consumer
testing. J Obstet Gynaecol Can. 2016; 38:742-762.¢3.

The American College of Obstetricians and Gynecologists
(ACOQG). Carrier Screening for Genetic Condition.
Published 2017. https://'www.acog.org/clinical/clinical-
guidance/committee-opinion/articles/2017/03/carrier-
screening-for-genetic-conditions#s1 (accessed January 5,
2022).

Received March 16, 2022; Revised April 30, 2022; Accepted
May 18, 2022.

All authors contributed equally.

*Address correspondence to:

Hiiseyin Oriin, Baskent University Faculty of Medicine,
Department of Public Health, Yukaribahgelievler Mah. 38/8
06490 Cankaya/Ankara, Turkey.

E-mail: dr.huseyin.orun@gmail.com

Released online in J-STAGE as advance publication May 25,
2022.

www.irdrjournal.com



