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Screening Program for Cystic Fibrosis
in Switzerland
Corina S. Rueegg, Claudia E. Kuehni, Sabina Gallati, Matthias Baumgartner,
Toni Torresani, Juerg Barben on behalf of the Swiss CF Screening Task Force
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ince 1979, it has been possible to measure
immunoreactive trypsinogen (IRT) as a simple and
reliable screening test for cystic fibrosis (CF) in neonates
(1, 2). The first newborn screening (NBS) programs for
CF were introduced in New Zealand and Australia in 1981
(3). The timely diagnosis and treatment of CF improves
the affected infants’ food intake and digestion, growth,
brain development, and lung function and lowers the frequency of CF exacerbations and hospitalizations (4, 5).
There are now CF-NBS programs in the United States,
England, Ireland, Scotland, France, Austria, Poland, the
Netherlands, and regions of Italy and Spain (6, 7).
American and European guidelines for CF screening have
been developed (8, 9). In Germany, the inclusion of CF in
the existing newborn screening program is currently
under discussion (10).
There has been a NBS program in Switzerland for more
than 40 years; at present, a Guthrie test is routinely performed to screen for six congenital metabolic disorders.
For that purpose, a heel prick sample is taken from every
neonate on the fourth day of life and dried on filter paper
(= Guthrie card). Since 2006, the NBS program has been
centrally performed in the national NBS laboratory of
the University Children's Hospital in Zurich.
In November 2010, the Swiss Federal Office of
Public Health (FOPH) approved the implementation of
testing for CF as the seventh disease to be included in the
NBS program; a two-year pilot phase of the CF-NBS
program began on 1 January 2011 (11). A retrospective
study showed that the planned two-step procedure (IRT
and DNA screening) would have captured 98% of the
children who were given a clinical diagnosis of CF in the
years 2006 to 2009 (12).
In the pilot phase of the CF-NBS program, its feasibility, efficacy, and acceptance were supposed to be evaluated (13). In this study, we evaluate the first year of the
pilot phase—specifically, the following aspects:
● the feasibility of the screening procedure,
● the temporal course of the various steps of screening, and
● the parents’ attitude toward the screening.

356

Deutsches Ärzteblatt International | Dtsch Arztebl Int 2013; 110(20): 356−63

SUMMARY
Background: From January 2011 onward, the Swiss newborn screening (NBS)
program has included a test for cystic fibrosis (CF). In this study, we evaluate
the first year of implementation of the CF-NBS program.
Methods: The CF-NBS program consists of testing in two steps: a heel prick
sample is drawn (= Guthrie test) for measurement of immunoreactive trypsinogen (IRT) and for DNA screening. All children with a positive screening test are
referred to a CF center for further diagnostic testing (sweat test and genetic
analysis). After assessment in the CF center, the parents are given a questionnaire. All the results of the screening process and the parent questionnaires
were centrally collected and evaluated.
Results: In 2011, 83 198 neonates were screened, 84 of whom (0.1%) had a
positive screening result and were referred to a CF center. 30 of these 84 infants were finally diagnosed with CF (positive predictive value: 35.7%). There
was an additional infant with CF and meconium ileus whose IRT value was
normal. The 31 diagnosed children with CF correspond to an incidence of
1 : 2683. The average time from birth to genetically confirmed diagnosis was
34 days (range: 13–135). 91% of the parents were satisfied that their child had
undergone screening. All infants receiving a diagnosis of CF went on to receive
further professional care in a CF center.
Conclusion: The suggested procedure for CF-NBS has been found effective in
practice; there were no major problems with its implementation. It reached
high acceptance among physicians and parents.
►Cite this as:
Rueegg CS, Kuehni CE, Gallati S, Baumgartner M, Torresani T, Barben J,
on behalf of the Swiss CF Screening Task Force: One-year evaluation
of a neonatal screening program for cystic fibrosis in Switzerland.
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Swiss CF newborn screening
protocol after
adjustments in
the first pilot
year. This protocol
has been in use
since 1 January
2012. The following
four adjustments to
the protocol were
made in the first
pilot year:
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FIGURE 2
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Results of screening in the year 2011: the number of children in each step of the screening protocol in 2011, and the calculated quality
variables. CF, cysric fibrosis; IRT, immunoreactive trypsinogen; PPV, positive predictive value

Methods
Procedure of the CF-NBS program
The NBS program consists of two parts (Figure 1): a) the
screening per se in the NBS laboratory, and, where indicated, b) the further diagnostic assessment in the CF
centers.
a) The screening process in the NBS laboratory: The
national NBS laboratory screens all children born in
Switzerland, unless their parents voice an objection to
the screening. To screen for CF, IRT is measured in a
heel prick sample (Figure 1). When the measured IRT is
above the 99th percentile (45 ng/mL) (11), the same
blood is subjected to DNA screening for the seven commonest CF gene mutations in Switzerland (F508del,
3905insT, G542X, R553X, W1282X, 1717–1G>A,
N1303K) (12). If one or more mutations are found, the
positive finding is reported to the CF center in whose
catchment area the child was born; the center is not told
which genetic mutation was detected. If DNA screening
is negative (after an initially elevated IRT), IRT is
measured again in a new heel prick sample (second
Guthrie card), which is requested from the hospital
where the child was born or from the treating pediatrician.
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The screening procedure was slightly modified
after an interim analysis of four months (Figure 1):
The IRT cutoff value was raised to 50 ng/mL, and a
second heel prick test was conducted only if the initial
IRT was 60 ng/mL or higher, and DNA screening
revealed no CF gene mutation (see Results, a),
below). If the sweat test was not viable, a genetic
analysis was conducted immediately and the sweat
test was repeated later (see Results, d), below).
b) Diagnostic assessment and patient care in CF
centers: There are eight pediatric CF centers in
Switzerland (Aarau, Basel, Bern, Geneva, Lausanne,
Lucerne, St. Gallen, and Zurich) and one regional CF
care unit for the Canton of Ticino. The heads of the
centers were personally informed of all positive screening results in infants belonging to their catchment
population. They then telephoned the parents immediately to offer further diagnostic tests (14). The first
diagnostic test used was the macroduct method measuring the chloride concentration in sweat (mmol/L) (15).
A nanoduct sweat test was also performed to determine
conductivity (which is related to the ion concentration;
mmol/L). The latter was done at the request of the
FOPH because it requires less sweat than the macroduct
Deutsches Ärzteblatt International | Dtsch Arztebl Int 2013; 110(20): 356−63

MEDICINE

TABLE 1
Time variables over the course of the screening
Variable (days)

Median

Range

a) Birth
– drawing of heel prick sample

3

3–19

b) Drawing of heel prick sample
– screening for CF

2

1–5

c) screening for CF
– reporting of screening result to CF
center

13

0–37

d) Reporting of screening result to
CF center
– telephone call to parents

4

e) Telephone call to parents
– sweat test in CF center

2

0–16

f) Sweat test in CF center
– arrival of blood in genetics laboratory

7

0–63

g) Arrival of blood in genetics laboratory
– genetically confirmed diagnosis

6

1–22

a) to e)
birth to
sweat test
in CF center

0–38

f) to g)
sweat test
in CF center to
genetically confirmed
diagnosis

Median

Range

26

4–314*
a) to g)
birth to
genetically confirmed
diagnosis

14

Median

Range

34

13–135

1–80

* Outlier of 314 days to sweat test in CF center: this family emigrated to a foreign country immediately after the birth of their child, returned nearly a year later and was then offered a sweat test.
The finding in this case was negative for CF. CF, cystic fibrosis

test and more frequently yields a result (16, 17). Both
sweat tests were performed according to international
guidelines (15, 18). As conductivity measurement is
currently accepted only as a screening test (8), the result of the nanoduct sweat test was taken into account
to establish the diagnosis only when the macroduct
method failed to yield a valid result.
When the macroduct test yielded a positive result,
a CFTR gene analysis was performed at the molecular
level, the parents were informed of the diagnosis of
CF, and the child was given further care according to
the relevant guidelines (19–21). When the macroduct
test yielded a borderline finding, or when it failed to
yield a valid finding and the nanoduct test was either
positive or borderline, molecular-genetic analysis
was performed and the macroduct test was later repeated to establish the diagnosis definitively. When
the sweat test yielded a negative finding, the parents
were informed that the child might be a carrier of
CF; this information was generally delivered by a
pediatric pulmonologist or, if desired, by a genetic
counseling service. The treating pediatrician was
informed in all cases.
Evaluation of the CF-NBS program
The CF-NBS program was evaluated at the Institute
of Social and Preventive Medicine (ISPM) of the
University of Bern. The results were documented at
the NBS laboratory in Zurich (for part a), screening)
and at the ISPM (for part b), diagnostic assessment).
Deutsches Ärzteblatt International | Dtsch Arztebl Int 2013; 110(20): 356−63

The results of diagnostic tests were reported by the
clinicians of the CF centers to the ISPM on a standardized form.
The parents were given a questionnaire at the CF
center (eSupplement), in which they were asked
● how understandable the information on the
screening was,
● what feelings were aroused by the screening,
and
● whether they were satisfied with the screening
overall.
The questionnaires were anonymous and were
sent directly to the ISPM.
Statistical evaluation
The following parameters were calculated and
analyzed:
Screening procedure:
● optimization of the IRT cutoff value
● number of parents that refused to participate in the
NBS program
● recall rate (the percentage of children who needed
further measures after a positive screening test) (22)
● referral rate
● number of diagnoses
● positive predictive value (PPV)
● further care
● sensitivity
● specificity
● incidence
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TABLE 2
Results from parent questionnaire: general and stratified by CF diagnosis (CF, cystic fibrosis)
All families
(n = 47)

Families with CF
diagnosis (n = 18)

Families without CF
diagnosis (n = 29)

p value

Response rate

58% (47/81)

64% (18/28)

56% (29/52)

0.460

Time from receipt of questionnaire to response
(median/range)

14 days (3–455)

16 days (7–158)

13.5 days (3–455)

0.818

Overall satisfaction with screening

43 (91%)

18 (100%)

25 (86%)

0.257

Worried after phone call from CF center

35 (76%)

13 (76%)

22 (76%)

0.963

Worried after visit to CF center

16 (34%)

11 (61%)

5 (17%)

0.002

Temporal course of the screening: To assess the efficiency of the screening procedure, the dates of each
screening step were recorded. The goal was to establish
the diagnosis of CF as rapidly as possible, in order to
provide the affected neonates with adequate treatment
at the earliest possible time.
Parent satisfaction: from the questionnaires.

Results
Screening procedure
a) Optimization of the IRT cutoff value: After an interim assessment at 4 months, the IRT cutoff value
was raised to 50 ng/mL (percentile 99.2) (Figure 1)
and a second heel prick test was no longer performed
on children whose initial IRT value was under 60 ng/
mL and who did not have any of the seven CFTR mutations. This lowered the rate of a second heel prick
test from 0.85% to 0.41% (a relative reduction of
52%). For this reason, results a–c were additionally
stratified for the two temporal periods before and
after these changes (eFigures 1 and 2).
b) Number of test refusers and recall rate: In the
year 2011, 83 198 infants were tested in the NBS program (Figure 2). The NBS laboratory was notified of 5
infants whose parents refused screening. There were
647 infants (0.80%) with an elevated IRT value who
underwent DNA screening. 65 of them were found to
have CF mutations, and the heel prick test was repeated
in 456 (recall rate = 0.63%).
c) Referral rates, children diagnosed, PPV, and
further care: A total of 84 infants were referred to the
CF centers (referral rate 13.0%; Figure 2). The
diagnosis of CF was confirmed in 30 of them (PPV =
35.7%). In the second period (May–December), the
PPV was 46.7 % (eFigure 2). All 30 infants received
further care in a CF center. Three of them had rare CF
mutations of uncertain clinical relevance (“equivocal
CF”) (23). Of the 27 infants with classic CF, 26 were
directly referred because of a finding of at least one
mutation in the screening, and one was referred after
two elevated IRT values were measured. Of the 3 infants with equivocal CF, two were referred because of a
finding of at least one mutation, and the third one after
two elevated IRT values were measured.
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A sweat test was attempted in 80 infants and yielded
a valid result on the first attempt in 66. Four infants
underwent genetic analysis immediately because of severe clinical disease. Because of the long waiting time
until the sweat test could be repeated (until the newborn
is heavy enough and produces enough sweat), it was
decided 4 months into the pilot phase to perform the
genetic analysis at once for any infants whose results
on an initial sweat test were unclear. In the year 2011, a
total of 35 diagnostic genetic analyses were performed:
● 18 because of a positive sweat test,
● 5 because of a borderline sweat test,
● 8 because of unavailable sweat test results due to
technical failure (inadequate amount of sweat, defective electrodes),
● 4 because of severe clinical disease, as mentioned
above (direct genetic analysis).
In cases without valid sweat-test results, the sweat
test was repeated in the CF centers for definitive diagnosis.
d) Preliminary sensitivity and specificity: The
clinical diagnosis of meconium ileus was made in 8 infants before NBS, and these children were specifically
studied for CF. The disease was diagnosed in seven, six
of whom had a positive screening test (included in the
group of 84 referred infants). One child had a normal
IRT value (39 ng/mL) and thus a negative screening
test. CF has not been diagnosed to date in any other
child born in 2011. Thus, the false-negative rate of the
IRT test was 3.2% (1/31), and the false-positive rate
was 0.06% (54/83 167). One year into the pilot phase,
the preliminary sensitivity was 96.8% (30/31) and the
specificity 99.9 % (83 113/83 167).
e) Incidence: The incidence of CF in 2011 (31 diagnoses in 83 198 neonates screened) was 1 : 2683, or 37 per
100 000 person-years. Not counting the 3 children with
equivocal CF, the incidence was 1 : 2971.
Temporal course
The mean age at genetic confirmation of the diagnosis
was 34 days (range, 13–135) (Table 1). On average,
the screening result was reported to the responsible CF
center before the infant was 20 days old. The parents
were contacted after an average of 4 days, and the
Deutsches Ärzteblatt International | Dtsch Arztebl Int 2013; 110(20): 356−63

MEDICINE

child began evaluation in a CF center an average of 2
days later. The diagnosis was then genetically confirmed or CF ruled out 14 days after that.
Parental satisfaction
81 of 84 parents received a questionnaire in a CF
center; 47 (58%) responded, after an average of two
weeks. The response rate was similar among parents of
children that did and did not receive a diagnosis of CF
(64% versus 56%, p = 0.460; Table 2).
a) Information received about the screening: 200
of 203 maternity hospitals ordered the NBS brochure,
but only 8 of 47 parents (8.5%) remembered having
received or read it before their child’s birth; 27
(57.5%) did so afterward (Figure 3a). 8 of 47 parents
recalled having received oral information before birth
(17.0%), compared to 38 (80.9%) afterward.
The parents’ satisfaction with the information they
received increased after each successive step of the
screening (Figure 3b): 52% of those who had read the
brochure were satisfied with it, 68% were satisfied
with the oral information they received before or after
the birth of their child, 79% (37 parents) with the
information they received when they were first
contacted over the telephone by the CF center, and
90% (42 sets of parents) with the ensuing discussion
in the CF center.
b) Emotional response to the screening: After the
telephone call from the CF center, 76% (35 sets of
parents) of the families were worried and 24% (11 sets
of parents) were optimistic (Table 2). After the visit to
the CF center, only 34% (16 sets of parents) were still
worried (61% of the families with a diagnosis of CF,
and 17% of the families without a diagnosis of CF
[p = 0.002]).
c) Overall attitude toward the screening: Overall,
91% of the parents (43 sets of parents) were satisfied
that their child had been screened (Table 2): 18, or
100%, of those whose child had CF, and 25, or 86%,
of those whose child did not have CF (p = 0.257).

FIGURE 3
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The Figure shows the results of the parent questionnaire: how many of
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before or after the birth of their child, and how satisfied they were with
the information they received at each stage of the screening.
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Discussion

mated to be 1 in 2500 in Switzerland, 1 in 4150 in
France, and 1 in 3500 in Austria (6).

CF screening was successfully implemented as a
component of the nationwide Swiss newborn screening
program. Of the 83 198 infants screened in 2011, 84
were referred to a CF center and 30 received a diagnosis of CF. All infants with CF were treated in a CF
center from the 26th day of life onward. Switzerland is
thereby acting in accordance with the recommendations
of the European Cystic Fibrosis Society (8). The
genetic confirmation of the diagnosis was available, on
average, on the 34th day of life. Screening met with
high acceptance among parents and physicians; the
number of refusals of NBS was comparable to that
observed in previous years, before CF screening was
added (5 versus 6.4 refusals per year in 2006 to 2010;
range, 4–11). None of the refusers mentioned the new
CF screening as a reason for refusal. The incidence of
CF in the first year of the screening was 1 per 2683
infants. The incidence of CF has been previously esti-

Strengths and weaknesses
The success of CF-NBS program was attributable to the
already well-established nationwide newborn screening
program in Switzerland, which was centralized at the
University Childrens' Hospital in Zurich. The wellestablished procedure in which parents are expressly
given the right of refusal certainly accounted in large
measure for the high acceptance of the screening
among parents. Moreover, further testing (where
needed) was confined to 8 specialized centers, in analogous fashion to the diagnostic tests that are performed
in the same children’s hospitals for the other six metabolic diseases included in the screening program.
The CF specialists across the country collaborated
well throughout the pilot phase of the CF-NBS program,
and the head of the NBS laboratory communicated
personally with the heads of the CF centers. Interim

Deutsches Ärzteblatt International | Dtsch Arztebl Int 2013; 110(20): 356−63
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analyses enabled optimization of the procedure with immediate addressing of any problems that came up,
followed by the implementation of appropriate changes.
For example, the IRT cutoff value was optimized to
lower the recall rate. This is important, so that parents
can be spared unnecessary worry. High sensitivity and
specificity were achieved with an acceptable amount of
extra work for the physicians involved, ensuring their
compliance. A further important factor for success was
the good collaboration with the FOPH, which supported
the screening and contributed part of the costs of the
evaluation. There was a relatively high response rate to
the parent questionnaire, even though no reminders were
sent in order not to compromise anonymity.
The potential problems of any CF screening
program include false-positive findings and the identification of children with rare CF mutations whose
further clinical course cannot be clearly predicted. The
latter may account for the higher number of diagnoses in
the screening year 2011 compared to previous years.
Furthermore, the protocol change by which genetic
testing is performed immediately whenever a sweat
test fails to yield a valid result might lead to the detection of mild CFTR variants that would not cause any
overt disease manifestations until the patient reaches
adulthood (19).
It is known that infants with meconium ileus may
have a normal IRT value even if they do, in fact, have
CF. Therefore, for all infants with meconium ileus, genetic analysis is performed in the NBS laboratory at the
same time as IRT measurement, so that such cases will
not be missed. A limitation of the present study is that
the interpretation of the parents’ answers about their
satisfaction with the screening is based on a relatively
small number (47) of returned questionnaires.
Interpretation of the findings
IRT screening failed to detect only one infant with CF,
who received the diagnosis anyway because meconium
ileus was present. The apparently excellent sensitivity
of screening (30/31) should be interpreted cautiously,
however, because CF in unscreened children may not
become clinically evident until years later if its
manifestations are relatively mild. For this reason, the
evaluation of the CF newborn screening program will
continue. All of the clinicians who make the diagnosis
of CF in the Swiss CF centers are also participants in
the NBS program and members of the Swiss Working
Group for CF, which meets regularly every six months.
Data on diagnoses that are made outside the screening
program are exchanged and entered into the central
database. This enables long-term monitoring of the specificity and sensitivity of the CF-NBS program. Thus,
even in the future when screening has become universal, it will still be important to think of CF whenever
children present with its characteristic manifestations
(including recurrent cough, failure to thrive, fatty
stools, and chronic abdominal pain).
The changes made in the screening protocol after
four months markedly lowered the number of
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false-positive screenings. This was important to ensure
acceptance of the screening among parents and
physicians and to spare the parents unnecessary worry.
Most parents had a positive attitude toward screening,
regardless of the final diagnosis: 86% were satisfied
that their child had been screened, even when they were
asked to come to the hospital because of an, in the end,
false-positive screening result. The responses to the
parent questionnaires confirm the finding of a French
study that the worry aroused by a false-positive screening test is rapidly relieved by a subsequent, normal
sweat test (24).
The age at diagnosis was markedly lowered (mean
age at genetic confirmation of the diagnosis: 34 days),
which is important to enable an early start of treatment.
An analysis of the available data from the genetic
laboratory performing most CFTR analyses in Switzerland revealed that the diagnosis was made at a mean
age of 198 days (range, 13–1307 days) before screening was introduced. The analysis included all 113
children with classic CF who received their diagnosis
in this laboratory from 2000 to 2010 and who were
under 4 years old at the time of diagnosis.
The parents’ responses to the questionnaires revealed the importance of avoiding delays between the
telephone call to the parents and the subsequent evaluation in a CF center. To this end, the parents were only
telephoned when an appointment in the CF center could
be scheduled within 2 days. Thus, they were never
called before the weekend. This accounts for the longer
time between the report to the CF center and the
telephone call to the parents (4 days) than between the
telephone call and the sweat test (2 days).

KEY MESSAGES

● The implementation of newborn screening for cystic
fibrosis (CF) in Switzerland met with high acceptance
from physicians and parents. The number of parents
refusing to have their children screened was no higher
than in previous years.

● One year after its introduction, the two-step screening

process involving IRT measurement and DNA screening
was found to have a (preliminary) sensitivity of 96.8%
and a specificity of 99.9%.

● All infants with CF received further treatment in a
th

specialized center, starting from the 26 day of life (on
average).

● In comparison to the years before the introduction of CF
screening, CF was diagnosed more frequently and at
younger ages. 30 cases were diagnosed, compared to
an average of 16 diagnoses per year before screening,
at a mean age of 34 days, compared to 198 days
before screening.

● 91% of the parents responding to a questionnaire were
satisfied their child had been screened.
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Conclusion
The introduction of a CF-NBS program in Switzerland
encountered no major problems, and further optimization was possible in the first year of the pilot phase.
The implementation of the program met with high
acceptance from physicians and parents. On average,
the diagnosis of CF was genetically confirmed on the
34th day of life, and all affected infants received further
treatment in a CF center.
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eFIGURE 1

26 535 IRT analyses
with Guthrie test

26 285 (99.1% of 26 535) negative
(IRT <45 ng/mL)

1st IRT measurement

250 (0.94% of 26 535) positive


226 without CF mutation
(90% of 250; 0.85% of 26 535)

DNA screening

24 with 1 or 2 CF mutations
(10.0% of 250, 0.10% of 26 535)

39 referrals to a CF center
(referral rate 15.6% of 250,
0.1% of 26,535)

Recall rate 0.94%
(24+226)/26 535

2nd IRT
measurement

   

211 (93.4% of 226) negative
(IRT <45 ng/mL)



30 without diagnosis of CF (76.9% of 39)
9 with confirmed diagnosis of CF
(PPV = 23.1% of 39; 0.03% of 26 535)

Results of the screening from January to April 2011: the number of children in each step of the screening protocol in the first four
months of 2011, and the calculated quality variables.
CF, cysric fibrosis; IRT, immunoreactive trypsinogen; PPV, positive predictive value
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eFIGURE 2

56 663 IRT analyses
with Guthrie test

1st IRT measurement

56 266 (99.3% of 56 663) negative
(IRT <50 ng/mL)

397 (0.70% of 56 663) positive


126 without CF mutation with IRT <60 ng/mL
(57.9% of 397; 0.41% of 56 663)

DNA screening

!" ##$ $&!"
(97.9% of 397, 0.41% of 56 663)

41 with 1 or 2 CF mutations
(10.3% of 397, 0.07% of 56 663)

Recall rate 0.48%
(41+230)/56 663

45 referrals to a CF center
(referral rate 11.3% of 397,
0.08% of 56 663)

2nd IRT
measurement

'   

226 (98.3% of 230) negative
(IRT <50 ng/mL)



24 without diagnosis of CF (53.3% of 45)
21 with confirmed diagnosis of CF
(PPV = 46.7% of 45; 0.04% of 56 663)
Results of the screening from May to December 2011: the number of children in each step of the screening protocol from May to
December 2011, and the calculated quality variables.
CF, cysric fibrosis; IRT, immunoreactive trypsinogen; PPV, positive predictive value

Deutsches Ärzteblatt International | Dtsch Arztebl Int 2013; 110(20) | Rueegg et al.: eFigures

II

MEDICINE

eSupplement
Fragebogen zum CF-Neugeborenen Screening für betroffene Eltern

I

Deutsches Ärzteblatt International | Dtsch Arztebl Int 2013; 110(20) | Rueegg et al.: eSupplement

MEDICINE

Deutsches Ärzteblatt International | Dtsch Arztebl Int 2013; 110(20) | Rueegg et al.: eSupplement

II

MEDICINE

III

Deutsches Ärzteblatt International | Dtsch Arztebl Int 2013; 110(20) | Rueegg et al.: eSupplement

MEDICINE

Deutsches Ärzteblatt International | Dtsch Arztebl Int 2013; 110(20) | Rueegg et al.: eSupplement

IV

