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NARCOLEPSY-CATAPLEXY IS A LIFELONG, DISABLING 
NEUROLOGICAL DISORDER, AFFECTING 1 IN 2000. 
CHARACTERISTIC SYMPTOMS INCLUDE EXCESSIVE 
daytime sleepiness and episodes of sudden loss of muscle tone, 
triggered by strong emotions (cataplexy). Onset is typically 
during adolescence, and predisposition involves both genetic 
and non-genetic factors, as suggested by the low monozygotic 
concordance but increased familial predisposition.1 The disor-
der is unique because of its extremely tight association with 
HLA-DQB1*0602 and hypocretin cell loss, suggesting autoim-
mune destruction; only 5 patients in the world have been de-
scribed with low CSF hypocretin-1, a marker of hypocretin cell 
destruction, and DQB1*0602 negativity.2 Recently, using a Ge-
nome Wide Association, we found association with polymor-
phisms in the T-cell receptor α (TCR) loci.3 TCR is the major 
receptor of HLA-peptide presentation, and plays a critical role 
in mediating immune responses in normal (e.g., infectious) or 
abnormal (e.g., autoimmune) responses.

Whereas much progress has been made toward understand-
ing genetic predisposition in narcolepsy, little is known regard-
ing environmental triggers. Retrospective questionnaire studies 
have found increased stress and decreased sleep amounts prior to 
narcolepsy onset.4 Case reports, describing a few unusual cases, 
have found sudden onset of narcolepsy 3 days after head trauma5 

or various other unusual triggers (bee sting, etc). In all these cases, 
however, findings may be coincidental and are likely confounded 
by bias recall. More recently, a well-designed population based 
study of narcolepsy has been initiated and found increased smok-
ing exposure in patients with narcolepsy as a risk factor6; the 
authors suggested the effect to be secondary to increased upper 
respiratory tract infections in secondary smoking. This, together 
with the report more than 20 years ago of increased ASO and 
ADB titers in a small number of narcoleptic patients regardless 
of disease duration,7,8 a finding that was later refuted,9 led us to 
reexamine the topic of infectious trigger in narcolepsy.

It has been our clinical experience that narcolepsy is increas-
ingly recognized close to onset, whereas 10-20 years ago, the 
disorder was diagnosed more than 10 years after onset (median 
time).10 We reasoned that a possible infectious trigger would 
not be detectable long after onset of narcolepsy, thus explain-
ing variable results obtained in these first studies. Indeed, we 
also ourselves attempted to duplicate these anti-streptococcal 
findings in long standing narcolepsy cases, but could not find 
any differences with controls (Scott Fromhertz, unpublished 
results). We hypothesized that if streptococcal infections were 
indeed a trigger for narcolepsy onset, it would be best detected 
in newly identified patients, many of which had recent onset.

METHODS

Subjects

We selected all recent onset patients recruited within the last 5 
years and similar size groups of corresponding patients with lon-
ger disease duration, recruited during the same period in similar 
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sleep centers. Patients were recruited from North America (USA, 
n = 326), Europe (Czech Republic, n = 50; Italy, n = 12) and 
South Korea (n = 12). Patients were positive for DQB1*0602 and 
had hypocretin deficiency (n = 51, with and without clear-cut cat-
aplexy), or were DQB1*0602 positive with clear-cut cataplexy 
(n = 149); based on prior analysis, DQB1*0602 positive subjects 
with cataplexy are 98% likely to be hypocretin deficient.2 Disease 
duration was defined as time between first symptom and time of 
blood draw. The sample included 23 patients with a disease dura-

tion of less than 1 year (mean age = 12.3 ± 5.4 y, range = 5.6–27 
y, 52% females); 44 patients with a disease duration of 1–3 years 
(mean age = 19.3 ± 13.0, range = 6–79 y, 54% females); 64 pa-
tients with a disease duration of 3 to 10 years (mean age 26.3 
± 11.4, range: 8–72.5 y, 50% females); and 69 patients with a 
disease duration > 10 y (mean age 46.5 ± 17.1, range 15–79 y, 
54% females). Most (90.3%) were Caucasians. Each control was 
selected from a larger pool of subjects to match each patient for 
age, race and geographic region. Overall control groups were 
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Figure 1A and B—Anti-Streptococcal Antibodies in Patients with Narcolepsy and Age Matched Controls

A: Anti-streptolysin O (ASO) antibodies

* OR = 5.6 (up to 1 year); 3.8 (1-3 years), P < 0.01 versus ASO ≥ 200 in age matched controls
‡ OR = 6.1 (up to 1 year); 3.3 (1-3 years), P < 0.01 versus ASO ≥ 200 in patients with > 10 years interval from onset
^ OR = 3.2, P < 0.02 compared to ASO ≥ 200 in patients with 3-10 years interval from onset

B: Anti DNAse B (ADB) antibodies

* OR = 9.2 (up to 1 year); 2.8 (1-3 years), P < 0.05 versus ADB ≥ 480 in age matched controls
‡ OR = 5.0 (up to 1 year); 4.1 (1-3 years), P < 0.01 versus ADB ≥ 480 in patients with > 10 years interval from onset
^ OR = 3.0 (up to 1 year); 2.5 (1-3 years), P < 0.05 versus ADB ≥ 480 in patients with 3-10 years interval from onset
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also balanced by sex with each patient group, thus mean age, 
range and percentage of females were identical to patient groups 
described above. All subjects gave written informed consent for 
the study, which was approved by Institutional Review Boards at 
all locations. The presence or absence of DQB1*0602 was deter-
mined using DQB1 exon-2 sequence-specific primers3.

assays

As β hemolytic streptococcus and Helicobacter pylori are 
known triggers of autoimmunity,11,12 we measured antibodies 
against streptolysin O (ASO) and DNAse B (ADB) as serologic 
markers of post-streptococcal status and Anti Hp IgG as a marker 
of H. pylori infection. C-reactive protein (CRP) was used as mea-
sure of general inflammation. These markers were assessed using 
commercially available kits (SeraTest ASO, Remel KS, USA; 
Streptonase-B, Wampole Laboratories, NJ, USA; HP IgG ELISA, 
BioCheck Inc, CA, USA and CRP ELISA, Alpha Diagnostic Inter-
national, TX, USA) according to the manufacturer’s instructions.

Statistical analysis

Data is presented as mean ± SD or %. Group comparisons 
were primarily made using Pearson χ2 or Student t-tests. In se-
lected cases, multivariate analyses were used to control for pos-
sible covariates of interest (e.g., body mass index, age, gender, 
season, HLA). The statistical package SYSTAT (SPSS, Evan-
ston, IL, USA) was used for these analyses.

RESulTS

β Hemolytic Streptococcus

Titers of antistreptococcal antibodies were higher in patients 
with narcolepsy (n = 200) versus age-matched, healthy controls 
(n = 200) for both ASO (ASO ≥ 200 IU in 34.5% vs. 18.5%, 
OR = 2.3, P = 0.0003) and ADB (ADB ≥ 480 IU in 28% vs. 
16%, OR = 2.0, P = 0.005), in the overall sample (which was 
purposely enriched in recent onset cases). Further stratification 
by disease duration revealed higher titers only in cases with on-
set within 3 years, when compared to controls. Similarly, we 
found that recent onset patients had significantly higher titers 
than subjects with longstanding disease (Figure 1, Table 1). No 
difference in season of blood draw (evenly distributed across 
12 months and the 4 seasons) was noted across different groups 
of patients and with age-matched controls (4- and 12-way χ2). 
Further, although % ASO ≥ 200 was slightly higher in March 
to June included (in controls only), it was not significantly so. 
Similarly, the percentage of ADB ≥ 480 in controls was slightly 
higher in March to August included, but not significantly.

Hla

All patients were DQB1*0602 positive per inclusion criteria. 
Of 200 controls, 28.5% were HLA positive, as expected from 
a largely Caucasian sample. The percentage of HLA positive 
subjects was similar in all 4 subgroups of age-stratified controls 
(26%, 34%, 22%, and 31%) as matched to patients with < 1 y, 
1–3 y, 3–10 y, and > 10 y of disease duration. Further, percentage 

of ASO ≥ 200 did not differ between DQB1*0602 positive and 
negative controls (22% versus 17%, OR = 1.4, P = 0.32), although 
ADB ≥ 480 was found in 26% of the HLA positive controls com-
pared to 12% of HLA negative controls (OR = 2.6, P = 0.02, in-
dependent of season and age). The difference in % ADB between 
recent onset patients and age-matched controls was however still 
as significant when controlled for HLA status. New onset patients 
still had significantly higher % ADB ≥ 480 when compared to 
aged matched HLA positive controls (OR = 4.8, P = 0.002).

cRp

CRP values were not more elevated in patients close to dis-
ease onset ( ≤ 3 years, n = 67, mean value = 17 ± 32) compared 
to age matched controls (n = 67, mean value = 19 ± 42). Narco-
leptic subjects with longer disease duration ( > 3 y), however, 
had significantly higher CRP levels (n = 133, mean value = 42 
± 44) compared to age matched controls (n = 133, mean value = 
27 ± 38), a difference that disappeared when controlled for BMI 
in this group (data not shown). Increased CRP in long standing 
narcolepsy was thus a reflection of secondary obesity (increased 
BMI) in longstanding disease, as previously reported,13 and not 
inflammation at onset.

Helicobacter pylori

Among 200 narcolepsy patients, 9.5% of narcolepsy patients 
were positive for antibodies against H. pylori (Anti Hp IgG > 
20 IU/mL), as were 10.5% of controls (n = 200) suggesting 
no role for this bacteria in the pathogenesis of narcolepsy and 
strengthening the specific role of Streptococcus.

DiScuSSiOn

Streptococcal infections are usually benign and self-limited. 
Invasive diseases and post-infectious immune mediated seque-
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Table 1—Combination of Anti-Streptolysin O (ASO) ≥ 200 IU 
and Anti DNAse B (ADB) ≥ 480 IU in Patients with Narcolepsy 
and Age-Matched Controls

Interval from ASO and ADB  ASO or ADB
disease onset
Up to 1 year (n = 23) 43% 1,2 65% 1,2

 Controls  4.5% 26%
1-3 years (n = 42) 33% 3,4 57% 3,4

 Controls  9.5% 30%
3-10 years (n = 64) 16% 40%
 Controls 11% 28%
≥ 10 years (n = 65) 6% 29%
 Controls 3% 25%

1 OR = 16.1 (ASO and ADB); 5.3 (ASO or ADB), P < 0.01 versus 
age matched controls
2 OR = 11.7 (ASO and ADB); 4.5 (ASO or ADB), P < 0.01 versus 
patients > 10 years from onset
3 OR = 4.8 (ASO and ADB); 3.2 (ASO or ADB), P < 0.05 versus 
age matched controls
4 OR = 7.6 (ASO and ADB); 4.5 (ASO or ADB), P < 0.01 versus 
patients > 10 years from onset
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in 1 year of onset, a rate slightly lower than found in rheumatic 
fever, and similar to that reported in isolated Sydenham chorea. 
The similarity with isolated Sydenham chorea is not surprising, 
considering the relatively long interval between infection and di-
agnosis/onset in both cases. Unlike tics and obsessive-compulsive 
disorder, increased ASO in narcolepsy clearly correlated with dis-
ease onset, thus strongly suggesting a pathophysiological link.

A limitation of this study was our inability to demonstrate an 
actual streptococcal infection and subsequent increasing antibac-
terial titers. We attempted to culture Streptococcus in 10 early 
onset cases, but could not recover positive cultures. This is not 
surprising, as even in rheumatic fever, cultures are usually (90%) 
negative even though it occurs only a few weeks after the re-
ported infection. More intriguingly was the fact that anti-strepto-
coccal titers were still elevated in a group of narcoleptic patients 
collected 1–3 years after onset. In uncomplicated infections, anti-
streptococcal antibodies are reported to increase after 2 weeks, to 
peak at 2–4 months, and decrease thereafter.19 The long-lasting 
antibody response in narcolepsy may thus reflect the special ge-
netic background of these subjects and/or a sustained narcolep-
sy-related immune reaction. A similar pattern of slow ASO titer 
decrease lasting several years, with moderately increased titers up 
to 3 years from diagnosis, was found in acute rheumatic fever,20 
despite supervised administration of penicillin, every 3 weeks af-
ter diagnosis. The HLA-DQB1*0602 specific background could 
also be involved. This particular subtype protects against septic 
shock due to streptococcal infection,21 suggesting better immune 
response against this bacteria. Further, we found slightly higher 

lae can, however, occur. In rheumatic fever, probably the most 
widely recognized post-streptococcal autoimmune disease, 
molecular mimicry between streptococcal and selected cardiac 
antigens triggers cardiac inflammation, with resulting valvular 
damage.11 Importantly, post-streptococcal diseases have also 
been linked to brain autoimmune diseases, most notably Syden-
ham chorea, and more controversially encephalitis lethargica,14 
obsessive-compulsive disorder, and tics.15 In this context, the 
presence of streptococcal infections may initiate or catalyze an 
autoimmune response against hypocretin cells in narcolepsy. 
Interestingly, although narcolepsy is associated with HLA and 
TCRA polymorphisms, direct proof for autoimmunity is still 
lacking.16,17 In fact, onset is not associated with a detectable in-
flammatory process, as exemplified by the measures of CRP in 
this study or neuroimaging studies around disease onset.18 The 
lack of detectable inflammation at onset is unlike most other 
autoimmune conditions, suggesting a highly specific, organ-tar-
geted process. We suggest that selected streptococcal infections 
may lead to the destruction of hypocretin neurons via molecu-
lar mimicry or superantigen interactions with the HLA-TCR 
complex. Alternatively, these infections could simply make it 
permissive for other, more specific factors to trigger narcolepsy, 
for example by increasing blood brain permeability or simply 
reactivating the immune system nonspecifically.

Table 2 compares our results with those obtained in well-estab-
lished post-streptococcal disorders. Only large studies, or those 
including controls of the same geographic origin, were included. 
We found anti-streptococcal antibodies in 65% of patients with-
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Table 2—Narcolepsy in Comparison with Established Post-Streptococcal Diseases

Disorder Interval to Increased Increased References
 Symptoms ASO titers*‡ ADB titers*‡ 
Rheumatic fever  P 68% (n = 786)  24
arthritis/ carditis 3-8 weeks P 68% (n = 100) P 69% (n = 100) 25
Isolated Sydenham  P 33% (n = 60)  26
chorea 1-8 months P 75% (n = 71) P 10% (n = 71) 27
Post-streptococcal  P 48% (n = 79) P 68% (n = 73) 
glomerulonephritis 1-2 weeks C 11% (n = 57) C 13% (n = 53) 28
  P 78% (n = 37) P 65% (n = 37) 29
  C 11% (2321)  C 8% (2321) 
Narcolepsy Weeks to P 51% (n = 67) P 45% (n = 65) This study
 months? C 19% (n = 67) C 17% (n = 65) 

Interval from infection to symptom onset and anti-streptococcal antibody status at diagnosis is reported. % ASO and ADB positive in patients 
(P), versus healthy controls (C). * Of note, in rheumatic fever and post-streptococcal glomerulonephritis, evidence of preceding streptococcal 
infection is part of established diagnostic criteria, causing an obvious inclusion biased toward higher titers. ‡ ASO and ADB positivity cut-
offs were upper limit normal 20% (ULN-20, where 20% controls had higher titers), or, more questionably, as determined by the authors if no 
controls were included.

Table 3—Sensitivity and specificity of DQB1*0602 positivity in combination with anti-streptolysin O (ASO) ≥ 200 IU and /or anti DNAse 
B (ADB) ≥ 480 IU

Interval from onset ASO and ASO or ADB ASO and ADB
of symptoms HLA positive and HLA positive and HLA positive
Up to 1 year (n = 23) Sensitivity 61% Sensitivity 65% Sensitivity 43%
 Specificity 96% Specificity 91% Specificity 100%
1-3 years (n = 42) Sensitivity 45% Sensitivity 57% Sensitivity 33%
 Specificity 92% Specificity 86% Specificity 95%
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titers of ADB in controls with DQB1*0602, suggesting a more 
sustained response to streptococcus. As DQB1*0602 is protec-
tive against rheumatic fever,22 it is also possible that different 
HLA haplotypes dictate phenotype expression of various post-
streptococcal syndromes.

As the prevalence of anti-streptococcal antibodies varies sig-
nificantly across populations, additional replications are needed 
in other settings and ethnic groups. If confirmed, our results 
will have implications for the prevention, diagnosis and treat-
ment of patients with new onset narcolepsy, especially when 
cataplexy has not yet developed (most cases develop cataplexy 
within one year of sleepiness onset). Indeed, diagnosis of these 
cases is difficult, and it is unclear how the MSLT or CSF hypo-
cretin-1 predicts narcolepsy so close to the onset. In contrast, 
the sensitivity and specificity of HLA positivity in combination 
with anti-streptococcal antibodies should be highest the clos-
est to the onset (Table 3). The current treatment of narcolepsy 
is symptomatic, with a controversial immunomodulation trial 
with IVIG in patients diagnosed within 6 months of onset.23 
Whether such cases should be treated with antibiotics as cur-
rently done in rheumatic fever is open for debate.
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