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Erik Harmse , Siegfried Burggraff , Wulf Röschingerf , Jürgen Durnerf , Dieter Gläserg ,
Uta Nennstielh , Brunhilde Wirthi , Ulrike Scharab , Beate Jensenc , Marc Beckerf ,
Katharina Hohenfellnerj,1 and Wolfgang Müller-Felbera,1,∗
a Department of Pediatric Neurology and Developmental Medicine, Dr. v. Hauner Children’s Hospital,
LMU – University of Munich, Munich, Germany
b Department of Pediatric Neurology, Developmental Neurology and Social Pediatrics,
University of Essen, Germany
c Department of Pediatric Neurology, Muenster University Hospital, Münster, Germany
d Previously Labor Becker, Olgemöller & Kollegen, Munich, Germany
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Abstract.
Objective: Spinal muscular atrophy (SMA) is the most common neurodegenerative disease in childhood. The study was
conducted to assess the impact of early detection of SMA by newborn screening (NBS) on the clinical course of the disease.
Methods: Screening was performed in two federal states of Germany, Bavaria and North Rhine Westphalia, between January
2018 and February 2019. The incidence in the screening population was calculated as number of detected patients with
a homozygous deletion in the SMN1-gene per number of screened patients. To get an idea about the incidence of newly
diagnosed SMA in the year prior to screening a survey covering all neuropediatric centers in the state of Bavaria was
conducted, identifying all SMA-cases in 2017 and 2018. Following positive NBS and confirmatory diagnostic test, treatment
was advised according to the recommendations of the “American SMA NBS Multidisciplinary Working Group”. Immediate
treatment with Nusinersen was recommended in children with 2 and 3 SMN2 copies and a conservative strict follow-up strategy
in children with ≥4 copies. All children underwent regular standardized neuropediatric examination, CHOP INTEND and
HINE-2 testing as well as electrophysiological exams every 2-3 months.
Results: 165,525 children were screened. 22 cases of SMA were identified, meaning an incidence rate of 1:7524. SMN2
copy number analysis showed 2 SMN2 copies in 45% of patients, 3 SMN2 copies in 19 % and 4 SMN2 copies in 36%. These
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findings are confirmed in the most recent statistical data-cut from 31st August 2019 (incidence 1:7089, 2 SMN2 copies in
44%, 3 in 15% and 4 in 38%). Comparison with up-to-date German data on SMA incidence and the Bavarian survey give
evidence that NBS did not lead to a relevant increase in incidence. 10 patients with 2 or 3 SMN2 copies were treated with
Nusinersen, starting between 15–39 days after birth, in 7/10 patients before onset of symptoms. Presymptomatically treated
patients (age at last examination: 1–12 months, median 8 months) showed no muscle weakness by the age of one month to
one year. One child with 4 SMN2 copies became symptomatic at the age of 8 months.
Conclusions: Newborn screening, resulting in presymptomatic treatment, improves outcome in children with genetically
proven SMA. Newborn screening for SMA should be introduced in all countries where therapy is available. An immediate
therapy in cases with 4 SMN2 copies should be considered.
Keywords: Spinal muscular atrophy, newborn screening, SMA treatment, Nusinersen, prognosis

INTRODUCTION
Spinal muscular atrophy (SMA) is the most common neurodegenerative disease in childhood (1).
SMA is classified by age of onset and the motor
milestones achieved (2).
SMA type 1 (Werdnig-Hoffmann disease) manifests in the first six months of life, and children
are unable to sit. The vast majority of children die
before the age of 2 years due to respiratory failure if
mechanical ventilation is not initiated. SMA type 2
(intermediate form) shows first signs between 6 and
18 months, patients achieve the ability to sit but cannot walk. SMA type 3 (Kugelberg-Welander disease)
manifests after ambulation has been acquired. Ambulation may be lost over time (3) (4). The classification
originates from the time when pharmacological treatment was not available and refers to the natural
history of the disease.
A homozygous deletion in the SMN1 gene, encoding the SMN (“survival motor neuron”)-protein, is
responsible for the autosomal recessive disorder in
more than 95% of cases (5).
Reduced levels of SMN protein result in motor neuron death in the spinal cord. SMN is a ubiquitously
expressed, 32-kDa protein. It has an important housekeeping role in all cells regulating the biogenesis of
ribonucleoprotein (RNP) complexes. SMN depletion
affects a number of other cellular pathways that are
of particular interest for the maintenance of neuronal
homeostasis (6).
In contrast to animals, humans have a nearly identical homologous gene copy of the SMN1 gene, called
survival motor neuron 2 (SMN2) gene. Whereas the
transcription of SMN1 leads to full-length mRNA,
transcription of SMN2 primarily generates a shortened mRNA lacking exon 7 (due to a c.840C>T silent
mutation) and only 5–10% amount of full-length

transcript (7) (8). The severity of symptoms is influenced by a number of genetic modifiers (9). It
largely depends on the copy number of the SMN2
gene; its existence rescues an otherwise lethal phenotype as shown in mice where only one SMN gene
exists (10).
In recent years it was shown in the mouse model
that successful treatment is possible with gene therapy, replacing the SMN1 gene, and with antisense
oligonucleotides, which modify SMN2 splicing to
include exon 7 (11) (12) (13). Clinical studies have
demonstrated that both strategies are able to significantly alter the course of SMA in humans (14) (15)
(16).
Nusinersen (Spinraza® ) was approved as the first
drug for SMA in the USA in December 2016 and in
the European Union in July 2017.
It is an antisense oligonucleotide drug that blocks
an intronic silencer in SMN2, thereby facilitating
exon 7 inclusion (17). In May 2019, Zolgensma, a
systemically delivered AAV9-mediated gene therapy
to replace SMN1 in infants with SMA type 1 (16) has
been approved by the FDA in the US. In addition,
trials using orally available splicing modifiers are on
the way (18).
Since the lack of SMN leads to an irreversible loss
of motor neurons, the timing of treatment prior to the
onset of symptoms is crucial for a good outcome (19).
In patients with SMA type 1, about 95% of motor
neurons are lost within the first 6 months of life (20).
Consequently, there is a need for newborn screening,
similar to other treatable inborn diseases (21).
Patients with 2 and 3 SMN2 copies are at high risk
of developing SMA type 1 or type 2. Preliminary data
of the NURTURE study, in which pre-symptomatic
children with 2 and 3 SMN2 copies were treated
with Nusinersen, showed a significantly better motor
development compared to children who were treated
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after the onset of symptoms (22) (23). 25 SMA
patients with 2 or 3 SMN2 copies had a significantly
better outcome with regard to motor and respiratory
function as compared to the natural history and to the
results of the controlled studies in symptomatic children. All pre-symptomatically treated patients with 3
SMN2 copies are symptom-free, and also the patients
with 2 SMN2 copies show either normal development
or profoundly attenuated symptoms of SMA (15).
In this study, we present the clinical outcome of
children, detected through a pilot screening project
for SMA in Germany, between January 2018 and
February 2019. The method for quantitative PCR
from DNA extracted from dried blood spots to screen
for a homozygous deletion of exon 7, has already been
published (24).
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(25). SMN2 copy numbers were double-checked in a
second laboratory.
After positive screening from dried blood spots and
confirmation diagnostics, a second appointment with
the family was set within a few days to discuss the
results of the gene test, to inform in detail about SMA
and to determine the treatment plan together with the
parents.
The treatment proposal was based on the
recommendations of the American SMA NBS Multidisciplinary Working Group (26). Early treatment
with Nusinersen was recommended to all children
with 2 and 3 SMN2 copies. Parents were free to decide
if, and when they wanted to start with the treatment.
Children with 4 or more SMN2 copies were monitored
with a conservative strict follow-up strategy.
Clinical assessment

METHODS
The screening was carried out in two German
states, Bavaria and North Rhine Westphalia, from
January 2018. The clinical and electrophysiological data cut-off for this paper was February 2019.
Statistical data is available until August 2019. The
DBS samples mainly came from maternity clinics,
with approximately 42% of the samples coming from
North Rhine-Westphalia and 58% from Bavaria. The
pilot NBS program covered about 80% of the newborns in Bavaria and 40% in North Rhine-Westphalia.
Patients in whom a homozygous deletion of exon 7
of the SMN1-gene was detected in the NBS program
were immediately referred to one of the participating neuropediatric departments (Dr. v. Hauner
Children’s Hospital, University of Munich; Childrens
Hospital, University of Essen; Children’s Hospital,
University of Münster) to inform the parents and
to draw a second blood sample for the confirmation of the NBS result. The method for the NBS
is described in detail in an independent manuscript
(24). In short, DNA was extracted from punches
acquired from dried blood spot cards which were
part of the standard NBS screening program for
inborn metabolic and endocrinological diseases. A
primer specifically targeting the SMN1 c.840C position was used to detect a homozygous deletion of
exon 7 of the SMN1-gene. QPCR experiments were
evaluated based on cycle quantification. The homozygous SMN1 deletion was verified in all newborns via
Multiplex Ligation-dependent Probe Amplification
(MLPA) test for SMN1 and SMN2 copy number based
on a second blood sample as previously described

All children underwent careful neuropediatric
examination by experienced pediatric neurologists
with expertise in SMA. CHOP INTEND (27) and
HINE-2 (28) were performed by trained physiotherapists at every visit. In the treatment group,
examinations of the children were performed at intervals of 3 months. In the conservative strict follow-up
group, children were examined at monthly intervals
during the first six months of life and every two or
three months thereafter.
Electrophysiology
CMAPs were obtained from the abductor digiti V,
and abductor hallucis brevis muscles. Care was taken
to do all measurements at standard skin temperature.
In selected cases, needle electromyography was performed on the quadriceps femoris and/or the anterior
tibial muscle.
Children were considered being asymptomatic/
presymtomatic at first investigation when clinical
assessment revealed normal movements of extremities and ulnar CMAPs were >1 mV. Patients were
considered being affected, when ulnar CMAP was
<1 mV and/or CHOP Intend was <30 points.
SMA survey
In the State of Bavaria (South Germany) we conducted a survey to determine the incidence of newly
diagnosed SMA cases in the year prior to NBS (2017)
and in the first year of NBS (2018). A total of 24
questionnaires was sent to all pediatric neurological
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hospitals and outpatient centers. The response rate
was 100%. The survey covered all treatment centers
for SMA in Bavaria (all neuropediatric departments
in hospitals and all social pediatric centers), which
usually are involved in the diagnostic and therapeutic
workup of patients with SMA. Duplications can be
excluded since anonymized but patient-specific code
was exchanged.
The clinical follow-up study of the patients was
approved by the local ethics committee of the participating universities (ethics committee project no.
18–269, LMU).
DATA AVAILABILITY STATEMENT
All data from CHOP INTEND, HINE-2, electrophysiology and from the survey can be shared and
is available at the author’s institution in Munich, Dr.
v. Haunersches Kinderspital, Lindwurmstr. 4, 80337
München, Germany.
RESULTS
Incidence and SMN2-copy number
Among 165,525 newborn children screened for
SMA, a homozygous SMN1-deletion was found in
22 children from 21 families (there was one dizygotic twin pair). MLPA confirmed the diagnosis of
homozygous deletion of exon 7 in all patients (19
with a deletion of exon 7 and 8; 3 with a deletion of
exon 7, only). The incidence rate of a homozygous
deletion of exon 7 of the SMN1 gene in our cohort is
1:7524 (22 in 165,525) after 13 months of screening.
SMN2-copy number analysis showed 2 SMN2
copies in 10 patients (45%), 3 SMN2 copies in 4
patients (18%) and 4 SMN2 copies in 8 patients
(36%). Preliminary statistical data from the 31st of
August 2019 revealed 34 children, detected in a
screened cohort of 241.270. The incidence of 1:7096,
as well as the distribution of the SMN2 copy numbers
with 2 SMN2 copies in 15 patients (44%), 3 SMN2
copies in 5 patients (15%) and 4 SMN2 copies in 13
patients (38%) remained in the same range.
Results from the comprehensive survey involving all Bavarian neuropediatric treatment centers
revealed 15 newly diagnosed patients all over Bavaria
in 2017, which was the year before the screening
started. Out of these 15 children, 10 patients met the
clinical criteria of SMA type 1, two of SMA type 2
and three of SMA type 3. The number of childbirths

in Bavaria in 2017 was 126,191, thus the incidence
rate of SMA in the pre-screening year was 1:8413.
In 2018, when the screening started, 7 symptomatic
SMA patients were found in Bavaria in addition to
11 patients diagnosed in the NBS project. 3/7 were
patients with SMA type 1, born in 2018 but not
screened in the screening lab that runs the SMA
project. 4/7 patients were born before 2018 (one with
SMA type 2 and 3 with SMA type 3). The number
of childbirths in Bavaria in 2018 was 127.616. Thus,
the estimated incidence rate of SMA in Bavaria was
1:7089 in 2018.
Clinical ﬁndings and treatment decisions
Patient’s characteristics and follow-up results are
presented in Table 1.
According to the current recommendations, immediate treatment has been proposed to patients with two
or three SMN2 copies (14/22).
Two children with two SMN2 copies could not be
treated, one due to lack of reimbursement and one
due to the parent’s decision. The patients died at the
age of 5 and 5,5 months, respectively.
A second family with twins with 3 SMN2 copies
decided against immediate treatment and wished to
follow a “conservative strict follow-up” strategy due
to fears of a painful lumbar puncture.
The twins were still without symptoms at their last
follow-up at the age of 4 months.
Ten patients were treated with Nusinersen according to the standard protocol with 4 dosages á 12 mg
Nusinersen within the first 63 days of life and then
4 months intervals of medication. Treatment was
started at the age of 15–39 days (median 24 days)
after birth.
The use of sedation has been adapted to the difficulty of lumbar puncture. If possible, sedation was
avoided. Nevertheless, sedation was necessary for 3
patients from the first intrathecal injection of Nusinersen, in one starting at the second injection, in one
at the fourth and in another one starting at the fifth
intrathecal injection. The anesthesia or sedation did
not follow a prescribed protocol, but was at the discretion of the anesthetist. No relevant complications
related to the drug delivery or to the drug itself have
occurred in our cohort so far.
Four of the treated patients (all with 2 SMN2
copies), were already symptomatic at the first examination with low ulnar CMAPs <1 mV (Patient 1, 19,
20 and 21 (Table 1)). Two of them presented with
moderate hypotonia an initial score of 35 / 33 points
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4

2

2
3
4
4
4
2
4
4
4
4
3
3
2
2
2
2
2
2

4

5
6
7
8
9
10
11
12
13
14
15 Twin
16 Twin
17
18
19
20
21
22

SMN2
copy Nr.

1
2
3

Pat Nr.

unaffected
unaffected
unaffected
unaffected
unaffected
unaffected
unaffected
unaffected
unaffected
unaffected
unaffected
unaffected
unaffected
unaffected
symptomatic
symptomatic
symptomatic
unaffected

? (CMAP n.a.)

symptomatic
unaffected
unaffected

Status at
first exam

40
50
47
60
44
54
55
62
38
57
61
60
53
59
35
9
48
n.a.

39

33
52
54

1,7
1,2
4,9
5,8
5,2
n.a.
3,4
4,1
4,2
3,2
6,4
6,3
1,9
3,2
0,6
0,4
0,8
6,4

n.a.

0,6
1,6
7,6

–
–
–
–
–
–
–
–
–
–
–
5 mo
–
–
–
–
–

–
–
–
–
12 weeks
–
–
–
2 weeks
–

5,5 mo

–
–
–

–
–
–
–
–
–
8 mo

2 weeks

–
–
–

CHOP Intend Ulnar CMAP
Motor
Deceasedage
first exam
at first
detoriation
investigation

–
–
Refused by parents
Refused by parents
Refused by parents
25 d
22 d
17 d
15 d
17 d

Lack of
reimbursement
15 d
24 d
–
–
–
35 d
9 mo

39 d
24 d
–

Treatment with
Nusinersen
from age

10 mo
10 mo
9 mo
9 mo
9 mo
7 mo
9 mo
7 mo
5 mo
5 mo
4 mo
4 mo
3 mo
4 mo
3 mo
2 mo
6 weeks
4 weeks

–

13 mo
13 mo
8 mo

Age at
last exam

64
64
64
64
64
64
62
64
58 (age 3 months)
64
64
64
21
64
48
22
21
58

–

60
64
64

CHOP
Intend at
last exam

6,8
4,2
7,1
7,4
8,3
5,2
5,8
5,8
4,7
7,1
6,7
5,9
n.a.
6,5
n.a.
0,7
0,1
n.a.

–

n.a.
9,0
6,1

no
no
no
no
no
no
no
no
no
no
no
no
yes
no
no
no
no
No

yes

no
no
no

good
good
good
good
good
good
good
good
good
good
good
good
–
good
good
good
good
good

good
good
poor, lost to
follow-up
–

Ulnar CMAP Respiratory Compliance
at last
involvement
for visits
exam (mV)

Table 1
Clinical and electrophysiological findings, follow-up, treatment and compliance of 22 SMA patients, screened between January 2018 and February 2019. Mo = months, d = days
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(patient 1 and 19), one with a severe proximal weakness and a CHOP INTEND score of only 9 points
(patient 20), and the fourth with the score falling
rapidly from initially 47 to 21 points within 3 weeks.
Treatment was started at the age of 39, 17, 22 and 15
days, respectively. Currently the observation period
is still too short to judge the final outcome, but by the
last investigation, all three (age 2, 3 and 3 months,

respectively) showed an increase in CHOP INTEND
score under treatment (Fig. 1). Patient 1 learned to sit
independently but developed a tremor at the age of
10 months. Presymptomatically treated patients (age
at last examination: 1–12 months, median 8 months)
have showed no muscular weakness so far. Data from
CHOP-INTEND, HINE-2 and ulnar CMAPs are presented in Figs. 1–3.

Fig. 1. CHOP-INTEND a) patients with 2 SMN2 copies b) patients with 3 SMN2 copies c) patients with 4 SMN2 copies.

Fig. 2. HINE-2 a) patients with 2 SMN2 copies b) patients with 3 SMN2 copies c) patients with 4 SMN2 copies.
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Fig. 3. ulnar nerve CMAPs a) patients with 2 SMN2 copies b) patients with 3 SMN2 copies c) patients with 4 SMN2 copies.

Eight patients with 4 SMN2 copies were treated
with a conservative strict follow-up strategy and
with regular clinical, electrophysiological and sonographic controls. The oldest patient with 4 SMN2
copies, born in February 2018, missed the recommended follow-up investigations from age 8 months
on. The second oldest patient with 4 SMN2 copies
(patient 11) showed first clinical symptoms at the age
of 8 months with a new proximal weakness of the legs.
EMG confirmed a neurogenic lesion and treatment
was initiated. Time of follow-up after start of treatment is still too short to judge the outcome. After a
baby with 4 SMN2 copies was detected due to NGS,
the 5 year old brother was also diagnosed as SMA
type 3 with hypotonia and tremor, he retrospectively
developed first symptoms at the age of 3 years. The
other 6 patients with 4 SMN2 copies were between 3
and 9 months of age at last examination and have not
developed symptoms hitherto (Figs. 1, 2).
Neurographic investigation
Figure 2 shows CMAPS of the ulnar nerve in
patients after birth and the course under treatment
or observation, respectively. In summary, CMAPs in
patients with 2 and 3 SMN2 copies were lower than
in those with 4 copies. One untreated patient with 2
SMN2 copies, symptomatic 10 weeks of age showed
a decrease of the distal CMAP (measured at 12 weeks
of age).

In the patient with 4 SMN2 copies who showed
symptoms at the age of 8 months chronic neurogenic
changes in the EMG of the quadriceps preceded the
decrease of tibial and ulnar CMAPS, which were still
in the normal range 14 days after the family had noted
first symptoms. Deep tendon reflexes were absent at
that time.
DISCUSSION
This paper presents clinical data of patients discovered in a newborn screening pilot project for SMA
in Germany. After more than one year of screening,
out of 165,525 investigated newborns, 22 children
with a homozygous deletion of exon 7 or exon 78 in the SMN1 gene were identified. Ten of these
children had 2, four children 3, and eight children 4
copies of the SMN2 gene. These findings could be
confirmed in an update statistical result from August
2019.
Our preliminary data indicate that the incidence
for SMN-related SMA in Germany was 1:7524 after
13 months of screening and 1:7096 after 19 months
of screening. This figure is consistent with estimations, which were published in previous studies. Most
recently, König et al published de-duplicated incidence rates from independent data sources for SMA
in Germany, covering the last decade. They found,
e.g. in 2014, a minimal incidence of 1.36/10000,
(1:7353). This is the most current and probably most
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accurate calculation and confirms our incidence quite
precisely. In 2017, Verhaart et al. reanalyzed prevalence, incidence and carrier frequency of 5q-linked
SMA in Europe. They found 4653 patients who were
genetically diagnosed between 2011 and 2015. The
data did not exclude duplications and is more vague,
providing an estimated incidence of SMA in Europe
of 1 in 3900–16,000 live births. They included two
older studies from Germany that provided evidence
that in Germany the incidence of SMA might be
higher than in other countries in Western Europe (29).
The fact that the incidence in the NBS population is
similar to the figures mentioned above is a strong
argument against the view that NBS detects children
with a homozygous deletion of SMN1, which otherwise would not have come to clinical attention. To
get further insight into this problem we conducted
additionally a survey involving all Bavarian neuropediatric centers to compare the number of patients with
newly diagnosed SMA prior and after the start of the
NBS program. All centers dealing with neuromuscular or neuropediatric patients in Bavaria contributed
information about new cases of SMA, which guarantees full coverage. Duplications were excluded. The
data revealed occurrence of SMA in 2017 in Bavaria
of 1:8413, which is in the same range (similar fluctuations between individual years were observed in
the paper by König et al), which gives further evidence that NBS does not lead to the detection of a
high number of probably healthy individuals with
genetic changes of an SMA. Thus, we assume a high
probability that children which are identified by NBS
will develop symptoms during infancy and childhood, irrespective of the number of SMN2 copies.
This is in line with the fact that despite extensive
genetic work in the past decades only few asymptomatic cases with a homozygous deletion of the
SMN1 gene a have been published (30) (31) (32) (33)
(34). In part of them two protective genetic modifiers, PLS3 and NCALD, have been identified (35)
(36).
However, single publications measured carrier frequencies, which was determined to be 1:35 based
on direct genetic testing of control individuals (37)
in Germany, in Poland, a similar discrepancy was
described (38). If this figure is correct, an even higher
incidence for SMA up to 1:4,900 or a certain number
of late-onset, mild or unaffected patients would be
expected. This incidence rate would be much higher
then the indidence which we have found in our population. Long term data will be needed to verify these
numbers.

The survey demonstrates that, to date, in Bavaria
so far no SMA patient was diagnosed who had been
overlooked by the NBS. Patients who were newly
diagnosed in 2018 apart from those detected by NBS
were either born before 2018 or not screened by
the participating laboratory. Nevertheless, since the
detection of SMA in our project is based on the detection of a homozygous deletion in the SMN1 gene,
about 2–5% of SMA patients with a heterozygous
deletion combined with an additional point mutation
will be missed (39). As well, rarer milder forms of
adult onset SMA may not be detected clinically in the
pediatric age range.
A central question facing the field is whether
it is or shall be possible to forecast the severity
of the disease and the onset of symptoms of presymptomatic individual genotyped as SMN1 –/–, that
is with a genetically proven SMA. Current knowledge
is mainly based on existing meta-analyses of multiple studies describing clinical and genetic findings in
symptomatic patients. Prospective population-based
data do not exist apart from a former screening project
in Taiwan (40) with a total number of 120,267 children screened. They found an incidence of SMA in
Taiwan being 1 in 17,181 and identified a total of 7
SMA patients, among them 3 with 2 SMN2 copies,
2 with 3 SMN2 copies, and 2 with 4 SMN2 copies.
Similar to our results, one of their patients with 2
SMN2 copies already had clinical signs at birth. A
much smaller cohort was screened in New York (41)
with 3,826 children, in which the authors identified a
patient with 2 SMN2 copies.
According to a big meta-analysis of Verhaart et al.
in 2017, 50–60% of SMA patients are known to suffer
from type 1 (29).
The study pointed out that many of the published
prevalence or incidence rates predated genetic testing
and that classification schemes have changed over the
years, highlighting the need for contemporary data
(29). Another recent study (Calucho et al. 2018), who
reviewed a worldwide case series of more than 3,400
SMA patients, reported 36% to suffer from type 1,
33% from type 2, and 31% from type 3 (42). The study
measured prevalence, not incidence, which leads to a
decrease of type 1 cases due to early death.
The number of SMN2 copies still holds for the
major disease modifier in SMA (43); a higher SMN2
copy number correlates with a larger amount of fulllength SMN protein and a milder clinical phenotype
(42) (37) (44). However, the SMN2 copy number does
not allow to precisely predict the course of the disease
in a given individual (42) (45) (46). In the study of
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Calucho et al., 2 SMN2 copies were present in 33%
of individuals, 3 SMN2 copies in 48% and 4 SMN2
copies in 15% of cases. The existence of only one
SMN2 copy was rarely found (3%) and 5 or 6 copies
in SMA could be detected in only 0.7% (percentages
recalculated from their graphing data (42)).
In our cohort, (statistical data is available until
August 2019), 44% of patients have 2 SMN2 copies,
15% have 3 SMN2 copies and 38% have 4 SMN2
copies. One explanation for this difference to previous data is, that SMA type 3 might be underdiagnosed
in the population. However, in our study we found a
higher number of 4 SMN2 copies and a lower number of patients with 3 SMN2 copies than known in
the literature. Only recently, Schorling et al were
able to show that the reliability of SMN2 copy number determination was low especially in previous
times (47). Thus a possible explanation for the difference between the studies can be that in former
studies a considerable number of patients with 4
copies have been wrongly classified as patients with
3 copies of SMN2. If this is true, the current guideline could underestimate the risk for patients with 4
SMN2 copies. Keeping in mind that the copy number
is highly dependent on methodological aspects we
confirmed all numbers by a second independent laboratory. At the moment our number of cases is still
not high enough to determine the final distribution
of SMN2 copy numbers in the population. However,
the figures remained quite stable during various time
points of the study.
The study of Calucho et al., mentioned above, analyzing the distribution of SMA types according to the
number of SMN2 copies (42), showed that 95% of
the patients with 2 SMN2 copies suffer either from
SMA type 1 or type 2. In 5% of patients with 2
SMN2 copies, SMA type 3 occurred. About the half of
these mild cases with a type 3 SMA phenotype and
2 SMN2 copies carry the SMN2-c.859G>C variant
(42), which increases full-length SMN2 transcripts
and act protective in SMA (43). 87% of the patients
with 4 SMN2 copies suffer from the milder SMA
type 3-phenotype. Nevertheless, a severe SMA type
2-phenotype is seen in at least 3% of patients with 4
SMN2 copies.
For the time being, our decision to treat or to
monitor patients in a conservative strict follow-up
strategy was according to the published treatment
algorithm of the North American SMA NBS Multidisciplinary Working Group (26). This algorithm is
based exclusively on expert opinion but not on data
from prospective studies. All families with children
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with 2 and 3 SMN2 copies were advised to treat their
children with Nusinersen.
In this study, we can confirm the favourable results
of the Nurture study. In our NBS cohort, so far, all
pre-symptomatically treated patients remained without motor symptoms; of note, the oldest children
with 2 SMN2 copies were 13 month-old at the last
examination. As expected, the 2 untreated children
(one due to lack of medical insurance, one due to the
decision of the parents) with 2 SMN2 copies showed
onset of disease before 3 months of age and clinically
deteriorated rapidly (Figs. 1 and 2), which underlines the strong argument for immediate post-natal
treatment. The untreated monozygotic twins with 3
SMN2 copies (according to the decision of the parents) remained asymptomatic so far. However, the
future occurrence of a severe type 2 SMA is still
not excluded. Three children with clinical symptoms
within the first 2 weeks of life show an increase in
CHOP INTEND under treatment, which reflects the
known effect of the therapy in symptomatic SMA
type 1 (48, 49), but are still too young to judge final
motor outcome.
In this, even to the specialist, very new cohort of
newborn SMA patients, the role of the different evaluation methods to detect the onset of disease in time has
to be determined. Our results give first evidence, that
in the very beginning of the severe types, the CMAP
is more sensitive than the clinical evaluation: Table 1
shows that in all children with early symptom onset,
the CMAP was <1 mV at first investigation, while
motor detoriation did sometimes follow shortly after
or could even have been prevented. However, regarding the follow-up of in the group with 4 copies of
SMN2, the assessment of the motor status seems to
be predicting. EMG is a very sensitive parameter, but
is invasive and not highly available. In contrast, in
our patient with onset of proximal weakness at age
8 months CMAPs remained unchanged (patient 11)
even a few weeks after disease onset.
In patients with 4 SMN2 copies, a conservative
strict follow-up approach has been proposed. The
reason for this is that the number of patients with
a mild disease is still unknown and that intrathecal
therapy with Nusinersen is not free from side effects.
Whereas the overall frequency of drug-related side
effects seems to be low, some cases of hydrocephalus
necessitating a shunt procedure are known.
On the other hand, as mentioned above, the probability of all children with a homozygous deletion
of SMN1 to develop clinical symptoms is high. In
our series, a child with 4 SMN2 copies developed
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first symptoms at the age of 8 months. A sibling of
another child with 4 SMN2 copies was identified retrospectively as developing signs of SMA type 3 age 3
years. In the course of our study it will have to be seen
whether the recommendations have to be adapted.
The use of biomarkers like neurofilaments in addition to EMG, which seems to be the most sensitive
parameter for early detection at the moment, might be
helpful for decision making in this group of patients
(50).
Even for those patients who do not qualify for an
immediate treatment, early diagnosis is useful. It is
known that treatment with Nusinersen can be effective in symptomatic late onset patients (15). An earlier
onset of treatment results in a better outcome than a
late onset. Especially in SMA type 3, there is a considerable delay of the diagnosis up to some years (51).
Thus, early detection of the mutation allows an adequate monitoring of the children and an early start of
treatment if necessary.
Pathophysiological considerations are still in favor
of an early treatment for patients with more SMN2
copies (11). It might be reasonable to treat them early
and to stop treatment at a time when there is less need
for SMN protein for the developing nervous system
(52).
Compliance in SMA is new challenge with NBS. In
our study, compliance was generally good; however,
in a relevant number of patients (10% of families), medical advice concerning treatment was not
accepted in 2/22 families, and one family did not
comply with the strict medical appointments and was
lost to follow up while still asymptomatic. The psychosocial impact of early detection of a genetically
confirmed diagnosis has yet to be evaluated, as will
have the different factors that lead to incompliance.
Since it is known that compliance after NBS is better diseases which can easily be treated like connatal
hypothyreosis or biotinidase-deficiency (53) whereas
it is much less (especially with increasing age) in
disorders like phenylketonuria (54), which require a
very restrictive diet, the further development of less
invasive treatments in SMA would probably improve
compliance.

CONCLUSION
With the advent of effective pharmacological treatment for SMA (55) (14), there is a worldwide
discussion about strategies to identify patients as
early as possible. This is especially so for children

with an expected severe form of SMA who in our
view should be treated immediately (26) (19).
Our preliminary results show that newborn screening for SMA, resulting in pre-symptomatic treatment,
can prevent the disease and partially rescue motor
neuron function. Up to now, there has been normal motor development in all pre-symptomatically
treated children despite tremor in one. The incidence
rate of SMA did not increase following initiation of
NBS. Newborn screening for SMA should be therefore introduced in countries with available medical
treatment. Long-term data are needed to establish the
most appropriate treatment for patients with 4 or more
SMN2 copies.
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