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NARCOLEPSY-CATAPLEXY, A DISEASE CAUSED BY 
THE LOSS OF ~70,000 HYPOCRETIN CELLS IN THE HY-
POTHALAMUS AFFECTS ~20 PER 100,000 INDIVIDUALS, 
with an incidence of ~ 0.3-0.6 per 100,000 person-years.1,2 On-
set is most typically in the teens, and cases with onset before 
age 6 or after 40 are rare in Western Europe and North Amer-
ica.3 The disease is extremely tightly associated with human 
leukocyte antigen (HLA) DQB1*06024, so that DQB1*0602 
negative cases without documented loss of hypocretin cells, as 
measured by cerebrospinal fluid (CSF) hypocretin levels, are 
exceptional; only 5 such cases have been reported in the lit-
erature. The cause of narcolepsy is likely autoimmune based 
on the HLA association, association with T-cell receptor poly-
morphisms,5 and recently reported Tribbles 2 autoantibodies.6 
As for most autoimmune diseases, twin pairs are most often 
discordant (65% to 80%), and environmental triggers are sus-
pected to play a critical role.1 Most notably, two recent reports 
have found an association with past streptococcus infections,7,8 
leading to the speculation that upper airway infections could be 
involved in many cases as a cofactor.

The possibility that narcolepsy could be a rare side effect of 
H1N1 flu vaccination was first reported by the Swedish Medi-
cal Product agency in August 2010 (6 cases). Additional cases 
(up to 14) were also reported in Finland, potentially linked to 
Pandemrix vaccination, an H1N1 vaccination formulation con-
taining the adjuvant ASO3. Vaccination has been suspended in 
these countries.9

In three major centers of reference for narcolepsy—Mont-
pellier, France; Montreal, Canada; and Stanford University, 
United States—we noticed in the first months of 2010 an un-
usual increase in abrupt onset narcolepsy-cataplexy diagnosed 
within a few months of H1N1 onset. These observations were 
made independently and first discussed among directors of the 
3 centers at a sleep meeting in spring 2010, prior to any media 
attention. From September 2008 to August 2009, 9 recent-onset 
cases (symptoms of less than one year duration before being 
diagnosed) were identified in the 3 centers. The following year 
(September 2009-August 2010), 31 recent onset cases were 

identified (8 cases in Montpellier, 9 in Montreal, 14 at Stan-
ford). These cases were examined for past H1N1 exposure or 
vaccination by review of clinical charts, and when possible ad-
ditional interviews by phone or in person. Of the 31 cases, 14 
post-vaccination cases were identified at Montpellier (n = 6), 
Montreal (n = 4), and Stanford University (2 of 4 US cases were 
vaccinated in Europe). In addition, 2 cases following H1N1 in-
fection (as opposed to vaccination) were also reported at Stan-
ford. These patients were interviewed to specify the date of 
cataplexy onset. Information regarding date of vaccination and 
type of vaccine was also obtained in all cases. Multiple sleep 
latency tests (MSLTs) were performed in all cases older than 9 
years old. Serum, CSF, and DNA were collected for biochemi-
cal measurements. Serum samples were tested for the presence 
of antistreptolysin O (ASO).7 The presence of anti-TRIB2 an-
tibodies was tested in Lausanne, Switzerland, for the 6 French 
cases6 or at Stanford, USA, for the remaining cases.10 DNA was 
tested for the presence of DQB1*0602. CSF hypocretin-1 lev-
els were measured as previously described.11

A summary description of the 16 post-H1N1 cases is re-
ported in Table 1. All cases were HLA DQB1*0602 positive 
with severe sleepiness and definite/severe cataplexy. All were 
Caucasian except case 3 (African American), and 50% were 
male. In 10 cases, CSF hypocretin-1 was found to be extremely 
low (< 110 pg/mL; normal value > 200 pg/mL). MSLTs were 
performed in 11 cases, with confirmation of diagnosis in all 
cases, i.e., mean sleep latency < 8 minutes and ≥ 2 SOREMPs. 
The post streptococcal marker ASO was positive in 11 cases 
(68.7%), confirming a previous report in recent-onset cases.7 
None of our post-H1N1 subjects were anti-TRIB2 positive, 
in contrast to recent-onset cases collected in prior years.6,10,12 
Brain MRI (performed in 6 cases) were unremarkable except 
for the presence of a pineal cyst in 2 cases. The most striking 
features of our sample were the abrupt onset and the unusual 
severity of both sleepiness and cataplexy. Rapid weight gain 
was frequently noted, as is typical with abrupt onset cases. Fi-
nally, we noted that age at onset was often atypical, with 5 cases 
with onset after age 38, and 2 with very early onset (under 5 
years of age from the United States). Of the 14 post-vaccination 
cases, 11 cases followed adjuvanated vaccination, while 3 were 
vaccinated without adjuvant. Delay between vaccination and 
cataplexy onset in these cases ranged from 2 days (strong local 
response followed by a generalized reaction following vaccina-
tion) to 5 months, although in 9 of the 14 post-vaccination cases 
the onset occurred 2-8 weeks following vaccination. As the de-
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lay between onset and diagnosis is often long,1,13 more cases are 
likely to be identified in the future.

How could H1N1 vaccination or infection trigger narcolep-
sy? Possible hypotheses include a specific immune response to 
H1N1 (and possibly subsequent molecular mimicry) or general-
ized stimulation of the immune system. In Europe and Canada, 
as well as the cases reported in Scandinavia, most cases fol-
lowed vaccination with ASO3. This vaccine has been reported 
to be associated with side effects suggestive of stronger immune 
stimulation.14 In the United States, where vaccination did not 
contain the ASO3 adjuvant, only 2 post-vaccination cases were 
documented. The strength of the immune response (higher with 
adjuvant, or after actual infections), rather than the specificity 
of the immune response to H1N1, may thus be involved. Sever-
al of our patients showed high ASO titers, suggesting that they 
had recent or recurrent streptococcus infections. An association 
between streptococcal infection and recent-onset narcolepsy 
was reported previously, in the absence of H1N1 vaccination. 
One possibility is that streptococcus infection could also act 
as a nonspecific immune trigger, for example via superantigen 
stimulation of dormant autoreactive T-cell clones. It is possible 
that these factors increase brain inflammation or blood brain 
penetration nonspecifically, allowing the autoimmune process 
to reach hypocretin cells. Fever and the administration of vari-
ous adjuvants have been reported to increase blood brain pen-
etration and activate brain microglia in animal models.15

Cases reported here with their temporal link between vac-
cination and disease onset and unusual clinical presentation, 
with rapid development and severity of both excessive daytime 
somnolence and cataplexy, suggest that H1N1 vaccination or 
exposure may trigger narcolepsy. However, there are several 
limitations and potential confounding factors, such as increased 
awareness of narcolepsy and more efficient diagnostic pro-

cesses leading to faster diagnosis and increased identification 
of recent-onset cases. Another limitation is that a large portion 
of the population was either vaccinated or had H1N1 infection, 
including many unrecognized instances of infection, increasing 
the difficulty to document a specific association between narco-
lepsy onset and H1N1 infection or vaccination. Nevertheless, 
these correlative findings indicate an urgent need for further 
examination of a possible link. Even if confirmed, as for other 
better-established post-vaccination autoimmune reactions such 
as Guillain-Barré, post-flu vaccination narcolepsy is likely to 
be an exceptionally rare complication.16-18 To our knowledge, 
vaccination has not previously been reported as a triggering 
factor for narcolepsy. The consequences of withholding vac-
cination should be weighed against the risk of potentially lethal 
H1N1 infections (that may also trigger narcolepsy based on 
our data). Considering that all cases reported here were HLA 
DQB1*0602 positive, HLA typing prior to vaccination could 
be considered in the future and would represent the first vac-
cinogenomic intervention.
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Table 1—Characteristics of post H1N1 narcolepsy patients

Case# Referral/Country

Age at 
diagnosis 

(years)

Time between 
H1N1 exposure to 
cataplexy onset

H1N1 exposure (vaccine 
manufacturer) Date of Vaccine Date of EDS

Date of 
Cataplexy

1 Stanford/Switzerland 10 4 weeks H1N1 with adjuvant: AS03 (Pandemrix) 12/09 1/5/10 1/5/10
2 Mayo Clinic/US 3 6 weeks H1N1/no adjuvant  (MedImmune-mist 

and Panenza)
11/09 (mist); 

1/10 (injectable)
2/26/10 3/3/10

3 Stanford/US 9 2 weeks H1N1/no adjuvant (injectable) 12/09 1/10 1/10
4 Stanford/UK 3.5 15 weeks H1N1 with adjuvant: AS03 (Pandemrix) 1/10 4/10 4/10
5 Montpellier/France 38 2 days H1N1 with adjuvant: AS03 (Pandemrix) 12/09 12/09 12/09
6 Montpellier/France 19 16 weeks H1N1 with adjuvant: AS03 (Pandemrix) 12/09 3/10 5/10
7 Montpellier/France 14 5 weeks H1N1 with adjuvant: AS03 (Pandemrix) 1/10 2/10 3/10
8 Montpellier/France 14 20 weeks H1N1/no adjuvant (Panenza) 11/09 3/10 4/10
9 Montpellier/France 13 8 weeks H1N1 with adjuvant: AS03 (Pandemrix) 12/09 12/10 3/10
10 Montpellier/France 49 4 weeks H1N1 with adjuvant: AS03 (Pandemrix) 1/10 2/10 2/10
11 Montreal/Canada 17 3 weeks H1N1 with adjuvant: AS03 (Arepranrix) 12/09 1/10 1/10
12 Montreal/Canada 41 13 weeks H1N1 with adjuvant: AS03 (Arepranrix) 11/09 1/10 3/10
13 Montreal/Canada 11 4 weeks H1N1 with adjuvant: AS03 (Arepranrix) 12/09 12/09 12/09
14 Montreal/Canada 51 4 weeks H1N1 with adjuvant: AS03 (Arepranrix) 12/09 1/10 1/10
15 Stanford/Hong Kong 45 8 weeks H1N1 infection likely (positive daughter) No vaccination 10/09 1/10
16 Stanford/US 5 6 weeks H1N1 infection documented No vaccination 10/09 10/09

Mean 21.5 7.4 weeks
SE  4.3 1.4 weeks     
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