
����������
�������

Citation: Gailite, L.; Sterna, O.;

Konika, M.; Isakovs, A.; Isakova, J.;

Micule, I.; Setlere, S.; Diriks, M.;

Auzenbaha, M. New-Born Screening

for Spinal Muscular Atrophy: Results

of a Latvian Pilot Study. Int. J.

Neonatal Screen. 2022, 8, 15. https://

doi.org/10.3390/ijns8010015

Academic Editors: Denise M. Kay

and Anne Marie Comeau

Received: 22 December 2021

Accepted: 10 February 2022

Published: 14 February 2022

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2022 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

International Journal of

Neonatal Screening

Article

New-Born Screening for Spinal Muscular Atrophy: Results of a
Latvian Pilot Study
Linda Gailite 1,* , Olga Sterna 1,2, Maija Konika 1,2, Aleksejs Isakovs 1, Jekaterina Isakova 1, Ieva Micule 2,
Signe Setlere 3, Mikus Diriks 3 and Madara Auzenbaha 1,2

1 Scientific Laboratory of Molecular Genetics, Riga Stradins University, LV-1007 Riga, Latvia;
olga.sterna@bkus.lv (O.S.); maija.konika@bkus.lv (M.K.); aleksejs.isakovs@rsu.lv (A.I.);
jekaterina.isakova@rsu.lv (J.I.); madara.auzenbaha@rsu.lv (M.A.)

2 Clinic of Medical Genetics and Prenatal Diagnostics, Children’s Clinical University Hospital, LV-104 Riga,
Latvia; ieva.micule@bkus.lv

3 Clinic of Pediatric Neurology and Neurosurgery, Children’s Clinical University Hospital, LV-104 Riga, Latvia;
signe.setlere@bkus.lv (S.S.); mikus.diriks@bkus.lv (M.D.)

* Correspondence: linda.gailite@rsu.lv

Abstract: New disease-modifying treatments have recently been approved for 5q spinal muscular
atrophy (SMA) and early treatment has been associated with a better clinical outcome. Accordingly,
new-born screening (NBS) for SMA should be implemented to ensure early diagnosis of affected
individuals. The aim of this study was to determine the feasibility and usefulness of NBS for SMA
in Latvia. Between February and November of 2021, 10,411 parents consented to participation in
the study. DNA testing for the SMN1 exon 7 homozygous deletion was conducted using qPCR with
fluorescent locked nucleic acid primers. In the first month of testing, reporting of results took up to
a maximum of 17 days after samples arrived in the laboratory. However, following familiarisation
with the procedure, the median report time was reduced to 11 days after birth. Forty cases required
samples to be taken again due to poor quality of the isolated DNA transpiring from either the quality
of the blood punch or manual mistakes during DNA isolation. The SMN1 exon 7 homozygous
deletion was identified in two individuals, which was subsequently confirmed by multiplex ligation-
dependent probe amplification. When a NBS sample is taken 48 to 72 h after birth and transported
to the laboratory within two working days after collection according to legal requirements, DNA
test results can be reported to healthcare professionals before the 12th day of life. Expansion of our
SMA 5q NBS procedure to the whole of Latvia is feasible and would facilitate early diagnosis and
result in more effective treatment. We strongly advocate that SMA is added to the national Latvia
Recommended Uniform Screening Panel.

Keywords: spinal muscular atrophy; SMN1; dried blood spot screening; new-born screening; SMA 5q

1. Introduction

The term spinal muscular atrophy (SMA) applies to a diverse group of genetic dis-
orders that affect the spinal motor neuron. The most common SMA type is caused by
pathogenic variants in the SMN1 (survival of motor neuron 1) gene located on the long arm
of chromosome 5 (SMA 5q). It is the leading cause of infant mortality from a single gene dis-
order [1], with an incidence ranging from 1 in 10,000 to 1 in 6000 new-borns (1–1.67:10,000)
and a carrier frequency of 1/60 to 1/40 [2,3]. At present, there are no precise data regarding
the frequency of SMA 5q in Latvia. An analysis of the 10-year period between 2007 and
2017 reported that 26 individuals were diagnosed with SMA in Latvia, resulting in an
incidence of 1:9091 [4].

Since 2016, several disease-modifying treatments have been approved by the Food and
Drug Administration (USA) and the European Medicines Agency (EU). It has been demon-
strated that these treatments have the maximum benefit in infants when administered
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during the pre-symptomatic period [5,6]. Hence, in order to achieve maximal therapeutic
benefits, early identification of affected infants in the pre-symptomatic period is critical,
and therefore the establishment of reliable and well-validated new-born screening (NBS)
assays is paramount. SMA were added to US Recommended Uniform Screening Panel
(RUSP) in 2018 [http://hrsa.gov, accessed 29 January 2022].

The most recent survey, analysing data from 87 countries, reported nine countries
are running SMA NBS [7], mostly either having pilot studies or performed as pilot study
aiming to evaluate screening algorithms in a real-world setting to support their successful
implementation and long-term sustainability [8–11].

Diagnosis of SMA is confirmed by molecular genetic testing. As the homozygous
absence of SMN1—due to a deletion or gene conversion (of SMN1 to SMN2)—is responsible
for ~95% of SMA, current methods detect the number of SMN1 copies or discriminate zero
and non-zero copies of SMN1. The most recent best practice guidelines for SMA testing,
published in 2001 [12], detail methods not applicable for high-throughput screening or
diagnostic testing [13]. The major challenge for diagnostic tests is the high similarity
between the SMN1 and SMN2 genes. Multiplex ligation-dependent probe amplification
(MLPA) is the technique most frequently used as it allows for the simultaneous detection of
SMN1 copies for SMA diagnostics and SMN2 copy number as the main prognostic marker
for the SMA [14,15]. For screening purposes, different methods such as qPCR, digital PCR
and DNA mass spectrometry are employed [10].

The aim of this study was to conduct a pilot study for the first DNA-based NBS in
Latvia, using an adapted SMA 5q detection method.

2. Subjects and Methods

The study was performed in Latvia between February and November of 2021 and
encompassed all the country’s maternity departments and hospitals. The study protocol
followed the Declaration of Helsinki and was approved by the Central Committee of
Medical Ethics of Latvia (Protocol No. A-2/21-02-22).

For the recruitment of parents, two approaches were used. First, following the pro-
curement of dried blood spot (DBS) samples and consent to national NBS whilst in hospital,
parents of new-borns were subsequently contacted by telephone and offered the opportu-
nity to participate in the pilot programme for SMA screening. Only when a signed consent
form was received by electronic or regular mail was the sample processed. Secondly, start-
ing from the second month of the study, information about the pilot study was distributed
among maternity departments and hospitals. Parents of new-borns were informed about
SMA screening at the same time as all the other screenings included in the national NBS
programme. If parents agreed to recruitment, then signed informed consent for study
participation was concurrently obtained.

For the pilot study, a standard NBS card was used, as it contains enough material
for the standard tests, even if those should be repeated. Through method validation
stage, 2~3 mm blood punches from the same card were used. Furthermore, only one
~3 mm blood punch was processed and coded in the Genetics Laboratory of the Children’s
Clinical University Hospital. It was subsequently transported to the Scientific Laboratory
of Molecular Genetics at Riga Stradins University, where DNA isolation and qPCR were
performed. Through the method validation step, DNA was isolated from DBS samples
using two protocols: (1) methanol extraction as described previously [16] and (2) Thesit®

elution (Sigma Aldrich, St. Louis, MO, USA), as detailed in a recent German pilot study [17].
For the qPCR, locked nucleic acid (LNA) oligonucleotides, designed by the Centre for
Disease Control, USA [18,19] were used for SMN1 homozygous deletion of the exon
7 detection—the chosen method was not validated and was not used for carrier testing. For
the reference gene, oligonucleotides for detection of ribonuclease P protein subunit p30
(RPP30) [20] and cystic fibrosis transmembrane conductance regulator (CFTR) [21] could
be used. In the final method, RPP30 was used as a reference. The method was validated
using positive controls from Maine Molecular Quality Controls, Inc. (Saco, ME, USA),

http://hrsa.gov
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as well as previously confirmed DNA samples isolated from the blood of Latvian SMA
patients. Furthermore, 20 samples were also analysed by MLPA (MRC Holland, Willem
Schoutenstraat, Netherlands). Quality control was monitored in every run by assessing
each DNA sample in duplicate and also including positive (commercial or from our internal
database previously confirmed with another molecular method) and negative controls. If
either of the controls did not produce the expected result, the run was repeated.

Analysis was performed on Rotor Gene (Qiagen, Germantown, MD, USA) and QuantStu-
dio 6 Pro (Thermo Fisher Scientific, Madison, WI, USA) equipment using 2×Maxima qPCR
probe mix (Thermo Fisher Scientific) in a 20-µL total volume, where 4 µL of isolated DNA was
used (without measuring the concentration and equalising). The PCR programme consisted
of 95 ◦C for 10 min, 45 cycles of 95 ◦C for 15 s, then 60 ◦C for 1 min (during the final step,
the acquired fluorescent signals of the probes and reference dye were also analysed). Only
results for zero copies of SMN1 were detected and reported. Positive results were confirmed
in two independent runs and reported to the Children’s Clinical University Hospital, where
confirmative testing and future patient management were arranged. For confirmative testing,
a blood sample was taken at the first consultation and testing was performed by qPCR [22] and
MLPA analysis. Both methods were used due to different reasons—qPCR for fast validation of
the screening result (around three hours) and MLPA for simultaneous SMN1 and SMN2 copy
number detection (24 h), according to suggested guidelines to predict the prognosis of the
disease [15]. Future therapeutic strategies depend on the SMA type and prognosis following
local guidelines.

3. Results

Over the duration of the study, consent forms were received from 10,411 participants.
During the first month, only 83 samples were analysed. However, awareness of the study
gradually increased and by the final month, 1054 samples were processed (Table 1).

Table 1. Month by month data on parent recruitment and median result report time after DBS sample
receipt and birth of new-born.

Number of
Parents Recruited

Median Result Report
Time (Days) after DBS

Sample Receipt to
Molecular Laboratory

SD
Median Result Report

Time (Days) after Birth of
Newborn

SD

Month1 * 83 12 2.42 30 4.22

Month2 680 5 2.11 11 4.51

Month3 1051 4 1.71 11 2.97

Month4 1330 5 2.02 12 3.56

Month5 1183 3 2.07 11 5.65

Month6 1317 2 1.31 11 2.98

Month7 1247 2 1.34 11 2.88

Month8 1443 3 1.41 11 3.11

Month9 1023 2 1.33 10 2.96

Month10 1054 3 1.32 11 2.50

* Parents contacted and recruited by telephone.

Within the time period of our study, 14,710 consent forms for participation in the
national NBS programme were received. Therefore, ~70% of these parents agreed to the
additional SMA testing. From the second month of the study, the consent rate per month
varied between 71% and 91%—the total number of live births during this time period is not
yet available. The final screening algorithm applied in this pilot study is shown in Figure 1.
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Figure 1. Screening algorithm used in the SMA pilot study in Latvia. If parents additionally agreed 
to the SMA screening test as well as the national NBS programme and provided signed informed 
consent, then the algorithm was initiated following DNA isolation from the DBS sample for the 
national NBS programme. 

At the start of the study, two methods were used for DNA isolation (Table 2). The 
Thesit® elution method [17] was subsequently chosen because it was able to be adapted 
for DNA isolation in PCR strips/plates, unlike the methanol extraction method where 1.5 
mL tubes should be used. DNA concentrations were measured only during the method 
validation step. 

Table 2. Comparison of two DNA isolation methods for 20 DBS samples. 

 Method Using Methanol [16] Method Using Thesit® [17] 
Isolation volume 1.5 mL tube 0.2 mL tube 

Isolation time ~2 h for 96 samples ~1 h for 96 samples 
Initial material One 3 mm blood punch One 3 mm blood punch 

Isolated median DNA concentration 
(measured by NanoDrop) 

26.6 ± 9.68 ng/μL 43.0 ± 10.3 ng/μL 

Final volume 100 μL 50 μL 
DNA quality for qPCR satisfactory satisfactory 

Thesit® trade mark for the Hydroxypolyethoxydodecane. 

Homozygous deletion of the exon7 in SMN1 gene were detected using LNA primers. 
For reference, the RPP30 gene sequence was used. As the DNA concentration was not 
equalised prior to qPCR, one SMN1 copy, or carriers, were not detected. 

The median time taken for the laboratory to report the result after receiving the DBS 
sample was 4 ± 2.3 days (11 ± 4.5 days post birth). Table 2 details the data month by month. 

During the study, a total of 40 blood punches needed to be repeated due to unsuc-
cessful DNA isolation that resulted in PCR failure or inconclusive results. Additional 
punches were prepared from the same NBS card. Zero copies of SMN1 were evidenced in 
two individuals and these results were confirmed by a second test using qPCR and MLPA 
at the Children’s Clinical University Hospital. Therefore, no false positive results were 
identified. False negative results have, so far, not been detected. 

Figure 1. Screening algorithm used in the SMA pilot study in Latvia. If parents additionally agreed
to the SMA screening test as well as the national NBS programme and provided signed informed
consent, then the algorithm was initiated following DNA isolation from the DBS sample for the
national NBS programme.

At the start of the study, two methods were used for DNA isolation (Table 2). The
Thesit® elution method [17] was subsequently chosen because it was able to be adapted
for DNA isolation in PCR strips/plates, unlike the methanol extraction method where
1.5 mL tubes should be used. DNA concentrations were measured only during the method
validation step.

Table 2. Comparison of two DNA isolation methods for 20 DBS samples.

Method Using Methanol [16] Method Using Thesit® [17]

Isolation volume 1.5 mL tube 0.2 mL tube

Isolation time ~2 h for 96 samples ~1 h for 96 samples

Initial material One 3 mm blood punch One 3 mm blood punch

Isolated median DNA
concentration (measured by

NanoDrop)
26.6 ± 9.68 ng/µL 43.0 ± 10.3 ng/µL

Final volume 100 µL 50 µL

DNA quality for qPCR satisfactory satisfactory

Thesit® trade mark for the Hydroxypolyethoxydodecane.

Homozygous deletion of the exon7 in SMN1 gene were detected using LNA primers.
For reference, the RPP30 gene sequence was used. As the DNA concentration was not
equalised prior to qPCR, one SMN1 copy, or carriers, were not detected.

The median time taken for the laboratory to report the result after receiving the DBS
sample was 4 ± 2.3 days (11 ± 4.5 days post birth). Table 2 details the data month by month.

During the study, a total of 40 blood punches needed to be repeated due to unsuccessful
DNA isolation that resulted in PCR failure or inconclusive results. Additional punches
were prepared from the same NBS card. Zero copies of SMN1 were evidenced in two
individuals and these results were confirmed by a second test using qPCR and MLPA at the
Children’s Clinical University Hospital. Therefore, no false positive results were identified.
False negative results have, so far, not been detected.
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4. Discussion

Since 2019, the Latvian national NBS programme has tested for six disorders (phenylke-
tonuria, cystic fibrosis, galactosemia, biotinidase deficiency, congenital adrenal hyperplasia,
primary congenital hypothyroidism), all based on biochemical analyses. Specific agreement
to NBS is not asked, but parents have the right to refuse to participate. As SMA screening
is DNA based, we concluded that a pilot study was the most suitable strategy to establish
the best approach to obtain informed consent from parents. Currently, there are several
different policies in Europe for informing parents about SMA NBS. In Belgium, no parental
signed consent is required, as it is part of the screening, not diagnostic, process. Further-
more, it is considered almost impossible to obtain informed consent due to parental anxiety
after childbirth [11]. In Spain, informed consent is sought when positive cases have been
confirmed, while separate informed consent is requested in Germany [23]. According to
regulations in Latvia, if research involves DNA investigations and diagnostic processes,
then individuals should receive comprehensive information about the test and signed
informed consent should be obtained prior to analysis. Parents of all new-borns are asked
to participate in the Latvian national NBS programme and concurrently verify that their
contact details are correct. During the pilot study, if a DBS sample and consent for national
NBS had already been procured, then the parents were given information about SMA
screening, in addition to information related to EU General Data Protection Regulation.
Upon inclusion of SMA screening in the national NBS programme, a better option for the
documentation of parental consent will be sought, perhaps a signed NBS referral card, as it
would be easier to process and store for a longer time period.

We tested two strategies to inform parents about the pilot study. First, comprehensive
information about the additional SMA screening was given to parents by means of a tele-
phone conversation. Using their registered contact details, approximately 50% of parents
did not respond and the consent rate (including sending their signed informed consent)
was even lower. As each telephone conversation took between 6 and 15 min, it was a very
inefficient method for parent enrolment and would be unfeasible for large-scale recruitment.
Secondly, NBS specialists in maternity departments and hospitals were educated about
the pilot study and started to give information about SMA screening to parents at the
same time they were being told about the national NBS programme. Other countries also
place pamphlets about screening programmes in maternity departments and hospitals
and target websites likely to be visited by pregnant women [23]. We attempted to boost
the exposure of our pilot study by giving interviews explaining the importance of SMA
screening and providing the relevant information on websites. Following the discovery
of the first positive case, it was easier to explain the objective of our study via personal
communication with personnel in maternity departments and hospitals. Furthermore, this
discovery was widely circulated in the media, with reports highlighting the fact that the
SMA-positive patient was already receiving treatment from the 17th day of her life. Thus,
publicising the positive effects of NBS on a personal level should encourage more parents
to participate in the national NBS programme.

A recent review of SMA screening has compared different qPCR approaches and
the estimated costs of test implementation [24]. The predominant testing methodologies
for SMN1 homozygous deletion are qPCR with LNA oligonucleotides, as this technique
increases the specificity of the reaction [11,17], and DNA mass spectrometry [10], with result
confirmation by MLPA. Some commercial tests for NBS are available, e.g., melting curve
analysis (however, we found no evidence in the literature for their use in NBS programmes
or pilot studies) [24]; multiplex qPCR simultaneously screening for SMA 5q type and
primary immunodeficiencies, produced by Perkin and Elmer (used in Australia in newborn
NBS] [25].

This pilot study identified two SMA 5q-positive cases with a resultant frequency of
1:5205. This is in accordance with the findings of other pilot studies. However, it does not
represent the real or previously calculated prevalence of SMA 5q [23]. At the moment in
Latvia, SMA treatment with Nusinersen (Spinraza) and Risdiplam (Evrysdi) can be initiated
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in following patient groups: (1) patients with molecularly confirmed pre-symptomatic
SMA with two or three SMN2 copies; (2) SMA type I patients with two SMN2 copies under
six months of age; (3) SMA type I patients with three SMN2 copies under eight months of
age; (4) SMA type II and III patients with two and more SMN2 copies under 18 years of
age [26].

For both patients, the number of SMN2 copies was determined. In one case, the
screening resulted in pre-symptomatic diagnosis, as the patient was well and had three
copies of SMN2. In this case, the treatment was started according to national guidelines (the
long-term outcome should be awaited, as treatment is ongoing only for 6 months). In the
second case, the screening gave a diagnosis to an already symptomatic neonate, who was
confirmed to be SMA 0 type and due to the severity of the clinical symptoms, treatment
was not started and the patient deceased.

According to Latvia regulations, the next step includes the registration of the method—
this was reached in 5 November 2021, followed by financial calculations and inclusion in
the NBS panel, in case of sufficient finances. The performed pilot study will enable SMA
NBS to start immediately after receiving approval about its inclusion in the NBS program.

5. Conclusions

When a NBS sample is taken 48 to 72 h after birth and transported to the laboratory
within two working days after collection, according to legal requirements, DNA test results
can be reported to healthcare professionals before the 12th day of life. Expansion of
our SMA 5q NBS procedure to the whole of Latvia is feasible and would facilitate early
diagnosis and result in more effective treatment. We strongly advocate that SMA is added
to the national Recommended Uniform Screening Panel.
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