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Narcolepsy is a rare sleeping disorder that gives sleep onset rapid eye movement periods and excessive daytime
sleepiness. It is divided into two subgroups, narcolepsy type 1 where there also is orexin deficiency and cataplexy and
narcolepsy type 2 that lack these features. Narcolepsy type 1 is assumed to be an autoimmune disease with destruction of
orexin-producing cells. The pathology behind is unclear. There is a strong association to a class Il HLA allele,
HLADQB1*06:02 and the HIN1-virus and streptococcal infections has also been associated with narcolepsy. The sever-
ity of narcolepsy differs between patients from those who can manage their disease without medication to those who has a
severe impact on their everyday life. There is a diagnostic delay between the onset of symptoms and time for diagnosis
that in some cases can be more than a decade. The global mean prevalence is 30 per 100 000 inhabitants. The incidence
in children in northern Europe has risen since 2010. An early study of the 2009 H1N1 influenza A pandemic indicated a
high mortality and prompted efforts to rapidly come up with a vaccine. One of these was Pandemrix that was the most
widely used in Europe and 61 % of the inhabitants in Sweden was vaccinated. Studies have shown an increased incidence
of narcolepsy type 1 in European countries that had used Pandemrix, but no increased risk was seen in countries that had

used other vaccines than Pandemrix.
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Narcolepsy is a rare sleeping disorder
giving excessive daytime sleepiness and fal-
ling asleep unwillingly during daytime, sleep
onset rapid eye movement (REM) periods and
might have automatic behaviour, hallucina-
tions when waking up and falling asleep, sleep
paralysis, periodic leg movements, psychiatric
symptoms and increased weight [1-3]. In nar-
colepsy type 1 there is also cataplexy (emo-
tions triggering loss of muscle tone) and
orexin-deficiency, detectable in cerebrospinal
fluid. Cataplexy and orexin-deficiency is not
seen in narcolepsy type 2 [4]. In narcolepsy

type 1 disrupted sleep with repeated awaken-
ings during night is common [1].

Studies have shown that getting narco-
lepsy affects life in many domains; for chil-
dren it affects their education, about half of the
children get behavioural problems, the unem-
ployment rates in adults are high and those
who work have a lower income [1]. Many pa-
tients with narcolepsy complain about working
memory problems, but studies have been con-
tradictory and there is little objective evidence
for a memory deficit. One study in adolescents
found no memory deficits in patients compared
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to controls but suggested that the patients might
have a dysregulation in sustained attention [5].

The incidence is 1 per 100.00 inhabi-
tants per year but has risen in children in
Northern Europe since 2010 [1, 4]. The
global mean prevalence is 30 per 100.000
inhabitants, with the highest prevalence in
Japan (160/10°) and the lowest in Israel
(0.23/10%) which partly could be explained
by genetics but also by the fact that the
prevalence is calculated in different age
span. Onset of narcolepsy is most common
between 10 to 30 years, onset after 40 years
of age is rare and before 2010 onset before
the age of 10 was seldom reported [1].

There is a delay between onset of symp-
toms and diagnosis in narcolepsy that can be
substantial, but there seems to be a trend to-
wards a shorter delay [5—6]. Different studies
report an average diagnostic delay between 8,4
to 16 years [7—13]. A literature review by Lind-
berger which included previous mentioned
studies among others found that most studies
show a diagnostic delay over one decade [14].

Diagnogtic criteria according to ICSD-3[1].

Narcolepsy type 1.

Criteria A and B must be fulfilled.

A. The patient has daily periods of irre-
pressible need to sleep or daytime lapses into
sleep occurring for at least three months.

B. The presence of one or both of the fol-
lowing:

1. Cataplexy and a mean sleep latency of
<8 minutes and two or more sleep onset REM
periods (SOREMPs) on a multiple sleep la-
tency test (MSLT) performed according to
standard techniques. A SOREMP within 15
minutes of sleep onset on the preceding noc-
turnal polysomnogram may replace one of the
SOREMPs on the MSLT.

2. CSF hypocretin-1 concentration, meas-
ured by immunoreactivity, is either <110 pg/mL
or <1/3 of mean values obtained in normal sub-
jects with the same standardized assay.

Narcolepsy type 2.

Criteria A-E must be fulfilled.

A. Daily periods of irrepressible need to
sleep or daytime lapses into sleep occurring
for at least 3 months.
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B. A mean sleep latency of <8 minutes
and two or more sleep onset REM periods
(SOREMPs) are found on a MSLT performed
according to standard techniques. A SOREMP
within 15 minutes of sleep onset on the pre-
ceding nocturnal polysomnogram may replace
one of the SOREMPs on the MSLT.

C. No cataplexy.

D. CSF hypocretin-1 concentration has
not been measured or CSF hypocretin-1 con-
centration measured by immunoreactivity is
either >110 pg/mL or >1/3 of mean values ob-
tained in normal subjects with the same stan-
dardized assay.

E. The hypersomnolence and/or MSLT
findings are not better explained by other
causes such as insufficient sleep, obstructive
sleep apnea, delayed sleep phase disorder, or
the effect of medication or substances or their
withdrawal.

Treatment in Sveden.

In an expert meeting summoned by Swed-
ish medical products agency in Sweden in
February 2013 directions for the symptomatic
treatment of narcolepsy was drawn. It is im-
portant that the patient has regular sleeping
habits, avoid sleep deprivation, plans regular
naps during the day and avoid meals rich in
easily digestible carbohydrates. Support and
advice from a treatment team with good
knowledge of narcolepsy and treatment of co-
morbidity was also stressed as important [15].

Medical treatment of hypersomnia for
adults consists of modafinil, methylphenidate
or amphetamine. Methylphenidate can be
combined with modafinil. Cataplexy in adults
can be treated with natriumoxybate or antide-
pressants. Natriumoxybate can also reduce the
frequency of nocturnal awakenings and reduce
subjective daytime sleepiness. Antidepressants
might have an effect on hallucinations and
sleep paralysis associated to falling asleep and
awakening [15]. Pitolisant belongs to a new
class of drugs and has been showed to have an
effect on cataplexy, daytime sleepiness, hallu-
cinations and sleep paralysis in some patients
[16, 17].

Hypersomnia in children and adolescents
can be treated with modafinil or methylpheni-
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date. Antidepressants (mainly SSRI or SNRI)
is used to treat cataplexy. Sleep disturbance is
often treated with melatonin and sometimes
with natriumoxybate [15].

It is assumed that narcolepsy type 1 is an
autoimmune disease that results in orexin-
deficiency by destructions of neurons in the
lateral hypothalamus that produce orexin but
the pathology behind this is unknown. Cell-
mediated autoimmunity, autoantibodies or cy-
totoxicity has been proposed as possible
mechanisms. Infection with the HIN1 virus
and streptococcal infections has been associ-
ated with onset of narcolepsy [1, 4]. Another
support for the autoimmune hypothesis is the
presence of the class II HLA-allele
HLADQB1:06:02 in 98 % of patients with
narcolepsy type 1. HLADQB1:06:02 is com-
mon in Western countries were 20-30 % of the
population has this allele, but still it has been
estimated that it increases the risk of narco-
lepsy with about 250 times compared with
non-carriers. Other genes have also been asso-
ciated with narcolepsy and most of them are
involved in the regulation of the immune sys-
tem [4, 18].

Pandemrix and the risk of narcolepsy.
An early observational study of the HIN1 in-
fluenza A pandemic in 2009 indicated that in-
fection with the virus had a high mortality, es-
pecially in young people and pregnant women.
This led to efforts to rapidly come up with an
effective vaccine against the HIN1-type influ-
enza A virus [4].

Pandemrix was the most widely used
vaccine in Europe [4]. It was approved in line
with European regulations for accelerated as-
sessment. In Sweden about 61 % of the in-
habitants were vaccinated with Pandemrix
between October 2009 and March 2010 but
the vaccination coverage was higher in some
groups, for instance in children, health work-
ers and vulnerable patient groups [19]. In to-
tal there were eight different vaccines used in
Europe [4]. Three of the them, including Pan-
demrix, had adjuvants which increase the ef-
fect of vaccines. Two vaccines had the adju-
vant MF59 and Pandemrix had the adjuvant
AS03 which was also used in Arepranrix, a
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vaccine used in Canada [20]. Two differences
between Pandemrix and Arenpanrix was the
amount of antigen that was higher in Pandem-
rix and differences in protein modifications
and protein compositions between the two
vaccines [4].

An increased incidence of narcolepsy
type 1 was seen after Pandemrix-vaccination
campaign in several European countries [1, 4].
In Sweden the first signals about an increased
risk of narcolepsy in children vaccinated with
Pandemrix came in June 2010 [19] and in
Finland there was similar observations during
the summer of 2010 [1]. An increased risk of
narcolepsy after Pandemrix vaccination was
seen in mainly children and young adults dur-
ing a follow up period to 2011 with about a
three to fourfold increased risk in people un-
der 21 years of age at vaccination and an in-
creased but lower risk for individuals of age
21-30 [19]. On the contrary no increased in-
cidence of narcolepsy was seen in Saudi Ara-
bia after vaccination with Pandemrix in No-
vember 2009, but the vaccination coverage is
unknown [21].

In a cohort study Persson et al investi-
gated if there were an increased risk of a
number of autoimmune and neurologic dis-
eases after vaccination with Pandemrix, for
instance multiple sclerosis, polyneuropathy,
epilepsy, rheumatoid arthritis, thyroid dis-
ease, myasthenia gravis and Addison’s dis-
ease. The study showed an increased risk of
narcolepsy after vaccination with Pandemrix
but not for any other neurologic or autoim-
mune disease [22].

A meta-analysis and systematic review
showed an increased incidence of narcolepsy
in Finland, France, Ireland, Norway, the Neth-
erlands, Norway, Sweden and United King-
dom where Pandemrix was used but no in-
creased risk in countries that had used other
vaccines including Arepanrix. For children and
adolescents, the incidence was 5-14 times
higher and for adults 3—7 times higher [20]. In
China there was an increased incidence of nar-
colepsy after the 2009 HINI-pandemic with-
out vaccination [1, 4], but this has not been
shown in other countries [4]. However, Trog-
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stad et al report a synergistic effect of infection
with the HIN1-influenza virus and vaccination
with Pandemrix on the risk of developing nar-
colepsy in Norwegians [23]. It is possible that
a genetic susceptibility in combination with
several environmental triggers, where Pan-
demrix acts as one of them, contributes to the
onset of narcolepsy [1].

It has been suggested that individuals who
has autoimmunity themselves or in their fami-
lies might be at risk of getting auto-immune
reactions after vaccination as well as people
with genetic susceptibility and Sarkanen et al.
suggest that, for instance, streptococcal infec-
tion could reduce self-tolerance temporarily in
addition to vaccination [4].

The severity of post Pandemrix narco-
lepsy spans from individuals who don’t need
medication to manage their disease to very
handicapped individuals and some people
also get serious psychiatric symptoms [4].
Studies that has compared Pandemrix vacci-
nated and unvaccinated patients, mainly chil-
dren, with narcolepsy type 1 has found a more
rapid onset in vaccinated patients, that facial
hypotonia and tongue protrusion was more
common as a sign of cataplexy in vaccinated
children [4] and that it was more common to
have cataplexy as one of the initial symptoms
in the vaccinated group as well as more than
two initial symptoms [19]. A more disturbed
nocturnal sleep was seen in Finnish children
with post Pandemrix narcolepsy type 1 com-
pared to unvaccinated Italian children with
narcolepsy type 1 [3]. One study found that
patients with post Pandemrix narcolepsy typl
had more frequent cataplexy and that 10 % of
patients with onset of narcolepsy before Pan-
demrix vaccination had worsening of cata-
plexy after vaccination with Pandemrix [3].
The clinical course of narcolepsy type 1 is
wide and overall the clinical course seems to

be similar between vaccinated and unvacci-
nated patients [3].

In countries where Pandemrix was used
narcolepsy is considered an adverse event of
the vaccination and patients who has devel-
oped narcolepsy after Pandemrix vaccination
are compensated, but rules for compensation
varies among the countries [3]. The time win-
dow for an increased risk of narcolepsy after
Pandemrix vaccination has been estimated to
two years after vaccination in studies in Swe-
den and Finland, but it is still unclear [4].

At our neurology clinic in Uppsala we
frequently encountered narcolepsy patients
who had diagnostic delays. For example, we
found seven patients with Pandemrix related
narcolepsy with diagnostic delays of nearly a
decade. Previous misdiagnoses had been
anaemia, asthma, psychosocial problems, de-
pression and unspecified tiredness.

Conclusion. Pandemrix has been showed
to increase the risk of narcolepsy in several
studies with an estimated time window of two
years. Narcolepsy can have a huge impact on
everyday life and onset is primarily in young
people. There is also a diagnostic delay which
means that some individuals might be without
necessary treatment for years before diagno-
sis. Since onset of narcolepsy can have a huge
impact on a young individual’s life and also
give rise to comorbidity it is important to get
a proper diagnosis as soon as possible. The
notion that a vaccination might be a trigger
for an autoimmune disease rises the impor-
tance of identifying possible risk factors in
individuals to be considered in future vacci-
nation campaigns.
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