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Abstract
Purpose While neonatal bloodspot screening (NBS) for severe combined immunodeficiency (SCID) has been introduced more than
a decade ago, implementation inNBS programs remains challenging inmany countries. Even if high-quality test methods and follow-
up care are available, public uptake and parental acceptance are not guaranteed. The aim of this study was to describe the parental
perspective onNBS for SCID in the context of an implementation pilot. Psychosocial aspects have never been studied before for NBS
for SCID and are important for societal acceptance, a major criterion when introducing new disorders in NBS programs.
Methods To evaluate the perspective of parents, interviews were conducted with parents of newborns with abnormal SCID
screening results (N = 17). In addition, questionnaires about NBS for SCID were sent to 2000 parents of healthy newborns who
either participated or declined participation in the SONNET-study that screened 140,593 newborns for SCID.
Results Support for NBS for SCID was expressed by the majority of parents in questionnaires from both a public health
perspective and a personal perspective. Parents emphasized the emotional impact of an abnormal screening result in interviews.
(Long-term) stress and anxiety can be experienced during and after referral indicating the importance of uniform follow-up
protocols and adequate information provision.
Conclusion The perspective of parents has led to several recommendations for NBS programs that are considering screening for
SCID or other disorders. A close partnership of NBS programs’ stakeholders, immunologists, geneticists, and pediatricians-
immunologists in different countries is required for moving towards universal SCID screening for all infants.

Keywords Severe combined immunodeficiency . newborn blood screening . parental perspective . interviews . questionnaire
study

Introduction

In the past decade, neonatal bloodspot screening (NBS) for
severe combined immunodeficiency (SCID) has been intro-
duced in several screening programs worldwide [1–5]. After
addition to the Recommended Uniform Screening Panel
(RUSP) in the USA, all states introduced SCID screening

progressively, realizing nationwide screening for SCID in
2018 [6]. Even though the screening technique for SCID has
been available for over a decade, implementation into screen-
ing programs is accompanied by many challenges due to the
complexity of NBS programs. NBS encompasses more than a
laboratory test and implementation includes adjustments in
education, finances, logistics, politics, and culture [7–9].
Even if a high-quality test method is available, public uptake
and parental acceptance of the test method are not guaranteed.

SCID is one of the most severe inherited disorders of the
immune system characterized by severe T cell lymphopenia
that is variably associated with an abnormal development of
B- and/or natural killer (NK) cells [10]. Patients with SCID are
usually born asymptomatic but develop life-threatening infec-
tions in the first months of life. Prompt clinical intervention
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with hematopoietic stem cell transplantation (HSCT) or gene
therapy is required to prevent a fatal outcome for these patients
[11]. Previous studies showed that early detection and treat-
ment in the pre-symptomatic phase lead to higher survival rates
[12–14]. NBS for SCID is based on the measurement of T cell
receptor excision circles (TRECs) via (semi-)quantitative PCR.
TRECs are circular DNA fragments formed during the T cell
receptor gene rearrangement in the thymus serving as a marker
for thymic output [15]. Low TREC levels indicate reduced
numbers of recently formed T lymphocytes [16, 17]. To distin-
guish SCID from other T cell lymphopenias, follow-up diag-
nostics by flow cytometric immunophenotyping and genetic
analysis are indicated [18].

Similar to other countries [19–23], the Netherlands started
a prospective implementation pilot study (SONNET-study) in
April 2018, focusing on parental perspective, cost-effective-
ness, and practical implications for screening, diagnostics, and
clinical follow-up. As parents are important stakeholders in
NBS, their support is paramount. NBS pilot studies provide
an invaluable opportunity to assess parental views on the po-
tential benefits and harms of screening for newborns and their
families [24]. In many cases, experts will assume that patients
and families will automatically welcome perceived advances
in the field. However, this is not necessarily the case and it is
important to gauge family perceptions of these advantages.
Therefore, we investigated the societal and psychosocial as-
pects through the eyes of parents of healthy newborns and
parents who received an abnormal SCID screening result for
their newborn. Our findings have led to important recommen-
dations that can be valuable to other countries that consider
implementation of SCID screening in their NBS program.

Methods

For the SONNET-study, all parents of newborns born in three
of the twelve provinces of the Netherlands (Utrecht,
Gelderland and Zuid-Holland) were asked to participate in a
research project on NBS for SCID (opt-out consent). All dried
blood spots (DBS) included (N = 140,593) were collected as
part of the Dutch routine NBS program from April 2018 to
February 2020 (Figure S1). Demographic and clinical vari-
ables were collected from the national Praeventis NBS data-
base (RIVM, Bilthoven, the Netherlands). The SONNET-
study was approved by the Medical Ethics Committee of the
Erasmus MC, University Medical Center, Rotterdam (MEC-
2017-1146). TREC analysis was performed according to the
SPOT-it™ kit instructions for use (ImmunoIVD, Stockholm,
Sweden) according to a preset screening algorithm
(Figure S2). FromApril 2018 to October 2018, a TREC cutoff
value of ≤ 6 copies/3.2mm punch was used. After 6 months of
screening, the cutoff va lue was increased to ≤
10 copies/3.2 mm punch from November 2018 to February

2020. A uniform diagnostic follow-up protocol and gene pan-
el after abnormal TREC results was established (Figure S3;
Table S1). Interviews were conducted with parents after an
abnormal SCID screening result (N = 17). Items in the inter-
view were evaluated either by categorical or non-categorical
variables, the latter through open questions that were indepen-
dently keyword-coded by two researchers to enhance the re-
liability of the results. The perspective of parents of healthy
newborns on NBS for SCID who either participated (N =
1600) or declined participation (N = 400) in the SONNET-
study was evaluated with a questionnaire that was specifically
developed for this study by a multidisciplinary team of experts
on NBS, medical ethics, and survey studies. The questionnaire
was based on existing questionnaires previously used for in-
vestigating parents’ perspectives on NBS, e.g., for Pompe
disease [25]. For qualitative validation and to address educa-
tional and language barriers, a small test phase was conducted
to check for concept and wording of questions. The final con-
cept was peer-reviewed before sending out. Construct valida-
tion questions were not included as it was not the goal to create
a quantitative validated questionnaire about NBS for SCID.
Practical barriers were addressed by offering parents the op-
portunity to send back a printed questionnaire or to fill in the
questionnaire online by following a link or scanning a QR
code. Multiple multivariate logistic regression analyses were
performed to determine whether variables such as age, ethnic-
ity, and educational level induced bias. For further details, see
Methods in Supplemental data.

Results

TREC Screening and Referrals

In total, 141,343 newborns participated in routine NBS in the
pilot region. A total of 750 parents of newborns declined par-
ticipation in the SONNET-study (participation rate 99.5%).
Median TREC level in the study population was 97 copies/
3.2 mm punch (IQR 66-141; Table S2). Receiving a blood
transfusion less than 24 h prior to sample collection or early
sample collection (< 72 h after birth) resulted in lower TREC
levels (P < 0.05; Table S2). A total of 333 of the 140,593
newborns had TREC levels below the preset cutoff value after
initial analysis (retest rate 0.24%; Fig. 1). In total, 47 full-term
newborns with low TREC levels were referred for additional
diagnostics (referral rate 0.03%; Fig. 1).

One SCID patient was identified with absent TRECs (0
copies/3.2 mm punch) and absent T cells. Genetic analysis
revealed a pathogenic variant in the IL2RG gene
(NM_000206.2(IL2RG):c.298C>T, p.(Gln100*)). The patient
remained asymptomatic, underwent HSCT, and is currently in
good clinical condition. In the other 46 newborns referred for
further evaluation, five newborns had normal flow cytometric
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results with no known underlying cause for the low TREC
levels (false-positive cases; Fig. 1). Of the 41 newborns with
non-SCID T cell lymphocytopenia (TCL), eight infants had a
congenital syndrome associated with T cell impairment, while
five infants were reported to have idiopathic T cell
lymphocytopenia with an unknown underlying cause
(Table S3). In 28 cases, T cell lymphopenia could be attribut-
ed to other medical conditions without an intrinsic defect in
the production of T cells (secondary T cell impairment;
Table S3).

Parents’ Experiences After an Abnormal SCID
Screening Result

The parents of 23 newborns referred with an abnormal SCID
screening result were approached for an interview, and 17/23
parents agreed (Table S4). Parents of eight newborns remem-
bered receiving information about NBS for SCID prior to the
heel prick and knowingly participated in the SCID pilot study.
Nine parents did not remember receiving information, and one
mother even questioned whether she would have participated

in the SCID pilot study if she would have been formally
asked.

Fifteen newborns were referred via the general practitioner
(GP) to an academicmedical center, while two newborns were
already in the hospital at the time of referral. Referral via the
GP is the standard procedure in the Dutch NBS program
(Figure S1). Parents of twelve newborns experienced the re-
ferral procedure as negative, stating that they either received
too little or incorrect information via the GP. In addition, par-
ents experienced the initial counseling by the GP as unpleas-
ant, for example, rushed via telephone contact instead of in
person. Parents would have preferred to be contacted by a
pediatric immunologist directly so they could receive correct
and clear information from the start with the opportunity to
ask questions. One couple appreciated being called by a fa-
miliar and trusted person as their GP, whereas two mothers
who received the news via telephone stated that a personal
visit from the GP would be excessive.

The majority of parents (15/17) were very satisfied with the
rapid availability of the diagnostic results and the follow-up
care provided by the pediatric immunologist. All parents stat-
ed to have experienced significant anxiety and emotional

N = 140,593 
newborns screened

N= 140,260 Nega�ve
TREC > 10 copies/punch

N=333 Retest in duplicate
TREC ≤10 copies/punch

N = 45
Fullterm infants 

posi�ve 

N= 234 Nega�ve
TREC > 10 copies/punch

N= 43 
Preterm infants 

posi�ve

N=2 Posi�ve
N= 28 Nega�ve

N= 13 died prior to 
sample collec�on

N= 11 Inconclusive
TREC ≤10 copies/punch and 
ACTB < 1000 copies/punch 

Second DBS

N= 88 Posi�ve
TREC ≤10 copies/punch and 
ACTB ≥ 1000 copies/punch 

N=10 Nega�ve
N= 1 died prior to 
sample collec�on

N = 47 Posi�ve
Referred for follow-

up diagnos�cs 

Second DBS a�er the 
corrected age of 37 weeks

N= 1 
SCID

N= 8
Syndromes with T-cell 

impairment

N= 28 
Secondary  T-cell 

impairment

N= 5
Idiopathic T-cell 

lymphocytopenia 

N= 5
False-posi�ve

Fig. 1 Number of referrals and retests based on TREC analysis. A total of
140,593 newborns were included for initial TREC analysis. NBS cards
with TREC ≤ 10 copies/3.2 mm punch required repeated analysis in
duplicate. Preterm: gestational age < 37 weeks and birth weight

≤ 2500 gram. Abnormal screening results with β-actin (ACTB) levels
less than 1000 copies/3.2 mm punch were considered inconclusive and
required repeated sampling (second DBS)
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insecurity up to the visit in the hospital; however, their trust in
the NBS program had not been changed by this experience.

Parental perception of the vulnerability of their newborn
after definitive diagnosis was determined with the
Vulnerable Baby Score (VBS) (N = 13). The mean VBS was
28.7 (SD4.8) compared with 23.1 (SD3.1) found in healthy
control newborns [26] (Table 1). The mean total score of the
parental stress questionnaire (OBVL) of these parents was
60.5 (SD 8.3) which is just above the norm for parents of
children age category 0–3 years (Table 2). Parents experi-
enced mild problems in the subcategory “restrictions to one’s
own freedom and frustration in attempts to maintain one’s
own identity” (T-score of 65.1) (Table 2).

Parental Perspective on NBS for SCID and Scientific
Research on NBS

In total, 391 of 2000 parents of healthy newborns returned the
questionnaire (response rate 19.6%). Of these parents, 84.9%
(332/391) participated in the SONNET-study. Sixteen (4.1%)
parents declined participation, and 33 (8.4%) parents could
not remember whether they participated or not. The respon-
dents’ characteristics are shown in Table S5 and Table S6. The
mean age of respondents was 32.8 years (range 20–52 years).
Most respondents were female (85.8%). Compared with the
reference population (Table S5), respondents were higher ed-
ucated and more likely to have a Dutch background.

Respondents in the questionnaire study were orally in-
formed about NBS for SCID by the midwife/gynecologist
(N = 107; 28.1%) and/or the screener (N = 181; 47.5%)
(Table 3). Information provision by the midwife/
gynecologist was rated best (evaluation score of 7.5). The
majority of parents did not recollect to have received or did
not read the information leaflet (N = 272; 72%). Parents who
did receive the information leaflet were positive (evaluation
score of 7.6). These parents indicated that the leaflet was clear

(N = 98; 87.5%) and easy to read (N = 90; 80.3%) and that
information was sufficient and understandable (Figure S4).

Parents who declined participation in the SONNET-study
were less positive about the provided information compared
with parents who participated (Table 3). Participants were
more likely to answer one of the knowledge questions correct-
ly compared with parents who declined participation (P =
0.03) (Table S7).

Support for NBS for SCID was expressed by the majority
of parents from a public health perspective “I think it is im-
portant that SCID is included in the newborn screening pro-
gram” (rating mean 4.3) and a personal perspective “SCID is a
severe disorder and I want this disorder to be detected as early
as possible for my child” (rating mean 4.2; Table S8). Parents
who declined participation in SCID screening had a more
negative attitude towards scientific research in general (rating
mean 3.5 versus 4.7 P < 0.01) and believed it to be of less
importance that SCID is included in the NBS program (rating
mean 2.9 versus 4.3 P < 0.01) (Table 4).

Reasons to Participate or Decline Participation in NBS
for SCID

Reasons to participate in NBS for SCID included the potential
health benefit for their child (41.8%), to support scientific
research (41.8%), the fact that no extra blood had to be drawn
(12.5%), the disorder can be cured (8.1%), and to help other
children (6.6%) (N = 340). Parents who declined participation
(N = 16) stated that they declined because of insufficient/
misconception of information, a low a priori risk of the dis-
ease, the test still being in a research phase, not being inter-
ested in knowing or due to privacy reasons. Parents who read
the leaflet/received information about the pilot study were not
more likely to participate, but parents with higher knowledge
scores were marginally more likely to participate in NBS for
SCID (P = 0.06; Table S9). Respondents with one child (first-

Table 1 Vulnerable Baby Score (VBS) by parents of newborns with abnormal SCID screening results (N = 13)

Number Baby age when questionnaire
completed in weeks
Mean (range)

Mean VBS SD

Healthy newborns 39* 13.4 (11.2–17.3) 23.1 3.1

Jaundice 19* 10.6 (9.6–14.1) 25.1 4.2

Medically fragile 17* 11.4 (9.5–15.0) 27.4 4.6

Newborns with abnormal SCID screening results (total) 13 21.2 (8.5–41.7) 28.7 4.8
T cell impairment syndromes 3 31.0

Secondary T cell impairment 3 28.3

Idiopathic lymphocytopenia 4 30.7

False positive 3 25.7

*Data of medically fragile, jaundice, and healthy control groups adopted from Kerruish et al. [26]
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time parents) were more likely to participate in NBS for SCID
compared with parents with more children (P = 0.04;
Table S9).

Discussion

NBS for SCID based on TREC quantification has been imple-
mented in several countries; thus, the effectiveness of TREC
quantification for SCID detection has been demonstrated [27,
28]. However, the availability of a high-quality test method
does not automatically guarantee acceptance from the per-
spective of stakeholders such as parents. Therefore, our study
focused on societal context including public awareness and
understanding by studying the perspectives of parents and
evaluating the practical aspects for screening, diagnostic pro-
cedures, and clinical follow-up. Psychosocial aspects have
never been reported before in NBS for SCID while they are
important for societal acceptance, a major criterion when in-
troducing new disorders in NBS programs.

Interviews with parents revealed that parents experienced
anxiety and stress when receiving an abnormal screening re-
sult for SCID. Most parents were informed by their GP and

felt their GP lacked important knowledge about SCID while
experiencing telephone contact as impersonal and rushed.
International studies show that healthcare providers acknowl-
edge the difficulty of delivering abnormal screening results to
parents [29, 30]. Some providers deliberately keep informa-
tion during this first contact to a minimum trying to reduce
parental anxiety [31]. Communication scripts developed to-
gether with parents could help a primary healthcare provider
in this first contact [29]. In the interviews, parents suggested
tandem telephone calls with both their GP and a pediatric
immunologist to provide support and expert information at
the time of the referral. Most parents commended their expe-
rience with the pediatric immunologist and were relieved with
the rapid availability of diagnostic results. The magnitude of
parents’ distress while waiting for infants’ confirmatory test
results should not be underestimated [30]. Similar to studies
for NBS for cystic fibrosis (CF), all parents would still partic-
ipate in NBS for SCID despite their experiences in the referral
procedure [32–34]. Parents scored relatively high on the
Vulnerable Baby Scale in comparison with parents of healthy
newborns [26]. Even parents with a confirmed healthy new-
born after follow-up (false-positive) perceived their newborn
as more “vulnerable” implying some effect of the referral

Table 4 Difference in attitude of parents who participated or declined participation in SCID screening (N = 348)

Questionnaire statement Participated (N = 332) Declined (N = 16) P value*

Rating
mean (SD)a

% that
agreed

Rating
mean (SD)a

% that
agreed

“Scientific research”–related statements

Scientific research is required to prevent diseases 4.7 (0.64) 98.8 3.5 (1.41) 75 P < 0.01

Scientific research is required to improve treatment of diseases 4.7 (0.66) 98.2 3.9 (1.09) 87.5 P < 0.01

I do not want to participate in scientific research 1.5 (0.79) 10.7 3.2 (1.11) 75 P < 0.01

“NBS for SCID”–related statements

SCID is a severe disorder and I want this disorder to be detected
in my child as early as possible

4.4 (0.76) 98.2 2.9 (1.03) 62.5 P < 0.01

I think it is important that SCID is included in the newborn screening program 4.3 (0.74) 99.4 2.9 (0.93) 75 P < 0.01

The person who performed the heel prick advised me to participate in SCID screening 1.5 (0.81) 14.2 1.3 (0.88) 0 P = 0.542

My family/partner wanted the SCID test to be performed for my child 2.8 (1.24) 66.6 1.8 (1.13) 25 P < 0.01

I only want my child tested for SCID once the study has been completed
and SCID has been included in the newborn screening program

2.1 (1.11) 26.5 2.6 (0.96) 56.2 P = 0.025

“Health of their child”–related statements

I want as much information as possible about my child’s health 4.1 (0.90) 94.5 2.9 (1.36) 56.2 P < 0.01

I want to be reassured that my child does not have SCID 4.0 (1.00) 91.5 2.7 (1.45) 50 P < 0.01

I do not worry about the health of my child 3.4 (1.19) 76.1 3.9 (1.24) 82.2 P = 0.047

I think I have a high risk of getting a child with SCID 1.8 (0.88) 26.9 1.4 (0.73) 12.5 P = 0.068

SD standard deviation

*Mann-Whitney U test
a Five-point rating scale: 1 = fully disagree; 5 = fully agree. Parents who could not remember whether they declined or participated (N = 33) and missing
values (N = 10) are excluded from the percentages
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procedure with the associated feelings of anxiety [35, 36].
Parents additionally experienced some mild problems in their
parental role. The interviews provide a more in-depth under-
standing of the impact of an abnormal SCID screening result
for parents and emphasize the importance of reducing false-
positive referrals.

Our questionnaire study amongst parents of healthy new-
borns showed that parents have a positive attitude towards
NBS for SCID. Most parents stated that they wanted SCID
to be detected as early as possible for their child. While our
respondent group was different from the Dutch reference pop-
ulation, their opinion might still reflect the attitude of the gen-
eral Dutch population. Other studies have also shown public
support for expanded NBS and a positive attitude towards
NBS in general [37–39]. As these studies also used self-
developed surveys, one could argue that there is a need for a
general validated questionnaire that evaluates parental per-
spectives on implementation of new disorders in NBS pro-
grams. First-time parents with only one child were more likely
to participate in NBS for SCID than parents with more chil-
dren. These findings were also observed in our previous ques-
tionnaire study in which “new” parents were more likely to
participate in hypothetical NBS for the untreatable disorder
ataxia telangiectasia, a potential incidental finding for NBS
for SCID [40, 41]. The key motivator for parents for partici-
pation in NBS for SCID was to benefit the health of their own
child, but also supporting scientific research and the non-
invasive character of NBS for SCID were reported arguments.
These findings are in accordance with previous studies in
which reasons for accepting newborn screening were investi-
gated [42–44].

Some parents declined participation in NBS for SCID due
to insufficient information and misconception of the pilot
study, illustrating the importance of providing adequate infor-
mation in NBS programs. Our findings confirm previous

research indicating that NBS education does not always reach
parents and there is a persistent lack of public knowledge
about NBS [37, 45]. These studies also showed that healthcare
providers are the preferred source of NBS information, advo-
cating for incorporation of NBS education into prenatal care
and for midwifes to counsel parents [37, 45]. Information
provision and timing of information in NBS have been ongo-
ing topics of discussion with little consensus between coun-
tries [46]. Other means such as digital apps or videos should
be explored in the near future.

In summary, our pilot study shows that while the central idea
of early detection of SCID to facilitate treatment is simple,
successful implementation of NBS for SCID is a complex pro-
cess with parental acceptance being of great importance when
introducing new disorders in NBS programs. The findings of
this study on parental perspectives have led to several recom-
mendations for other NBS programs that are considering SCID
screening or future implementation of other disorders (Table 5).
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Table 5 Recommendations for other NBS programs that are considering SCID screening or future implementation of other disorders

• Clear information provision by the indicated health care provider both prior to the NBS program as well as during the referral procedure after an
abnormal screening result is of utmost importance for parents.

• Tandem telephone calls by primary health care providers and pediatricians(-immunologists) should be considered when delivering the news about
abnormal screening results to parents.

• Follow-up care after an abnormal screening result, independent of the outcome/diagnosis, should be provided as parents can experience (long-term)
stress and anxiety after a referral

• All possible adaptations to the NBS leading to more targeted screening for the core condition SCID and the reduction of the number of incidental
findings and false-positive cases should be explored.

• Uniform follow-up protocols are required for a prompt and consistent approach to a definitive diagnosis and can provide guidance for
pediatrician-immunologists when dealing with the relatively high number of incidental findings accompanied by NBS for SCID.

• Parents’ perspectives should be taken into account when introducing new disorders in NBS programs as societal acceptance is of utmost importance.

• A close partnership of NBS programs, patient organizations, immunologists, geneticists and HSCT specialists in different countries could help to
promote standardization of care and follow-up protocols.

• Shared learning should be facilitated internationally to support effective implementation of SCID screening suited to the local context to move towards
universal harmonized SCID screening for all infants.

105J Clin Immunol (2021) 41:99–108



Funding This study was funded by The Netherlands Organization for
Health Research and Development ZonMW (SONNET-study, project
543002002). LH received funding from ZonMw to study the psychoso-
cial aspects of (expanded) NBS (PANDA study, project 543002006).

Compliance with Ethical Standards

Conflict of Interest The authors declare that they have no conflict of
interest.

Ethics Approval This study was performed in line with the principles of
the Declaration of Helsinki. Approval was granted by the Medical Ethics
Committee of the Erasmus MC, University Medical Center, Rotterdam
(MEC-2017-1146).

Consent to Participated In order to participate in the SONNET-study,
parents have to express verbal consent when the heel prick is performed
(opt-out consent). Filling out the questionnaire was voluntary and partic-
ipation after receiving the invitation implied consent.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,
adaptation, 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 weremade. 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://creativecommons.org/licenses/by/4.0/.

References

1. Kwan A, Abraham RS, Currier R, Brower A, Andruszewski K,
Abbott JK, et al. Newborn screening for severe combined immu-
nodeficiency in 11 screening programs in the United States. Jama.
2014;312(7):729–38.

2. Chien Y-H, Yu HH, Lee NC, Ho HC, Kao SM, Lu MY, et al.
Newborn Screening for severe combined immunodeficiency in
Taiwan. Int J Neonatal Screen. 2017;3(3):16.

3. Rechavi E, Lev A, Saraf-Levy T, Etzioni A, Almashanu S, Somech
R. Newborn Screening for severe combined immunodeficiency in
Israel. Int J Neonatal Screen. 2017;3(2):13.

4. van der Burg M, Mahlaoui N, Gaspar HB, Pai SY. Universal new-
born screening for severe combined immunodeficiency (SCID).
Front Pediatr. 2019;7:373.

5. Argudo-Ramírez A, Martín-Nalda A, Marín-Soria JL, López-
Galera RM, Pajares-García S, González de Aledo-Castillo JM,
et al. First universal newborn screening program for severe com-
bined immunodeficiency in Europe. Two-years’ experience in
Catalonia (Spain). Front Immunol. 2019;10:–2406.

6. Routes J, Verbsky J. Newborn screening for severe combined im-
munodeficiency. Curr Allergy Asthma Rep. 2018;18(6):34.

7. Jansen ME, et al. Policy making in newborn screening needs a
structured and transparent approach. Front Public Health.
2017;5(53).

8. Therrell BL. U.S. Newborn Screening Policy dilemmas for the
twenty-first century. Mol Genet Metab. 2001;74(1):64–74.

9. Dhondt J-L. Expanded newborn screening: social and ethical is-
sues. J Inherit Metab Dis. 2010;33(S2):211–7.

10. Picard C, Bobby Gaspar H, al-Herz W, Bousfiha A, Casanova JL,
Chatila T, et al. International Union of Immunological Societies:
2017 primary immunodeficiency diseases committee report on in-
born errors of immunity. J Clin Immunol. 2018;38(1):96–128.

11. Fischer A, Notarangelo LD, Neven B, Cavazzana M, Puck JM.
Severe combined immunodeficiencies and related disorders. Nat
Rev Dis Primers. 2015;1:15061.

12. Heimall J, Logan BR, Cowan MJ, Notarangelo LD, Griffith LM,
Puck JM, et al. Immune reconstitution and survival of 100 SCID
patients post-hematopoietic cell transplant: a PIDTC natural history
study. Blood. 2017;130(25):2718–27.

13. Pai SY, Logan BR, Griffith LM, Buckley RH, Parrott RE, Dvorak
CC, et al. Transplantation outcomes for severe combined immuno-
deficiency, 2000-2009. N Engl J Med. 2014;371(5):434–46.

14. Brown L, Xu-Bayford J, Allwood Z, Slatter M, Cant A, Davies EG,
et al. Neonatal diagnosis of severe combined immunodeficiency
leads to significantly improved survival outcome: the case for new-
born screening. Blood. 2011;117(11):3243–6.

15. Hazenberg MD, Verschuren MC, Hamann D, Miedema F, Dongen
JJ. T cell receptor excision circles as markers for recent thymic
emigrants: basic aspects, technical approach, and guidelines for
interpretation. J Mol Med (Berl). 2001;79(11):631–40.

16. Amatuni GS, et al. Newborn screening for severe combined immu-
nodeficiency and T-cell lymphopenia in California, 2010–2017.
Pediatrics. 2019;143(2).

17. BarbaroM, OhlssonA, Borte S, Jonsson S, ZetterströmRH, King J,
et al. Newborn Screening for severe primary immunodeficiency
diseases in Sweden-a 2-year pilot TREC and KREC screening
study. J Clin Immunol. 2017;37(1):51–60.

18. Kalina T, Bakardjieva M, BlomM, Perez-AndresM, Barendregt B,
Kanderová V, et al. EuroFlow standardized approach to diagnostic
immunopheneotyping of severe PID in newborns and young chil-
dren. Front Immunol. 2020;11:371.

19. Audrain MAP, Léger AJC, Hémont CAF, Mirallié SM, Cheillan D,
Rimbert MGM, et al. Newborn screening for severe combined im-
munodeficiency: analytic and clinical performance of the T cell
receptor excision circle assay in France (DEPISTREC Study). J
Clin Immunol. 2018;38(7):778–86.

20. Blom M, Pico-Knijnenburg I, Sijne-van Veen M, Boelen A,
Bredius RGM, van der Burg M, et al. An evaluation of the TREC
assay with regard to the integration of SCID screening into the
Dutch newborn screening program. Clin Immunol. 2017;180:
106–10.

21. Can C, Hamilcikan S, Can E. Early diagnosis of severe combined
immunodeficiency (SCID) in Turkey: a pilot study. J Matern Fetal
Neonatal Med. 2018;31(24):3238–42.

22. Zetterström RH, et al. Newborn screening for primary immune
deficiencies with a TREC/KREC/ACTB triplex assay—a three-
year pilot study in Sweden. Int J Neonatal Screen. 2017;3(2):11.

23. KanegaeMPP, Barreiros LA, Sousa JL, BritoMAS, Oliveira Junior
EB, Soares LP, et al. Newborn screening for severe combined im-
munodeficiencies using TRECs and KRECs: second pilot study in
Brazil. Rev Paul Pediatr. 2017;35(1):25–32.

24. Goldenberg AJ, et al. Including ELSI research questions in new-
born screening pilot studies. Genet Med. 2019;21(3):525–33.

25. Weinreich SS, et al. Public support for neonatal screening for
Pompe disease, a broad-phenotype condition. Orphanet J Rare
Dis. 2012;7:15.

26. Kerruish NJ, Settle K, Campbell-Stokes P, Taylor BJ. Vulnerable
Baby Scale: development and piloting of a questionnaire tomeasure
maternal perceptions of their baby’s vulnerability. J Paediatr Child
Health. 2005;41(8):419–23.

106 J Clin Immunol (2021) 41:99–108

https://doi.org/


27. Verbsky J, Thakar M, Routes J. The Wisconsin approach to new-
born screening for severe combined immunodeficiency. J Allergy
Clin Immunol. 2012;129(3):622–7.

28. Hale JE, Bonilla FA, Pai SY, Gerstel-Thompson JL, Notarangelo
LD, Eaton RB, et al. Identification of an infant with severe com-
bined immunodeficiency by newborn screening. J Allergy Clin
Immunol. 2010;126(5):1073–4.

29. Moody L, Atkinson L, Kehal I, Bonham JR. Healthcare profes-
sionals’ and parents’ experiences of the confirmatory testing period:
a qualitative study of the UK expanded newborn screening pilot.
BMC Pediatr. 2017;17(1):121.

30. DeLuca JM, Kearney MH, Norton SA, Arnold GL. Parents’ expe-
riences of expanded Newborn Screening evaluations. Pediatrics.
2011;128(1):53–61.

31. RueeggCS, Barben J, Hafen GM,Moeller A, JurcaM, Fingerhut R,
et al. Newborn screening for cystic fibrosis - the parent perspective.
J Cyst Fibros. 2016;15(4):443–51.

32. Tluczek A, Mischler EH, Bowers B, Peterson NM, Morris ME,
Farrell PM, et al. Psychological impact of false-positive results
when screening for cystic fibrosis. Pediatr Pulmonol Suppl.
1991;7:29–37.

33. Tluczek A, Orland KM, Cavanagh L. Psychosocial consequences
of false-positive newborn screens for cystic fibrosis. Qual Health
Res. 2011;21(2):174–86.

34. Vernooij-van Langen AMM, van der Pal SM, Reijntjens AJT,
Loeber JG, Dompeling E, Dankert-Roelse JE. Parental knowledge
reduces long term anxiety induced by false-positive test results after
newborn screening for cystic fibrosis. Mol Genet Metabol Rep.
2014;1:334–44.

35. Tarini BA. The current revolution in newborn screening: new tech-
nology, old controversies. Arch Pediatr AdolescMed. 2007;161(8):
767–72.

36. Hewlett J, Waisbren SE. A review of the psychosocial effects of
false-positive results on parents and current communication prac-
tices in newborn screening. J Inherit Metab Dis. 2006;29(5):677–
82.

37. DeLuca JM. Public attitudes toward expanded newborn screening.
J Pediatr Nurs. 2018;38:e19–23.

38. Joseph G, et al. Parental views on expanded newborn screening
u s i n g w h o l e - g e n o m e s e q u e n c i n g . P e d i a t r i c s .
2016;137(Supplement 1):S36–46.

39. Etchegary H, Dicks E, Green J, Hodgkinson K, Pullman D, Parfrey
P. Interest in newborn genetic testing: a survey of prospective par-
ents and the general public. Genet Test Mol Biomarkers.
2012;16(5):353–8.

40. Blom M, Schoenaker MHD, Hulst M, de Vries MC, Weemaes
CMR, Willemsen MAAP, et al. Dilemma of reporting incidental
findings in newborn screening programs for SCID: parents’ per-
spective on ataxia telangiectasia. Front Immunol. 2019;10:2438.

41. Wiklund I, Wiklund J, Pettersson V, Boström AM. New parents’
experience of information and sense of security related to postnatal
care: a systematic review. Sex Reprod Healthc. 2018;17:35–42.

42. Skinner D, Choudhury S, Sideris J, Guarda S, Buansi A, Roche M,
et al. Parents’ decisions to screen newborns for FMR1 gene expan-
sions in a pilot research project. Pediatrics. 2011;127(6):e1455–63.

43. Bailey DB Jr, et al. Design and evaluation of a decision aid for
inviting parents to participate in a fragile X newborn screening pilot
study. J Genet Couns. 2013;22(1):108–17.

44. Nicholls SG, Southern KW. Parental decision-making and accep-
tance of newborn bloodspot screening: an exploratory study. PLoS
One. 2013;8(11):–e79441.

45. Hasegawa LE, Fergus KA, Ojeda N, Au SM. Parental attitudes
toward ethical and social issues surrounding the expansion of new-
born screening using new technologies. Public Health Genomics.
2011;14(4–5):298–306.

46. Loeber JG, Burgard P, Cornel MC, Rigter T, Weinreich SS, Rupp
K, et al. Newborn screening programmes in Europe; arguments and
efforts regarding harmonization. Part 1. From blood spot to screen-
ing result. J Inherit Metab Dis. 2012;35(4):603–11.

Publisher’s Note Springer Nature remains neutral with regard to juris-
dictional claims in published maps and institutional affiliations.

Affiliations

Maartje Blom1,2
& Robbert G. M. Bredius3 &Marleen E. Jansen2

& Gert Weijman4
& Evelien A. Kemper5 &

Clementien L. Vermont6 & Iris H. I. M. Hollink7 &Willem A. Dik8,9 & Joris M. van Montfrans10 &Mariëlle E. van Gijn11
&

Stefanie S. Henriet12 & Koen J. van Aerde12
&Wouter Koole13

& Arjan C. Lankester3 & Eugènie H. B. M. Dekkers14 &

Peter C. J. I. Schielen2
&Martine C. de Vries15 & Lidewij Henneman16

&Mirjam van der Burg1
& on behalf of the

SONNET-Study Group

1 Department of Pediatrics, Laboratory for Pediatric Immunology,

Willem-Alexander Children’s Hospital, Leiden University Medical

Center, Albinusdreef 2, 2333 ZA Leiden, The Netherlands

2 Centre for Health Protection, National Institute for Public Health and

the Environment (RIVM), Bilthoven, The Netherlands

3 Department of Pediatrics, Willem-Alexander Children’s Hospital,

Leiden University Medical Center, Leiden, The Netherlands

4 Department of Vaccine Supply and Prevention Programmes,

National Institute for Public Health and the Environment (RIVM),

Bilthoven, The Netherlands

5 Department of Clinical Chemistry, IJsselland Hospital, Capelle aan

den IJssel, The Netherlands

6 Department of Pediatric Immunology and Infectious Diseases,

Sophia Children’s Hospital, Erasmus MC, University Medical

Center, Rotterdam, The Netherlands

7 Department of Clinical Genetics, Erasmus MC, University Medical

Center, Rotterdam, The Netherlands

8 Department of Immunology, Laboratory Medical Immunology,

Erasmus MC, University Medical Center,

Rotterdam, The Netherlands

9 Department of Internal Medicine, Section Clinical Immunology,

Erasmus MC, University Medical Center,

Rotterdam, The Netherlands

107J Clin Immunol (2021) 41:99–108

http://orcid.org/0000-0002-1510-3104


10 Department of Pediatric Immunology and Infectious Diseases,

Wilhelmina Children’s Hospital, University Medical Center

Utrecht, Utrecht, The Netherlands

11 Department of Genetics, University Medical Centre Groningen,

Groningen, The Netherlands

12 Department of Pediatric Immunology and Infectious Diseases,

Amalia Children’s Hospital, Radboud University Medical Center,

Nijmegen, The Netherlands

13 Department of Human Genetics, Radboud University Medical

Center, Nijmegen, The Netherlands

14 Centre for Population Screening, National Institute for Public

Health and the Environment (RIVM), Bilthoven, The Netherlands

15 Department of Medical Ethics and Health Law, Leiden University

Medical Center, Leiden, The Netherlands

16 Department of Clinical Genetics and Amsterdam Reproduction &

Development Research Institute, Amsterdam UMC, Vrije

Universiteit Amsterdam, Amsterdam, The Netherlands

108 J Clin Immunol (2021) 41:99–108


	Parents’ Perspectives and Societal Acceptance of Implementation of Newborn Screening for SCID in the Netherlands
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Methods
	Results
	TREC Screening and Referrals
	Parents’ Experiences After an Abnormal SCID Screening Result
	Parental Perspective on NBS for SCID and Scientific Research on NBS
	Reasons to Participate or Decline Participation in NBS for SCID

	Discussion
	References


