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Letter to the Editor
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Immunocyte single
cell analysis of
vaccine-induced
narcolepsy

The aim of the study was to determine
immunocyte signatures in Pandemrix R©-
induced Narcolepsy type 1 (NT1). We
therefore first analyzed complete blood
count (CBC) to report an increase in
basophil count and frequency in NT1
(n = 50) patients as compared to their
first-degree relatives (FDR, n = 60).
The second step was to use a patient-
sibling approach in which nine patients
with Pandemrix R©-induced NT1 were com-
pared to their age- and HLA-DQB1*06:02-
matched siblings using mass cytometry
(CyTOF) to demonstrate a lower fre-
quency of CD8+CD27+ T cells among the
patients.

Narcolepsy type 1 (NT1) is a chronic
sleep disorder defined by irregular transi-
tions between wakefulness and sleep. The
cause of the disease is loss of hypocretin
neurons, possible due to an autoimmune
pathogenesis. NT1 is strongly associated
to HLA-DQB1*06:02, implicating involve-
ment of antigen-presentation in the dis-
ease etiology. Demonstration of autore-
active T cells strengthens the hypothesis
that NT1 is caused by immune dysregula-
tory processes [1-3]. Increased incidence
of NT1 was observed in Sweden follow-
ing the 2009 influenza Pandemrix R© mass-
vaccination, as well as in China following
the 2009 influenza pandemic.

The overall white blood and red blood
cells were found to be comparable between
NT1 patients (n = 50) and FDR (n = 60,
p = 0.683, p = 0.728, Fig. 1A and
B). The basophils (10 × 109/L) were
increased among NT1 patients compared
to FDR (median count p = 0.001, median%
p = 0.001, Fig. 1C and D). Seasonal varia-
tions, for example, viral-infections should
not explain differences between groups in
the current study as the families to large
extent jointly donated blood.

CyTOF analysis was applied on cry-
opreserved peripheral blood mononuclear
cells. For identification of population sub-
sets, cells were clustered into nodes using
the SPADE and CITRUS algorithms. Lower
number of cells from NT1 patients com-
pared to siblings were related to clus-
ters with expression markers CD3, CD8,
and CD27 (SPADE p = 0.031; Fig. 2A–
E). Manual biaxial gating was performed
to demonstrate that the percentage of
CD8+CD27+ T cells of the total CD45+

population among NT1 patients were 9.92,
7.26, 20.33, 12.34, 10.93, 10.05, 12.34,
9.65, and 17.88% as compared to the per-
centage for the siblings that were 13.16,
19.32, 15.23, 16.64, 19.29, 14.13, 14.59,
8.26, and 24.78% (p = 0.077, when
excluding the apparent outlier (8.26%)
among siblings, p = 0.021, Fig. 2F).

Since no NT1 patients without exposure
to Pandemrix R©-vaccination were included
in the CyTOF analysis, it is not known
whether results are associated with the
primary vaccine exposure or the result-
ing NT1. PBMC samples from patients and
controls were collected in 2015–2019, sev-
eral years following disease onset, this
could have an effect on especially innate
immunocyte markers. It is recognized that
the patients have had the disease for

several years and that peripheral blood
T cells rather reflect the on-going disease
than a triggering effect of the vaccine. The
current study is an important beginning
to dissecting immune processes using sin-
gle cell analyses to explain the pathogen-
esis of NT1. The sibling pair analysis with
all being Pandemrix R©-vaccinated and HLA-
DQB1*06:02 positive strengthen the obser-
vation that CD8+ T cells, known to compart
of diverse niches in the peripheral blood
should be further studied with the view of
potential therapies in the future.
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Figure 1. Hematological parameters for peripheral blood mononuclear cells were determined using Cell-Dyn Ruby hematology analyzer. Note the
different scales for each parameter. Black lines show median-values. Investigated cell types were compared between NT1 patients (n = 50, left) and
FDR (n = 60, right) using Mann–Whitney U-test. Single experiments were performed once for each individual. (A) White blood cell count (10 × 109/L)
was comparable for NT1 patients (median count 4.91, range 2.51–8.72) and FDR (median count 5.17, range 1.72–11.60, p = 0.683, (only vaccinated
individuals, p = 0.871)). (B) Red blood cell count (10 × 1012/L) was comparable for NT1 patients (median count 4.35, range 3.31–5.32) and FDR
(median count 4.32, range 3.56–5.10), p = 0.728, (only vaccinated individuals, p = 0.356)). (C) Basophil cell count (10 × 109/L) was increased among
NT1 patients (median count 0.06, range 0.01–0.15) compared to FDR (median count 0.04, range 0.01–0.11, p = 0.001, (only vaccinated individuals,
p = 0.001)). (D) Basophil percentage of total white blood cell count (%) was increased among NT1 patients (median% 1.08, range 0.24–5.99) compared
to FDR (median% 0.77, range 0.26–2.49, p = 0.001, (only vaccinated individuals, p = 0.005)).
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Figure 2. Mass cytometry was conducted on PBMC from nine vaccine-related NT1 patients and their matched siblings as controls (7 siblings and
2 controls from independent NT1 families). All 18 individuals were associated to HLA-DQB1*06:02. Analysis were performed using the CytoBank
platform. The SPADE and CITRUS algorithms were used to cluster phenotypically similar cells into 50 different clusters. Down-sampling was set to
3000 cells per individual, a total of 54 000 cells were included in the model. Cell frequencies were extracted and statistical calculations were done
using SPSS/Graphpad, group comparisons for each cluster separately were assessed using Mann–Whitney U-test. (A) Number of individual cells
were extracted for each cluster in the SPADE-tree and then assigned either to the NT1 patient or sibling group. A comparison was done in number
of cells originating from NT1 patients or siblings for each of the 50 clusters. Node number 26 was found to have fewer cells from the NT1 group
(n = 602 cells) as compared to siblings (n = 1191 cells, p = 0.031). (B) A heatmap was created to determine expression markers for node 26. It was
found that this cell-subset expressed CD3+CD8+CD27+ T cells. (C) A branching tree with in total 35 nodes were assigned by the Citrus algorithm.
Cluster ID 53990 and 53992 were highlighted (in red) to demonstrate a difference in cell abundance between NT1 patients and siblings. (D) Median
cell abundance was found to be significantly lower in Cluster ID 53990 and 53992 for NT1 patients (Median abundance, cluster 53990- 0.11, cluster
53992- 0.17) as compared to siblings (Median abundance, cluster 53990- 0.16, cluster 53992- 0.26). (E) Heatmaps were created to highlight marker
expression for Citrus clusters 53990 and 53992. A shared marker phenotype was demonstrated with expression of CD3+CD8+CD27+ T cells. (F)
Manual biaxial gating was conducted on PBMC following Mass Cytometry analysis to determine percentage of CD8+CD27+ T cells of the total
CD45+ leukocyte population. Single graphs for each of the 18 study subjects were created. The frequency (%) of CD8+CD27+ T cells among NT1
patients were 9.92, 7.26, 20.33, 12.34, 10.93, 10.05, 12.34, 9.65, and 17.88 as compared to the frequency for siblings which were 13.16, 19.32, 15.23,
16.64, 19.29, 14.13, 14.59, 8.26, and 24.78% (p = 0.077). When the apparent outlier among the siblings (8.26%) were aborted from the calculations
(p = 0.021). All study-subjects were analyzed in a single combined experiment, the analysis were performed once.
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