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N eonatal screening for congenital metabolic 
and endocrine disorders is one of the most 
successful secondary preventive measures in 

childhood. Newborn children were screened for 
phenylketonuria as early as the late 1960s, and 
screening for congenital hypothyroidism and galac-
tosemia was added in the 1980s. In 2004 the 
 Federal Joint Committee (G-BA) incorporated ex-
panded neonatal screening (ENS) for 12 specific 
target disorders into the pediatric guideline, mean-
ing that ENS became standard. Tyrosinemia type I 
was added in 2018 and severe combined immune 
deficiency (SCID) in 2019 (1). A separately regu-
lated mucoviscidosis screening program was intro-
duced in 2016 (2).

Some of the target disorders can lead to life-
threatening metabolic crises or permanent damage 
at an early stage. For the reason, the goal of the 
ENS system is to identify as many as possible of 
the affected children as early as possible, while 
 minimizing the number of families with healthy 
children who are alarmed by false positives (3). 
This requires designated persons to be responsible 
for implementation of a standard procedure; the 
pediatric guideline assures such a procedure for 
 information and consent, conduct, and content of 
screening, as well as laboratory services (1, 2). 
However, documentation of the confirmatory diag-
nostic tests, evaluation of screening, and tracking 
are not regulated. The aim of tracking is to ensure 
that conspicuous findings or those requiring retest-
ing are controlled.

Methods
The responsibility for neonatal screening lies with 
the provider of obstetric care. Before blood sam-
pling takes place, the parents must be provided with 
the information required by the German Genetic 
Diagnosis Act (4) and give their written consent. A 
sample of whole blood should be obtained between 
36 and 72 h after birth of the child, dripped onto 
special filter paper, dried, and sent to a screening lab-
oratory. In the event of discharge before the child 
reaches the age of 36 h, early screening should take 
place at the facility where it was born. In these 
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children and in prematurely born babies in whom the 
first sample is taken before the 32nd week of ges-
tation, follow-up is mandatory at the age of 36 h or at 
32 gestational weeks, respectively.

A positive screening result (recall) constitutes a 
preliminary diagnosis and must be urgently verified. 
Depending on how robust the result and thus the 
 diagnosis are, either repetition of screening or refer-
ral to a specialized center for direct confirmatory 
 investigation is recommended.

The pediatric guideline stipulates that each labora-
tory should write an annual report. The National 
Screening Report, compiled by the German Society 
for Neonatal Screening (Deutsche Gesellschaft für 
Neugeborenen-Screening, DGNS) and available at 
www.screening-dgns.de/reports.php, amalgamates 
the individual laboratories’ data into one document 
(5). The laboratories report cumulative data on pro-
cess quality and pseudonymized individual data on 
confirmatory diagnostic work-up to the DGNS. The 
data are checked for plausibility and the cases are 

validated against defined criteria. Positively vali-
dated cases, together with cases with no data on 
confirmatory diagnostic work-up in which repeated 
screening results (“unambiguous neonatal screen-
ing”) very strongly support the preliminary diag-
nosis, were used to calculate prevalence, based on 
births registered in Germany.

This article is based on the data of the DGNS 
 reports for the years 2006–2018 (5). The corre-
sponding data for mucoviscidosis exist only for 
2016  onward and will be described separately: the 
mucoviscidosis screening algorithm is complex, 
and pre sentation of the procedure with the problems 
that arise would exceed the scope of the present 
publication. SPSS 25 was used for statistical ana-
lyses.

Results
Eleven laboratories in Germany are currently licensed 
to perform and bill for neonatal screening. The state of 
Bavaria also has a screening center, integrated into the 

FIGURE 1

Flow chart of neonatal screening in Germany, 2006–2018: The screening process with the cumulative data from the years 2006–2018, showing the numbers of 
 repeat examinations required, confirmed cases, and losses to follow-up 
* Actual data for 2006–2017; for 2018, estimated on basis of previous years 
GW, Gestational week
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Bavarian State Office for Health and Food Safety, 
where high process quality is assured and screening is 
evaluated (6–9) (eBox 1). Unless otherwise stated, all 
data and calculations in this publication refer to the 
 entire period 2006–2018.

Overall figures
The success of population screening depends heavily 
on a high participation rate. In Germany this has been 
achieved, with 9 244 411 documented screening exam-
inations in the 9 218 538 children born in the ob -
served period. The higher number of examinations 
than births is explained partly by samples from children 
not registered in Germany. Overall, 8471 refusals to 
participate in the entire ENS were documented (a rate 
of 1 in 1000 births).

The laboratories requested repeat examinations 
(second cards) in 30 of every 1000 children 
(n = 272 205), mostly because the first sample was 
obtained before the child was 36 h old (13 per 1000; 
n = 115 841) or before the 32nd week of gestation (11 
per 1000; n = 104 833). Repeat screening after a posi-
tive result (recall) was deemed necessary in 51 531 
neonates (6 per 1000) and was performed in 90.01% 
of cases. Overall, 80.01% (n = 217 797) of the 
 requested repeat examinations were carried out (Fig-
ure 1).

Processing times
Short processing times are decisive for effective neo -
natal screening, enabling early treatment in those 
children who need it (3). Blood sampling during the 
first 72 h of life plays a crucial role and was achieved in 
96.22% of newborns in the year 2018 (eFigure 1, eBox 
2). This represents an increase of 13.85% since 2006. In 
contrast, the proportion of blood samples for which 
more than 2 days elapsed between withdrawal and ar -
rival at the laboratory rose from 42.08% in 2006 to 
51.64% in 2018 (eFigures 2 and 3).

Treatment was necessary in 6014 of the 6917 
children with a confirmed diagnosis. In 3127 neonates 
(51.95%) treatment was initiated before the end of the 
first week of life, and in a further 1627 (27.05%) it 
started in the second week. Thus 79.05% of the 
 affected newborns received treatment within 2 weeks 
of their birth (median age at beginning of treatment: 
7 days). In 778 children treatment was started later: 
this included 342 neonates (43.96%) with congenital 
hypothyroidism, 124 (15.94%) with medium-chain 
acyl-CoA dehydrogenase (MCAD) deficiency, and 
145 (18.64%) with biotinidase deficiency (in some 
cases partial). The proportion of children with late 
initiation of treatment remained constant over the 
years, as did the proportion for whom the time of 
treatment commencement was unknown (n = 482; 

TABLE 1

Target disorders in the German neonatal screening program, 2006–2018: comparison of prevalence with estimates from 2004

 *1 Prevalences estimated at the time of introduction of the ENS in Germany in 2004 (parents’ consent in appendix of pediatric guideline issued by Federal Joint Committee [G-BA])
*2 Including 11β-hydroxylase deficiency (n = 8) and 3β-hydroxylase deficiency (n = 2) 
ENS, Expanded neonatal screening

Births in Germany 2006–2018: N = 9 218 538

Disorder 

Congenital hypothyroidism

Congenital adrenal hyperplasia (CAH)*2

Biotinidase deficiency (including variants)

Galactosemia (classic form)

Hyperphenylalaninemias
     Phenylketonuria (PKU)/mild hyperphenylalaninemia (HPA)  
     Cofactor deficiency

Maple syrup disease (MSUD)

Medium-chain acyl-CoA dehydrogenase (MCAD) deficiency

Long-chain 3-OH-acyl-CoA dehydrogenase/ 
trifunctional protein (LCHAD/TFP) deficiency

(Very-)Long-chain acyl-CoA dehydrogenase (VLCAD) deficiency

Carnitine cycle defects

Glutaric aciduria type I (GA I)

Isovaleric acidemia (IVA)

Total

Tyrosinemia type I (2018 only)

Cases found

2762

618

325

120

1752
842 / 901 

9

54

914

65

122

16

66

103

6917

6

Prevalence

1 :

1 :

1 : 

1 : 

1 :  
1 : 
1 :

1 : 

1 : 

1 : 

1 : 

1 : 

1 : 

1 : 

1 : 

3338

14 917

28 365

76 821

5262
10 948 / 10 231
1 024 282

170 714

10 086

141 824

75 562

576 159

139 675

89 500

1333

N/100 000 

29.96

6.70

3.53

1.30

19.01
9.77/9.13

0.10

0.59

9.91

0.71

1.32

0.17

0.72

1.12

75.03

Prevalence estimated by 
G-BA N/100 000 *1

25.00

10.00

1.25

2.50

12.50

0.50

10.00

1.25

1.25

1.00

1.25

2.00

83.33
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8.02%). No treatment was indicated in 901 children 
with mild hyperphenylalaninemia, and two children 
born very prematurely died before the scheduled be-
ginning of treatment (eFigure 4).

Prevalence
The prevalence of rare congenital disorders depends on 
the ethnic composition of the screened population, and 
only in the presence of high case numbers can valid cal-
culations be made. In the present data set, a target dis-
order was documented in 6917 neonates, i.e., 75 of 
every 100 000 cases (Table 1).

In 37 cases where screening had a false-negative 
result (eight children with congenital adrenal hyper-
plasia, 29 children with congenital hypothyroidism), a 
target disorder was identified on the basis of clinical 
symptoms and the diagnosis was transmitted to the 
screening laboratory. These are individual reports, as 
Germany has no registry in which all cases of these 
diseases are documented.

Analytical quality
The quality of a test (Box) is determined by its sensi-
tivity, specificity, and positive predictive value (PPV). 
The PPV describes the probability of confirmation of 
the diagnosis after positive screening and is derived 
from the recall rate (rate of positive findings on 
screening) and the prevalence. The overall recall rate 
improved from 0.90% in 2006 to 0.37% in 2018, al-
though there were considerable differences among the 

individual disorders (Table 2, Figure 2). Currently 
(data from 2018), 370 positive results can be expected 
for every 100 000 children screened, of which 78 
diagnoses will be confirmed (PPV = 21.1%). In other 
words, the diagnosis will be confirmed in every fifth 
child with positive screening; this is usually the case 
in highly pathological findings (91.434% confirma-
tion rate). The sensitivity cannot be calculated, be-
cause the number of children overlooked for screening 
was not documented systematically.

Loss to follow-up 
Out of a total of 272 205 follow-up examinations 
 requested, including 5149 after positive screening 
 results, 54 408 (19.99%) were not carried out (loss to 
follow-up). For a further 727 (9.61%) of the 7565 neo -
nates in whom a target disease was strongly suspected 
(Figure 1), there were no data on confirmatory diag-
nostic tests. One third of this group were suspected to 
have congenital hypothyroidism. In 443 of these 727 
children, the screening findings were also clearly stated 
by follow up retesting with a second filter paper card, 
so they could be included for calculation of prevalence. 
In the remaining 284 cases (3.75%) this was not pos -
sible. 

Altogether, confirmatory diagnostic investigation 
was not performed, or was inconclusive, in 11.40% 
of the 51 531 neonates with positive screening results 
(Figure 1). The proportion of cases in which 
 information on confirmatory diagnostic tests was 

BOX

Quality parameters in neonatal screening

Rate of false-positive results= 

Positive predictive value (PPV) = 

Sensitivity = 

Specificity = 

Recall rate* = 

* The recall rate affects the rate of false-positive results and thus the specificity, but also has an impact on the PPV or 
 sensitivity. 
With low prevalence, a high recall rate leads to low specificity and low PPV. 
Too low a recall rate leads to inadequate sensitivity (cases are overlooked). 
 
Positive = abnormal findings of screening, negative = normal findings of screening

children without target disorder with positive screening result
children with positive screening result

children with positive screening result and confirmed target disorder
children with positive screening result

children with target disorder and positive screening result
children with target disorder 

children without target disorder and negative screening result
children without target disorder

positive screening results
total number of screening results
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lacking varied widely among the screening labora-
tories (1.14–37.28%).

Discussion
This article is the first to present the screening process 
and the results of ENS for Germany as a whole, cover-
ing 13 birth cohorts with a total of 9.2 million children 
in a longitudinal section. The results show that neo -
natal screening can be carried out very successfully 
even in the context of a federal structure with 11 
screening laboratories (eBox 1), provided responsi-
bilities and processes are clearly defined. It can be 
assumed that practically all newborn children under-
go screening, although only in a small number of Ger-
man regions does person-related matching between 
born and screened neonates take place (3). Moreover, 
treatment is initiated within 7 days for half of the 
children affected (median) and within 2 weeks for 
79.05% of them. This approximates to findings 
 reported from Norway (median = 6 days) and is 
much earlier than described by Burgard et al. (11) 
for Europe in 2012 (median 14.9 days, confirmatory 
testing for 75% of the positive screening results 
within 20 days). How important early diagnosis and 
treatment can be was shown by Odenwald et al. in 

children with congenital adrenal hyperplasia (CAH). 
If the treatment began at 3 days, 23.5% of the 
children showed electrolyte imbalance, but if 
 treatment was not initiated until 12 days of age or 
later, 50% suffered a salt-wasting crisis (electrolyte 
imbalance: 94.4%) (12). In other diseases too, early 
commencement of treatment may be decisive in 
terms of crises or potential long-term sequelae 
(13–15). Overall, ENS and subsequent early initi-
ation of treatment enable normal development in the 
vast majority of children affected (13, 16, 17).

The positive effect of clear regulations becomes 
obvious when surveys look at non-regulated compo-
nents off the process. For example, tracking is not 
always regulated, and for many target disorders the 
children affected are not systematically documented. 
Such documentation is by all means achievable 
within the constraints of data protection, either by 
means of registries or through systematic retrieval of 
data from the treatment centers—as already done for 
a few rare diseases in Germany (18–21) and required 
in other countries (22–26). Only if the data for all 
children involved are viewed as a whole can valid 
conclusions be drawn regarding the sensitivity of 
screening. High sensitivity can be assumed for 

TABLE 2

Rate of pathological screening results (recall rate) and positive predictive value (PPV)

 N = 9 244 411 neonates were screened in the period 2006 to 2018.  
The quality parameters of neonatal screening (recall rate and PPV) improved considerably over time.  
The recall rate is calculated from the number of positive screening results in relation to the number of children screened; The PPV describes the probability of confirmation of the diagnosis after 
positive screening (see Box).
*1 Not reported in stratified form for disorders found in fewer than n < 100 cases
*2 One laboratory introduced new analytic procedures for biotinidase deficiency, leading to an increase in positive results.
*3 Deviation due to rounding phenomena
*4 Universal screening for tyrosinemia type I was started in March 2018. No recall rate was calculated because there is no nominator for this period.
HPA, Mild hyperphenylalaninemia; LCHAD/TFP, long-chain 3-OH-acyl-CoA dehydrogenase/trifunctional protein; MCAD, medium-chain acyl-CoA dehydrogenase; PKU,  phenylketonuria; VLCAD, 
(very-)long-chain acyl-CoA dehydrogenase 

Disorder

Congenital hypothyroidism

Congenital adrenal hyperplasia

Biotinidase deficiency

Galactosemia (classic form) 

Hyperphenylalaninemias (PKU/HPA)

Maple syrup disease

MCAD deficiency

LCHAD/TFP deficiency

VLCAD deficiency

Carnitine cycle defects

Glutaric aciduria type I

Isovaleric acidemia

Total

Tyrosinemia type I*4

Cases detected
(2006–2018)

2762

618

325

120

1752

54

914

65

122

16

66

103

6917

6

Recall rate (%)

Total
(2006–2018)

0.082

0.293

0.025

0.046

0.034

0.009

0.022

0.004

0.020

0.002

0.018

0.009

0.557 *3

2006

0.095

0.578

0.021

0.089

0.030

0.012

0.024

0.003

0.021

0.001

0.014

0.013

0.901

2018

0.073

0.130

0.03 *2

0.032

0.035

0.006

0.018

0.002

0.014

0.001

0.009

0.011

0.366

Positive predictive value (PPV) (%)*1

Total 
(2006–2018)

35.949

2.327

14.607

2.905

56.190

6.742

44.006

15.625

6.842

7.175

4.052

13.359

13.428

2006

24.700

1.490

18.490

2.290

53.700

39.880

6.290

10.990

7.770

2018

40.860

5.770

8.650

4.450

57.720

47.550

14.290

13.640

21.051
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 metabolic disorders, as these rare diseases are 
mostly treated in one of a few metabolic centers. 
From these centers only a small number of false-
negative  screening results are reported.

 The situation for endocrinological disorders is 
less clear, because children with congenital hypothy-
roidism are also treated outside the hospital setting. 
All neonates in whom there is clinical suspicion of a 
target disease should undergo a specific diagnostic 
work-up, even if no abnormality is revealed by 
screening.

For more than 55 000 children, including 5876 
with a positive screening result, it is not documented 
whether the findings were ever verified and the 
cause confirmed (loss to follow-up). Whether the 
parents were not informed/not traced by the institu-
tion responsible for screening, or whether they failed 
to bring their child for a second blood sample, is not 
known. It is also unclear how often a positive result 
was not followed up or whether the treating center or 
pediatrician failed to communicate the results of the 
confirmatory diagnostic work-up to the screening 
laboratory. To solve this problem, a structured re -
minder system would be needed, as established in 
Bavaria with the introduction of a tracking system in 

1999 (6–9). In other states of Germany, some labora-
tories make an effort to track children who have 
been screened, but without funding this is dependent 
on the resources available locally. Knowledge of the 
findings of confirmatory examinations is also im-
portant for quality assurance and optimization of 
analysis in the laboratories.

The rate of loss to follow-up and the effort ex-
pended on tracking increase with the addition of 
every new target disease to the screening panel. 
 Urgent action is required in this respect. Apart from 
independent centers, the responsibility for tracking 
could be assigned to the screening laboratories by 
 incorporation of tracking into the pediatric guideline 
accompanied by the corresponding funding. 

One decisive factor for high effectiveness of the 
ENS is a low rate of positive findings (recall), as 
every false-positive result leads to a family being 
alarmed unnecessarily, as well as raising the costs to 
the healthcare system. With a recall rate of 0.37% (in 
2018) and a PPV of 21%, the quality criteria of the 
ENS are much better than those of other screening 
procedures rated as effective (screening mam-
mography: recall rate 3–14%, PPV 2–22% [27]; 
screening audiometry: recall rate 5.3%, PPV 6.2% 

FIGURE 2

Recall rates for selected target disorders in neonatal screening in Germany from 2006 to 2018  
 Screening for congenital hypothyroidism, PKU/HPA (phenylketonuria/mild hyperphenylalaninemia) and MCAD deficiency (MCAD, medium-chain 
aAcyl-CoA dehydrogenase) shows a low recall rate (rate of positive screening results) even without second-tier procedures. In screening for 
CAH, the introduction of second-tier methods (additional analyses of the same blood sample in a second stage of examination) led to a distinct 
reduction in recall rate. 

Recall rate (%)
0.6

0.5

0.4

0.3

0.2

0.1

0
2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

Year

* First laboratory introduces second-tier procedures for screen-
ing for congenital adrenal hyperplasia (CAH).

** Second laboratory introduces second-tier procedures for 
screening for CAH.

*** Two more laboratories introduce second-tier procedures for 
screening for CAH.

Congenital  
hypothyroidism
CAH

PKU/HPA

MCAD deficiency
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[28]). Further improvement could be achieved by the 
deployment of additional analytical procedures in a 
second stage of examinations of the same blood 
sample following conspicuous screening findings 
(second tier), without overlooking sick children. The 
success of this strategy in CAH screening is impres-
sive (Figure 2) (29, 30), and it could feasibly be 
 extended to other disorders. However, the costs of 
screening would then rise correspondingly. In some 
countries, e.g., Norway and Sweden, second-tier 
analyses are also used for metabolic disorders in the 
screening panel (31, 32), and in Germany they have 
been deployed in studies (33, 34).

The screening of such a high number of children, 
around 9.2 million, enables valid calculation of the 
rates of rare congenital disorders in Germany, even 
though the prevalence of some diseases may be 
underestimated in our analyses due to loss to follow-
up and lack of reporting of cases not detected by 
screening. The rates are not necessarily the same as 
in other populations and in some cases differ widely 
from figures published previously, which were based 
on much smaller samples and were often adopted 
from other countries (Table 1) (16).

Data source
This article presents and interprets the principal 
findings of the annual screening reports for the peri-
od 2006–2018 (5). These reports, compiled by the 
DGNS, meet many of the quality criteria proposed, 
or indeed demanded, by Cornel et al. (24) and 
Ojodu et al. (35) for the evaluation of a screening 
program. The data have limitations: on the one hand 
no individual results of analysis are available and 
the process data are only cumulative, and on the 
other hand the data set does not include the treating 
physicians’ reports of the results of confirmatory 
examinations to the laboratories, without which sus-
pected cases cannot be validated. With regard to this 
latter point, inclusion of binding rules in the pediat-
ric guideline—within the constraints of data protec-
tion—would be extremely helpful.

In contrast to the state-organized and -funded 
 reporting in the Netherlands, the UK, and Norway 
(32, 36, 37), the German report is compiled on the 
initiative of the relevant professional society (the 
DGNS) and the laboratories. Since its inception over 
10 years ago, this has been the only published report 
on the quality of neonatal screening in Germany (5). 
Efforts should be made to extend the pediatric 
guideline’s regulations on quality assurance and 
quality evaluation to ensure high-quality neonatal 
screening and timely recognition of developments 
and trends—also with regard to new target disorders.

Conclusion
Neonatal screening is performed with great success 
throughout Germany. The screening program repre-
sents an impressive example of an effective preven-
tive measure in pediatric medicine that is continually 

being optimized. In its entirety, screening is a com-
plex process involving protagonists from several 
 different areas of activity. Lasting assurance of high 
quality in neonatal screening is guaranteed only if all 
components of the screening procedure are subject to 
a continuous process of optimization. To this end, it is 
necessary to establish tracking structures, a registry, 
and constant quality assurance, together with evalu-
ation of novel or modified screening examinations.
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eBOX 1

Structural organization of neonatal screening in Germany
Neonatal screening in Germany is based on the mandatory regulations for the performance of 
screening laid out in the pediatric guideline of the Federal Joint Committee (G-BA) (1, 2). The G-BA 
regularly updates this guideline, e.g., by extending screening to further disorders. The addition of 
new target disorders to the German screening program is a multistage process defined and coordi-
nated by the G-BA.

The pediatric guideline specifies both the qualifications in laboratory medicine required for anyone 
carrying out neonatal screening (e.g., sufficient experience in conducting tandem mass spectrometry 
[TMS] and quantitative or semiquantitative polymerase chain reaction [PCR]) and the basic condi-
tions to be fulfilled by the screening laboratory. Laboratory services may be performed and billed only 
after approval has been granted by the Association of Statutory Health Insurance Physicians. More-
over, a minimum volume of 50 000 investigated first-screening samples in 1 year and accreditation 
by the German national accreditation body DAkks GmbH are preconditions for participation in the 
screening program (1, 2).

There are 11 screening laboratories in Germany, each providing services for one or more federal 
states. Eight of these laboratories are affiliated with universities, the other three are private. The 
screening laboratories, the names of their directors, and the federal states they cover are listed in the 
annual report of the German Society for Neonatal Screening (Deutsche Gesellschaft für Neugebo-
renen-Screening) (DGNS report) (5).

In Bavaria the entire screening process, from discussion of screening with the parents through 
screening itself to the initiation of any treatment found to be necessary, is conducted as a program. 
This ensures high process quality. To this end, there is a public–private partnership between the pub-
lic healthcare system, two private laboratories, and university centers. To ensure optimal processes, 
a screening center with its own tracking system is integrated into the Bavarian State Office for Health 
and Food Safety (LGL). Evaluation of the long-term outcome for each child involved also takes place 
at this center (6–9).

In the state of Hesse the screening center is integrated into the Hessian Center for Preventive 
Care in Children (HKVZ). The HKFZ is under the supervision of the Hessian Ministry for Social Af-
fairs and Integration (HMSI). Supplementary to the pediatric guideline, the Hessian Advisory Board 
for Preventive Care in Children (Hessischer Kindervorsorgebeirat) defines the screening panel for 
Hesse.

In addition to the target disorders specified in the guideline, the laboratories are entitled to ex-
tend the screening program in accompanying studies, in this way testing the feasibility of screening 
for further specific disorders. Examples are screening for sickle cell anemia, screening for spinal 
muscular atrophy, and extended screening for metabolic disorders by means of TMS (34, 38–40).
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eBOX 2

Changes in process times between 2006 
and 2018 with regard to early diagnosis
Blood sampling in the first 72 h of life and short process 
times are decisive in early diagnosis and initiation of 
treatment in the children affected (1). The time of screen-
ing improved over the study period: 96.22% of blood 
samples were obtained within 72 h after birth in 2018, 
whereas in 2006 the rate of late sampling was 17.63% 
(eFigure 1). In contrast, the proportion of blood samples 
for which more than 2 days elapsed between withdrawal 
and arrival at the laboratory rose from 42.08% in 2006 to 
51.64% in 2018 (eFigure 2). The rate of samples for 
which the laboratory issued a result within 24 h rose from 
73.95% in 2006 to 81.79% in 2016, but then fell to 
75.14% in 2018 owing to the additional analysis of cystic 
fibrosis, a multi-stage procedure (eFigure 3). Critical find-
ings have at all times been communicated rapidly, how-
ever, to enable early initiation of treatment (eFigure 4).
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eFIGURE 1

Age at time of blood sampling 2006–2018
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eFIGURE 2

Time from blood sampling to arrival of sample at laboratory
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eFIGURE 3

Time between arrival of sample at laboratory and reporting of result
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eFIGURE 4

Age at initiation of treatment
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