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A B S T R A C T   

Spinal muscular atrophy (SMA) is a degenerative neuromuscular disease that causes progressive muscle weak-
ness and atrophy due to loss of the anterior horn cells of the spinal cord. Although effective treatments, such as 
gene therapy, have emerged in recent years, their therapeutic efficacy depends on a restricted time window of 
treatment initiation. For the treatment to be effective, it must be started before symptoms of the disease emerge. 
For this purpose, newborn screening (NBS) for SMA is conducted in many countries worldwide. The NBS pro-
gram for SMA has been initiated in Japan in several regions, including the Kumamoto Prefecture. We started the 
NBS program in February 2021 and detected a patient with SMA after screening 13,587 newborns in the first 
year. Herein, we report our experience with the NBS program for SMA and discuss an issue to be approached in 
the future.   

1. Introduction 

Spinal muscular atrophy (SMA) is an autosomal recessive disorder 
caused by a mutation in the survival motor neuron 1 gene (SMN1). SMA 
causes progressive symmetrical limb and trunk paralysis associated with 
muscular atrophy owing to the degeneration of the anterior horn cells of 
the spinal cord [1]. Humans have a second SMN gene (SMN2) that differs 
from SMN1 by only five nucleotides. One of these, a substitution of 
cytosine to tyrosine in exon 7, leads to an increased skipping of exon 7; 
this results in low levels of the functional SMN protein. Therefore, the 
copy number of SMN2 is the most important genetic modifier of SMA 
disease severity. 

SMA can be classified into types 0–4 according to the age of onset 
and the maximum motor function achieved [2]. Type 0 is rare (<1%); 
the most severe symptoms occur with onset during the prenatal period, 
and death typically occurs within 1 month of age [3]. Type 1 is the most 
frequent (60%) and also has severe symptoms; these begin before 6 
months of age. Patients with type 1 SMA cannot sit without support and 

require permanent ventilator use. Type 2 is the second most frequent 
type (30%), with an onset between 6 and 18 months of age. Patients with 
type 2 SMA present with proximal predominant weakness and the 
inability to stand up. In patients with type 3 SMA, the onset time ranges 
from 18 months to adulthood; furthermore, they acquire the ability to 
stand and walk without support. In patients with type 4 SMA, onset 
occurs from the age of 30 years onwards, and patients can ambulate 
independently. Patients with type 3 and 4 SMA are expected to have a 
normal life expectancy. The estimated incidence in Japan was reported 
to be 0.51 (95% confidence interval, 0.32–0.71) per 10,000 live births 
[4]. SMA was previously considered incurable. In recent years, some 
treatments designed for treating SMA have emerged. The United States 
Food and Drug Administration approved nusinersen, onasemnogene 
abeparvovec, and risdiplam in 2016, 2019, and 2020, respectively [5]; 
these were also approved in Japan by the Japanese Ministry of Health, 
Labour and Welfare in 2017, 2020, and 2021, respectively. These 
treatments can improve the life prognosis and motor functions of infants 
affected with SMA. Delayed diagnosis and treatment limit the effects on 
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clinical outcomes [2]. Newborn screening (NBS) is recommended for 
SMA, because it can allow early detection; hence, treatment can be 
started early. >95% of patients with SMA are homozygous for the 
deletion of SMN1 exon 7 [1]. Therefore, NBSs for SMA have been 
designed to detect the presence or absence of exon 7 using real-time 
polymerase chain reaction (PCR) in the USA and other countries [6]. 
NBS programs for SMA have just started in some regions of Japan, 
including the Kumamoto Prefecture. In this article, we report the first- 
year results of our ongoing NBS program for SMA and discuss issues 
that must be addressed in the future. 

2. Material and methods 

2.1. Study population 

A total of 13,587 newborns who were born in the Kumamoto Pre-
fecture between February 2021 and January 2022 were included in this 
study. Informed consent was obtained from the parents of the partici-
pating newborns, and dried blood spot (DBS) samples were collected 
4–6 days after birth in each maternity clinic or obstetric department 
using a heel-prick procedure. The blood spots were blotted with filter 
paper (Toyo Roshi Kaisha, Ltd., Tokyo, Japan), and the filter paper was 
dried for at least 4 h at room temperature (15–30 ◦C). The samples were 
sent to the Newborn Screening Center at KM Biologics Co., Ltd. 
(Kumamoto, Japan) by mail, where a public-funded NBS was performed 
within 1 week of collection. Between February 2021 and September 
2021, the DBSs were transferred to the Kumamoto University to assay 
for SMN1. From October 2021 onwards, the assay for SMN1 has been 
conducted by KM Biologics Co., Ltd. (Supplemental Fig. 1). 

2.2. NBS program for SMA 

Homozygous deletion of exon 7 of the SMN1 gene was examined by 
real-time PCR using the DBS samples. Newborns who were screened 
positive were referred to the Department of Pediatrics, Kumamoto 
University Hospital. There, they underwent physical examination for 
clinical symptoms related to SMA and were also subjected to another 
round of the SMN1 assay. Simultaneously, the copy numbers of exon 7 
and exon 8 of the SMN1 and SMN2 genes were determined by the 
multiplex ligation-dependent probe amplification (MLPA) method for a 
definitive diagnosis. After the diagnosis of SMA, the patients were fol-
lowed up and treated by the pediatric neurologists and pediatricians of 
the Kumamoto University Hospital. 

2.3. SMN1 assay of the DBS 

The SMN1 assay of the DBSs was performed using the NeoSMAAT® 
SMN1 kit (Sekisui medical Co., Ltd., Tokyo, Japan) using the manufac-
turer's protocol. Briefly, disks of 1.5 mm diameter were punched from 
the DBS cards; one disk was placed into each well of a 96-well reaction 
plate (WATSON Bio Lab, Tokyo, Japan). The reaction mixture contained 
the SMN1 forward primer, SMN1 reverse primer, Cy5-labeled SMN1 
probe (Supplemental Fig. 2), RNaseP forward primer, RNaseP reverse 
primer, FAM-labeled RNaseP probe, dNTPs, and DNA polymerase. Forty 
microliters of this mixture were added to each well, and real-time PCR 
was performed using a scanning photofluorometric thermal cycler 
(QuantStudio® 5, ThermoFisher Scientifc, MA, Waltham, USA) as fol-
lows: 95 ◦C for 15 min followed by 40 cycles of melting at 95 ◦C for 15 s 
and annealing/extension at 63 ◦C for 1 min. RNaseP was used as the 
internal positive control. Cycle thresholds were initially determined by 
an inspection of the amplification curves and then retained in fixed 
positions. Threshold cycles were reported by the instrument software. 

2.4. MLPA test 

After obtaining informed consent, the blood of the patient who was 

screened as positive was sent to a contract lab (BML Inc., Tokyo, Japan). 
The copy numbers of exons 7 and 8 of SMN1 and SMN2 were assayed 
with the SALSA® MLPA® Probemix P060 SMA Carrier kit (MRC 
Holland, Amsterdam, Netherlands) using the manufacturer's protocol. 
The kit contained 21 MLPA probes, including 17 reference probes and 
two probes for SMN1 and SMN2 each (these were specific for exons 7 
and 8 of both the genes). 

2.5. Ethics 

This study was approved by the Ethics Committee of the Kumamoto 
University (approval no. 2018). Written informed consent was obtained 
from the parents or legal guardians of the newborns. 

3. Results 

3.1. NBS for SMA 

Fig. 1 summarizes the study results. During the study period, 13,587 
newborns (which accounted for 96% of all births) underwent NBS for 
SMA; only one newborn was screened as positive (Fig. 2). He was 
examined for the copy numbers of exons 7 and 8 for both SMN1 and 
SMN2 using the MLPA method. The results showed that he had 0 copies 
of exons 7 and 8 for SMN1 and three copies of exons 7 and 8 each for 
SMN2. Thus, it was determined that he was likely to present with SMA. 
Currently, no newborns who were screened as negative in this NBS study 
have SMA or SMA-related symptoms. 

3.2. Patient with SMA detected in this NBS 

One male newborn was diagnosed with SMA through NBS. The 
outcomes of this case are summarized in Table 1. He was born by ce-
sarean section at 42 weeks and 0 days of gestation. There were no ab-
normalities from pregnancy to birth. No blood relatives had SMA. A DBS 
was acquired for NBS 5 days after birth. He was judged as positive after 
screening and visited the Kumamoto University Hospital 14 days after 
birth. He presented with no SMA-related symptoms, such as muscle 
weakness or tongue fasciculations. Moreover, results of the copy number 
analysis using the MLPA method were presented 19 days after birth: he 
had 0 copies of exons 7 and 8 for SMN1 and three copies of exons 7 and 8 
each for SMN2. Based on these results, it was determined that he was 
likely to develop SMA; thus, he was administered with onasemnogen 
abeparvovec 42 days after birth. His Children's Hospital of Philadelphia 
Infant Test of Neuromuscular Disorders (CHOP INTEND) score imme-
diately prior to administration was 48/64 (range, 0 to 64; higher scores 
indicated a better motor function). At the age of 11 months, he was able 
to stand by himself and had normal motor development, with a CHOP 
INTEND score of 60/64. 

4. Discussion 

In this study, an NBS system for detecting a homozygous deletion of 
exon 7 in SMN1 with real-time PCR screened 13,587 newborns and 
identified one who was likely to develop SMA. He was treated with gene 
therapy before he could develop the disease symptoms. The previously 
reported frequency of SMA in Japan is 1:20,000 [4]. The frequency in 
the present study was higher than that reported previously. Further data 
accumulation is needed to evaluate patient frequency because of the 
limited number of participants screened in this study and the short study 
period (1 year). 

In this study, no falsely positive newborns were detected. Further-
more, the assay used could not detect the SMN2 exon 7-SMN1 exon 8 
hybrid; however, this should not affect the detection of a homozygous 
deletion of SMN1 exon 7. Ninety-six percent of patients with SMA have 
this deletion; the remaining 3%–4% have a compound heterozygosity 
for the deletion of SMN1 exon 7 and other mutations in SMN1 [7]. 
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Therefore, it is important to understand that screening that targets 
SMN1 exon 7 is not likely to detect 5% of the patients with SMA. 

Many other modifiers of SMA have been reported. For example, the 
plastin-3 gene and the neurocalcin delta gene have been identified as 
protective modifier genes in some phenotypically discordant SMA 
families [8]. The SMN2 exon 7-SMN1 exon 8 hybrid may be associated 
with a milder phenotype; the function of such hybrid genes is expected 
to be similar to that of SMN2 [9]. 

A four-month-old boy was negative for SMA in a Belgian NBS. He 
developed SMA and harbored a compound heterozygous deletion of 

SMN1 exon 7 and a missense mutation (c.815A > G [p.Tyr272Cys]) in 
SMN1 [10]. The newborn with potential SMA detected in this study had 
three copies of SMN2. The copy number of SMN2 is a predictor of SMA 
symptoms [11]. The lower the copy number of SMN2, the earlier and 
more severe the disease symptoms tend to develop. If the SMN2 copy 
number is three or less, treatment should be started immediately after 
diagnosis [12]. Even among patients with two copies of SMN2, those 
who started receiving treatment after the onset of symptoms tended to 
achieve motor milestones later in life [13]. 

Our patient had three copies of SMN2 and was asymptomatic at the 

Screened Newborns
13,587

Screening Negative
13,586

Screening Positive
1

SMA patient
1

real-time PCR

MLPA testing

Fig. 1. Flowchart of newborn screening for SMA. 
SMA: spinal muscular atrophy. 

Fig. 2. Amplification plots for SMN1 and RNaseP. 
Green line shows the threshold line. 
SMN1: survival motor neuron 1 gene. 
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age of 42 days when he underwent gene therapy. Five out of 10 new-
borns diagnosed with SMA, who harbored two copies of SMN2 (as 
detected in an NBS in Germany), had already developed symptoms (such 
as hypotonia) at the first visit [13]. In Taiwan, newborns with two copies 
of SMN2 showed muscle weakness 4 days after birth [14]. Even if no 
SMA-related symptoms are observed, patients with SMA can rapidly 
develop neuronal loss immediately after birth [15]; in fact, neurological 
damage may progress from before birth [16]. Thus, treatment should be 
initiated as soon as possible. 

Onasemnogen abeparvovec serves as a recombinant adeno- 
associated virus serotype 9 vector-based gene therapy medication; a 
single intravenous infusion is designed to deliver a full-length functional 
copy of the human SMN gene via a self-complementary adeno-associated 
virus serotype 9 vector. Baker et al. administered onasemnogen abe-
parvovec to a patient with two copies of SMN2, which were detected at 
11 days of age through an NBS in Wisconsin [17]. They could perform 
gene therapy >30 days earlier than we could. Differences in the time 
when newborns with SMA received this therapy resulted from differ-
ences in the DBS collection times and time intervals between DBS 
collection and reporting of the screening results. When the patient was 
detected in our NBS, it took 13 days from birth to the reporting of the 
screening results. DBS collection was also performed 3–5 days later than 
that in Wisconsin. It is presently difficult in Japan to perform this 
collection earlier, because SMA screening uses the same DBS samples 
collected in public-funded NBSs that screen for other inherited meta-
bolic diseases (such as amino acid disorders and organic acidemia). To 
address this issue, the assay for SMN1 is now conducted at the same 
facility that conducts public-funded NBSs (i.e. the Newborn Screening 
Center at KM Biologics Co., Ltd.). Thus, by eliminating the trans-
portation time, the time for reporting of the results has reduced by 3–5 
days. Moreover, the Wisconsin screening system included SMN2 gene 
copy number measurements using the same DBS. In our system, blood 
samples are collected for the MLPA test for definitive diagnosis, which 
includes SMN1 and SMN2 gene copy number measurements, during the 
outpatient visit after the first SMN1 screening. The MLPA test is per-
formed by a different clinical laboratory, and it takes about 5 days to 
obtain the results (including the time required to transport the spec-
imen). In addition to the MLPA method, measurement of the SMN2 copy 
number by droplet digital PCR [17,18] and real-time PCR [19] using 
DBSs has also been reported. Using these methods to measure the SMN2 
copy number in the DBSs may shorten the time taken for diagnosis. 

Currently, three therapies have been approved for the treatment of 
SMA [5]. Among these, onasemnogen abeparvovec has been preferen-
tially used for patients discovered by NBS in recent years [20]; this is 
because of its sustained efficacy after a single dose [21] and the fact that 
lifetime treatment with it is cost-efficient [22]. There are two shipping 
points for onasemnogen abeparvovec, one in Europe and the other in the 
United States. However, Japan is distant from both points; accordingly, 
it takes 10–14 days from order placement to delivery. During this time, 
the disease may develop and progress even if the symptoms have not 

appeared [15]. Nusinersen sodium (known as the antisense oligonu-
cleotide) can be administered early, even in Japan; in fact, it can be 
administered ahead of the scheduled onasemnogen abeparvovec dose. 
Its usage may improve the prognosis after onasemnogen abeparvovec 
administration. Nusinersen sodium has been administered in patients 
with asymptomatic SMA in many countries [23] and has resulted in 
good clinical outcomes [13,24]. A combination therapy of nusinersen 
sodium and onasemnogen abeparvovec [25] has also been reported to 
cause no significant side effects. In the future, administration of nusi-
nersen sodium prior to onasemnogen abeparvovec may be considered as 
the standard treatment in countries such as Japan where acquiring 
onasemnogen abeparvovec takes time. 

5. Conclusions 

We started an NBS for SMA in Japan, and identified one patient likely 
to develop SMA; he was administered with gene therapy prior to the 
onset of symptoms. In the future, we should review and redevelop the 
current system to achieve one that enables earlier diagnosis and treat-
ment. Moreover, we should acquire a better screening and treatment 
system that enables individuals with SMA to undergo treatment within 
the appropriate time window. 

Supplementary data to this article can be found online at https://doi. 
org/10.1016/j.ymgmr.2022.100908. 
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Table 1 
Outcomes of a patient with SMA detected by the NBS.  

Age at DBS collection 5 days 
Age at screening result known 13 days 

Condition at first visit normal 
Age at SMA diagnosis 19 days 

SMN2 copy number 3 
Age at treatment 42 days 

CHOP INTEND score just before treatment 48/64 
Age at last visit 11 months 

CHOP INTEND score at last visit 60/64 

SMA = Spinal muscular atropy. 
NBS = Newborn screening. 
DBS = Dried blood spot. 
CHOP INTEND = Children's Hospital of Philadelphia Infant Test of Neuromus-
cular Disorders. 
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E. Verspyck, P. Saugier-Veber, Type 0 spinal muscular atrophy: further&nbsp; 
delineation of prenatal and&nbsp;postnatal features in 16 patients, 
J. Neuromuscul. Dis. 3 (2016) 487–495, https://doi.org/10.3233/JND-160177. 

[4] M. Ito, A. Yamauchi, M. Urano, T. Kato, M. Matsuo, K. Nakashima, K. Saito, 
Epidemiological investigation of spinal muscular atrophy in Japan, Brain Dev. 44 
(2022), https://doi.org/10.1016/J.BRAINDEV.2021.08.002. 

[5] S. Ramdas, L. Servais, New treatments in spinal muscular atrophy: an overview of 
currently available data, Expert. Opin. Pharmacother. 21 (2020) 307–315, https:// 
doi.org/10.1080/14656566.2019.1704732. 

[6] K. Hale, J. Ojodu, S. Singh, Landscape of spinal muscular atrophy newborn 
screening in the United States: 2018-2021, Int. J. Neonatal. Screen. 7 (2021), 
https://doi.org/10.3390/IJNS7030033. 

[7] E. Mercuri, R.S. Finkel, F. Muntoni, B. Wirth, J. Montes, M. Main, E. Mazzone, 
M. Vitale, B. Snyder, S. Quijano-Roy, E. Bertini, R.H. Davis, O.H. Meyer, A. 
K. Simonds, M.K. Schroth, R.J. Graham, J. Kirschner, S.T. Iannaccone, T. Crawford, 
S. Woods, Y. Qian, T. Sejersen, F.D. Tiziano, E. Tizzano, K. Swoboda, K. Swoboda, 
N. Laing, S. Kayoko, T. Prior, W.K. Chung, S.M. Wu, C. Coleman, R. Gee, 
A. Glanzman, A.K. Kroksmark, K. Krosschell, L. Nelson, K. Rose, A. Stępień, 
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