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Study Objectives: An increased risk of narcolepsy has been observed in children following ASO3-adjuvanted pandemic A/H1N1 2009 (Pandemrix) vaccine. 
We investigated whether this risk extends to adults in England.
Methods: Six adult sleep centers in England were visited between November 2012 and February 2014 and vaccination/clinical histories obtained from 
general practitioners. Suspected narcolepsy cases aged older than 17 y were selected. The risk of narcolepsy following Pandemrix was calculated using 
cases diagnosed by the time of the center visits and those with a diagnosis by November 30, 2011 after which there was increased awareness of the risk in 
children. The odds of vaccination in cases and in matched population data were compared using a case-coverage design.
Results: Of 1,446 possible cases identified, most had onset before 2009 or were clearly not narcolepsy. Of the 60 remaining cases, 20 were excluded after 
expert review, leaving 40 cases with narcolepsy; 5 had received Pandemrix between 3 and 18 mo before onset. All the vaccinated cases had cataplexy, two 
received a diagnosis by November 2011 and two were aged 40 y or older. The odds ratio for vaccination in cases compared to the population was 4.24 (95% 
confidence interval 1.45–12.38) using all cases and 9.06 (1.90–43.17) using cases with a diagnosis by November 2011, giving an attributable risk of 0.59 
cases per 100,000 doses.
Conclusions: We found a significantly increased risk of narcolepsy in adults following Pandemrix vaccination in England. The risk was lower than that seen 
in children using a similar study design.
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INTRODUCTION
Narcolepsy is a disabling and chronic sleep disorder character-
ized by excessive daytime sleepiness, hypnagogic hallucinations, 
sleep paralysis, and cataplexy. Narcolepsy is divided into narco-
lepsy with cataplexy (type 1) and narcolepsy without cataplexy 
(type 2).1 Cataplexy is a unique symptom in which there is tran-
sient loss of skeletal muscle tone, with preservation of conscious-
ness that is triggered by emotions such as laughter or anger.

The prevalence of narcolepsy with cataplexy is between 25 
and 50 per 100,000 people with an incidence of around 0.74 
per 100,000 person-years.2 Onset usually occurs between 15 
and 40 y of age and symptoms develop gradually, so time from 
onset to diagnosis can be many years. Both environmental and 
genetic factors play a role in its etiology. There is a strong as-
sociation with the HLA DQB1*06:02 genotype, but this alone 
is not sufficient for the disease to develop. Narcolepsy is as-
sociated with specific loss of cells producing the neuropeptide 
hypocretin, resulting in low levels of hypocretin in the cere-
brospinal fluid.

An H1N1 ASO3-adjuvanted pandemic vaccine (Pandemrix, 
GlaxoSmithKline
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Significance
Our study shows that the causal association between narcolepsy and the oil-in-water adjuvanted pandemic H1N1 influenza vaccine is not, as previously 
thought, confined to children and adolescents and will add further impetus to the research into the etiology of this condition. While possession of the 
DQB1*06:02 gene is clearly implicated, environmental or other triggers appear to be necessary to instigate the onset in susceptible individuals. Further 
surveillance of populations who have received pandemic strain vaccines is needed in order to document whether the association is seen with other 
products and to provide insights into the likely auto-immune pathway by which the oil-in-water adjuvant and/or the viral antigens in the HIN1 pandemic 
strain trigger the pathological process that results in loss of orexin-producing neurons.

Biologicals, Wavre, Belgium) was used in the United Kingdom 
(UK) from October 2009, initially for people comprising a 
seasonal influenza vaccine risk group3 or health or social care 
workers, followed by children younger than 5 y from November 
2009 onward.4 Approximately 5.5 million people in the UK were 
vaccinated with Pandemrix.5 It was the predominant H1N1 vac-
cine used within the European Union.6 In August 2010 concerns 
were raised in Finland and Sweden about a possible association 
between narcolepsy and Pandemrix. A cohort study in Finland 
reported a 13-fold increased risk of narcolepsy following Pan-
demrix in children aged 4 to 19 y.7 This was confirmed by a study 
in sleep centers in England, which identified a 14-fold increased 
risk in those aged 4–18 y.8 Other studies subsequently published 
from Ireland and Norway also indicated an increased risk of nar-
colepsy in children who received Pandemrix.9,10

The initial signal in the Scandinavian countries was in chil-
dren but more recently adult cases have been reported. A small 
case-control study in 25 adults in France suggested an el-
evated risk11 as did a follow-up study in Finland published as 
an online report.12 A record linkage cohort study in Sweden 
found no overall increased risk in adults, although there was 
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a marginally elevated risk in those aged 21–30 y.13 Using the 
same published methodology as the childhood study in Eng-
land,8 we investigated whether there was an increased risk of 
narcolepsy in adults who received Pandemrix.

METHODS

Case Ascertainment and Validation
The sleep centers in England where the largest numbers of cases 
of narcolepsy are diagnosed were identified through the Hospital 
Episode Statistic (HES) database.14 HES episodes in those age 16 
y and older with an ICD 10 code of G474 in any diagnosis field 
were extracted for the period January 2009 to December 2012. 
Six sleep centers were identified as being the major centers that 
together covered 33% of the narcolepsy coded episodes in HES 
during this period. We estimated that within these centers ap-
proximately 30 cases may be seen with onsets from 2010 which 
should give sufficient power to detect at least a fivefold increased 
risk (80% power, 5% significance level, 5% vaccine uptake).

The six centers were visited between November 2009 and 
February 2010 (Table S1, supplemental material) and all those 
aged 16 y and older at the time of diagnosis were ascertained 
with the aim to include those aged 18 y and olderon September 1, 
2009. These cases were found by searching local databases and 
electronic clinic letters for the keyword *narco* or searching 
for multiple sleep latency test (MSLT) reports for a diagnosis 
of narcolepsy. The cases from HES and those identified from 
the local searches were then merged and deduplicated using 
National Health Service (NHS) number or surname and date 
of birth. These potential cases were reviewed using medical re-
cords to establish symptom onset details, clinical history, and 
sleep study results. If any information was missing from the 
electronic records, the case notes were reviewed to identify the 
relevant information.

Details of the anonymized cases collated at center visits 
were evaluated by a review panel (authors GL, JShn, AH, SE) 
who were blinded to vaccination status. To expedite the review, 
cases with a clear history of excessive daytime sleepiness 
(EDS) and cataplexy or EDS with a positive MSLT or cere-
brospinal fluid positive for narcolepsy were not all sent to the 
panel for review; rather, a few examples of these cases were 
first shown to the panel for their agreement. The four sleep 
center consultants on the review panel categorized each case 
as definite narcolepsy with cataplexy; definite narcolepsy 
without cataplexy; probable narcolepsy and insufficient evi-
dence to confirm a diagnosis of narcolepsy. The panel based 
their diagnosis on the International Classification of Sleep Dis-
orders, Second Edition (ICSD-2) criteria.15 A diagnosis based 
on the consensus view of three of the four panel members was 
taken, with remaining cases discussed by teleconference.

Pandemrix vaccination histories for cases with definite or 
probable narcolepsy were obtained from the patient’s general 
practitioner (GP) who was asked for date and batch number of 
any pandemic vaccine given, the date of first symptoms and/or 
first consultation for narcolepsy symptoms, presenting symp-
toms, history of pandemic influenza illness, and whether the 
patient was in a clinical risk group for which pandemic strain 
H1N1 vaccine was recommended.

Index Dates: Definitions
The date of symptom onset was defined as the earliest date of 
EDS or cataplexy as given by the GP or recorded in the sleep 
center notes or referral letters. When the exact date was not 
available we used the midpoint of the month of the approxi-
mate date and also approximated an earliest and latest date of 
onset for sensitivity analysis. The date of first known health 
care contact was the earliest recorded consultation for a sleep 
related problem as reported by the GP or in the center notes. 
The date of diagnosis was the date when there was either a 
clinical history and sleep study confirming narcolepsy or suf-
ficient clinical information to diagnose probable narcolepsy.

Statistical Analysis
We assessed the association between vaccination and narco-
lepsy using the case coverage method16 in which the odds of 
vaccination in cases is compared to the odds of vaccination in 
matched population data. The analysis is by logistic regression 
with the outcome as vaccinated (yes/no) in the cases and with 
an offset for the log odds of the matched coverage. Popula-
tion vaccine coverage was calculated from the Clinical Prac-
tice Research Datalink (CPRD).17 We used patient-level data 
to derive cumulative coverage stratified by exact date (from 
September 2009 to March 2011), age on January 1, 2010 (cat-
egorized as 18, 19, 20–24, 25–29, …, ≥ 80 years) and, when 
matching by risk group, being in a vaccine target clinical risk 
group. This was then used to look up the appropriate matched 
coverage for each narcolepsy case based on their age, risk 
group status (if matching on risk group) and narcolepsy index 
date (e.g. date of onset). To determine vaccine coverage within 
6 mo of an index date, the coverage 6 mo earlier was subtracted 
from the matched coverage on the index date. Patients were 
categorized as being in a risk group if there was any clinical 
code denoting chronic heart disease, chronic kidney disease, 
chronic obstructive pulmonary disease, diabetes, chronic liver 
disease, immunological disorders, multiple sclerosis, or stroke/
transient ischemic attack in the 5 y prior to September 2009 
for the 2009–2010 vaccination season and September 2010 for 
the 2010–2011 season. We used similar criteria for allocating 
narcolepsy cases to a risk group based on the information 
provided by the GP on clinical conditions considered high 
risk for influenza.

The primary analysis was restricted to cases diagnosed by 
November 30, 2011 after which there was increased awareness 
of the risk seen in children with the potential for accelerated di-
agnosis in vaccinated cases. It also used first symptoms as the 
index date and the odds of vaccination at any time before onset. 
Additional analyses were performed using first health care con-
tact and diagnosis as the index date, all cases diagnosed by the 
center visit date, not matching coverage by risk group status 
and calculating the odds of vaccination within 6 mo of the index 
date. Stratification by age younger than 30 y and age 30 y and 
older on September 1, 2009 was also done. Sensitivity analyses 
in which population coverage was increased or decreased by a 
relative 20% (for example, 10% coverage decreasing to 8% or 
increasing to 12%) and using the earliest and latest estimated 
onset dates were also conducted. These analyses were docu-
mented in a statistical analysis plan prior to receipt of the data 
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by the statistician (NA) for analysis. Analysis was done using 
Stata version 13 (StataCorp, College Station, TX).

RESULTS

Vaccine Coverage
Coverage data were obtained from approximately 3.5 million 
patients aged 18–99 y registered in the CPRD practices on 
September 1, 2009. Vaccination coverage was low in healthy 

young adults and increased with age. As expected for those 
in a risk group, uptake was higher and also increased with 
age (Figure 1). Most vaccination was during 2009–2010 with 
only small increases in 2010–2011, which is in agreement with 
other data.8

Study Cases
A total of 2,554 potential patients were identified through 
the different search strategies and data sources. When cross 

Figure 1—Vaccine uptake by age, risk group, and period from the Clinical Practice Research Datalink (CPRD) by clinical risk group status.
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referenced and de-duplicated 1,446 patients remained and 
were taken forward for case note review (Table S1). The ma-
jority, 926, had symptom onset before 2009 and 441 clearly did 
not have narcolepsy when the notes were reviewed; these 1,367 
cases were excluded. The case notes of 10 could not be traced 
and one person was seen in two centres. Of the remaining 68 
patients 30 were considered definite cases after reviewing the 
available information and 38 were sent to the panel for review. 
The panel members were in initial agreement on 28, with 
agreement reached after teleconference for the remaining 10. 
Twenty cases were categorized as not narcolepsy/insufficient 
evidence and excluded with the remaining 18 cases added to 
the 30 definite cases. Of the 48 cases, 8 were not included in 
the final analysis because although age 18 y or older at diag-
nosis they were younger than 18 y on September 1, 2009. This 
left a total of 40 adults with narcolepsy of whom 28 were cat-
egorized as definite narcolepsy with cataplexy, 8 as definite 
narcolepsy without cataplexy, and 4 probable narcolepsy.

Four individuals were reported to have an influenza-like ill-
ness prior to first symptoms, although only one within 3 mo of 
symptoms; none of these four cases was vaccinated.

Vaccination History
We obtained vaccination history on all 40 cases and risk group 
status for 38 (Table 1). Five patients had received Pandemrix 
prior to first symptoms of whom three were in a clinical risk 
group recommended for vaccination; all five had cataplexy. 

One had onset within 3 mo, two within 3 to 6 mo, and two 
between 7 and 18 mo after vaccination; two had a confirmed 
human leukocyte antigen (HLA) DQB1*06:02 genotyping, 
with the other three not tested.

Figure 2 shows the timing of onset for the 40 adult narco-
lepsy cases by vaccination status and monthly vaccine uptake 
in the age-matched population. The first vaccinated case had 
onset in early 2010 and the latest in 2012 after receiving Pan-
demrix in 2011 when residual stocks were used instead of sea-
sonal vaccine.18 Mean time from onset to diagnosis using cases 
with onset in 2009–2011 and diagnosis within 30 mo was 493 
days in four vaccinated cases and 434 in 28 nonvaccinated 
cases (P = 0.69, Kruskal-Wallis test).

Case Coverage Analysis
The primary analysis, which used symptom onset, cases with 
a diagnosis by November 30, 2011 and matching on risk group, 
only included two of the five vaccinated cases but showed an 
elevated odds ratio of 9.06 (1.90–43.17) (Table 2). When in-
cluding all cases ascertained by the date of the centre visit (five 
vaccinated cases) the odds ratio was lower but still significant 
at 4.24 (1.45–12.38). Higher odds ratios (but fewer vaccinated 
cases) were seen when including only cases with onset within 
6 mo of vaccination. When other outcome dates were used 
such as date of first healthcare contact or date of diagnosis, the 
odds ratios reduced and some became nonsignificant (Table 2). 
The sensitivity analyses and age stratification were based on 

Table 1—Demographic features and clinical features of 40 patients with narcolepsy according to ASO3 adjuvanted pandemic A/H1N1 2009 vaccination.

Factor Level Unvaccinated Vaccinated before Onset Total
Age at September 
2009 (years)

18–19 5 1 6
20–24 7 2 9
25–29 5 0 5
30–34 4 0 4
35–39 3 0 3
40–44 7 1 8
45–49 2 0 2
50–54 1 1 2
 ≥ 55 1 0 1

Sex Male 14 1 15
Female 21 4 25

Diagnostic category Narcolepsy with cataplexy 23 5 28
Narcolepsy without cataplexy 8 0 8

Probable narcolepsy 4 0 4

HLA DQB1*06:02 Positive 11 2 13
Negative 3 0 3

Not known 21 3 24

Comorbidity No 32 2 34
Yes 1 3 4

Not known 2 0 2

Seasonal vaccine 
before onset (and 
from 2008/2009)

No 33 2 35
Yes (before symptoms) 1 2 3

Not known 1 1 2

HLA, human leukocyte antigen.
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all cases diagnosed by the center visit date to increase power 
(Table 3). Results were similar when allowing for uncertainty 
in the onset date and remained significant when increasing 

coverage by a relative 20%. Odds ratios were similar for those 
younger than 30 y and older individuals, but the number of 
cases in each age group was small.

Figure 2—Timing of onset for the 40 adult narcolepsy cases by vaccination status and monthly vaccine uptake in the age matched population.

Table 2—Case coverage analysis in patients with narcolepsy showing odds ratios for receipt of ASO3 adjuvanted pandemic A/H1N1 2009 vaccine before 
narcolepsy onset using different index dates, follow-up periods, and risk intervals.

Censoring Date 
for Inclusion by 

Diagnosis

Interval 
before 

Index Date

Number of 
Patients 

Vaccinated 

Total Patients Eligible 
for Vaccination in 

Interval Before Index

Not Matching on Risk Group Matching on Risk Group
Average 

Coverage 
Odds Ratio 

(95% CI)
Average 

Coverage 
Odds Ratio 

(95% CI)
USING FIRST SYMPTOMS

Nov 30, 2011
6 months 2 10 0.026 11.29 (2.05–62.05) 0.016 17.94 (3.34–96.23)
Any time 2 10 0.043 5.77 (1.02–28.14) 0.027 9.06 (1.90–43.17)

Center visit
6 months 3 22 0.019 9.64 (2.54–36.57) 0.014 12.74 (3.43–47.26)
Any time 5 27 0.047 4.74 (1.77–12.67) 0.063 4.24 (1.45–12.38)

USING FIRST HEALTH CARE CONTACT

Nov 30, 2011
6 months 1 12 0.017 6.10 (0.65–57.10) 0.011 9.72 (1.06–88.79)
Any time 2 13 0.044 4.09 (0.89–18.89) 0.028 6.40 (1.40–29.37)

Center visit
6 months 1 17 0.014 5.16 (0.58–45.73) 0.009 8.05 (0.93–69.76)
Any time 5 33 0.049 3.54 (1.35–9.27) 0.058 3.37 (1.20–9.48)

USING DATE OF DIAGNOSIS

Nov 30, 2011
6 months 0 14 0.028 0 0.016 0
Any time 2 19 0.056 2.03 (0.45–9.14) 0.035 3.32 (0.75–14.66)

Center visit
6 months 0 14 0.028 0 0.016 0
Any time 5 40 0.054 2.54 (0.98–6.59) 0.057 2.64 (0.97–7.20)

CI, confidence interval.
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Attributable Risk
The calculation for the vaccine-attributable risk used the odds 
ratio of 4.24 based on symptom onset at any time (Table 2). 
Using the odds ratio to approximate relative risk (RR), the at-
tributable fraction ((RR−1)/RR)) is (3.24/4.24), which applied 
to the five vaccinated patients in the analysis gives an estimate 
of 3.82 attributable cases. HES data indicate that the sleep cen-
ters visited provided a diagnosis for approximately 33% of the 
narcolepsy cases in England in the study period, giving an es-
timated total of 3.82/0.33 = 11.6 attributable cases in England. 
Counting pandemic vaccine doses administered to those aged 
18–59 y gives a total of 1,975,000 based on the final cumula-
tive uptake and the Office for National Statistics population 
data for England in 2009.19 The attributable risk is therefore 
11.6/1,975,000 = 0.59 per 100,000 doses

DISCUSSION
We found a significantly increased risk of narcolepsy in adults 
following AS03 adjuvanted pandemic strain vaccine in Eng-
land. The odds ratio in adults was 9.06 (1.90–43.17) in the 
primary analysis and 4.24 (1.45–12.38) using all cases with 
a diagnosis by the date of the sleep centre visit, with an es-
timated attributable risk 0.59 per 100,000 doses. This risk is 
lower than we found in children where the comparable odds 
ratios were 14.4 (4.3 to 48.5) and 8.3 (3.1 to 22.3) respectively, 
and attributable risk of 1.74 cases per 100,000 doses.8 As in the 
Finnish adult study,12 the risk was highest within 6 mo of vac-
cination with an odds ratio of 12.74 (3.43–47.26).

The mechanism by which narcolepsy with cataplexy is as-
sociated with Pandemrix is not known. HLA DQB1*06:02 
is present in 95% of patients with narcolepsy with cataplexy 
(type 1).20,21 In this study, all five vaccinated narcolepsy patients 
developed narcolepsy with cataplexy. The two tested patients 
were positive for HLA DQB1*06:02. It is possible that Pan-
demrix provides a second hit in those patients with a genetic 
vulnerability to the development of narcolepsy with cataplexy. 
Pandemrix may result in the development or augmentation of 
autoantibodies to hypocretin-producing cells and the destruc-
tion of these cells results in the development of narcolepsy with 
cataplexy. Others have speculated on autoimmunity as a mech-
anism to explain the link between narcolepsy and Pandemrix.21 
As with the pediatric study in England,8 there was no evidence 

that prior swine influenza infection was a risk factor, with only 
one study case reporting influenza-like-illness in the 3 mo prior 
to their narcolepsy symptoms. Recent research, however, sug-
gests that vaccine-induced narcolepsy may be associated with 
the induction of antibodies to the H1N1 nucleoprotein of the 
Pandemrix strain that cross-react with hypocretin receptors.22,23

Our odds ratio for the primary analysis is lower than found 
in the French case control study which reported an odds ratio 
of 16.8 (1.9–149.1) for cases aged 18 years and over using 
symptom onset as the index date.11 In that study 28% of eligible 
cases declined to participate and onset date was based on pa-
tient recall, allowing the potential for participation and recall 
bias which would likely lead to an overestimate of the associa-
tion. In the Swedish record linkage study, which failed to find 
an elevated risk in those aged 20 y and older,13 the narcolepsy 
diagnosis was not verified and the index date was date of di-
agnosis, which would likely underestimate the association. In 
our study, cases were verified by an expert panel according to 
ICSD-2 diagnostic criteria, and onset date was independently 
obtained from referral letters, hospital notes, and GP records. 
Based on this information, we defined the earliest and latest 
possible date of first symptoms; odds ratios generated with 
these extreme dates were similar to the odds ratio using the 
most likely onset date.

To ensure as complete case ascertainment as possible, cases 
were identified by actively searching local electronic patient 
records and databases and cross-checking with cases in the na-
tional hospital database. This approach should avoid selection 
bias arising from differential ascertainment of diagnosed cases 
in vaccinated and unvaccinated individuals, as might occur if 
reliant on clinician recall. In the primary analysis, data were 
censored to only include cases diagnosed by November 30, 
2011 to limit potential bias from accelerated diagnosis in pa-
tients in whom an association with vaccination was suspected 
once the association had generated media interest in December 
2011.8 We found that the odds ratio using cases diagnosed by 
the center visit date was lower than that using cases diagnosed 
by November 30, 2011 rather than higher, which might have 
occurred if there was a tendency for more rapid diagnosis of 
vaccinated cases after the association was publicized.

Our case-coverage approach relies on the representativeness 
of the coverage data used. In this study we used information 

Table 3—Sensitivity analysis and age stratification using vaccination at any time prior to first symptoms and all cases diagnosed by the center visit date.

Analysis

Number of Patients
Vaccinated prior to

First Symptoms

Total Patients Eligible for 
Vaccination prior to

First Symptoms

Average Coverage 
Matching on
Risk Group

Odds Ratio 
(95% CI)

Best estimate of onset date 5 27 0.063 4.24 (1.45–12.38)
Earliest onset date 5 23 0.066 5.25 (1.72–16.02)
Latest onset date 5 28 0.061 4.13 (1.42–12.00)
Coverage reduced by relative 20% 5 27 0.050 5.42 (1.87–15.73)
Coverage increased by relative 20% 5 27 0.075 3.45 (1.18–10.14)
Age 18–29 y on September 1, 2009 3 16 0.059 4.36 (1.11–17.17)
Age 30 y or older on September 1, 2009 2 11 0.067 4.07 (0.73–22.63)

CI, confidence interval.
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from the CPRD, a different GP dataset than we used in the 
pediatric narcolepsy study.8 It was reassuring that age- and 
risk group–specific coverage estimates were similar in both 
GP datasets (data not shown) and were comparable to national 
coverage data.17 The sensitivity analysis showed that even if 
we have underestimated coverage by as much as a relative 20% 
(for example, due to vaccination given outside of general prac-
tice not getting on the record) the association would still be 
significant, odds ratio 3.45 (1.18–10.14) for vaccinated at any 
time before onset.

In conclusion, we found evidence of an increased risk of 
narcolepsy in adults following AS03 adjuvanted pandemic 
strain vaccine in England. We were unable to define how the 
risk varied with age due to the relatively small numbers of 
cases. However, the data do not suggest a threshold age above 
which the risk is zero as vaccine-associated cases were identi-
fied across the age range studied. Further studies in collabora-
tion with other European countries that used Pandemrix may 
help to more accurately define the age-specific risk in adults.
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