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1. Preamble
1.1. The need for developing a case deﬁnition for narcolepsy as an
adverse event following immunization (AEFI)
1.1.1. General introduction
Narcolepsy is a sleep disorder primarily characterized by excessive daytime sleepiness and cataplexy – episodes of muscle
weakness brought on by emotions [1]. Additional symptoms may
comprise hypnagogic hallucinations (vivid dream-like experiences
occurring during the transition between wakefulness and sleep),
sleep paralysis (episodes of inability to move during the onset of
sleep or upon awakening, lasting for a few seconds or minutes),
fragmented nocturnal sleep, as well as impaired ability for sustained attention and non-sleep symptoms such as obesity, anxiety,
cognitive and emotional disturbances, and behavioral problems
and precocious puberty in children [2–7]. Excessive daytime sleepiness can occur in other disorders [8], but most patients suffering
from narcolepsy experience their unwanted sleep episodes as short
and refreshing [3,4]. Cataplexy consists of brief episodes of muscle
weakness without altered consciousness, usually triggered by emotions. Cataplexy constitutes a virtually pathognomonic symptom
for narcolepsy [1], although it must be separated from a speciﬁc
feeling of muscle weakness with emotions in normal subjects [4].
Cataplexy may rarely occur in some other disorders which are
easily distinguished from narcolepsy, such as Niemann-Pick type
C, Cofﬁn-Lowry syndrome, and Norrie Disease [10–19]. Given its
speciﬁcity, determining of cataplexy is of paramount importance,
although an objective test is not available [9] as of yet.
1.1.2. Diagnosis of narcolepsy
Formally, the diagnosis of narcolepsy can be made on clinical
grounds [1]. However, particularly when cataplexy is absent, the
diagnosis must be supported by additional polysomnographic testing and/or by the measurement of the neuropeptide hypocretin-1
(also called orexin A) in the cerebrospinal ﬂuid (CSF) obtained by
lumbar puncture [1]. A very low or undetectable hypocretin-1 level
(<110 pg/ml) is the most speciﬁc ﬁnding in narcolepsy in general.
For narcolepsy with cataplexy it also is highly sensitive: more than
90% of unambiguous cases are hypocretin deﬁcient, making this
neuropeptide a valuable diagnostic biomarker [20,21]. For narcolepsy without cataplexy it is much less sensitive, with up to 20%
of cases hypocretin-1 deﬁcient [21–24]. Intermediate levels of CSF
hypocretin-1 (between 110 and 200 pg/ml) may not always suggest a diagnosis of narcolepsy, as they may also be observed in
other neurologic conditions, tumors, infections, acute traumatic
brain injury, and syndromic/genetic cases [25–36]. Importantly
however, these conditions are unlikely to lead to diagnostic confusion, since they have substantially different symptoms compared
to narcolepsy. CSF hypocretin-1 measurement is the most precise
diagnostic tool available in narcolepsy with cataplexy [1,21,37], and
will be incorporated in the upcoming 3rd edition of the International Classiﬁcation of Sleep Disorders (ICSD) as preferential and
not only alternative criterion [1].
The main polysomnographic test is the Multiple Sleep Latency
Test (MSLT), typically showing a short mean sleep latency
(SL, ≤8 min) and ≥2 Sleep Onset Rapid Eye Movement Periods
(SOREMPs) [1]. With such cut-offs, the MSLT sensitivity is 94.5%
but the speciﬁcity is only 73.3% [38,39].
1.1.3. Demographics and diagnostic rate
Narcolepsy with cataplexy has an estimated prevalence of
2–5/10,000 [40] and an average incidence of 7.4 per million personyears [41]. More than 50% of cases appear to have disease onset
before 18 years of age [42]. Onset as late as 70 years of age is rare
but has been described [4,43]. Bimodal peaks have been reported,
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with one around 15 years of age (range 10–19 years) and the other
around 35 years [44]. Onset of the disease can be insidious (over
years) or acute (within weeks or even days). Acute onset is most
often reported in children, especially for narcolepsy with cataplexy
associated with a large BMI increase close to the onset of narcoleptic symptoms. Cataplexy develops in 5–8% of patients as an
initial symptom but usually either together with excessive daytime sleepiness or within on average 6 years after the onset of
sleepiness [4,45–47]. Signiﬁcant sex differences are not observed,
although a slight male predominance was reported, while females
showed a slightly earlier manifestation of symptoms in one German
study [47]. As with many other rare diseases, narcolepsy is often
overlooked or misdiagnosed, leading to an estimated mean diagnostic delay of 8 years, ranging from a few weeks to 60 years after
the onset of clinical symptoms [48]. The delay between excessive
daytime sleepiness and cataplexy onset may contribute to diagnostic delay [47]. In clinical practice, recognition of childhood cases
is increasing, perhaps because of better awareness of the disease
in the general population and in medical community [5,48–51].
Recognition of the disease in children is particularly challenging,
since a wide range of daytime sleep requirements is often considered normal, cataplexy in children presents with atypical features
[51], and there is a lack of objective pediatric diagnostic criteria [1].

1.1.4. Pathophysiology
Sporadic narcolepsy with cataplexy is associated with a loss of
hypocretin-producing neurons in the hypothalamus (which is not
always the case in secondary or familial forms of narcolepsy) as
demonstrated in post-mortem studies on sporadic cases [52–54],
but the exact pathological mechanism still remains to be elucidated. Abnormalities in genes coding for hypocretin peptides
or their receptors could only be identiﬁed in a single patient
with a point mutation in the prepro-hypocretin gene [53]. An
autoimmune etiology is hypothesized on the basis of a strong association with the Human Leukocyte Antigen (HLA) DQB1*06:02,
with 85–98% of patients carrying this allele [55]. So far studies
have not identiﬁed hypocretin neuron speciﬁc antibodies [56–60].
More recently, the hypothesis of an autoimmune etiology was supported by association with a polymorphism in the T cell receptor
alpha locus, involved in the HLA-peptide presentation, and with
a polymorphism of the T cell and natural killer P2RY11 receptor, involved in the regulation of immune-cell survival [61,62].
Moreover, patients with recent onset narcolepsy showed elevated anti-streptolysin-O titers, suggesting recent streptococcal
infections [63], and increased titers of antibodies against Tribbles homolog 2, an intracellular and membrane protein enriched
in hypocretin neurons, were detected in a small but signiﬁcant
proportion of recent onset narcolepsy patients [64]. The relation
between these ﬁndings and hypocretin cell loss has yet to be
explained.
In contrast to narcolepsy with cataplexy, narcolepsy without
cataplexy is probably not a single disease. Only some individuals in this heterogeneous group will develop cataplexy later,
but most will not [65–68]. For this latter group there is evidence
that narcolepsy without cataplexy may be caused by a partial
localized loss of hypocretin cells when compared to narcolepsy
with cataplexy, which may explain why hypocretin-1 levels are
normal/intermediate rather than undetectable [20,37,67–71]. A
pathophysiological mechanism similar to narcolepsy with cataplexy is presumed in these patients. However, there is also evidence
that a clinical picture resembling narcolepsy without cataplexy can
occur with behaviorally induced insufﬁcient sleep, sleep related
breathing disorders, periodic limb movement disease, or environmental sleep disorder [1,72–75]. The differential diagnosis should
consider these conditions, which can however be co-morbid with
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a diagnosis of narcolepsy without cataplexy if daytime sleepiness
and REM abnormalities are not resolved after adequate treatment.
1.1.5. Possible relation between narcolepsy and H1N1 vaccination
In 2010, clustering of new narcolepsy cases was reported in
Sweden (34 cases), Finland (30), France (10), Norway (6) and
Portugal (1) among children and adolescents, after immunization with Pandemrix® , the brand of monovalent pandemic
2009 H1N1 inﬂuenza vaccine used in these countries [74]. In
response to this signal, several epidemiologic studies were
conducted and initial results were published in case reports
from the Swedish and Finnish national authorities [76–78]. The
Finnish National Institute for Health and Welfare immediately
recommended discontinuing vaccination with Pandemrix® as
a precautionary measure [79]. A ﬁrst letter reporting postH1N1 vaccine/infection cases diagnosed in Montpellier (France),
Stanford (CA, USA), Montreal (Canada), and Rochester (MN,
USA) was published [80], followed by reports from Finland and
Sweden, regulatory, and public health agencies (see also National
Institute for Health and Welfare documents available online:
http://www.thl.ﬁ/thl-client/pdfs/dce182fb-651e-48a1-b018-3f774
d6d1875 and http://www.thl.ﬁ/en US/web/en/pressrelease?id=
26352). Reports of narcolepsy after H1N1 vaccination or H1N1
infection also began to emerge [81–84]. For a summary of events,
see also Table 1.
1.1.6. Need to develop a narcolepsy case deﬁnition
In response to these developments, in September 2010 at the
20th Meeting of the European Sleep Research Society in Lisbon,
the European Narcolepsy Network Group discussed the need for
a coordinated action to elucidate the observed increased frequency of narcolepsy following vaccination. During the fall of
2010, sleep medicine experts, epidemiologists, and public health
ofﬁcials rapidly set out to further assess the safety signal for
narcolepsy. Researchers agreed that there was a critical need to
develop a generally accepted deﬁnition of narcolepsy with a special focus on pediatric narcolepsy. In November 2010, a small
group of European sleep medicine specialists developed a working
case deﬁnition for data collection and study protocols including
the concerted European effort to investigate the signal as part
of the vaccine adverse event surveillance and communication
(VAESCO) project (http://vaesco.net). Building on this initial document, a formal Brighton Collaboration Narcolepsy Working Group
was created to develop a standardized narcolepsy case deﬁnition
according to the well-established Brighton Collaboration process
(http://brightoncollaboration.org).
This paper presents the case deﬁnition and guidelines for data
collection, analysis, and presentation that the Narcolepsy Working
Group developed for the standardized assessment of narcolepsy.
Note that this is not intended as a clinical diagnostic classiﬁcation,
but primarily as a research tool. Widespread use of this deﬁnition and guidelines in studies focused on narcolepsy as an adverse
event following immunization (AEFI) will enable data comparability and lead to a better understanding of narcolepsy in the context
of immunization.
1.2. Methods for the development of the case deﬁnition for
narcolepsy as an AEFI
Following previously established procedures [85] (see http://
www.brightoncollaboration.org/internet/en/index/process.html),
the Brighton Collaboration Narcolepsy Working Group was initiated
in October 2010, with 22 inter-disciplinary members from 4
continents with clinical, academic, public health and industry
backgrounds, as well as expertise in narcolepsy. Based on the preliminary case deﬁnition used in the VAESCO consortium studies,

the Narcolepsy Working Group began to develop the current deﬁnition of narcolepsy together with guidelines for data collection,
analysis, and presentation of vaccine safety data. A systematic
literature search to guide decision-making for the case deﬁnition
and guidelines was conducted. The search focused on three topics: the relation between narcolepsy and vaccinations, existing
narcolepsy case deﬁnitions or diagnostic classiﬁcation systems,
and diagnostic tools for narcolepsy used in clinical practice. The
literature search included the following terms: vaccination, immunization (or terms beginning with vaccin-, immun-, inoculat-),
classiﬁcation, deﬁnition, nosology, diagnostic criteria (or terms
beginning with classiﬁc-, deﬁnitio-, criter-, diagnos-), HLA, orexin-,
hypocretin-, maintenance of wakefulness test, polysomnography,
multiple sleep latency test, objective measurements, subjective
measurements, and narcolep-. The search was limited to articles
on human narcolepsy, published from 1950 through December
2011, written in English, French, Italian, Dutch, German, Spanish,
and Portuguese. The search resulted in initial identiﬁcation of
1649 references. All abstracts were screened for possible reports
of narcolepsy following immunization and diagnostic markers
for narcolepsy. We reviewed 501 articles with potentially relevant material in more detail to identify studies that used case
deﬁnitions or provided clinical descriptions of case material. This
review resulted in a detailed summary of 235 articles, including
information on study type, vaccine, diagnostic criteria or case
deﬁnition proposals, onset interval, and any other symptoms.
General medical, pediatric and sleep disease textbooks were also
searched. An inventory that comprised the ﬁnal selection of these
235 references was made available to working group members.
1.3. Rationale for selected decisions about the case deﬁnition of
narcolepsy
1.3.1. Deﬁnition of narcolepsy: current classiﬁcation, what is
there, what is missing?
The ﬁrst descriptions of the term “narcolepsy” date back to
the late 19th century [86]. Narcolepsy was proposed as a speciﬁc disease entity by Adie in 1926 [87], characterized by the
combined presence of excessive daytime sleepiness and cataplexy
as the core features [88,89]. In later years, a broader deﬁnition
of narcolepsy emerged that included the combination of sleepiness with “abnormal” manifestations of rapid eye movement
(REM) sleep [89,90], mainly identiﬁed in clinical practice by the
presence of sleep-onset REM sleep periods during the (MSLT)
[38,39,74,75,91–102]. The current 2nd edition of the ICSD distinguishes “narcolepsy with cataplexy” based on the presence of a
deﬁnite history of cataplexy, from “narcolepsy without cataplexy,”
which may include questionable or atypical cataplexy-like episodes
[1]. Moreover, a spectrum of different entities, sometimes called
“narcolepsy’s borderland” encompasses presentations suggestive
of narcolepsy without cataplexy and not fulﬁlling the MSLT criteria [4,97,103,104]. This notion is supported by data indicating that
up to 90% of narcolepsy patients with cataplexy are hypocretin-1
deﬁcient, compared to approximately 15% of narcolepsy patients
without cataplexy [4,21,37,99,105].
Although cataplexy is central to the current clinical classiﬁcation, its presence can only be assessed on the basis of clinical
history. Indeed, the ICSD-2 deﬁnition of cataplexy is descriptive
[1] and may result in misclassiﬁcation of non-speciﬁc episodes of
muscle weakness as cataplexy attacks or vice versa [4,106–112].
This is further complicated by variations in cataplexy ranging from
infrequent partial attacks to frequent complete episodes, characterized by different durations and atypical features observed in
children [9,50,51,113–119]. The potential for an imprecise diagnosis of narcolepsy with cataplexy is recognized as a likely limitation
for research studies [68,120,121]. To address this issue, graded
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Table 1
Narcolepsy and H1N1 pandemia: event summary.
Date

Event

October 2009–March 2010

H1N1 ﬂu vaccination campaign in
several European countries

March–August 2010

First cases of narcolepsy after
H1N1 vaccination with
Pandemrix® are reported in
Sweden and Finland to the Swedish
Authority Medical Product Agency
(MPA) and to the Finnish National
Institute for Health and Welfare
(THL) respectively

August 2010

Finland: THL recommends that
vaccination with Pandemrix®
vaccine is discontinued until an
explanation is found [79]

November 2010

Cases

Comments
Mass vaccination in Sweden
(vaccine coverage of about 60%)
and Finland.
Risk group vaccination in other
countries.

6 cases of narcolepsy after H1N1
vaccination in Sweden and 6 cases
in Finland

Children and adolescents appear to
be the most involved.
Short delay (2 weeks) between
vaccine and narcolepsy symptoms.
Abrupt symptom onset.

Europe–USA–Canada–China cases
[80]

16 cases of narcolepsy with
cataplexy after H1N1 vaccination
or ﬂu

Abrupt symptom onset
Unusual symptom severity.
Low hypocretin-1, pathological
MSLT1 [1], DQB1*06:02 allele
presence.

March 2011

MPA publishes a case inventory
study of Swedish cases from
clinical departments and sleep
laboratories (retrospective cohort
January 1st 2009–December 31st
2010) [77,78]

81 narcolepsy cases ascertained, 69
(85%) vaccinated before symptom
onset, aged 19 years and younger

Incidence rate vaccinated versus
unvaccinated: 4.2 versus 0.64 per
100,000 person-years. Relative
risk: 6.6 (95% CI 3.1–14.5).
Absolute risk of 3.6 (95% CI 2.5–4.7)
per 100,000 vaccinated cases.

August 2011

Switzerland: case reports [82]

2 narcolepsy with cataplexy cases
after H1N1 vaccination

Abrupt onset of severe sleepiness
and cataplexy.
Low hypocretin-1, pathological
MSLT1 [1], DQB1*06:02 allele
presence.

September 2011

China: retrospective study of
narcolepsy onset in Beijing
(1998–2010) [83]

629 narcolepsy with cataplexy
cases (86% children), 5.6% had
H1N1 vaccination

3-Fold increase of narcolepsy
incidence after 2009 H1N1
pandemia (year-to-year variation).
Abrupt symptom onset.
Onset at an early age.
The increase is explained with
seasonal/annual patterns of upper
airway infections, including H1N1
inﬂuenza.

March 2012

Systematic analysis of narcolepsy
incidence in Finland in 2002–2010
[154]

335 cases, 93% had Pandemrix®
vaccination

17-Fold increase of narcolepsy
incidence in 2010 compared to the
preceding years in patients under
17 years old.
Abrupt symptom onset.
Low hypocretin-1, pathological
MSLT1 [1], DQB1*06:02 allele
presence.

March 2012

Retrospective study on a Finnish
cohort (January 1st
2009–December 31st 2010) [153]

67 ascertained cases of narcolepsy
in 4–19 years old subjects, 85% had
Pandemrix® vaccination

Incidence rate vaccinated versus
unvaccinated: 9.0 versus 0.7 per
100,000 person-years.
Relative risk: 12.7 (95% CI
6.1–30.8).
Pandemrix® vaccine seems to
represent a risk for developing
narcolepsy.

classiﬁcation systems based on categories of increasing diagnostic
certainty, but not yet including hypocretin-1 measurements, were
proposed [9,120].
1.3.2. Selected decisions on case deﬁnition structure and criteria
The case deﬁnition for narcolepsy proposed by the Narcolepsy
Working Group is structured in 3 levels of diagnostic certainty (from
highest to lowest). The main purpose is to provide a classiﬁcation with high speciﬁcity, preferably on the basis of reproducible

measurements and biomarkers, aiming at a homogenous patient
population to be used in scientiﬁc research studies.
As recent-onset narcolepsy in children may have a different
clinical presentation compared to adults, especially regarding cataplexy [5,50,51], the Narcolepsy Working Group chose to describe
clinical features separately for adults and children (see Section 2).
1.3.2.1. Hypocretin-1. Hypocretin-1 deﬁciency in the CSF is
strongly associated with narcolepsy with cataplexy, and very
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low levels of hypocretin-1 are rarely found in other diseases
[21,27,37,104,105,122–127]. In patients with unambiguous cataplexy, hypocretin-1 deﬁciency is present in more than 90% of
cases; exceptions are mainly familial cases and/or HLA DQB1*06:02
negative cases [21,27,37,105]. In patients without cataplexy, a
much smaller proportion, up to 20%, is hypocretin-1 deﬁcient
[21,98,102,122]. The highest level of diagnostic certainty therefore
requires a CSF hypocretin-1 measurement.
Hypocretin-1 levels in CSF are usually measured using a commercially available radioimmunoassay with polyclonal antibodies
against hypocretin-1 [20,128]. When the assay is standardized
using the Stanford reference sample, a cut-off of 110 pg/ml deﬁnes
abnormally low levels. Alternatively, if a laboratory wishes to
include its own control sample, the cut-off is deﬁned either as a
level less than one-third the mean of normal healthy controls, or
two or more standard deviations from the mean [129]. Using the
Stanford cut-off, hypocretin-1 assay levels lower than 110 pg/ml
showed a sensitivity between 88 and 94% in narcolepsy with cataplexy [37,105] and a speciﬁcity of 99% [21]. Higher hypocretin-1
levels must therefore raise suspicion of other diseases, including
secondary forms of narcolepsy with or without cataplexy. Despite
costs and inconveniences related to lumbar puncture, the assay of
hypocretin-1 is intrinsic to achieve the maximal diagnostic certainty. Further reasons for assessing CSF hypocretin-1 are that its
validity is not affected by age, ethnicity, medications, sleep deprivation, or time of day, thus making it useful when patients are
taking medications (and unwilling/unable to interrupt treatment),
or habitually sleeping at unusual times. Hypocretin measurement
also has value in children younger than 8 years of age, who may
be unable to follow MSLT instructions, and in patients with other
co-morbid sleep disorders in whom MSLT is difﬁcult to interpret
[68]. Even in recent onset cases (within 3 years), CSF hypocretin-1
is very low or undetectable [21,63,130].
1.3.2.2. Cataplexy. In the absence of hypocretin-1 measurement,
the second level of the case deﬁnition strongly relies on the
presence of unambiguous cataplexy, evaluated on the basis of
unequivocal clinical features, to minimize the likelihood of misclassiﬁcation [4,9,121,131,132]. Cataplexy can be challenging to
correctly identify and even more so to objectively quantify. The
large number of published questionnaires evaluating cataplexy
and used in different centers as well as the large number of
requirements for unambiguous cataplexy listed in the present case
deﬁnition, reﬂect this difﬁculty. However, cataplexy is a highly speciﬁc symptom in the presence of excessive daytime sleepiness and
in the absence of other disorders [97].
Cataplexy usually develops within the ﬁrst years of disease onset
in adults (50% of cases within one year, 85% within 3 years) [107].
Nevertheless, appearance many years or even decades after the
ﬁrst symptoms are also possible [65–67]. Cataplexy is often most
severe around onset and decreases with age [51,68]. This apparent improvement with age may be due to a natural evolution
in cataplexy, a decrease in “emotionality” with age [133], development of strategies to prevent progression of attacks, such as
learning to avoid situations in which attacks may occur, response
to effective therapies, or any combination of these factors. Because
non-speciﬁc feelings of muscle weakness associated with emotions
have been reported in the general population which may not represent cataplexy [131], the Narcolepsy Working Group applied a
stringent deﬁnition to diagnose ‘unambiguous cataplexy’ requiring the presence of four key features: (1) episodes of partial or
generalized muscle weakness, (2) preserved consciousness during
these episodes, (3) at least two attacks with clear emotional triggers
(usually positive emotions, such as laughing and joking, but also
other forms of intense emotions; at least 2 attacks, rather than one,
are required to minimize possible misdiagnosis due to inaccurate

terms used to describe the symptoms), and (4) most attacks, partial or complete (usually bilateral) lasting less than 30 s (arbitrary
cut-off based on clinical evidence that attacks are typically short).
These features should be reported in the clinical history or directly
observed by an experienced clinician documenting reversible areﬂexia [4,9,109,121].
In children, cataplexy usually develops within the ﬁrst years
after narcolepsy onset, although initially (during the ﬁrst weeks
or few months) its clinical manifestation may be atypical
[42,50,51,134–136]. These atypical cataplexy events in children
often include prominent facial involvement with a droopy expression, eyelid ptosis, paroxysmal episodes of mouth opening and
tongue protrusion (described as “cataplectic facies”) [50]. Frequently there are superimposed active motor phenomena that can
be confused with tics or dystonia, along with a generalized reduction in muscle tone with an unsteady gait also present in baseline
conditions (i.e. inter-ictal) [51]. These initial episodes of cataplexy
often lack clear emotional triggers and may persist across the day,
but as the disease progresses the typical pattern of muscle weakness triggered by laughter or emotion emerges [51]. Cataplexy in
children may also occur spontaneously, without any kind of identiﬁed trigger and may be increased by sleepiness or excessive fatigue.
1.3.2.3. Excessive daytime sleepiness. Excessive daytime sleepiness
is the initial symptom in 90% of adult cases. Initially sleepiness can
manifest as an increased need for sleep across the 24 h [4,137,138].
As the disease progresses, expression of sleepiness changes into
constant difﬁculty staying awake during the day, and many patients
ﬁnd it difﬁcult to maintain continuous sleep at night [4,139]. In
addition, sleepiness often reduces vigilance. Attentiveness is unstable during wakefulness, which leads to impaired performance at
school and work and complaints of poor concentration and memory
[7].
In children, sleepiness often makes it difﬁcult to maintain alertness and vigilance [140]. Impairment of cognitive capacities may
occur, which leads to more errors, difﬁculty in academic settings,
and unintentionally falling asleep during inappropriate situations,
i.e., in class, while reading or studying, doing homework, watching television, and even while eating [7,68,135,141–150]. Sleepy
children may also be irritable, inattentive, or, paradoxically may
display hyperactive behaviors, probably because they try to resist
excessive daytime sleepiness [4,7,68,135,151,152].
In the ICSD-2 deﬁnition of narcolepsy, sleepiness must be
present for at least 3 months to exclude possible temporary,
non-speciﬁc causes and other sleep disorders, such as recurrent
hypersomnias [1]. However, as narcolepsy may be suspected even
when the disease course is shorter than 3 months [80–84,153,154],
we reduced the minimum time for symptoms to one month. We
considered this to be sufﬁcient, given that it is unlikely that an
episode of recurrent hypersomnia would last more than one month,
the clinical picture of recurrent hypersomnias is usually clearly different from narcolepsy, and these conditions are not associated
with hypocretin deﬁciency. In addition, other causes for symptomatic sleepiness attributable to infections, intoxications, or loss
of sleep have to be excluded in our narcolepsy case deﬁnition. And
ﬁnally, according to our deﬁnition the presence of other ICSD-2
deﬁned sleep disorders is not allowed or they must clearly be comorbidities.
1.3.2.4. Multiple sleep latency test. The vast majority of patients
are currently diagnosed using the MSLT, the only internationally
accepted diagnostic test of excessive daytime sleepiness and REM
sleep abnormalities [101]. During the MSLT, subjects attempt to
fall asleep in a quiet and dimly lit setting, while avoiding alcohol and caffeine throughout the day. During 4 or 5 20-min test
episodes over a day, the time it takes for the patient to fall asleep is
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measured. A prerequisite for valid interpretation of the MSLT
results is that the subject slept for ≥6 h during the night before
the test [155]. According to ICSD-2, MSLT is deﬁned as pathological for narcolepsy when SL is ≤8 min and there are ≥2 SOREMPs,
showing a sensitivity of 94.5% and a speciﬁcity of 73.3% [38,39].
SOREMPs, although more speciﬁc for narcolepsy, appear with
relatively high frequencies (up to 27%) in randomly selected
populations or presenting disorders different from narcolepsy,
which may also exist as a co-morbid condition in narcolepsy
[38,73,91,156]. To diagnose narcolepsy, the additional occurrence
of REM sleep in at least 2 naps is required [1,101]. SOREMPs are
indicative of REM sleep abnormalities in narcolepsy. Previous and
ongoing studies indicate that the presence of SOREMPs during nocturnal polysomnography (PSG, i.e., REM latency ≤15 min) has a high
speciﬁcity in identifying cases of narcolepsy with cataplexy, both
in adults and children, representing therefore a potentially valid
marker [74,75,120,157]. Further validation studies will be needed,
particularly in populations including patients suffering from other
conditions known to facilitate the occurrence of REM sleep e.g.,
depression, when PSG is performed without control for sleep habits
immediately before the start of registration e.g., a nap before entering the laboratory, or in subjects who recently withdrew from
antidepressants.
Despite wide use and acceptance of these MSLT criteria for
the diagnosis of narcolepsy with cataplexy, the sensitivity and
speciﬁcity are suboptimal [38,72,73,93,156]. The level 2 diagnostic classiﬁcation hinges on the presence of cataplexy, and, given
the suboptimal sensitivity of the full MSLT criteria, less stringent
MSLT criteria were applied, by allowing either a mean sleep latency
≤8 min, or ≥2 SOREMPs. The less stringent MSLT criteria provide
objective conﬁrmation without sacriﬁcing sensitivity; while the
presence of unambiguous cataplexy already provides the required
speciﬁcity. Although the adjusted MSLT criteria are not formally
validated, the Narcolepsy Working Group deemed it unlikely that a
case with unambiguous cataplexy and either a mean sleep latency
≤8 min, or ≥2 SOREMPs would not be correctly identiﬁed. The
adjusted MSLT criteria have not yet been formally validated and
need appropriate validation studies to conﬁrm that this change will
maintain the diagnostic validity.
Data are lacking to support the diagnostic value of the MSLT
in narcoleptic children [151]. Most children with narcolepsy with
cataplexy fulﬁll the above criteria adopted for adult patients, as
mirrored by the pediatric section for narcolepsy in ICSD-2 [1]. However, the validity of adult criteria for children was questioned [158].
Some pediatric patients have sleep latencies >8 min and ≤12 min
[50,151]. In normal adolescents, an increase in the ability to fall
asleep was noted during MSLT naps around pubertal maturation
(Tanner scale stage 3). In contrast, children at lower Tanner stages,
as well as adolescents, show a signiﬁcantly longer sleep latency during MSLT [159,160]. Moreover, no published data describe baseline
MSLT values in children younger than 8 years old, when children
are thought to be unable to follow the MSLT instructions to try to
fall asleep [161]. Serial PSG and MSLT recordings were proposed
to aid in the diagnosis of narcoleptic children [162]. Based on this
information, the Narcolepsy Working Group proposed to adopt the
cut-off of ≤12 min for pathological sleepiness in childhood cases,
together with a detailed clinical history [163].

these reasons, HLA typing was not included in the diagnostic
classiﬁcation. It remains possible – given the continued research
on genetic determinants of narcolepsy in humans – that genetic
characterization will evolve as a diagnostic tool with a high sensitivity and speciﬁcity in the future. HLA typing is also crucial in
pathophysiologic studies, including ones examining possible postimmunization narcolepsy sporadic cases [153,154]. Recently, the
HLA DRB1*13:01-DQB1*06:03 haplotype proved to be protective
against sporadic narcolepsy [165,166].

1.3.2.5. Human leukocyte antigen typing. More than 90% of patients
with typical sporadic narcolepsy with cataplexy are positive for
the HLA subtype DQB1*06:02 compared to around 25% in control groups [164]. The low speciﬁcity of this ﬁnding implies that
HLA typing is of limited value in the diagnosis of narcolepsy.
Furthermore, in clinically difﬁcult cases (e.g. absence of unambiguous cataplexy, onset at very young age, or a positive family
history), HLA positivity is considerably less common [164]. For

1.4. Narcolepsy as a possible AEFI

1.3.3. Formulating a case deﬁnition that reﬂects diagnostic
certainty: sensitivity and speciﬁcity, the importance of laboratory
tests and objective measures
The levels of diagnostic certainty are intended to reﬂect the likelihood that a patient with sporadic narcolepsy will be hypocretin-1
deﬁcient: the pathophysiologic hallmark of the disease. The highest
level of diagnostic certainty requires a CSF hypocretin-1 measurement. In the absence of hypocretin-1 measurement, the second
level of the deﬁnition strongly relies on the presence of unambiguous cataplexy, evaluated on the basis of unequivocal clinical
features, to minimize the likelihood of misclassiﬁcation [9,121].
The presence of unambiguous cataplexy strongly suggests of
narcolepsy with cataplexy even when hypocretin-1 measurement
is lacking (Level 2), while the presence of doubtful cataplexy would
reﬂect a lower level of diagnostic certainty (Level 3). Level 3 then
includes cases of narcolepsy without cataplexy, at least until unambiguous cataplexy may appear [65–67].
When the hypocretin-1 level is unknown, and there is no history
of unambiguous cataplexy, the third level of diagnostic classiﬁcation relies on the MSLT. The physiopathology of narcolepsy
without cataplexy is probably different than that of narcolepsy with
cataplexy [71], and the clinical signiﬁcance of SOREMPs in noncataplectic patients still need further studies [65]. Since there are
other causes for excessive daytime sleepiness besides narcolepsy,
it is of paramount importance to have an objective criterion that is
as speciﬁc as possible. The present case deﬁnition has therefore
proposed more ﬂexible MSLT criteria for narcolepsy with cataplexy, maintaining however a strong reference to the ICSD-2 [1],
in order to not exclude patients on the basis of cut-offs that appear
to be too restrictive. Consistently with ICSD-2 criteria, the Narcolepsy Working Group applied the traditional set of MSLT criteria
for level 3, those without cataplexy. By doing so, false positive
diagnoses are avoided to the extent possible and misclassiﬁcation
of real narcoleptic cases as non-narcoleptic is minimized. In this
circumstance, the researcher must exclude other conditions that
are associated with daytime sleepiness and can have comparable
MSLT outcomes. Besides sleep related breathing disorders, periodic
limb movement disease, habitual sleep deprivation (‘behaviorally
induced insufﬁcient sleep’ in ICSD-2 [1]), environmental sleep
disorder, and the impacts of psychotropic drugs especially selective serotonin reuptake inhibitors are important to be considered
[65,72,73,97,101,156].
In rare cases, a suspected narcolepsy case may not be classiﬁable according to the levels above (e.g. when there is cataplexy,
no objective sleepiness, and CSF hypocretin-1 level is unavailable).
In these instances, the case will be classiﬁed in the 4th level (see
below).

It should be emphasized to patients, parents, health care
providers, and others concerned with immunization safety, that
narcolepsy – or any other adverse event – that follows administration of a vaccine may be temporally associated with, but
is not necessarily the result of, the vaccination. Any occurrence
of narcolepsy in vaccine recipients should be compared to an
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adequate control group and/or against a background rate. The definition by itself addresses a clinical outcome without inference of a
causal relationship to a given exposure. Therefore the time interval
between immunization and onset is not part of the deﬁnition, but
rather should be assessed independently as described in the guidelines. Also, the deﬁnition of time from exposure to onset varies from
one setting or study to another depending which data are available.
The guidelines in Section 3 have been developed to complement the
case deﬁnition in order to improve data quality and comparability
and to lead to a better understanding of the possibility that narcolepsy may occur as an AEFI. The guidelines are structured to be
consistent with steps of conducting a scientiﬁc study, i.e., description of the signal, forming a case deﬁnition, data collection, analysis,
and presentation. Finally, similar to all Brighton Collaboration case
deﬁnitions and guidelines, review of the deﬁnition with its guidelines is planned on a regular basis (i.e., every 3–5 years), or more
often, if needed.

2. Case deﬁnition of narcolepsy
Level 1
In the presence of:
Excessive daytime sleepinessa OR
Unambiguous cataplexyc
AND
CSF hypocretin-1 deﬁciencyb
Level 2
In the presence of:
Excessive daytime sleepinessa
AND
Unambiguous cataplexyc
AND
MSLTd mean sleep latency ≤8 min in adults OR
MSLTd mean sleep latency ≤12 min in children and adolescents OR
MSLTd SOREMP ≥ 2
Level 3
In the presence of:
Excessive daytime sleepinessa
AND
MSLTd mean sleep latency ≤8 min in adults OR
MSLTd mean sleep latency ≤12 min in children and adolescents
AND
MSLTd SOREMP ≥ 2
All levels
AND in the absence of other mimicking disorders, seee
a

Excessive daytime sleepiness
In adults (≥16 years):
- unintended sleep episodes during the day
AND
- present almost daily for at least one month
In children and adolescents (<16 years):
- an increase in daytime sleep episodes
AND
- present almost daily for at least one month
Note: usually in combination with feelings of subjective sleepiness and
impaired concentration. Sleepiness may also be manifested as irritability
or hyperactivity.
b

CSF hypocretin-1 deﬁciency
- hypocretin-1 concentration below 110 pg/ml in crude, unextracted CSF.
AND
- measured by the Phoenix radioimmunoassay
AND
- performed in a laboratory according to published guidelines and by using
the Stanford reference sample [31,128]
c

Unambiguous cataplexy
In adults (≥16 years):
- sudden AND unexpected onset of episodes
AND
- presence of all of the following criteria during episodes (before initiation
of treatment):

- partial or generalized muscle weakness
- preserved consciousness
- clear emotional trigger in ≥2 episodes
- duration of <30 s
OR
- episodes with documented, reversible areﬂexia AND
- duration of <30 s
NOT
- partial or generalized seizure OR
- neuromuscular disorders
In children and adolescents (<16 years):
- episodes of cataplexy that fulﬁll the criteria for adult cataplexy
OR
- the following criteria of pediatric cataplexy:
Pediatric Cataplexy
- sudden AND unexpected onset of episodes
AND
- loss of muscle tone, e.g., falling during routine activity (i.e. while walking
or running), wide-based gait, head droops, prominent facial involvement
resulting in “cataplectic facies,” eyelid ptosis, mouth opening, tongue
protrusion, facial weakness, facial grimacing, abnormal postures, swaying
of the head and trunk, stereotypic movements or chorea-like patterns.
Hypotonia and wide-based gait may also be disclosed at neurological
examination
AND
- preserved consciousness
AND
- duration of episodes is a few seconds to several minutes (sometimes
present in protracted clusters if emotional triggers continue)
Note: cataplexy in children may or may not be triggered by ‘emotional’
circumstances (e.g., watching funny cartoons, eating certain foods, playing
games or video-games)
NOT
- partial or generalized seizure OR
- neuromuscular disorders
- any other known explanation
d

4 or 5 nap MSLT performed according to the American Academy of Sleep
Medicine (AASM) protocol [101]

e

Exclusion of other conditions
The following conditions must be clinically/instrumentally assessed, since
they could either mimic one or more narcolepsy symptoms (mainly
excessive daytime sleepiness) or constitute co-morbidities with
narcolepsy:
- other sleep disorders, according to ICSD-2 criteria:
- sleep related disorder breathing
- behaviorally induced insufﬁcient sleep
- circadian rhythm disorders
- recurrent hypersomnias secondary to medical or psychiatric conditions
- use of sedating medication and antidepressants
- focal cerebral lesions, indicated by neurological examination and/or
brain imaging
Note: Clinical assessment should be performed after adequate treatment of
the co-morbid conditions, to show that they are not the primary cause of
the symptoms.

3. Guidelines for data collection, analysis and presentation
of narcolepsy
The Brighton Collaboration Narcolepsy Working Group recommends the following guidelines to facilitate standardized collection, analysis, and presentation of information about narcolepsy.
Full implementation of the guidelines might not be possible in
all settings. Availability of information may vary depending on
resources, geographical region, and whether the source of information is a prospective clinical trial, post-marketing surveillance,
an epidemiologic study, or an individual report of narcolepsy.
The guidelines represent a minimum standard and are not
intended to establish criteria for management of ill infants, children
or adults. Additional data may be collected, analyzed and presented
by investigators.
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3.1. Data collection
The data collection guidelines provide a standardized method
for collection of data on narcolepsy following immunization to
allow comparability of data. They can supplement data collected
for a speciﬁc study question and setting. They are not intended to
guide primary reporting of narcolepsy to a surveillance system or
study monitor. Investigators developing a data collection tool based
on these guidelines should refer to criteria in the case deﬁnition,
which are not restated in these guidelines. The guidelines below
have been developed to address data elements for the collection
of adverse event information as speciﬁed in general drug safety
guidelines by the International Conference on Harmonization of
Technical Requirements for Registration of Pharmaceuticals for
Human Use (ICH) [167] and the form for reporting of drug adverse
events by the Council for International Organizations of Medical
Sciences (CIOMS) [168]. These data elements include an identiﬁable reporter and patient, who received one or more immunizations
before event onset and a detailed description of the adverse event.
The guidelines below have also been developed for the collection
of additional information to allow for a more comprehensive understanding of narcolepsy following immunization and comparability
of data. As appropriate, and to the extent possible, for all reports
and/or all study participants the following information should be
recorded.
3.1.1. Source of information/reporter
(1) Date of report.
(2) Name and contact information of person reporting3 and/or
diagnosing narcolepsy as speciﬁed by country-speciﬁc data
protection laws.
(3) Name and contact information of the investigator responsible
for the patient.
(4) Relation to the patient (e.g., immunizer [clinician, nurse], treating health professional, family member [indicate relationship],
other).
3.1.2. Vaccine/control
3.1.2.1. Demographics.
(5) Case/study participant identiﬁers (e.g., ﬁrst name initial followed by last name initial), or code, or as otherwise speciﬁed
in country-speciﬁc data protection laws.
(6) Date of birth (specify the calendar used if not the commonly
used Gregorian calendar), age, sex, and race/ethnicity (as appropriate).
(7) For infants (<12 months): Gestational age, birth weight, and
weight at the time of assessment and length.
3.1.2.2. Clinical and immunization history.
(8) Past medical history including hospitalizations and surgery,
underlying diseases/disorders, pre-immunization signs and
symptoms that may affect the evaluation of narcolepsy. In particular, pre-existing neurological illness should be recorded.
(9) Any drug/toxin or medication history (other than treatment
for the adverse event described) prior to, during, and after
immunization by any route, including prescription and nonprescription medication as well as medication or treatment
with long half-life or long-term effect (e.g., immunoglobulins,
blood transfusion, and immunosuppressants).

3
If the reporting center is different from the vaccinating center, appropriate and
timely notiﬁcation of the adverse event should occur.
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(10) Immunization history (i.e., previous or other immunizations
in addition to the immunization in question and any adverse
event following these immunizations) and occurrence of narcolepsy or similar symptoms after a previous immunization
or any other adverse event.
3.1.3. Details of the immunization
(11) Date and time and geographic location of immunization(s),
specify if a 12 or a 24 h clock was used. The 24 h clock is preferred as it avoids potential confusion about a.m. and p.m.
times.
(12) Description of vaccine(s) (name of vaccine, manufacturer, lot
number, expiration date, dose [e.g., 0.25 mL, 0.5 mL, etc.] and
dose number if part of a series of immunizations against the
same disease).
(13) The anatomical site(s) (including left or right side) of all
immunizations (e.g., vaccine A in proximal left lateral thigh,
vaccine B in left deltoid).
(14) Route(s) and method of administration (e.g., intramuscular,
intradermal, subcutaneous [including needle size and gauge]
and needle-free [including type and size], other injection
devices).
(15) Storage conditions of the vaccine(s): temperature logs, storage
conditions according to manufacturer, especially in prospective studies.
3.1.4. The adverse event
For all cases at any level of diagnostic certainty and/or all other
study participants including reported events with insufﬁcient evidence, the following information should be recorded.
(16) Criteria fulﬁlled to meet the case deﬁnition, and other signs or
symptoms indicative of narcolepsy.
(17) Clinical description of signs and symptoms of narcolepsy and
medical conﬁrmation of the event (i.e., if the patient was seen
by a physician). All individual aspects of the case deﬁnition
should be recorded. This is especially important for the individual criteria for identifying unambiguous cataplexy.
(18) Date of the following events: ﬁrst observation,4 referral to
specialist,5 diagnosis,6 and ﬁnal outcome or outcome at the
last observation.7
(19) Concurrent signs, symptoms, and diseases other than the
event described.
(20) Measurement/testing
The following measurements/tests should be recorded,
including the date of specimen collection and/or measurement and the normal ranges for each parameter measured:
• Values and units of routinely measured parameters (e.g.,
temperature, blood pressure) – in particular those indicating
the severity of the event
• Results of laboratory examinations, surgical and/or pathological ﬁndings and diagnoses if present
• Individual results of additional procedures and tests to diagnose narcolepsy, such as outcomes of polysomnographic
studies.
(21) Treatments given for narcolepsy, including stimulants, antidepressants, sodium oxybate, intravenous immunoglobulins and

4

The date and/or time of ﬁrst symptom of narcolepsy.
Referral to specialist is a useful date as it is a surrogate for clinical suspicion of
the primary care provider, objectively assessable and comparable.
6
The date of diagnosis is the day post immunization when the event met the case
deﬁnition at Level 1, 2, or 3, or at the time of physician diagnosis of Level 4.
7
The date of last observation is the date of the last clinical evaluation of the patient
with narcolepsy. “Persistence of the event” refers to events continuing to meet the
case deﬁnition beyond the follow-up period.
5
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others. Record dosing, number of sessions, timing after disease
onset, timing after vaccination. Record the names and contact
information of treating physicians and/or institutions.
(22) Outcome at last observation7 should be clearly described
including date, such as:
- ongoing therapeutic intervention
- persistence of the event
- signiﬁcant complications of treatment
- death
- description of any other outcome
(23) Objective clinical evidence supporting classiﬁcation of the
event as “serious”8
(24) Exposures other than the immunization within 6 months
before and after immunization (e.g., infections, medication)
considered potentially relevant to the reported event.
3.1.5. Miscellaneous/general
(25) The duration of surveillance for narcolepsy should be predeﬁned based on
• Biologic characteristics of the vaccine e.g., live attenuated
versus inactivated component vaccines;
• Biologic characteristics of the vaccine-targeted disease; and
• Biologic characteristics of the vaccine (e.g., nutrition, underlying disease like autoimmune disease or immune system
disorders).
(26) The duration of follow-up reported during the surveillance
period should be predeﬁned. Reports of narcolepsy should be
collected throughout the study period regardless of the time
elapsed between immunization and the adverse event. If this
is not feasible due to the study design, the study periods during which safety data are being collected should be clearly
deﬁned.
(27) Methods of data collection should be consistent within and
between study groups.
(28) Follow-up of cases should attempt to verify existing information, if indicated, and address incomplete information and
data deﬁciencies/inconsistencies as outlined in data collection
guidelines 1–24.
(29) Investigators of patients with narcolepsy should provide guidance to reporters to optimize the quality and completeness of
information provided.
3.2. Data analysis
The data analysis guidelines provide a standardized method for
analysis of data on narcolepsy following immunization to allow
comparability of data, and can supplement data analyzed for a speciﬁc study question and setting.
(30) Reported events should be classiﬁed in one of the following
ﬁve categories, which include the three levels of diagnostic
certainty. Events that meet the case deﬁnition should be classiﬁed according to the levels of diagnostic certainty as speciﬁed
in the case deﬁnition. Events that do not meet the case definition should be classiﬁed in the additional categories for
analysis.

8
An AEFI is deﬁned as “serious” by international standards if it meets one or more
of the following criteria: (1) it results in death, (2) is life-threatening, (3) it requires
inpatient hospitalization or prolongation of existing hospitalization, (4) results
in persistent or signiﬁcant disability/incapacity, (5) is a congenital anomaly/birth
defect, (6) is a medically important event or reaction.
9
To select the appropriate category, the user should ﬁrst establish whether
a reported event meets the criteria for the lowest applicable level of diagnostic

3.2.1. Event classiﬁcation in 5 categories9
In Tables 2 and 3, the various levels of diagnostic certainty are
schematically represented for adults and children, respectively.
Event meets case deﬁnition
Main categories
- Level 1: Criteria as speciﬁed in the narcolepsy case deﬁnition
- Level 2: Criteria as speciﬁed in the narcolepsy case deﬁnition
- Level 3: Criteria as speciﬁed in the narcolepsy case deﬁnition
Event does not meet case deﬁnition
Additional categories for analysis
Level 4: Reported narcolepsy with insufﬁcient evidence to meet the case deﬁnition10
4a: Diagnosed by sleep specialist but not meeting the case deﬁnition
4b: Any other case with insufﬁcient evidence to meet the case deﬁnition
Level 5: Reported narcolepsy with sufﬁcient evidence to rule out narcolepsy.11

(31) The interval between immunization and symptom onset is
ideally deﬁned from the date/time of immunization until ﬁrst
observation of narcolepsy symptoms.4 However, this may be
difﬁcult to obtain retrospectively, because narcolepsy symptoms may occur consecutively over a long time span and
because it is difﬁcult to identify the time elapsed between
the immunization and symptom appearance. Alternatively,
consistently documented dates may be used as a surrogate
for epidemiologic studies: ﬁrst presentation to health care
provider, or the date of ﬁrst referral to specialist, or the date
of diagnosis. Start date/time and end date/time deﬁnitions
should be applied consistently within and across study groups.
If few cases are reported, the detailed time course should be
analyzed for each. In instances with large numbers of reported
cases, data may be analyzed in following increments represented in Table 4.
(32) If more than 1 measurement of a particular criterion is taken
and recorded, the greatest value for that particular criterion
may be used in the analysis. Analysis may also include other
characteristics like qualitative patterns of criteria deﬁning the
event.
(33) The distribution of data (numerator and denominator data)
may be analyzed in predeﬁned increments (e.g., measured
values, times), where applicable. Increments speciﬁed above
should be used. When only a small number of cases are analyzed, their respective values or time courses can be presented
individually.
(34) Data on narcolepsy obtained from subjects receiving a vaccine
should be compared with data obtained from an appropriately
selected and documented control group(s) to assess background rates of narcolepsy in non-exposed populations. The
data should be analyzed by study arm and dose, where possible, e.g., in prospective clinical trials. If a control group is
not available, consideration should be given to using a background rate from an appropriate source population. These
comparisons may not be possible when analyzing postmarketing surveillance reports due to the numerous factors
that inﬂuence passive reporting.

certainty, e.g., Level 3. If the lowest applicable level of diagnostic certainty of the
deﬁnition is met and there is evidence that the criteria of the next higher level of
diagnostic certainty is met, the event should be classiﬁed in the next category. This
approach should be continued until the highest level of diagnostic certainty for a
given event is identiﬁed. Major criteria may be used to satisfy the requirements of
minor criteria. If the lowest level of the case deﬁnition is not met, the user should
rule out that any higher levels of diagnostic certainty are met and the event should
then be classiﬁed in additional categories 4 or 5.
10
If the evidence available for an event is insufﬁcient because information is missing, such an event should be classiﬁed as “Reported narcolepsy with insufﬁcient
evidence to meet the case deﬁnition”.
11
An event does not meet the case deﬁnition if investigation reveals a negative
ﬁnding of a necessary criterion (necessary condition) for diagnosis. Such an event
should be rejected and classiﬁed as “Not a case of narcolepsy”.
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Table 2
Schematic narcolepsy classiﬁcation for adults.a
EDS

Unambiguous cataplexy

Hcrt 1 deﬁciency

MSLT msl ≤8 min

MSLT SOREMPs ≥2

+
+
−
+
+
+
+

+
−
+
+
+
+
n.a./absent

+
+
+
n.a.
n.a.
n.a.
n.a.

n.n.
n.n.
n.n.
+
−
+
+

n.n.
n.n.
n.n.
+
+
−
+

Level 1
Level 1
Level 1
Level 2
Level 2
Level 2
Level 3

EDS, excessive daytime sleepiness; Hcrt 1, hypocretin-1; MSLT, multiple sleep latency test; msl, mean sleep latency; SOREMPs, sleep onset REM periods; n.n., not necessary;
n.a., not available.
a
All other possible combinations either are classiﬁable as Level 4 (i.e., “Reported narcolepsy with insufﬁcient evidence to meet the case deﬁnition”) or do not represent a
case of narcolepsy.
Table 3
Schematic narcolepsy classiﬁcation for children.a
EDS

Unambiguous cataplexy

Hcrt 1 deﬁciency

MSLT msl ≤12 min

MSLT SOREMPs ≥2

+
+
−
+
+
+
+

+
−
+
+
+
+
n.a./absent

+
+
+
n.a.
n.a.
n.a.
n.a.

n.n.
n.n.
n.n.
+
−
+
+

n.n.
n.n.
n.n.
+
+
−
+

Level 1
Level 1
Level 1
Level 2
Level 2
Level 2
Level 3

EDS, excessive daytime sleepiness; Hcrt 1, hypocretin-1; MSLT, multiple sleep latency test; msl, mean sleep latency; SOREMPs, sleep onset REM periods; n.n., not necessary;
n.a., not available.
a
All other possible combinations either are classiﬁable as Level 4 (i.e., “Reported narcolepsy with insufﬁcient evidence to meet the case deﬁnition”) or do not represent a
case of narcolepsy.

3.3. Data presentation
The data presentation guidelines provide a standardized
method for presentation and publication of data on narcolepsy
following immunization to allow comparability of data and can
supplement data presented for a speciﬁc study question and
setting. General guidelines for presentation and publication of randomized controlled trials, systematic reviews, and meta-analyses
of observational studies in epidemiology include Consolidated
Standards of Reporting Trials [CONSORT], Improving the quality
of reports of meta-analyses of randomized controlled trials [QUORUM], Meta-analysis Of Observational Studies in Epidemiology
[MOOSE], Transparent Reporting of Evaluations with Nonrandomized Designs (TREND, and Strengthening the Reporting of
Observational Studies in Epidemiology (STROBE) [169–173].

(35) All reported events of narcolepsy should be presented according to the categories listed in guideline 31.
(36) Data on narcolepsy should be presented according to data collection guidelines 1–29 and data analysis guidelines 30–35.
(37) Terms to describe narcolepsy such as “low-grade”, “mild”,
“moderate”, “high”, “severe” or “signiﬁcant” are highly subjective, prone to wide interpretation, and should be avoided.
(38) Data should be presented with numerator and denominator
(n/N) along with percentages. Conﬁdence intervals around
estimates should be presented if possible. Although immunization safety surveillance systems denominator data are
usually not readily available, attempts should be made to estimate denominators. The source of denominator data should
be reported, and calculations of estimates should be described
(e.g., manufacturer data such as total doses distributed, reporting through Ministry of Health, population-based coverage
data, etc.). Caution should be exercised in these circumstances,
due to uncertainty surrounding denominator estimates and
variability in adverse event reporting due to various factors.
Limitations should be clearly described.

Table 4
Suggested to-be-reported time intervals to onset.
Interval

Number

Percentage

Subjects with narcolepsy by interval to onset
0–6 days (<1 week after immunization)
7–27 days (1–3 weeks after immunization)
28–55 days (4–7 weeks after immunization)
56–83 days (8 to <12 weeks after immunization)
Monthly increments thereafter

···
···
···
···
···

···%
···%
···%
···%
···%

Total

(39) The incidence12 of cases in the study population should be
clearly described in the text when appropriate. For data comparability the format n/million/year is recommended.
(40) If the distribution of data is skewed, median and range are usually the more appropriate statistical descriptors than a mean.
However, the mean and standard deviation should also be
provided.
(41) Publication of data on narcolepsy should include a detailed
description of methods used for data collection and analysis.
It is essential to specify:
• Study design;
• Method, frequency, and duration of monitoring for narcolepsy;
• Trial proﬁle, indicating participant ﬂow during a study including
drop-outs and withdrawals to indicate the size and nature of the
respective groups under investigation.
• For surveillance system:
- Type of surveillance (e.g., passive or active surveillance)
- Characteristics of the surveillance system (e.g., population
served, mode of report solicitation)
- Search strategy in surveillance databases;

12
E.g., total of 10 cases of narcolepsy in 2000 study participants or 1 case per
million during 5 days; use as appropriate.
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• Comparison group(s), if used for analysis;
• Instrument(s) of data collection (e.g., standardized questionnaire,
diary card, report form)
• Whether the day of immunization was considered “day one” or
“day zero” in the analysis;
• Whether the date of onset2 and/or the date of ﬁrst observation3
and/or the date of diagnosis4 was used for analysis; and
• Reference of the Brighton Collaboration case deﬁnition for narcolepsy, in the abstract or methods section of a publication.13
Acknowledgements
We are grateful for the support by the European Centers of Disease Control (ECDC) in the frame of the VAESCO project (GRANT
2009/003/SpAg4 and the World Health Organization (WHO) in
the frame of the Global Vaccine Safety Initiative (GVSI). The
authors are grateful for the support and helpful comments provided by Prof. Emmanuel Mignot, Prof. Mehdi Tafti, and Prof.
Karel Sonka. The authors are also grateful for the support and
helpful comments provided by the members of the Brighton
Collaboration Science Board not co-authoring the article (Mike
Blum, Jim Buttery, Steve Black, Paul T. Heath, Egeruan Babatunde
Imoukhuede, Hector Izurieta, Najwa Khuri-Bulos, Heidi Larson) and
participants in the Reference group, Bob Wise, Hudson Michael,
Nokleby Hanne, Santuccio Carmela, Schmidt Claudia, Trimis Georgios, Keene Daniel, Nalin David, Falup-Pecurariu Cristian, Huang
Wan-Ting, Evans Bradley, Falup-Pecurariu Oana, Wimalaratne
Omala, Ramasamy Ranjan, Mandyam Ravi, Holden John, Fedders
Charlotte, Korejwo Joanna, Hossain Shah, Lapeyre-Mestre Maryse,
Kochhar Sonali, Chatterjee Arani, Tomini Eugena, Toma Valeriu,
Varricchio Frederick, Madhava Ram Balakrishnan, Webster Peggy,
Thomas Roger, Kawade Anand, Lahariya Chandrakant, Zajdowicz
Thaddeus, Birger Trollfors, Hans Rümke, Ingrid Trolin, Kevin Connolly, Emmanuel Grimprel, and Maurizio Zani for the literature
search, as well as other experts consulted as part of the process. The authors are also grateful to Simone Casagrande, Sabine
Faisst, Norbert Sommerfeld, Daniel Weibel of the Brighton management team for harmonization of the document with other
Brighton Collaboration documents. Finally, we thank the members
of the WHO/CIOMS Working Group on Vaccine Pharmacovigilance (http://www.cioms.ch/frame current programme.htm) for
the review of, constructive comments on, and endorsement of this
document.
Disclaimer: The ﬁndings, opinions and assertions contained in
this document are those of the individual participating scientists.
They do not necessarily represent the ofﬁcial positions of each
participant’s organization (e.g., government, university, or corporations). Speciﬁcally, the ﬁndings and conclusions in this paper are
those of the authors and do not necessarily represent the views
of the Centers for Disease Control and Prevention, Food and Drug
Administration, Health Canada, National Institute for Health and
Welfare Finland, and the World Health Organization.
Appendix A.
The working group was formed in close collaboration with the
European Narcolepsy Network and includes the following additional
members: Wan-Ting Huang, Taiwan Centers for Disease Control,
Taiwan; Jukka Jokinen, National Institute for Health and Welfare,
Finland; Jacques Montplaisir, Université de Montréal, Montreal,
Canada; Isabelle Rouleau, Centre Hospitalier de l’Université Laval,

13
Use of this document should be referenced according to guidance available on
the Brighton Collaboration website (http://www.brightoncollaboration.org).

Canada; Leonardo Triggiani, Food and Agriculture Organization of
the United Nations, Rome, Italy.

References
[1] American Academy of Sleep Medicine. International Classiﬁcation of Sleep
Disorders: diagnostic and coding manual. 2nd ed. Westchester, IL: American
Academy of Sleep Medicine; 2005.
[2] Cave H. Narcolepsy. Arch Neurol Psychiatr 1931;26:50–101.
[3] Daniels L. Narcolepsy. Medicine (Baltimore) 1934;13:1–122.
[4] Sturzenegger C, Bassetti CL. The clinical spectrum of narcolepsy with cataplexy: a reappraisal. J Sleep Res 2004;13:395–406.
[5] Plazzi G, Parmeggiani A, Mignot E, Lin L, Scano MC, Posar A, et al.
Narcolepsy–cataplexy associated with precocious puberty. Neurology
2006;66:1577–9.
[6] Kok SW, Overeem S, Visscher TL, Lammers GJ, Seidell JC, Pijl H, et al. Hypocretin deﬁciency in narcoleptic humans is associated with abdominal obesity.
Obes Res 2003;11:1147–54.
[7] Van Schie MK, Thijs RD, Fronczek R, Middelkoop HA, Lammers GJ, Van Dijk
JG. Sustained attention to response task (SART) shows impaired vigilance
in a spectrum of disorders of excessive daytime sleepiness. J Sleep Res
2012;21:390–5.
[8] Boulos MI, Murray BJ. Current evaluation and management of excessive daytime sleepiness. Can J Neurol Sci 2010;37:167–76.
[9] Overeem S, van Nues SJ, van der Zande WL, Donjacour CE, van Mierlo P, Lammers GJ. The clinical features of cataplexy: a questionnaire study in narcolepsy
patients with and without hypocretin-1 deﬁciency. Sleep Med 2011;12:12–8.
[10] Mendez MF. Multiple sclerosis presenting as catatonia. Int J Psychiatry Med
1999;29:435–41.
[11] Fernandez JM, Sadaba F, Villaverde FJ, Alvaro LC, Cortina C. Cataplexy associated with midbrain lesion. Neurology 1995;45:393–4.
[12] D’Cruz OF, Vaughn BV, Gold SH, Greenwood RS. Symptomatic cataplexy in
pontomedullary lesions. Neurology 1994;44(11):2189–91 [Erratum in: Neurology 1995;45:2123].
[13] Stahl SM, Layzer RB, Aminoff MJ, Townsend JJ, Feldon S. Continuous cataplexy in a patient with a midbrain tumor: the limp man syndrome. Neurology
1980;30:1115–8.
[14] Vanier MT. Niemann-Pick disease type C. Orphanet J Rare Dis 2010;5:16.
[15] Crow YJ, Zuberi SM, McWilliam R, Tolmie JL, Hollman A, Pohl K, et al. “Cataplexy” and muscle ultrasound abnormalities in Cofﬁn-Lowry syndrome. J
Med Genet 1998;35:94–8.
[16] Tyagi A, Harrington H. Cataplexy in association with Moebius syndrome. J
Neurol 2003;250:110–1.
[17] Parkes JD. Genetic factors in human sleep disorders with special reference
to Norrie disease, Prader-Willi syndrome and Moebius syndrome. J Sleep Res
1999;8:14–22.
[18] Vossler DG, Wyler AR, Wilkus RJ, Gardner-Walker G, Vlcek BW. Cataplexy and monoamine oxidase deﬁciency in Norrie disease. Neurology
1996;46:1258–61.
[19] Nevsimalova S, Buskova J, Bruha R, Kemlink D, Sonka K, Vitek L, et al. Sleep
disorders in Wilson’s disease. Eur J Neurol 2011;18:184–90.
[20] Nishino S, Ripley B, Overeem S, Lammers GJ, Mignot E. Hypocretin (orexin)
deﬁciency in human narcolepsy. Lancet 2000;355:39–40.
[21] Mignot E, Lammers GJ, Ripley B, Okun M, Nevsimalova S, Overeem S, et al.
The role of cerebrospinal ﬂuid hypocretin measurement in the diagnosis of
narcolepsy and other hypersomnias. Arch Neurol 2002;59:1553–62.
[22] Bourgin P, Zeitzer JM, Mignot E. CSF hypocretin-1 assessment in sleep and
neurological disorders. Lancet Neurol 2008;7:649–62.
[23] Oka Y, Inoue Y, Kanbayashi T, Kuroda K, Miyamoto M, Miyamoto T, et al.
Narcolepsy without cataplexy: 2 subtypes based on CSF hypocretin-1/orexinA ﬁndings. Sleep 2006;29:1439–43.
[24] Andlauer O, Moore IVH, Hong SC, Dauvilliers D, Kanbayashi T, Nishino S, et al.
Predictors of hypocretin (orexin) deﬁciency in narcolepsy without cataplexy.
Sleep 2012;35:1247F–55F.
[25] Baumann CR, Stocker R, Imhof HG, Trentz O, Hersberger M, Mignot E, et al.
Hypocretin-1 (orexin A) deﬁciency in acute traumatic brain injury. Neurology
2005;65:147–9.
[26] Rejdak K, Petzold A, Lin L, Smith M, Kitchen N, Thompson EJ. Decreased CSF
hypocretin-1 (orexin-A) after acute haemorrhagic brain injury. J Neurol Neurosurg Psychiatry 2005;76:597–8.
[27] Ripley B, Overeem S, Fujiki N, Nevsimalova S, Uchino M, Yesavage J, et al.
CSF hypocretin/orexin levels in narcolepsy and other neurological conditions.
Neurology 2001;57:2253–8.
[28] Scammell TE, Nishino S, Mignot E, Saper CB. Narcolepsy and low CSF
orexin (hypocretin) concentration after a diencephalic stroke. Neurology
2001;56:1751–3.
[29] Rejdak K, Papuc E, Grieb P, Stelmasiak Z. Decreased cerebrospinal ﬂuid
hypocretin-1 (orexin A) in patients after repetitive generalized tonic–clonic
seizures. Epilepsia 2009;50:1641–4.
[30] Kubota H, Kanbayashi T, Tanabe Y, Takanashi J, Kohno Y. A case of acute
disseminated encephalomyelitis presenting hypersomnia with decreased
hypocretin level in cerebrospinal ﬂuid. J Child Neurol 2002;17:537–9.
[31] Nevsimalova S, Vankova J, Stepanova I, Seemanova E, Mignot E, Nishino S.
Hypocretin deﬁciency in Prader-Willi syndrome. Eur J Neurol 2005;12:70–2.

F. Poli et al. / Vaccine 31 (2013) 994–1007
[32] Vankova J, Stepanova I, Jech R, Elleder M, Ling L, Mignot E, et al. Sleep disturbances and hypocretin deﬁciency in Niemann-Pick disease type C. Sleep
2003;26:427–30.
[33] Drouot X, Moutereau S, Nguyen JP, Lefaucheur JP, Creange A, Remy P, et al.
Low levels of ventricular CSF orexin/hypocretin in advanced PD. Neurology
2003;61:540–3.
[34] Fronczek R, Overeem S, Lee SY, Hegeman IM, van Pelt J, van Duinen SG, et al.
Hypocretin (orexin) loss in Parkinson’s disease. Brain 2007;130:1577–85.
[35] Oka Y, Kanbayashi T, Mezaki T, Iseki K, Matsubayashi J, Murakami G, et al.
Low CSF hypocretin-1/orexin-A associated with hypersomnia secondary to
hypothalamic lesion in a case of multiple sclerosis. J Neurol 2004;251:885–6.
[36] Winkelmann J, Lin L, Schormair B, Kornum BR, Faraco J, Plazzi G, et al. Mutations in DNMT1 cause autosomal dominant cerebellar ataxia, deafness and
narcolepsy. Hum Mol Genet 2012;21:2205–10.
[37] Nishino S, Ripley B, Overeem S, Nevsimalova S, Lammers GJ, Vankova J, et al.
Low cerebrospinal ﬂuid hypocretin (Orexin) and altered energy homeostasis
in human narcolepsy. Ann Neurol 2001;50:381–8.
[38] Aldrich MS, Chervin RD, Malow BA. Value of the multiple sleep latency test
(MSLT) for the diagnosis of narcolepsy. Sleep 1997;20:620–9.
[39] Johns MW. Sensitivity and speciﬁcity of the multiple sleep latency test (MSLT),
the maintenance of wakefulness test and the epworth sleepiness scale: failure
of the MSLT as a gold standard. J Sleep Res 2000;9:5–11.
[40] Longstreth Jr WT, Koepsell TD, Ton TG, Hendrickson AF, van Belle G. The
epidemiology of narcolepsy. Sleep 2007;30:13–26.
[41] Silber MH, Krahn LE, Olson EJ, Pankratz VS. The epidemiology of narcolepsy in Olmsted County, Minnesota: a population-based study. Sleep
2002;25:197–202.
[42] Yoss RE, Daly DD. Narcolepsy in children. Pediatrics 1960;25:1025–33.
[43] Chakravorty SS, Rye DB. Narcolepsy in the older adult: epidemiology, diagnosis and management. Drugs Aging 2003;20:361–76.
[44] Dauvilliers Y, Montplaisir J, Molinari N, Carlander B, Ondze B, Besset A, et al.
Age at onset of narcolepsy in two large populations of patients in France and
Quebec. Neurology 2001;57:2029–33.
[45] Passouant P, Billiard M. The evolution of narcolepsy with age. In: Guilleminault C, Dement WC, Passouant P, editors. Narcolepsy. New York: Spectrum;
1976. p. 179–96.
[46] Overeem S, Mignot E, van Dijk JG, Lammers GJ. Narcolepsy: clinical features,
new pathophysiologic insights, and future perspectives. J Clin Neurophysiol
2001;18:78–105.
[47] Mayer G, Kesper K, Ploch T, Peter H, Peter J. The implications of gender and
age at onset of ﬁrst symptoms in narcoleptic patients in Germany—results
from retrospective evaluation of hospital records. Somnologie 2002;6:13–8.
[48] Morrish E, King MA, Smith IE, Shneerson JM. Factors associated with a delay
in the diagnosis of narcolepsy. Sleep Med 2004;5:37–41.
[49] Guilleminault C, Pelayo R. Narcolepsy in prepubertal children. Ann Neurol
1998;43:135–42.
[50] Serra L, Montagna P, Mignot E, Lugaresi E, Plazzi G. Cataplexy features in
childhood narcolepsy. Mov Disord 2008;23:858–65.
[51] Plazzi G, Pizza F, Palaia V, Franceschini C, Poli F, Moghadam KK, et al. Complex
movement disorders at disease onset in childhood narcolepsy with cataplexy.
Brain 2011;134:3480–92.
[52] Thannickal TC, Moore RY, Nienhuis R, Ramanathan L, Gulyani S, Aldrich M,
et al. Reduced number of hypocretin neurons in human narcolepsy. Neuron
2000;27:469–74.
[53] Peyron C, Faraco J, Rogers W, Ripley B, Overeem S, Charnay Y, et al. A mutation
in a case of early onset narcolepsy and a generalized absence of hypocretin
peptides in human narcoleptic brains. Nat Med 2000;6:991–7.
[54] Crocker A, Espana RA, Papadopoulou M, Saper CB, Faraco J, Sakurai T, et al.
Concomitant loss of dynorphin, NARP, and orexin in narcolepsy. Neurology
2005;65:1184–8.
[55] Mignot E, Hayduk R, Black J, Grumet FC, Guilleminault C. HLA
DQB1*0602 is associated with cataplexy in 509 narcoleptic patients.
Sleep 1997;20:1012–20.
[56] Black 3rd JL. Narcolepsy: a review of evidence for autoimmune diathesis. Int
Rev Psychiatry 2005;16:461–9.
[57] Tanaka S, Honda Y, Inoue Y, Honda M. Detection of autoantibodies against
hypocretin, hcrtrl, and hcrtr2 in narcolepsy: anti-Hcrt system antibody in
narcolepsy. Sleep 2006;29:633–8.
[58] Scammell TE. The frustrating and mostly fruitless search for an autoimmune
cause of narcolepsy. Sleep 2006;29:601–2.
[59] Martinez-Rodriguez JE, Sabater L, Graus F, Iranzo A, Santamaria J. Evaluation
of hypothalamic-speciﬁc autoimmunity in patients with narcolepsy. Sleep
2007;30:27–8.
[60] Overeem S, Black 3rd JL, Lammers GJ. Narcolepsy: immunological aspects.
Sleep Med Rev 2008;12:95–107.
[61] Hallmayer J, Faraco J, Lin L, Hesselson S, Winkelmann J, Kawashima M, et al.
Narcolepsy is strongly associated with the T-cell receptor alpha locus. Nat
Genet 2009;41:708–11.
[62] Kornum BR, Kawashima M, Faraco J, Lin L, Rico TJ, Hesselson S, et al. Common
variants in P2RY11 are associated with narcolepsy. Nat Genet 2011;43:66–71.
[63] Aran A, Lin L, Nevsimalova S, Plazzi G, Hong SC, Weiner K, et al. Elevated
anti-streptococcal antibodies in patients with recent narcolepsy onset. Sleep
2009;32:979–83.
[64] Cvetkovic-Lopes V, Bayer L, Dorsaz S, Maret S, Pradervand S, Dauvilliers Y, et al.
Elevated Tribbles homolog 2-speciﬁc antibody levels in narcolepsy patients.
J Clin Invest 2010;120:713–9.

1005

[65] Aldrich MS. The clinical spectrum of narcolepsy and idiopathic hypersomnia.
Neurology 1996;46:393–401.
[66] Billiard M. Narcolepsy. Clinical features and aetiology. Ann Clin Res
1985;17:220–6.
[67] Honda Y. Clinical features of narcolepsy: Japanese experiences. In: Honda T,
Juji T, editors. HLA in narcolepsy. Berlin: Springer-Verlag; 1988. p. 24–57.
[68] Guilleminault C, Abad V. Narcolepsy. In: Chokroverty S, editor. Sleep disorders medicine. Basic science, technical considerations, and clinical aspects.
Philadelphia, PA: Elsevier Inc.; 2009. p. 377–96.
[69] Dauvilliers Y, Baumann CR, Carlander B, Bischof M, Blatter T, Lecendreux M,
et al. CSF hypocretin-1 levels in narcolepsy, Kleine-Levin syndrome, and other
hypersomnias and neurological conditions. J Neurol Neurosurg Psychiatry
2003;74:1667–73.
[70] Baumann C, Bassetti Cl. Hypocretin an narcolepsy. Lancet Neurol
2003;10:673–82.
[71] Thannickal TC, Nienhuis R, Siegel JM. Localized loss of hypocretin (orexin)
cells in narcolepsy without cataplexy. Sleep 2009;32:993–8.
[72] Marti I, Valko PO, Khatami R, Bassetti CL, Baumann CR. Multiple sleep latency
measures in narcolepsy and behaviourally induced insufﬁcient sleep syndrome. Sleep Med 2009;10:1146–50.
[73] Mignot E, Lin L, Finn L, Lopes C, Pluff K, Sundstrom ML, et al. Correlates of sleeponset REM periods during the Multiple Sleep Latency Test in community
adults. Brain 2006;129:1609–23.
[74] Sleep Disorders Classiﬁcation Committee (Roffwarg HP, Chairman). Association of Sleep Disorders Centers. Diagnostic classiﬁcation of sleep and arousal
disorders, 1st ed., vol. 2. Sleep; 1979. p. 1–137.
[75] Diagnostic Classiﬁcation Steering Committee (Thorpy MJ, chairman). International Classiﬁcation of Sleep Disorders diagnostic and coding manual.
Rochester, MN: American Sleep Disorders Association; 1990.
[76] Eurosurveillance
Editorial
Team.
European
Medicines
Agency
updates on the review of Pandemrix and reports of narcolepsy.
Surveill
2010;15,
pii:19670.
Available
at:
http://www.
Euro
eurosurveillance.org/ViewArticle.aspx?ArticleId=19670
[77] Medical Products Agency (MPA). Occurrence of narcolepsy with cataplexy among children and adolescents in relation to the H1N1
pandemic and Pandemrix vaccinations—results of a case inventory study by the MPA in Sweden during 2009–2010. Available at:
http://www.lakemedelsverket.se/upload/nyheter/2011/Fallinventeringsra
pport pandermrix 110630.pdf; 2011.
[78] Eurosurveillance Editorial Team. Swedish Medical Products Agency publishes
report from a case inventory study on Pandemrix vaccination and development of narcolepsy with cataplexy. Euro Surveill 2011;16, pii:19904. Available at: http://www.eurosurveillance.org/ViewArticle.aspx?ArticleId=19904
[79] National Institute for Health and Welfare. National Institute for Health and
Welfare recommends discontinuation of Pandemrix vaccinations. Available
at: http://www.thl.ﬁ/doc/en/22930
[80] Dauvilliers Y, Montplaisir J, Cochen V, Desautels A, Einen M, Lin L, et al. PostH1N1 narcolepsy–cataplexy. Sleep 2010;33:1428–30.
[81] Bardage C, Persson I, Ortqvist A, Bergman U, Ludvigsson JF, Granath F. Neurological and autoimmune disorders after vaccination against pandemic
inﬂuenza A (H1N1) with a monovalent adjuvanted vaccine: population based
cohort study in Stockholm,Sweden. BMJ 2011;343:d5956.
[82] Haba-Rubio J, Rossetti AO, Tafti M, Heinzer R. Narcolepsy with cataplexy
associated with H1N1 vaccination. Rev Neurol 2011;167:563–6.
[83] Han F, Lin L, Warby SC, Faraco J, Li J, Dong SX, et al. Narcolepsy onset is seasonal and increased following the 2009 H1N1 pandemic in China. Ann Neurol
2011;70:410–7.
[84] Kallweit U, Hidlgo H, Engel A, et al. Post H1N1 vaccination
narcolepsy–cataplexy with decreased CSF beta-amyloid. Sleep Med
2012;13:323.
[85] Kohl KS, Walop W, Gidudu J, Ball L, Halperin S, Hammer SJ, et al. Induration at
or near injection site: case deﬁnition and guidelines for collection, analysis,
and presentation of immunization safety data. Vaccine 2007;25:5839–57.
[86] Schenck CH, Bassetti CL, Arnulf I, Mignot E. English translations of the ﬁrst
clinical reports on narcolepsy and cataplexy by Westphal and Gelineau in the
late 19th century, with commentary. J Clin Sleep Med 2007;3:301–11.
[87] Adie W. Idiopathic narcolepsy: a disease sui generis: with remarks on the
mechanism of sleep. Brain 1926;49:257–306.
[88] Loewenfeld L. Ueber Narkolepsie. Muenchener Medizische Wochenschrift
1902;49:1041–5.
[89] Rechtschaffen A, Wolpert EA, Dement WC, Mitchell SA, Fisher C.
Nocturnal sleep of narcoleptics. Electroencephalogr Clin Neurophysiol
1966;15:599–609.
[90] Guillemianult C, Dement WC. Pathologies of excessive sleep. In: Weitzman
ED, editor. Advances in sleep research, vol. 1. New York: Spectrum; 1974. p.
345–90.
[91] Richardson GS, Carskadon MA, Flagg W, Van den Hoed J, Dement WC,
Mitler MM. Excessive daytime sleepiness in man: multiple sleep latency
measurement in narcoleptic and control subjects. Electroencephalogr Clin
Neurophysiol 1978;45:621–7.
[92] Mitler MM, Van den Hoed J, Carskadon MA, Richardson G, Park R, Guilleminault C, et al. REM sleep episodes during the Multple Sleep Latency Test in
narcoleptic patients. Electroencephalogr Clin Neurophysiol 1979;46:479–81.
[93] Amira SA, Johnson TS, Logowitz NB. Diagnosis of narcolepsy using the
multiple sleep latency test: analysis of current laboratory criteria. Sleep
1985;8:325–31.

1006

F. Poli et al. / Vaccine 31 (2013) 994–1007

[94] Silber MH. The multiple sleep latency test in the diagnosis of sleep disorders.
S Afr Med J 1990;77:82–4.
[95] Lammers GJ, van Dijk JG. The Multiple Sleep Latency Test: a paradoxical test?
Clin Neurol Neurosurg 1992;94:S108–10.
[96] American Academy of Neurology. Assessment: techniques associated with
the diagnosis and management of sleep disorders. Report of the Therapeutics and Technology Assessment Subcommittee of the American Academy of
Neurology. Neurology 1992;42:269–75.
[97] Moscovitch A, Partinen M, Guilleminault C. The positive diagnosis of narcolepsy and narcolepsy’s borderland. Neurology 1993;43:55–60.
[98] Chervin RD, Aldrich MS, Pickett R, Guilleminault C. Comparison of the results
of the Epworth Sleepiness Scale and the Multiple Sleep Latency Test. J Psychosom Res 1997;42:145–55.
[99] Dauvilliers Y, Gosselin A, Paquet J, Touchon J, Billiard M, Montplaisir J. Effect
of age on MSLT results in patients with narcolepsy–cataplexy. Neurology
2004;62:46–50.
[100] Arand D, Bonnet M, Hurwitz T, Mitler M, Rosa R, Sangal RB. The clinical use of
the MSLT and MWT. Sleep 2005;28:123–44.
[101] Littner MR, Kushida C, Wise M, Davila DG, Morgenthaler T, Lee-Chiong T, et al.
Practice parameters for clinical use of the multiple sleep latency test and the
maintenance of wakefulness test. Sleep 2005;28:113–21.
[102] Hong SC, Lin L, Jeong JH, Shin YK, Han JH, Lee JH, et al. A study of the diagnostic
utility of HLA typing, CSF hypocretin-1 measurements, and MSLT testing for
the diagnosis of narcolepsy in 163 Korean patients with unexplained excessive daytime sleepiness. Sleep 2006;29:1429–38.
[103] Siegel JM. The narcoleptic borderland. Sleep Med 2003;4:3–4.
[104] Bassetti C, Gugger M, Bischof M, Mathis J, Sturzenegger C, Werth E, et al. The
narcoleptic borderland: a multimodal diagnostic approach including cerebrospinal ﬂuid levels of hypocretin-1 (orexin A). Sleep Med 2003;4:7–12.
[105] Krahn LE, Pankratz VS, Oliver L, Boeve BF, Silber MH. Hypocretin (orexin)
levels in cerebrospinal ﬂuid of patients with narcolepsy: relationship to cataplexy and HLA DQB1*0602 status. Sleep 2002;25:733–6.
[106] Jacome DE, Risko M. Pseudocataplexy: gelastic–atonic seizures. Neurology
1984;34:1381–3.
[107] Krahn LE, Hansen MR, Shepard JW. Pseudocataplexy. Psychosomatics
2001;42:356–8.
[108] Simon DK, Nishino S, Scammell TE. Mistaken diagnosis of psychogenic gait
disorder in a man with status cataplecticus (“limp man syndrome”). Mov
Disord 2004;19:838–40.
[109] Krahn LE. Reevaluating spells initially identiﬁed as cataplexy. Sleep Med
2005;6:537–42.
[110] Calabro RS, Savica R, Lagana A, Magaudda A, Imbesi D, Gallitto G, et al. Status
cataplecticus misdiagnosed as recurrent syncope. Neurol Sci 2007;28:336–8.
[111] Plazzi G, Khatami R, Serra L, Pizza F, Bassetti CL. Pseudocataplexy in narcolepsy
with cataplexy. Sleep Med 2010;11:591–4.
[112] Shankar R, Jalihal V, Walker M, Zeman A. Pseudocataplexy and transient functional paralysis: a spectrum of psychogenic motor disorder. J Neuropsychiatry
Clin Neurosci 2010;22:445–50.
[113] Guilleminault C, Wilson RA, Dement WC. A study on cataplexy. Arch Neurol
1974;31:255–61.
[114] Rubboli G, d’Orsi G, Zaniboni A, Gardella E, Zamagni M, Rizzi R, et al.
A video-polygraphic analysis of the cataplectic attack. Clin Neurophysiol
2000;111:S120–8.
[115] Lammers GJ, Overeem S, Tijssen MA, van Dijk JG. Effects of startle and laughter in cataplectic subjects: a neurophysiological study between attacks. Clin
Neurophysiol 2000;11:1276–81.
[116] Augustine K, Cameron B, Camp J, Krahn L, Robb R. An immersive simulation
system for provoking and analyzing cataplexy. Stud Health Technol Inform
2002;85:31–7.
[117] Okun ML, Lin L, Pelin Z, Hong S, Mignot E. Clinical aspects of
narcolepsy–cataplexy across ethnic groups. Sleep 2002;25:27–35.
[118] Dhondt K, Verhelst H, Pevernagie D, Slap F, Van Coster R. Childhood narcolepsy with partial facial cataplexy: a diagnostic dilemma. Sleep Med
2009;10:797–8.
[119] Vetrugno R, D’Angelo R, Moghadam KK, Vandi S, Franceschini C, Mignot E,
et al. Behavioural and neurophysiological correlates of human cataplexy: a
video-polygraphic study. Clin Neurophysiol 2010;121:153–62.
[120] Silber MH, Krahn LE, Olson EJ. Diagnosing narcolepsy: validity and reliability
of new diagnostic criteria. Sleep Med 2002;3:109–13.
[121] Morrison I, Buskova J, Nevsimalova S, Douglas NJ, Riha RL. Diagnosing
narcolepsy with cataplexy on history alone: challenging the International Classiﬁcation of Sleep Disorders (ICSD-2) criteria. Eur J Neurol
2011;18:1017–20.
[122] Knudsen S, Jennum PJ, Alving J, Sheikh SP, Gammeltoft S. Validation of the
ICSD-2 criteria for CSF hypocretin-1 measurements in the diagnosis of narcolepsy in the Danish population. Sleep 2010;33:169–76.
[123] Heier MS, Evsiukova T, Vilming S, Gjerstad MD, Schrader H, Gautvik K. CSF
hypocretin-1 levels and clinical proﬁles in narcolepsy and idiopathic CNS
hypersomnia in Norway. Sleep 2007;30:969–73.
[124] Arii J, Kanbayashi T, Tanabe Y, Sawaishi Y, Kimura S, Watanabe A, et al. CSF
hypocretin-1 (orexin-A) levels in childhood narcolepsy and neurologic disorders. Neurology 2004;63:2440–2.
[125] Kunimoto M. The level of hypocretin 1 (orexin A) in cerebrospinal ﬂuid
and the diagnosis of narcolepsy and other somnolent disorders. Intern Med
2003;42:634–5.

[126] Overeem S, Scammell TE, Lammers GJ. Hypocretin/orexin and sleep: implications for the pathophysiology and diagnosis of narcolepsy. Curr Opin Neurol
2002;15:739–45.
[127] Kanbayashi T, Yano T, Ishiguro H, Kawanishi K, Chiba S, Aizawa R, et al.
Hypocretin-1 (orexin-A) levels in human lumbar CSF in different age groups:
infants to elderly persons. Sleep 2002;25:337–9.
[128] Lin L, Bassetti CL, Lammers GJ, Nishino S, Silber MH, Kanbayashi T, et al. Guidelines for the appropriate use of CSF measurements to diagnose narcolepsy. In:
Bassetti CL, Billiard M, Mignot E, editors. Narcolepsy and hypersomnia. 1st ed.
New York: Informa Healthcare; 2006. p. 663–70.
[129] Nicoll D, Detmer WM. Diagnostic testing and medical decision making. In:
Tierney LM, McPhee SJ, Papadakis MA, editors. Current medical diagnosis and
treatment. Stanford: Appleton and Lange; 1999. p. 550–60.
[130] Dauvilliers Y, Abril B, Mas E, Michel F, Tafti M. Normalization of hypocretin1 in narcolepsy after intravenous immunoglobulin treatment. Neurology
2009;73:1333–4.
[131] Anic-Labat S, Guilleminault C, Kraemer HC, Meehan J, Arrigoni J, Mignot E.
Validation of a cataplexy questionnaire in 983 sleep-disorders patients. Sleep
1999;22:77–87.
[132] Hublin C, Kaprio J, Partinen M, Koskenvuo M, Heikkila K, Koskimies S, Guilleminault C. The prevalence of narcolepsy: an epidemiological study of the Finnish
Twin Cohort. Ann Neurol 1994;35:709–16.
[133] Charles ST, Carstensen LL. Social and emotional aging. Annu Rev Psychol
2010;61:383–409.
[134] Aran A, Einen M, Lin L, Plazzi G, Nishino S, Mignot E. Clinical and therapeutic aspects of childhood narcolepsy–cataplexy: a retrospective study of 51
children. Sleep 2010;33:1457–64.
[135] Nevsimalova S. Narcolepsy in childhood. Sleep Med Rev 2009;13:169–80.
[136] Honda Y, Asaka A, Tanimura M, Furusho T. A genetic study of narcolepsy and
excessive daytime sleepiness in 308 families with a narcolepsy or hypersomnia proband. In: Guilleminault C, Lugaresi E, editors. Sleep/wake disorders:
natural history, epidemiology and long term evolution. New York: Raven;
1983. p. 187–99.
[137] Broughton R, Dunham W, Newman J, Lutley K, Duschesne P, Rivers M. Ambulatory 24 h sleep-wake monitoring in narcolepsy–cataplexy compared to
matched controls. Electroencephalogr Clin Neurophysiol 1988;70:473–81.
[138] Plazzi G, Serra L, Ferri R. Nocturnal aspects of narcolepsy with cataplexy. Sleep
Med Rev 2008;12:109–28.
[139] Montplaisir J, Billiard M, Takahashi S, Bell IR, Guilleminault C, Dement WC.
Twenty-four-hour recording in REM-narcoleptics with special reference to
nocturnal sleep disruption. Biol Psychiatry 1978;13:73–89.
[140] Carrot B, Lecendreux M. Evaluation of excessive daytime sleepiness in child
and adolescent psychopathology. Arch Pediatr 2011;18:891–901.
[141] Mazza M, Faia V, Paciello N, Della Marca G, Mazza S. Sleep disorders in childhood: a review. Clin Ter 2002;153:189–93.
[142] Kotagal S. Sleep disorders in childhood. Neurol Clin 2003;21:961–81.
[143] Kotagal S, Pianosi P. Sleep disorders in children and adolescents. BMJ
2006;332(7545):828–32.
[144] Meltzer LJ, Mindell JA. Sleep and sleep disorders in children and adolescents.
Psychiatr Clin North Am 2006;29:1059–76.
[145] Kothare SV, Kaleyias J. Narcolepsy and other hypersomnias in children. Curr
Opin Pediatr 2008;20:666–75.
[146] Kothare SV, Kaleyias J. The clinical and laboratory assessment of the sleepy
child. Semin Pediatr Neurol 2008;15:61–9.
[147] Lecendreux M, Dauvilliers Y, Arnulf I, Franco P. Narcolepsy with cataplexy
in the child: clinical evaluation and therapeutical management. Rev Neurol
2008;164:646–57.
[148] Vendrame M, Havaligi N, Matadeen-Ali C, Adams R, Kothare SV. Narcolepsy in
children: a single-center clinical experience. Pediatr Neurol 2008;38:314–20.
[149] Sullivan SS. Narcolepsy in adolescents. Adolesc Med State Art Rev
2010;21:542–55, x–xi.
[150] Peraita-Adrados R, Garcia-Penas JJ, Ruiz-Falco L, Gutierrez-Solana L, LopezEsteban P, Vicario JL, et al. Clinical, polysomnographic and laboratory
characteristics of narcolepsy–cataplexy in a sample of children and adolescents. Sleep Med 2011;12:24–7.
[151] Guilleminault C, Pelayo R. Narcolepsy in children: a practical guide to its
diagnosis, treatment and follow-up. Paediatr Drugs 2000;2:1–9.
[152] Dorris L, Zuberi SM, Scott N, Moffat C, McArthur I. Psychosocial and intellectual
functioning in childhood narcolepsy. Dev Neurorehabil 2008;11:187–94.
[153] Nohynek H, Jokinen J, Partinen M, Vaarala O, Kirjavainen T, Sundman J, et al.
AS03 adjuvanted AH1N1 vaccine associated with an abrupt increase in the
incidence of childhood narcolepsy in Finland. PLoS ONE 2012;7:e33536.
[154] Partinen M, Saarenpaa-Heikkila O, Ilveskoski I, Hublin C, Linna M, Olsen P,
et al. Increased incidence and clinical picture of childhood narcolepsy following the 2009 H1N1 pandemic vaccination campaign in Finland. PLoS ONE
2012;7:e33723.
[155] Carskadon MA, Dement WC, Mitler MM, Roth T, Westbrook PR, Keenan S.
Guidelines for the multiple sleep latency test (MSLT): a standard measure of
sleepiness. Sleep 1986;9:519–24.
[156] Bishop C, Rosenthal L, Helmus T, Roehrs T, Roth T. The frequency of multiple sleep onset REM periods among subjects with no excessive daytime
sleepiness. Sleep 1996;19:727–30.
[157] Andlauer O, Moore HE, Han F, Hong S, Plazzi G, Haffen E, et al. Short REM
latency as a screening tool for narcolepsy. Sleep 2012;35:A269.
[158] Wise MS. Childhood narcolepsy. Neurology 1998;50:S37–42.

F. Poli et al. / Vaccine 31 (2013) 994–1007
[159] Carskadon MA, Harvey K, Duke P, Anders TF, Litt IF, Dement WC. Pubertal
changes in daytime sleepiness. Sleep 1980;2:453–60.
[160] Geisler P, Tracik F, Cronlein T, Fulda S, Wichniak A, Popp R, et al. The inﬂuence
of age and sex on sleep latency in the MSLT-30-a normative study. Sleep
2006;29:687–92.
[161] Dauvilliers Y, Arnulf I, Mignot E. Narcolepsy with cataplexy. Lancet
2007;369:499–511.
[162] Kotagal S, Hartse KM, Walsh JK. Characteristics of narcolepsy in preteenaged
children. Pediatrics 1990;85:205–9.
[163] Peterson PC, Husain AM. Pediatric narcolepsy. Brain Dev 2008;30:609–23.
[164] Mignot E. Genetics of narcolepsy and other sleep disorders. Am J Hum Genet
1997;60:1289–302.
[165] Hor H, Kutalik Z, Dauvilliers Y, Valsesia A, Lammers GJ, Donjacour CE,
et al. Genome-wide association study identiﬁes new HLA class II haplotypes
strongly protective against narcolepsy. Nat Genet 2010;42:786–9.
[166] Mignot E, Lin L, Rogers W, Honda Y, Qiu X, Lin X, et al. Complex HLA-DR and
-DQ interactions confer risk of narcolepsy–cataplexy in three ethnic groups.
Am J Hum Genet 2001;68:686–99.
[167] International Conference on Harmonisation of Technical Requirements for Registration of Pharmaceuticals for Human Use (ICH).
Guidelines for Clinical Safety Assessment (E2a-e). Available at:
http://www.ich.org/ﬁleadmin/Public Web Site/ICH Products/Guidelines/
Efﬁcacy/E2A/Step4/E2A Guideline.pdf [accessed 27.04.12].

1007

[168] Council for International Organizations of Medical Sciences (CIOMS). Reporting form for International Reporting of Adverse Drug Reactions. Available at:
http://www.cioms.ch/form/frame form.htm [accessed 27.04.12].
[169] Moher D, Schulz KF, Altman D. The CONSORT statement: revised recommendations for improving the quality of reports of parallel-group randomized
trials. JAMA 2001;285:1987–91.
[170] Moher D, Cook DJ, Eastwood S, Olkin I, Rennie D, Stroup DF. Improving
the quality of reports of meta-analyses of randomised controlled trials:
the QUOROM statement. Quality of Reporting of Meta-analyses. Lancet
1999;354:1896–900.
[171] Stroup DF, Berlin JA, Morton SC, Olkin I, Williamson GD, Rennie D, et al.
Meta-analysis of observational studies in epidemiology: a proposal for reporting. Meta-analysis Of Observational Studies in Epidemiology (MOOSE) group.
JAMA 2000;283:2008–12.
[172] Des Jarlais DC, Lyles C, Crepaz N. Improving the reporting quality of nonrandomized evaluations of behavioral and public health
interventions: the TREND statement. Am J Public Health 2004;94:
361–6.
[173] Vandenbroucke JP, von Elm E, Altman DG, Gotzsche PC, Mulrow CD,
Pocock SJ, et al. Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE): explanation and elaboration. PLoS Med 2007;4:
e297.

