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INTRODUCTION

Narcolepsy was known as a disease caused by loss of hypocretin cells in the hypothalamus, 
might be an autoimmune disorder or involve an infectious agent with participation of im-
mune system.1 The diagnostic criteria of narcolepsy according to the third edition of Interna-
tional Classification of Sleep Disorders-3 is: 1) The patient has daily periods of irrepressible 
need to sleep or daytime lapses into sleep occurring for at least three months. 2) The presence 
of one or both of the following: (1) Cataplexy (as defined under Essential Features) and a mean 
sleep latency of ≤ 8 minutes and two or more sleep onset rapid eye movement (REM) periods 
(SOREMPs) on an multiple sleep latency tests (MSLT) performed according to standard tech-
niques. A SOREMP (within 15 minutes of sleep onset) on the preceding nocturnal polysom-
nogram may replace one of the SOREMPs on the MSLT. (2) Cerebrospinal fluid (CSF) hypo-
cretin-1 concentration, measured by immunoreactivity, is either ≤ 110 pg/mL or <1/3 of mean 
values obtained in normal subjects with the same standardized assay. The mechanism seems 
to be associated with human leukocyte antigen (HLA), T-cell receptor polymorphisms and 
recently reported Tribbles 2 autoantibodies.2 However, only 1–2% of first degree relatives of 
narcoleptics develop the disease and 70–75% of monozygotic twins are discordant for the dis-
order, suggesting strong environmental influence.3,4 Previous studies proposed Streptococcal 
infections as probable environmental trigger for narcolepsy.5 We report 4 cases of narcolepsy 
that were developed after Influenza A/H1N1 infection or vaccination who had neither previ-
ous medicosurgical nor neuropsychiatric history.

CASE REPORT

Case 1: A 42-Year-Old Female Patient
The patient is a homemaker. Her daughter is a 16-year-old student who has been suffering 

from excessive daytime sleepiness since she was 9 years old. In late November of 2009, she 
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was diagnosed with Influenza A/H1N1 and prescribed Tamif-
lu. After 10 days, symptoms of excessive daytime sleepiness ap-
peared. Starting early 2010, she presented with cataplexy that 
lasted from 2 to 10 minutes, predominantly precipitated by an-
ger. These symptoms usually resolved after a nap. In February 
2011, she visited the sleep center at St. Vincent’s Hospital. The 
immunological evaluation (Helicobacter Pylori Ab, IgG) was 
normal and HLA typing (HLA-DQB1*0602) was negative. Ep-
worth Sleepiness Scale (ESS) score was 18 (≥ 16, severe daytime 
sleepiness). 

A polysomnography (PSG) revealed a total sleep time of 
482.9 minutes, normal nocturnal breathing, and 37 periodic 
limb movements. A MSLT followed, which showed a mean 
sleep latency of 2.1 minutes and 2 SOREMPs during the 5 naps. 
We diagnosed her as narcolepsy with cataplexy. 100 mg of 
modafinil per day was prescribed. Her sleepiness and domestic 
performance improved dramatically. After a month, her ESS 
was decreased to 4. 

Case 2: A 14-Year-Old Male Patient
The patient’s father has suffered from excessive daytime 

sleepiness since he was 15 years old. In early December 2009, 
the patient was vaccinated against the 2009 pandemic Influen-
za A (H1N1) virus (A/California/7/2009). After 6 months, he 
started to suffer from abrupt onset of excessive daytime sleepi-
ness, nightmares, sleep paralysis, hypnagogic hallucination and 
poor quality of sleep. He also presented with cataplexy that 
lasted from 2 to 10 minutes, predominantly precipitated by ex-
ercising and laughing. In early in August of 2010 he visited the 
sleep center at St. Vincent’s Hospital. The immunological evalua-
tion (Helicobacter Pylori Ab, IgG and anti-Streptococcal anti-
bodies) was normal but HLA typing (HLA-DQB1*0602) was 
positive. ESS was 18. 

A PSG revealed a total sleep time of 341.5 minutes, normal 
nocturnal breathing, and 91 periodic limb movements. A 
MSLT followed, which showed a mean sleep latency of 0.3 
minutes and 3 SOREMPs during the 5 naps. We diagnosed him 
as narcolepsy with cataplexy. 10 mg of methylphenidate and 75 
mg venlafaxine per day were prescribed. His periodic sleepi-
ness, cataplexy and poor school performance persisted. We in-
creased dose of methylphenidate to 15 mg/day and venlafaxine 
to 150 mg/day. However his symptoms had not improved. 

Case 3: A 29-Year-Old Male Patient
The patient was in an unemployed status. His other family 

members had no problem related to sleep. In mid-November 
2010, He was vaccinated against the pandemic Influenza A 
(H1N1) virus with FluMist (Influenza A H1N1/California/2009), 
an intranasal spray, in Korea. After 2 weeks from the vaccina-
tion, he presented with an abrupt onset of excessive daytime sl-
eepiness, nightmares, sleep paralysis, hypnagogic hallucination 
and a poor quality of sleep. He also presented with cataplexy, 

predominantly precipitated by exercise and laughing. In July 
2011, he visited the sleep center at St. Vincent’s Hospital. The 
immunological evaluation (Helicobacter Pylori Ab, IgG and an-
ti-Streptococcal antibodies) was normal but HLA typing 
(HLA-DQB1*0602) was positive. ESS was 21. 

A PSG showed a total sleep time of 438.5 minutes, normal 
nocturnal breathing, and 76 periodic limb movements. A 
MSLT showed a mean sleep latency of 0.1 minutes and 4 
SOREMPs during the 4 naps. We diagnosed him as narcolepsy 
with cataplexy. 200 mg/day of modafinil and 150 mg/day of 
venlafaxine were prescribed. However, daytime sleepiness, cata-
plexy and sleep paralysis exacerbated after he was vaccinated 
again 3–4 months later with Green-Cross Flu. The dosage of 
modafinil was increased to 400 mg/day, venlafaxine to 225 mg/
day and 10 mg/day of methylphenidate, 25 mg/day of trazodo-
ne, 0.5 mg/day of clonazepam were added. Even after increasing 
the dosage, not only his symptoms persisted, but also headache, 
derealization, and cognitive impairment accompanied. Eventu-
ally in July 2012, he had to quit the job due to severe cataplexy.

Case 4: A 9-Year-Old Female Patient
The patient received vaccination (Green-Cross flu; Green 

Cross Corp., Yongin, Korea) against H1N1 influenza virus on 
November 26th, 2009. There was no side effect observed such 
as fever or seizure except for mild pain at the injection site. 
However, after 3 months from the vaccination, she started to 
fall asleep during classes, which she never had experienced be-
fore. Teachers at school could notice that the patient was suf-
fering from excessive daytime sleepiness. When riding on pub-
lic transportation, the patient fell asleep as soon as she got 
seated (it only took a few minutes) and was not able to wake 
up at the right station she had to get off even when her friends 
tried to wake her up by shaking her. After 5 months from vac-
cination, she experienced drooping eyelids and sudden loss of 
muscle tension on both lower extremities. The patient sudden-
ly plunked down and could not move for about 30 seconds 
soon after she started laughing out loud while watching a com-
edy on television. In addition, she experienced transient mus-
cle weakness in a bad mood such as during an argument with 
her sister. Excessive daytime sleepiness became severe and sud-
den loss of muscle tone appeared more frequently in progres-
sion. She visited the Department of Pediatrics for evaluation 
suspicious of epilepsy and myasthenia gravis. She went through 
24-hour electroencephalography (EEG) and jolly test, however, 
the studies showed a negative result. During the 24-hour EEG 
monitoring sudden neck drop and limping movement of both 
extremities were recorded on video for several times. However, 
they happened in the absence of changes in the EEG waves. In 
speculation of this movement as cataplexy, the patient was re-
ferred to the department of psychiatry for diagnosis of narco-
lepsy. She did not have any medicosurgical history or any other 
neuropsychiatric disease. The immunological evaluation (Heli-
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cobacter Pylori Ab, IgG and anti-Streptococcal antibodies) was 
normal but HLA typing (HLA-DQB1*0602) was positive. 

A MSLT showed a mean sleep latency of 1.8 minutes and 4 
SOREMPs during the 4 naps. We diagnosed her as narcolepsy 
with cataplexy. 200 mg/day of modafinil and 10 mg/day of clo-
mipramine were prescribed. During treatment, her cataplexy 
improved in terms of frequency, however, the patient contin-
ued to suffer from excessive daytime sleepiness showing little 
improvement.

DISCUSSION

In three major centers of reference for narcolepsy–Montpel-
lier, France; Montreal, Canada; and Stanford, United States, 14 
post-vaccination cases were identified and 2 cases following 
H1N1 infection were also reported. Of the 14 post-vaccination 
cases, only one case reported to have been vaccinated with an 
intranasal spray, with no adjuvant, just like our third case of 
29-year old male patient.6 In Finland, there was a 17-fold in-
crease in the annual incidence of narcolepsy in 2010 in chil-
dren aged under 17, following the 2009 H1N1 pandemic vac-
cination campaign. It was speculated that Pandemrix vacci-
nation contributed to the increased incidence of narcolepsy in 
HLA-DQB1*0602 positive children.7 The Swedish Medical 
Product agency in 2011 reported that overall the incidence rate 
in those vaccinated with Pandemrix was 4.2 versus 0.64 in un-
vaccinated per 100000 person-years, respectively suggesting a 
relative risk of 6.6 (95% confidence interval 3.1–14.5) and an 
absolute risk of 3.6 (95% confidence interval 2.5–4.7).8

Then how can one explain the mechanism that H1N1 vacci-
nation or infection triggers narcolepsy? Possible hypotheses 
include a specific immune-mimicry component, mediated th-
rough the presentation by DQB1*0602 of a particular autoan-
tigen to a specific T cell receptor idiotype or generalized stimu-
lation of the immune system by nonspecific factors, such as 
adjuvants, influenza or Streptococcal infections and other fac-
tors.9 Infection could 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 in-
flammation or blood brain penetration nonspecifically, allow-
ing the autoimmune process to reach hypocretin cells. Fever 
and the administration of various adjuvants have been report-
ed to increase blood brain penetration and activate brain mi-
croglia in animal models.10 

Pandemrix is a split-virion inactivated vaccine containing A/
California/7/2009 derived H1, N1 and Polymerase basic 1 anti-
gens re-assorted into a A Puerto Rico/8/34 backbone strain and 
adjuvanted with a proprietary adjuvant, Adjuvant System 03.9 A 
recent review of Scandinavian pharmacovigilance data following 
pandemic vaccination with other vaccines either unadjuvanted 
or containing another squalene-based adjuvant (MF59) did 

not reveal increased narcolepsy.11 Additionally, Pandemrix has 
not been used in Korea. Instead, a different type of non-adju-
vanted vaccine was injected and there was no increase in narco-
lepsy cases during 2009–2010 in Korea. 

The fact that data are less clear with vaccines other than Pan-
demrix suggests that the combination of the nonspecific im-
mune-stimulating effects of adjuvant and of the H1N1 antigen 
may be important. The presented four cases occurred and ex-
acerbated after Influenza A/H1N1 vaccinations or infection. 
The clinical and neurophysiologic features, plus the HLA geno-
type, even without cerebrospinal fluid hypocretin data, fulfill 
the diagnosis of narcolepsy. Considering the temporal associa-
tion between the vaccination or infection and the emergence 
of the clinical symptoms, there may be a link with the vaccine 
or infection. However, in Chinese data, narcolepsy onset is 
highly correlated with seasonal and annual patterns of upper 
airway infections, including H1N1 influenza but not H1N1 vac-
cination itself.9 Therefore, it seems hazardous to withhold vac-
cination just because of a possible link that might exist or not. 
And future studies are warranted to understand how a vacci-
nation/adjuvant and other triggers can cause narcolepsy.

There were two case, Case 3 and 4, which were purely absent 
of family history of hypersomnia. Genetic factor is one of the 
risk factors of narcolepsy. Therefore, in Case 1 (daughter posi-
tive of excessive daytime sleepiness) and in Case 2 (history of 
excessive daytime sleepiness in patient’s father), it could be dif-
ficult to explain the pathogenesis is only due H1N1 infection 
or vaccination. The usual age at onset of narcolepsy is in the 
second or third decade. Narcolepsy symptoms are often report-
ed to start in childhood or adolescence. Case 3 and 4 had oc-
curred in age 14, 29 which overlaps with the typical age of on-
set. Therefore, it is difficult to rule out the possibility of incidental 
occurrence of narcolepsy being interlinked with the time of 
vaccination. It is interesting that patients of case 1 was negative 
of HLA typing (HLA-DQB1*0602) when most of the cases re-
ported until now show positive results. There are nine narco-
lepsy cases reported that was DQB1*0602 negative with low 
CSF hypocretin.12 This suggest the existence of other environ-
mental factors in developing narcolepsy. The rare subtype 
DPB1*0901, and homologous DPB1*1001 subtype, were pres-
ent in 5 subjects, suggesting a secondary association with HLA-
DP. 12 Although we did not have a chance for further work-up 
to investigate the association, one HLA-negative cases of our 
report might also be related to the presence of rare subtypes. 
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