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INCIDENCE OF NARCOLEPSY IN GERMANY
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Study Objectives: Following the 2009 pandemic, reports of an association between an AS03 adjuvanted HIN1 pandemic influenza vaccine and
narcolepsy were published. Besides determining background incidence rates for narcolepsy in Germany this study aimed at investigating whether
there was a change in incidence rates of narcolepsy between the pre-pandemic, pandemic, and the post-pandemic period on the population level.
Design: Retrospective epidemiological study on the incidence of narcolepsy with additional capture-recapture analysis.

Setting: German sleep centers.

Patients or Participants: Eligible were patients with an initial diagnosis of narcolepsy (ICD10 Code G47.4) within the period from January 1,
2007 to December 31, 2011.

Interventions: None; observational study.

Measurements and Results: A total of 342 sleep centers were invited to participate in the study. Adequate and suitable data were provided by 233
sleep centers (68.1%). A total of 1,198 patients with an initial diagnosis of narcolepsy within the observed period were included, of whom 106 (8.8%)
were children and adolescents under the age of 18 years and 1,092 (91.2%) were adults. In children and adolescents, the age-standardized adjusted
incidence rate significantly increased from 0.14/100,000 person-years in the pre-pandemic period to 0.50/100,000 person-years in the post-pandemic
period (incidence density ratio, IDR 3.57; 95% CI 1.94-7.00). In adults, no significant change was detectable. This increase started in spring 2009.
Conclusions: For the years 2007-2011, valid estimates for the incidence of narcolepsy in Germany were provided. In individuals under 18, the

incidence rates continuously increased from spring 2009.
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INTRODUCTION

Narcolepsy is a rare sleep disorder with a prevalence of 26
to 50/100,000." Regarding incidence rates, prior to 2009, few
data were available. Silber et al.* found for Olmsted County,
Minnesota, an incidence rate of 1.37/100,000 person-years
(1.72 for men and 1.05 for women) and for narcolepsy with cat-
aplexy 0.74/100,000 person-years for the period 1960 through
1989. After the 2009 HINI pandemic, in several European
countries, a strong association between the pandemic influ-
enza vaccination with a monovalent AS03-adjuvanted HINI
influenza vaccine and narcolepsy was detected.>!' A minor in-
crease of the narcolepsy incidence in vaccinated compared to
non-vaccinated individuals was observed in Quebec, Canada,
where a different type of HIN1 vaccine was used.'? The under-
lying pathomechanism is unknown.

In the context of the increase in narcolepsy onset counts, es-
pecially in children and adolescents, incidence rates of narco-
lepsy were published for several European countries.

Partinen et al."® based on register data for the years 2002—
2009, calculated an incidence rate for the whole Finnish
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population of 0.79/100,000 person-years (95% CI 0.62—0.96),
for children and adolescents under 17 years of age 0.31/100,000
person-years (95% CI 0.12—0.51), for individuals aged 17
to 19 1.79 (95% CI 1.49-2.09), and for adults > 20 years
0.87/100,000 person-years (95% CI 0.71-1.03). In 2010, the in-
cidence in children and adolescents < 17 years was estimated
to be 5.30/100,000 person-years corresponding to a 17-fold in-
crease compared to previous years, and in 17- to 19-year-olds
5.46/100,000 person-years corresponding to a 3-fold increase.
No increase was seen in individuals aged 20 years and above.
In Sweden, in the pre-pandemic period (January 1, 2000 to
August 31, 2009), the incidence of narcolepsy in 2- to 17-year-
old children and adolescents was 0.26/100,000 person-years
(95% CI 0.12-0.50) and, in 2010, 6.6/100.000 person-years
(95% CI 3.40-8.10) corresponding to a 25-fold increase."
Furthermore, coordinated by the VAESCO (Vaccine Ad-
verse Event Surveillance and Communication) group for the
years 2000 through 2010 a dynamic retrospective cohort study
was conducted based on data from 6 countries (Denmark, Fin-
land, Italy, the Netherlands, Sweden, and United Kingdom)."
The pooled incidence rate was estimated to be 0.93/100,000
person-years (95% CI 0.90-0.97) in the whole population,
0.83/100,000 person-years (95% CI 0.75—0.91) in children and
adolescents from 5 to 19 years, 1.06/100,000 person-years (95%
CI 1.01-1.11) in adults from 20 to 59 years, and 0.88/100,000
person-years (95% CI 0.81-0.95) in adults over 60 years. In
the age group of 5- to 19-year-olds, the country-specific in-
cidence rates were increased after the mass vaccination cam-
paign 2009/2010 in the Scandinavian countries as compared
to the reference period (relative risk, RR 1.9 [95% CI 1.1-3.1])
in Denmark, 6.4 [95% CI 4.2-9.7] in Finland, and 7.5 [95%
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CI 5.2-10.7] in Sweden). In the other participating countries, a
similar increase was not obvious.

In June 2013, the results of a register-based study conducted
in Norway were published.® This study investigated the po-
tential change of the narcolepsy incidence in the years after
the pandemic mass vaccination campaign in vaccinated and
non-vaccinated children and adolescents at the age of 4 to 19
years. From October 2009 to January 2010 470,000 children
and adolescents in Norway were vaccinated with Pandemrix.
The coverage was 50%. The incidence rate of narcolepsy
in vaccinees within 12 months after immunization was
10/100,000 person-years, with a clustering of cases within 6
months following immunization. The incidence rate decreased
during the second year after the mass vaccination campaign
to 1.1/100,000 person-years and thus reached the incidence
rate estimated in non-vaccinated individuals (0.5-1.0/100,000
person-years); reference data from the pre-pandemic period
were not available.

For Germany, hitherto only limited data regarding incidence
rates were available. In 2002, the pediatrics working group of
the German Society for Sleep Research and Sleep Medicine
(Deutsche Gesellschaft fiir Schlafforschung und Schlafmed-
izin, DGSM) in collaboration with the Surveillance Unit for
Rare Pediatric Diseases in Germany (Erhebungseinheit fiir sel-
tene padiatrische Erkrankungen in Deutschland, ESPED) con-
ducted a study on the incidence rate of narcolepsy in individuals
under 18 years of age in Germany which delivered an estimate
of 0.12/100,000 person-years.”"®* However, the completeness
of case ascertainment was unclear. Regarding narcolepsy inci-
dence in adults, prior to our study no data were available.

Our study aimed at providing background data for the in-
cidence of narcolepsy in Germany in the years 2007 through
2011. In addition, we intended to investigate a potential change
in the pandemic and post-pandemic period as compared to the
pre-pandemic period on the population level.

METHODS

The Paul-Ehrlich-Institut as the responsible national com-
petent authority for vaccines and biomedicines in collabora-
tion with the German Society of Sleep Research and Sleep
Medicine DGSM conducted a nationwide retrospective study
on the incidence of narcolepsy from January 1, 2007 through
December 31, 2011 in Germany.

Capture Investigation

All 342 DGSM accredited sleep centers were contacted and
invited to participate. Centers which returned a completed and
signed consent form were asked to report basic data with re-
spect to the initial diagnoses of narcolepsy (International Clas-
sification of Diseases, version 10, ICD 10 code G47.4) within
the observation period. For this purpose we used a written
case report form (CRF) requesting for each eligible patient
the following information: year of birth, gender, date of pri-
mary manifestation (symptom onset), date of initial diagnosis,
and concomitant diseases. Sleep centers which refused to
take part in the study were asked to give the reasons for non-
participation on the reply form. Sleep centers which did not
respond to the initial letter of invitation, received a written re-
minder. Hospitals which did not respond to the reminder were
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contacted by phone or email and asked to explain the reasons
for non-responding/non-participation.

Recapture Investigation

An independent “recapture” investigation on the initial di-
agnoses of narcolepsy within the observation period (2007 to
2011) was carried out on-site in the sleep centers of the state
(Bundesland) Rhineland-Palatinate. Patients with confirmed
initial diagnosis of narcolepsy (ICD 10 code G47.4) from Jan-
uary 2007 through December 2011 were included.

All accredited sleep centers in Rhineland-Palatinate were
contacted and asked to give consent to have a secondary inves-
tigation carried out on-site by an independent researcher. As
soon as written agreement was received, a contract was con-
cluded defining the modalities of study conduct, data protec-
tion, and rights and obligations of the contracting parties. If a
hospital refused consent, it was requested to give the reasons.
Hospitals which did not respond to the initial letter of invita-
tion were contacted by email or phone until a definite confir-
mation or refusal was received.

Upon receipt of written consent, an appointment was made
with the contact person of the sleep center. Initial diagnoses
were identified based on paper or electronic patient records by
an independent researcher. The written case report form (CRF)
used in the capture investigation (see above) was also applied
in the recapture investigation.

For both the capture and the recapture investigation, the
same case definition was used (ICD 10 code G47.4 narcolepsy
and cataplexy) to identify cases of narcolepsy in the hospitals’
patient population. Only within the scope of the recapture in-
vestigation in Rhineland-Palatinate, an additional case valida-
tion was performed using the Brighton Collaboration criteria.

Data Linkage

Data linkage was performed manually on several variables
including year of birth, gender, date of initial diagnosis, and
concomitant diseases.

Observational Period

The observational period was divided into four sections:
pre-pandemic period (January 1, 2007 to March 30, 2009),
pandemic period prior to the mass vaccination campaign
(April 1, 2009 to October 31, 2009), pandemic period during/
post mass vaccination campaign (November 1, 2009 to June
30, 2010), and post-pandemic period (July 1, 2010 to December
31, 2011). Durations of the pre-pandemic, pandemic prior to
mass vaccination campaign, pandemic during/post mass vac-
cination campaign and post-pandemic periods comprised 27, 7,
8, and 18 months, respectively.

Statistics

The study population was divided into children and adoles-
cents (0—17 years) and adults (> 18 years). For the incidence
rate calculations, the study population under the age of 18 was
additionally sub-divided into pre-pubertal (0-9 years) and pu-
bertal (10—17 years) individuals, since, on average, girls enter
puberty at ages 10—11 and boys at ages 11-12."

Crude incidence rates for narcolepsy were calculated by
dividing the number of patients initially diagnosed with
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narcolepsy by the total number of people in Germany in each
age group during the same calendar year (2007, 2008, 2009,
2010, and 2011) or relevant period (January 2007 to March
2009, April 2009 to October 2009, November 2009 to June
2010, and July 2010 to December 2011). Demographics for 2007
through 2011 were provided by the Federal Statistical Office
(https:/www.destatis.de), Wiesbaden, Germany (delivery date:
July 13, 2013). Under the assumption of a Poisson distribution,
95% confidence intervals (95% CI) of the crude incidence rates
were estimated according to an algorithm described by Daly.?

By means of a capture-recapture analysis, the completeness
of data capture was estimated. The capture-recapture analysis
dates back to the original work initiated by Petersen.?? It is
a valid method which is used to extrapolate from samples to
the population. To do this, > 2 independent data sources are
needed. None of the 2 sources alone will capture all cases.
From the number of cases which are captured in both sources
(intersection), the total number of cases in the population can
be estimated. The greater the intersection, the more complete
is the data. In our setting, the capture units are to be under-
stood as “analytic sources” since both investigations were
based on the archived case reports.

Prerequisites of the capture—recapture analysis are®:

» Both sources cover a common population.

* The description of the individual cases in both sources

enables a so-called record linkage.

* The probability to be captured in a source is equal for all

individuals.

* The probability for each individual to be captured in

one source is independent from the probability to be
captured in the other source.

» The probability to be captured in subpopulations,

i.e., very young individuals, does not differ from the
probability to be captured in the total population.

For the primary analysis, based on both independent inves-
tigations (sleep centers [capture], on-site investigation [recap-
ture]) an estimate for “undercount” according to Chao** was
determined. Within the scope of sensitivity analyses, 3 further
established capture-recapture estimates® %’ were used.

Based on the number of cases captured by source 1, the
number of cases captured by source 2, and the estimate of
undercount (i.e., for the number of cases not captured in both
sources), a correction factor was calculated enabling extrapo-
lation from Rhineland-Palatinate to the whole of Germany:

N, +#
+
N, +C

N, +N,+C+3x 1

N, +C ey
where N, is the number of cases only captured by source 1
(investigation by sleep centers themselves), N, is the number
of cases only captured by source 2 (independent on-site
investigation), C is the number of cases captured by both
sources (intersection), and X is the estimated number of cases
captured neither by source 1 nor by source 2.

By multiplication of the crude numbers of cases with the
correction factor, adjusted numbers of cases and, subsequently,
adjusted incidence rates were calculated (method see above).

To compare the incidence rates of the pandemic period
(prior to or during/post vaccination campaign) and the
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post-pandemic period with the reference period (pre-pandemic
period), incidence density ratios (IDR)* were calculated based
on age-standardized (with the Standard European Population
2013% used as reference) adjusted incidence rates. Because of
the exploratory character of the analysis, alpha-adjusting was
not performed.

The statistical analyses were performed using the software
package SAS, version 9.3 (SAS Institute Inc. Cary, NC, USA).
With the aid of interrupted time series analyses* using the AU-
TOREG procedure which provides a correction for autocorrela-
tion, the temporal course of the incidence rates over 60 months
was analyzed for changes in level and trend. An ITS analysis is
a segmental linear regression analysis adjusting for temporal
trends, i.e. for a potential preexisting change of the outcome
variable over time without attributing it to a distinct event.

Ethics Statement

The study has been approved by the Ethics Committee of
the State Chamber of Medicine in Hessen (ID No. FF 3/2011).
According to the State Chamber of Medicine in Rhineland-
Palatinate, no additional Ethics Committee approval for the
on-site investigation in the state of Rhineland-Palatinate was
required.

RESULTS

A total of 342 sleep centers were invited to participate of
which 233 (68.1%) provided data on initial diagnoses of narco-
lepsy from January 2007 to December 2011. Among the non-
participating hospitals were no major specialized centers for
narcolepsy patients.

A total of 1,221 patients were included by the participating
sleep centers, of whom 1,198 were eligible; 23 patients were
excluded because they had initially been diagnosed with nar-
colepsy outside the observation period. Characteristics of the
study population were shown in Table 1. The study popula-
tion comprised 106 children and adolescents (8.8%) as well as
1,092 adults (91.2%). Slightly more female than male children
and adolescents (53.3%) were included, whereas males out-
numbered the females both in the adult and the whole study
population. Median age at symptoms onset was 12.5 years in
children and adolescents and 25.0 in adults; median age at ini-
tial diagnosis was 15.0 and 33.0 years, respectively. No child
was younger than 5 years at the time of diagnosis. Median du-
ration between symptoms onset and initial diagnosis was 1.0
year in children and adolescents and 3.2 years in adults.

Regarding children and adolescents, the most frequently no-
tified concomitant diseases were obesity (E66.xx, 4.7% based
on 106 patients aged 0 to 17 years), sleepwalking (somnam-
bulism; F51.3, 2.8%), sleep apnea (G47.3x, 2.8%), allergic rhi-
nitis (J30.3, 2.8%), other somatoform disorders (F45.8, 1.9%),
other non-organic sleep disorders (F51.8, 1.9%), other speci-
fied extrapyramidal and movement disorders (G25.8x, 1.9%),
and mixed asthma (J45.8, 1.9%). With respect to adults, sleep
apnea (G47.3x, 20.4% based on 1,092 patients aged 18 and
above), other specified extrapyramidal and movement disor-
ders (G25.8x, 10.0%), and obesity (E66.xx, 7.6%) were the
most frequently recorded concomitant diseases.

In children and adolescents, the number of initially diag-
nosed cases of narcolepsy increased from 10 cases in 2007 to
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Table 1—Characteristics of the study population.

Characteristic Children and Adolescents (0-17 years) Adults (= 18 years) Whole Study Population
Eligible 106 (8.8%) 1,092 (91.2%) 1,198 (100.0%)
Gender

Males 48 (45.3%) 605 (55.4%) 653 (54.5%)
Females 57 (53.8%) 482 (44.1%) 539 (45.0%)
n.a. 1(0.9%) 5(0.5%) 6 (0.5%)
Age at symptom onset (years)
Mean 1.8 28.8 27.1
Standard deviation 3.6 13.9 14.2
Median 12.5 25.0 23.0
Range 3.0-17.0 5.0-84.0 3.0-84.0
Age at initial diagnosis (years)
Mean 13.6 36.1 34.1
Standard deviation 34 145 15.3
Median 15.0 33.0 31.5
Range 5.0-17.0 18.0-85.0 5.0-85.0
Duration between symptoms onset and initial diagnosis (years)
Mean 2.0 7.0 6.5
Standard deviation 24 9.5 9.2
Median 1.0 3.2 2.8
Range 0.0-12.9 0.0-58.6 0.0-58.6
Table 2
A Group
Children and Adolescents (0-17 years) Adults (= 18 years) Whole Study Population
Year n 1(95% CI)® al (95% CI)® n 1(95% Cl)> al (95% Cl)® n 1(95% Cl)® al (95% Cl)®

2007 10  0.07(0.03-0.13) 0.13(0.08-0.21) 218 0.32(0.28-0.36) 0.60 (0.54-0.66) 228 0.28 (0.24-0.32) 0.52 (0.47-0.57)

2008 13 0.10(0.05-0.16) 0.18 (0.11-0.26) 197 0.29(0.25-0.33) 0.54 (0.49-0.60) 210 0.26 (0.22-0.29) 0.48 (0.44-0.53)

2009 16 0.12(0.07-0.19) 0.22(0.15-0.32) 202 0.30(0.26-0.34) 0.56 (0.50-0.61) 218 0.27 (0.23-0.30) 0.50 (0.45-0.55)

2010 26 0.19(0.13-0.29) 0.37 (0.27-0.48) 238 0.35(0.31-0.40) 0.65 (0.59-0.72) 264 0.32(0.29-0.36) 0.61 (0.55-0.66)

2011 41 0.31(0.22-0.42) 0.58 (0.46-0.73) 237 0.35(0.30-0.39) 0.65 (0.59-0.71) 278 0.34(0.30-0.38) 0.64 (0.59-0.70)
B Group
Prepubertal Study Subjects (0-9 years) Pubertal Study Subjects (10-17 years) Children and Adults (0-17)

Year n 1(95% Cl)® al (95% CI)® n 1(95% ClI)® al (95% CI)® n 1(95% CI)® al (95% CI)®

2007 2 0.03(0.00-0.10) 0.05(0.01-0.14) 8 0.12(0.05-0.24) 0.22(0.13-0.37) 10  0.07(0.03-0.13) 0.13(0.08-0.21)

2008 1 0.01(0.00-0.08) 0.03(0.00-0.10) 12 0.18(0.10-0.32) 0.35(0.22-0.52) 13 0.10(0.05-0.16) 0.18(0.11-0.26)

2009 3 0.04(0.09-0.12) 0.08 (0.03-0.18) 13 0.20(0.11-0.35) 0.38 (0.24-0.56) 16 0.12(0.07-0.19) 0.22(0.15-0.32)

2010 5 0.07(0.02-0.17) 0.13 (0.06-0.25) 21 0.33(0.20-0.50) 0.62 (0.44-0.85) 26 0.19(0.13-0.29) 0.37 (0.27-0.48)

2011 5 0.07(0.02-0.17) 0.14 (0.06-0.25) 36 0.57(0.40-0.79) 1.08 (0.83-1.36) 41 0.31(0.22-0.42) 0.58 (0.46-0.73)

(A) Reported eligible incident cases of narcolepsy, crude and adjusted incidence rates in children and adolescents (017 years) as well as adults (= 18
years) by calendar year (time of initial diagnosis). (B) Reported eligible incident cases of narcolepsy, crude and adjusted incidence rates in prepubertal
(0-9 years) and pubertal (10-17 years) children and adolescents by calendar year (time of initial diagnosis). °I (95% Cl) crude incidence rate per 100,000
person-years, point estimate and 95% confidence interval. *al (95% Cl) incidence rate per 100,000 person-years adjusted for undercount, point estimate
and 95% confidence interval. n, number.

41 cases in 2011 corresponding to an estimated crude incidence
rate of 0.07/100.000 person-years in 2007 and 0.31/100,000
person-years in 2011 (Table 2A). In adults, the estimated crude
incidence rate ranging from 0.29 to 0.35/100,000 person-years
remained stable throughout the observation period. In pre-
pubertal as well as in pubertal children and adolescents, the
crude incidence rate continuously increased from 2007 to 2011

(Table 2B).
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In the pre-pandemic period (January 2007 to March 2009),
24 children and adolescents had initially been diagnosed with
narcolepsy corresponding to an estimated crude incidence rate
of 0.08/100,000 person-years. In the post-pandemic period
(July 2010 to December 2011), 54 new diagnoses were made
in children and adolescents corresponding to an estimated
crude incidence rate of 0.27/100,000 person-years (Table 3A).
In adults, in the pre-pandemic period 453 patients and in the
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Table 3

A Group
Children and Adolescents (0-17 years) Adults (= 18 years) Whole Study Population
Period n i(95% Cl)® al (95% Cl)® n i(95% Cl)? al (95% Cl)® n i(95% Cl)® al (95% Cl)®

Pre-pandemic 24 0.08(0.04-0.14) 0.15(0.09-0.22) 453 0.29(0.26-0.34) 0.55(0.50-0.61) 477 0.26 (0.22-0.30) 0.49 (0.44-0.54)
Pandemic | 12 0.15(0.09-0.23) 0.29 (0.20-0.39) 132 0.33(0.29-0.38) 0.62 (0.56-0.68) 144 0.30(0.27-0.34) 0.57 (0.52-0.62)
prior to vaccination

campaign

Pandemic Il 16 0.18(0.11-0.27) 0.34 (0.25-0.45) 148 0.32 (0.28-0.37) 0.61(0.55-0.67) 164 0.30(0.26-0.34) 0.57 (0.52-0.62)
during/post vaccination

campaign

Post-pandemic 54 0.27 (0.19-0.38) 0.51 (0.40-0.65) 359 0.35(0.31-0.40) 0.66 (0.60-0.72) 413 0.34(0.30-0.38) 0.63 (0.58-0.69)

B Group
Prepubertal Study Subjects (0-9 years) Pubertal Study Subjects (10-17 years) Children and Adults (0-17 years)
Period n 1(95% Cl)® al (95% Cl)® n i(95% Cl)? al (95% Cl)® n 1(95% Cl)® al (95% Cl)®

Pre-pandemic 3 0.02(0.00-0.09) 0.03(0.01-0.11) 21 0.14(0.07-0.27) 0.27 (0.16-0.42) 24 0.08(0.04-0.14) 0.15(0.09-0.22)
Pandemic | 2 0.05(0.01-0.13) 0.09(0.04-0.19) 10 0.27(0.16-0.43) 0.50 (0.34-0.71) 12 0.15(0.09-0.23) 0.29 (0.20-0.39)
prior to vaccination

campaign

Pandemic Il 3 0.06(0.02-0.16) 0.12(0.05-0.23) 13 0.31(0.19-0.47) 0.57 (0.40-0.79) 16 0.18(0.11-0.27) 0.34 (0.25-0.45)
during/post vaccination

campaign
Post-pandemic 8 0.08(0.03-0.17) 0.14(0.07-0.27) 46 0.49(0.33-0.69) 0.91(0.69-1.18) 54 0.27 (0.19-0.38) 0.51(0.40-0.65)

(A) Reported eligible incident cases of narcolepsy, crude and adjusted incidence rates in children and adolescents (0-17 years) as well as adults (= 18 years)
by period (time of initial diagnosis). (B) Reported eligible incident cases of narcolepsy, crude and adjusted incidence rates in prepubertal (0-9 years) and
pubertal (10-17 years) children and adolescents by period (time of initial diagnosis). #1 (95% Cl) incidence rate per 100,000 person-years, point estimate
and 95% confidence interval. ®al (95% Cl) incidence rate per 100,000 person-years, point estimate and 95% confidence interval adjusted for undercount. n,
number; Pre-pandemic, Jan 2007 to Mar 2009; Pandemic I, Apr 2009 to Oct 2009; Pandemic II, Nov 2009 to Jun 2010; Post-pandemic, Jul 2010 to Dec 2011.

Table 4—Capture and recapture investigations in Rhineland-Palatinate.

Capture (N, + C)
n 51
Age (mean £ SD) at initial diagnosis (years) 30+15
Male 28 (54.9%)
Female 23 (45.1%)
Cataplexy? 28 (54.9%)
BC criteria of narcolepsy fulfilled 43 (84.3%)

in both sources.

20nly recorded in the recapture investigation. SD, standard deviation; BC, Brighton Collaboration; N,, number of incident cases exclusively captured in the
capture investigation; N,, number of incident cases exclusively captured in the recapture investigation; C, intersection, number of incident cases captured

Recapture (N, + C) Intersection (C) N;+N,+C
72 43 80
34 +14 32+ 14 32+ 14
31 (43.1%) 23 (53.5%) 36 (45.0%)
41 (56.9%) 20 (46.5%) 44 (55.0%)
45 (62.5%) 27 (62.8%) 46 (57.5%)
70 (97.2%) 43 (100.0%) 70 (87.5%)

post-pandemic period 359 patients were initially diagnosed
with narcolepsy corresponding to a slight increase of the esti-
mated crude incidence rate from 0.29 to 0.35/100,000 person-
years. An increase in incidence rates was observed in both
prepubertal and pubertal children and adolescents (Table 3B).

From August 2013 to December 2013, a second investiga-
tion (recapture) was performed by an independent researcher
in Rhineland-Palatinate. Thirteen of the 20 contacted sleep
centers in Rhineland-Palatinate participated in the recapture
investigation. The remaining 7 non-participating sleep centers
did not diagnose narcolepsy and referred patients with sus-
pected narcolepsy to specialized sleep centers. Of the 13 sleep
centers participating in the recapture investigation 7 had par-
ticipated in the capture investigation.

In Rhineland-Palatinate, a total of 80 initial diagnoses of nar-
colepsy were recorded (Table 4). In the capture investigation,
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51 incident cases of narcolepsy were captured, 8 of which were
exclusively within the scope of the capture investigation. In
the recapture investigation, 72 incident cases were captured in-
cluding 29 cases exclusively identified within the scope of the
recapture investigation. A total of 43 incident cases were cap-
tured by both capture and recapture investigation. In Table 4
the study population in Rhineland-Palatinate is described in
detail. Of the 51 cases included within the scope of the capture
investigation 43 (84.3%) met the criteria of the BC case defini-
tion and of the 72 cases included within the scope of the recap-
ture investigation 70 cases (97.2%) fulfilled the BC criteria. A
total of 70 of the 80 cases (87.5%) included in Rhineland-Palat-
inate met the BC criteria, 2 cases did not, and 8 cases had not
been identified within the scope of the recapture investigation.

According to the method described by Chao,? X = 15.92 in-
cident cases had not been captured by both investigations. By
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Period
Prepubertal individuals (0-9 years)
Pre-pandemic
Pandemic | (prior to vaccination campaign)
Pandemic Il (during/post vaccination campaign)
Post-pandemic

Pubertal individuals (10-17 years)
Pre-pandemic
Pandemic | (prior to vaccination campaign)
Pandemic Il (during/post vaccination campaign)

std al (95% Cl)?
0.03 (0.01-0.11)
0.09 (0.04-0.20)
( )
( )

0.12 (0.06-0.24
0.15(0.07-0.27

0.26 (0.15-0.41

0.91(0.69-1.18

Table 5—Comparison of age-standardized adjusted incidence rates between observational periods.

Comparison

Pre-pandemic vs. Pandemic |
Pre-pandemic vs. Pandemic Il
Pre-pandemic vs. Post-pandemic

Pre-pandemic vs. Pandemic |
Pre-pandemic vs. Pandemic Il

IDR (95% CI)®

3.00 (0.75-17.23)
4.00 (1.08-22.09)
5.00 (1.41-26.94)

1.92 (1.17-3.22)
2.19 (1.36-3.63)

Post-pandemic
Children and adolescents (0-17 years)

( )
0.50 (0.34-0.70)
0.57 (0.40-0.79)

( )

Pre-pandemic 0.14 (0.08-0.21) -

Pandemic | (prior to vaccination campaign) 0.28 (0.20-0.38) Pre-pandemic vs. Pandemic | 2.00 (1.02-4.11)

Pandemic Il (during/post vaccination campaign) 0.33 (0.24-0.44) Pre-pandemic vs. Pandemic I 2.36 (1.23-4.77)

Post-pandemic 0.50 (0.38-0.63) Pre-pandemic vs. Post-pandemic 3.57 (1.94-7.00)
Adults (= 18 years)

Pre-pandemic 0.56 (0.50-0.62) - -

Pandemic | (prior to vaccination campaign) 0.63 (0.57-0.69) Pre-pandemic vs. Pandemic | 1.13(0.77-1.64)

Pandemic Il (during/post vaccination campaign) 0.62 (0.56-0.68) Pre-pandemic vs. Pandemic Il 1.11 (0.76-1.62)

Post-pandemic 0.67 (0.61-0.74) Pre-pandemic vs. Post-pandemic 1.20 (0.83-1.74)
Whole study population (all ages)

Pre-pandemic 0.48 (0.43-0.53) - -

Pandemic | (prior to vaccination campaign) 0.56 (0.51-0.61) Pre-pandemic vs. Pandemic | 1.17 (0.78-1.75)

Pandemic Il (during/post vaccination campaign) 0.56 (0.51-0.62) Pre-pandemic vs. Pandemic Il 1.17 (0.78-1.75)

Post-pandemic 0.64 (0.58-0.70) Pre-pandemic vs. Post-pandemic 1.33 (0.90-1.98)

astd al (95% Cl) age-standardized (with the Standard European Population 20132 used as reference) incidence rate per 100,000 person-years adjusted
for undercount, point estimate and 95% confidence interval. °IDR incidence density ratio, point estimate and 95% confidence interval. Pre-pandemic, Jan
2007 to Mar 2009; Pandemic |, Apr 2009 to Oct 2009; Pandemic Il, Nov 2009 to Jun 2010; Post-pandemic, Jul 2010 to Dec 2011.

Pre-pandemic vs. Post-pandemic 3.50 (2.24-5.64)

inserting N,, N,, C, and % into the mathematical equation (see
equation 1) a correction factor of 1.88 for extrapolation to the
whole of Germany was obtained.

By multiplying the observed numbers of incident cases with
the correction factor, adjusted incidence rates by calendar year/
period were obtained (Table 2 and Table 3).

Besides the method according to Chao, 3 further established
methods to calculate a capture—recapture estimate for under-
count were used within the scope of sensitivity analyses.?>%’
The adjusted incidence rates calculated in this way were only
slightly different from those obtained by the method according
to Chao (data not shown).

In children and adolescents, the age-standardized adjusted
incidence rate significantly increased from 0.14/100,000
person-years (95% CI: 0.08—0.21) in the pre-pandemic period
to 0.50/100,000 person-years (95% CI: 0.38—0.63) in the post-
pandemic period (IDR 3.57; 95% CI 1.94—7.00) (Table 5). With
respect to prepubertal individuals, the difference between
the pre-pandemic period (0.03/100,000 person-years [95%
CI: 0.01-0.11]) and the post-pandemic period (0.15/100,000
person-years [95% CI: 0.07-0.27]) was even more pronounced
(IDR5.00; 95% CI: 1.41-26.94). In pubertal individuals, the age-
standardized adjusted incidence rate significantly grew from
0.26/100,000 person-years (95% CI: 0.15-0.41) in the pre-pan-
demic period to 0.91/100,000 (95% CI: 0.69—-1.18) in the post-
pandemic period (IDR: 3.50; 95% CI: 2.24-5.64). In adults, no
significant increase of the age-standardized adjusted incidence
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rate was detectable (0.56/100.000 person-years [95% CI: 0.50—
0.62]) in the pre-pandemic period, 0.67/100,000 person-years
[95% CI: 0.61-0.74] in the post-pandemic period; IDR 1.20;
95% CI 0.83—1.74). Regarding the whole study population, the
age-standardized adjusted incidence rate was 0.48/100,000
person-years (95% CI: 0.43—0.53) in the pre-pandemic period
and 0.64/100,000 person-years (95% CI: 0.58—0.70) in the post-
pandemic period (IDR 1.33; 95% CI 0.90-1.98). In children
and adolescents, but neither in adults nor in the whole study
population, there were also significant differences between the
pre-pandemic and the pandemic period (prior to and/or during/
post vaccination campaign; Table 5).

The ITS analysis revealed that regarding children and ado-
lescents, the incidence rate started to increase significantly in
spring 2009 (P = 0.0138); afterwards the trend remained stable
during the remaining observation period (Figure 1).

In adults, there were no significant changes in the incidence
rate within the observation period (Figure 2).

DISCUSSION

This is the first nationwide investigation of the incidence of
narcolepsy in all age groups and the biggest study conducted
in one population using the same protocol and method, thus
enabling a robust analysis of the incidence of narcolepsy in
Germany.

The calculated estimates for adjusted incidence rates are in
accordance with those obtained in other European countries in
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Figure 1—Adjusted incidence rate in children and adolescents (0-17 years old) by month. Segmental linear regression analysis.

the pre-pandemic period™*!"* and with those found within the
scope of the ESPED study on the incidence rate of narcolepsy
in children and adolescents in Germany conducted in 2002."18

As seen in several other countries,” in Germany the in-
cidence rate of narcolepsy in children and adolescents sig-
nificantly increased between the pre-pandemic and the
post-pandemic period on the population level. This increase
(3.6-fold) was more pronounced than in Denmark (1.9-fold)"
and less marked than in Finland (17-fold)"® and Sweden (25-
fold)." In contrast, no increase of the incidence rate in chil-
dren and adolescents was reported for the Netherlands, United
Kingdom, and Italy (Tuscany and Emilia Romagna regions)."
For Beijing, China, Han et al. observed a 3-fold increase in
narcolepsy onset counts (mostly children and adolescents) fol-
lowing the 2009 HIN1 pandemic irrespective of HINI immu-
nization since only 5.6% of the patients reported a prior HIN1
vaccination (a non-adjuvanted HIN1 pandemic influenza vac-
cine was used).*? In contrast, no increase in the incidence rate
for narcolepsy in the post-pandemic period was observed in
South Korea,* where a MF59-adjuvanted or a non-adjuvanted
HINI pandemic influenza vaccine was used. Of note, in
German children and adolescents, there was already a 2-fold
incidence increase between the incidence rate of the pre-pan-
demic period and the pandemic period prior to the HINI mass
vaccination campaign.

In Germany, no incidence increase was observed in adults
on the population level. This is in line with findings from Fin-
land, Sweden, the Netherlands, United Kingdom, and Italy.'*!
Only for Denmark, a 1.5-fold increased incidence rate in the
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post-pandemic period as compared to the pre-pandemic pe-
riod in individuals aged 20 to 59 years was reported.” Evi-
dence of an increased risk of narcolepsy in HINI vaccinated
adults, however, comes from recently published epidemiolog-
ical studies: in Finland, a 3- to 5-fold increased risk of narco-
lepsy was reported for adults aged 20 to 64 years,** and the
French study found a 4.7-fold increased risk of narcolepsy in
HINI vaccinated individuals aged 18 and over.” In Swedish
individuals aged 21 to 30 years, a two-fold increased risk was
observed."

According to the Robert Koch Institut (RKI), the Federal
German Public Health Institute, the first lab-confirmed cases
of influenza A/HIN1/v were registered from end of April 2009
in Germany. However, only from calendar week 42 a measur-
able influence on the morbidity of the population regarding
acute airway diseases was observed.* Considering that the
mean time interval between symptom onset and initial di-
agnosis in children and adolescents between April 2009 and
October 2009 was 1.4 years, it is not plausible that HINI in-
fluenza infections triggered the significant increase of initial
narcolepsy diagnoses.

HINI vaccination coverage in Germany was rather low.
The overall vaccination coverage was estimated to be 8.1%
(95% CI: 7.4-8.8) in individuals > 14 years of age, 7.8% (95%
CI: 6.1-10.0) in the age-group < 14 years, and 4.0% (95% CI:
2.6—6.4) in 14- to 17-year-old adolescents.*® Mass vaccination
campaign was initiated on 26 October 2009. The last doses
were administered at the beginning of March 2010. With very
few exceptions, AS03 adjuvanted HIN1 vaccine was used.

Incidence of Narcolepsy in Germany—OQOberle et al.
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Figure 2—Adjusted incidence rate in adults (= 18 years old) by month. Segmental linear regression analysis.
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Considering the low vaccination coverage, the significant in-
crease of the incidence rate observed in children and adoles-
cents in the pandemic period during/post mass vaccination
campaign and in the post-pandemic period as compared to the
reference period (2.4-fold and 3.6-fold increase, respectively)
may rather have other causes.

Compared to Sweden or Finland, the media paid little atten-
tion to the potential association between HIN1 vaccination and
narcolepsy in Germany, probably due to the low vaccination
coverage (about 8%). In August 2010, the Paul-Ehrlich-Institut,
the Federal German Institute for Vaccines and Biomedicines,
published on its homepage that the Swedish agency had re-
ceived reports on narcolepsy in close temporal association with
immunization against HIN1/A pandemic influenza in children
and adolescents. In addition, a press release was issued. From
late August until end of September 2010, the specialized press,
e.g., Deutsches Arzteblatt (German magazine for doctors) or
Pharmazeutische Zeitung (pharmaceutical newspaper) ad-
dressed the topic in a few articles. In February 2011, media
attention reached a first peak with several articles in large daily
and weekly newspapers. Besides internet blogs, the subject
was also taken up in radio and television broadcasts. A second
peak occurred in July 2011 as a result of the European Medi-
cines Agency’s decision to restrict the use of AS03 adjuvanted
pandemic HIN1 influenza vaccine in individuals younger than
20 years of age. Beyond July 2011, media attention eased after
a new study from China*? put forward the thesis that the HIN1
pandemic itself may have triggered narcolepsy. The crucial
point is that in Germany the incidence rates started to rise in
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spring 2009, i.e., at a time when media attention with respect to
vaccinations and narcolepsy was literally nonexistent.

In 2002, the German Society for Neurology published
guidelines for the diagnosis and management of narcolepsy
which were updated in October 2008°7; the latest update dates
back to 2012.* The use of targeted diagnostics from 2008/2009
may have contributed to identify cases of narcolepsy earlier
than before. An indication of this is a decreasing time interval
between symptoms onset and initial diagnosis within the ob-
servation period. This decrease was already obvious between
April 2009 and October 20009, i.e., prior to the mass vaccina-
tion campaign, as compared to the pre-pandemic period.

A limitation of the study is lacking completeness. A total
of 233 (68.1%) of the 342 contacted sleep centers provided in-
formation regarding the frequency of initial diagnoses within
the observation period. Further investigations regarding the
technical thrust revealed that among the 112 hospitals which
did not take part in our study were no sleep centers specialized
on narcolepsy. Because of the limited completeness, an inde-
pendent secondary investigation was conducted in one federal
state of Germany, in Rhineland-Palatinate, to determine an
estimate for undercount. Thirteen of the 20 contacted sleep
centers in Rhineland-Palatinate participated in the recapture
investigation. The remaining 7 nonparticipating sleep centers
did not diagnose narcolepsy, but referred patients with sus-
pected narcolepsy to specialized sleep centers. According to
the method described by Chao, the number of missing cases
in Rhineland-Palatinate was estimated. Subsequently, a cor-
rection factor was calculated to extrapolate to the whole of
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Germany. Sensitivity analyses using capture-recapture esti-
mates according to Chapman, Sekar und Deming as well as
Zelterman revealed a good concordance between the estab-
lished methods. Because of the unequal catchability of the
sleep centers, the method according to Chao was chosen for
the primary analysis.

Ascertainment of narcolepsy cases in the capture investi-
gation was based on registered diagnoses (ICD code G47.4).
There was no opportunity in this study to independently vali-
date these diagnoses by experts. Thus, we had to rely on the
diagnosis made by the sleep centers. To face this limitation,
within the recapture investigation it was investigated whether
the cases included in Rhineland-Palatinate met the criteria of
the BC case definition of narcolepsy and found that a remark-
able 87% of the cases did.

This study did not aim at investigating a potential associa-
tion between the pandemic influenza vaccination and narco-
lepsy, vaccine exposure data were not recorded within the
scope of this investigation. The possible role of HINI/A pan-
demic influenza vaccination and other vaccinations will be
addressed within the scope of a second study, a multicenter
matched case-control study on the risk factors of narcolepsy
which is not subject of this publication.

To conclude, for the period 2007-2011, valid estimates for
the incidence of narcolepsy in Germany were determined. In
children and adolescents, a significant increase of the narco-
lepsy incidence rate between pre-pandemic and post-pandemic
period was detected, with the incidence rate starting to rise
in spring 2009. During the remaining observation period, this
trend remained stable. This does not preclude a potential de-
layed effect of the mass vaccination campaign beyond the ob-
servation period. A similar increase was not observed in adults.

It is important to obtain country-specific incidence esti-
mates to understand regional disease dynamics. The estimates
that have been provided in this study will serve as starting
point for further investigations.
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