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Background. Studies suggest an increase in autoim-
mune diseases following SARS-CoV-2 infection
and/or COVID-19-vaccination. We aimed to
describe possible associations in Norway.

Methods. We used information from the emergency
preparedness register for COVID-19, BeredtC19,
for all residents aged 18-64 (N = 3,450,080).
BeredtC19 includes data from mandatory nation-
wide registers on demographics, SARS-CoV-2
tests, deaths, vaccinations, and hospitalizations.
Cox regression was used to estimate adjusted haz-
ard ratios (aHRs) for 30-day and 30-180 day risk
windows.

Findings. SARS-CoV-2 infection was associated with
an increased risk of purpura, thrombocytopenia,
and agranulocytosis within 30 days and 30-180

days. In the first 30 days, Bell’s palsy and inflam-
matory arthritis were associated with infection,
whereas 30-180 days postinfection showed an
association with polyneuropathy. Vaccination was
associated with an increased risk of inflamma-
tory bowel disease (IBD) and celiac disease, both
in the first 30 days and 30-180 days postvac-
cination. Additionally, in the first 30 days post-
vaccination, we found associations with inflamma-
tory arthritis and erythema nodosum, and between
30 and 180 days with arthralgia, agranulocy-
tosis, and acute disseminated encephalomyelitis
(ADEM). There was also a reduced risk of der-
matopolymyositis 30-180 days postvaccination.

Interpretation. Most autoimmune disorders showed
no significant association with SARS-CoV-2
infection or COVID-19 vaccination. Associations
between vaccination and IBD and ADEM warrant
further investigations, as these observations reflect
associations and do not establish causality.

Keywords: autoimmune disease, COVID-19, vacci-
nation, SARS-CoV-2

Introduction

An immune-mediated response starts when the
immune system reacts to a foreign antigen. Abnor-
mal reactions, causing immune-mediated and
autoimmune disease in those genetically predis-
posed, could potentially be triggered by viral infec-
tions [1]. For instance, Epstein-Barr virus has been
a suspected agent in multiple sclerosis (MS) [2],
and cytomegalovirus has been associated with SLE
[3], systemic sclerosis, rheumatoid arthritis (RA),
and MS [3].

Vaccines represent one of the most effective public
health measures. Nonetheless, concerns have been
raised about potential associations between vac-
cines and immune-related diseases. Recent exam-
ples include Guillain-Barré syndrome [4] and nar-
colepsy [5] after influenza vaccination. Interest-
ingly, there is a lower risk of idiopathic thrombocy-
topenic purpura (ITP) after the measles—-mumps—
rubella (MMR) vaccine than after a natural infec-
tion [4], which underlines the importance of inves-
tigating both infections and vaccines.
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Clinical trials of COVID-19 mRNA vaccines have
reported a slight increase in Bell’s palsy after vac-
cination [6, 7]. As reports of adverse events fol-
lowing immunization (AEFI) arose, the hypothe-
sis that SARS-CoV-2 infections or vaccines could
cause immune-mediated diseases gained attention
[8]. Although there is a predominance of papers
reporting significant associations between SARS-
CoV-2 infections and autoimmune diseases, there
is yet no clear consensus if there is a causal rela-
tionship between SARS-CoV-2 infection or vaccina-
tion and these outcomes. Reported adverse events
could either be true AEFIs or might be due to dis-
ease debut overlapping with the postimmunization
period [9].

Using routinely collected data from mandatory
nationwide registers, we aimed to investigate
whether the occurrence of immune-related dis-
eases increased in the first 6 months after a SARS-
CoV-2 infection or COVID-19 mRNA vaccination in
adults.

Methods
Study population

The study sample included all adult Norwegian res-
idents between 18 and 64 years old residing in Nor-
way since January 1, 2017 (N = 3,450,080).

Outcomes and case definition

Based on adverse events reported by health care
professionals, mRNA vaccine trials, and Norwegian
COVID-19 surveillance, 32 immune-mediated out-
comes of interest were identified. Table S1 lists all
outcomes with ICD-10 diagnosis codes. A 3-year
wash-out period (2017-2020) was implemented to
exclude prevalent cases (Table S2). Incident out-
comes were defined as the first record of the given
diagnosis followed by a subsequent record with
the same diagnosis within 182 days. Readmis-
sions and hospitalizations <3 days apart were
combined.

Statistical analysis

We used registered SARS-CoV-2 infections and
COVID-19 mRNA vaccination as time-varying
exposures in a Cox regression model, estimating
hazard ratios (HRs) with 95% confidence intervals
(95% CI), to assess associations between SARS-
CoV-2 infection or COVID-19 mRNA vaccination
and selected outcomes. Censoring was done on
date of emigration, death, 65 years of age, non-

mRNA COVID-19 vaccination, 4th vaccine dose,
or outcome. We adjusted for age, sex, health
region, municipality size, household size, house-
hold crowding, low family income, and country
of origin. Previous SARS-CoV-2 infection was also
included and adjusted for in the adjusted vacci-
nation analysis. In our main analysis and in the
age-stratified analyses, all participants were fol-
lowed for an immediate risk window of 0-30 days,
followed by a 30-180-day window. After 180 days
the participants were returned to the unexposed
reference group until the next mRNA vaccination
or SARS-CoV-2 infection occurred (Fig. 1). The
first occurrence of an outcome had to be regis-
tered by March 1, 2022 for outcomes after infec-
tion, and by August 1, 2023 for outcomes after
vaccination, to be considered a case. March 1,
2022 was set as the end of follow-up in the infec-
tion analysis to avoid misclassification bias, as
test activity later became reduced. Only outcomes
with at least 4 events are presented in the main
text, with all outcomes presented in Tables S3 and
S4. As background incidence rates vary with age
[10], and initial vaccine distribution followed age
groups by prioritizing elderly and those with under-
lying diseases [11], we decided to do this study
in adults to ensure that individuals had a likeli-
hood of both the exposure and the outcome. We
also stratified the analysis on age groups 18-39
(Tables S5 and S6) and 40-64 years old (Tables
S7 and S8) to investigate if there were differences
between these age-groups and present a secondary
analysis using a 365-day risk window, for which
the first outcome occurrence after vaccination had
to be registered by February 1, 2023 (Tables S9
and S10).

Ethics

Beredt19 use was governed by The Act on Health
and Social Preparedness §2-4, granting the Norwe-
gian institute of public health mandate to use reg-
istry data for COVID-19 surveillance and vaccina-
tion reporting. The study was approved by the Nor-
wegian Regional Committee for Medical and Health
Research Ethics South-East (REK Ser-Ust A, ref.
122745).

Results

Characteristics of the study participants are given
in Table 1, 3,450,080 individuals (51% male), with
the timely distribution of each vaccine dose and
cases of COVID-19 in the population presented in
Fig. 2. The 18-39-year-olds were less likely to have
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Table 1. Demographic characteristics of the study population and the odds ratio (OR) between the age groups and the demo-

graphic characteristics.

Age 18-39 Age 40-64
Total N= 3,450,080 N=1,659,446 N= 1,790,634
(%) (48.1%) (51.9%) OR (95% CI)*

Sex

Male 1,770,332 (51.3) 854,829 (51.5) 915,503 (51.1) Ref.

Female 1,679,748 (48.7) 804,617 (48.5) 875,131 (48.9) 1.02 (1.01-1.02)
COVID-19 infection

No 2,587,537 (75.0) 1,122,740 (67.7) 1,464,797 (81.8)

Yes 862,543 (25.0) 536,706 (32.3) 325,837 (18.2) 0.43 (0.46-0.47)
Living conditions

Cramped 344,407 (10.0) 220,254 (13.3) 124,153 (6.9) Ref.

Not cramped 3,014,566 (87.4) 1,394,362 (84.0) 1,620,204 (90.5) 2.06 (2.05-2.08)

Unknown 91,107 (2.6) 44,830 (2.7) 46,277 (2.6) 1.83 (1.80-1.86)

Family income
Normal/Large income
Low income
Missing
Origin
Scandinavia
Africa
Asia
Latin-America
Middle East and North Africa,
Sub-Saharan
North America or Oceania
Europe
Missing
Health care region
Central Regional Health Authority
Northern Regional Health Authority
South-Eastern Regional Health Authority
Western Regional Health Authority
Missing
Size of resident county
<50,000
>50,000
Missing
Number of vaccinated
Unvaccinated
1 dose
2 dose
3 dose

3,002,937 (87.0)
424,473 (12.3)
22,670 (0.7)

2,607,560 (75.6)
87,694 (2.5)
198,674 (5.8)
35,711 (1.0)
63,130 (1.8)

58,757 (1.7)
387,434 (11.2)
11,120 (0.3)

448,313 (13.0)
294,527 (8.5)
1,945,741 (56.4)
699,319 (20.3)
62,180 (1.8)

1,745,488 (50.6)
1,642,412 (47.6)
62,180 (1.8)

334,859 (9.7)
89,833 (2.6)
863,667 (25.0)
2,161,712 (62.7)

1,361,128 (82.0)
287,887 (17.4)
10,431 (0.6)

1,172,876 (70.7)
57,574 (3.5)
121,886 (7.3)
21,945 (1.3)
35,581 (2.1)

33,748 (2.0)
210,298 (12.7)
5538 (0.3)

216,897 (13.1)
136,127 (8.2)
925,791 (55.8)
342,295 (20.6)
38,336 (2.3)

781,360 (47.1)
839,750 (50.6)
38,336 (2.3)

190,643 (11.5)
67,125 (4.1)
617,900 (37.2)
783,778 (47.2)

1,641,809 (91.7)
136,586 (7.6)
12,239 (0.7)

1,434,684 (80.1)
30,120 (1.7)
76,788 (4.3)
13,766 (0.8)
27,549 (1.5)

25,009 (1.4)
177,136 (9.9)
5582 (0.3)

231,416 (12.9)
158,400 (8.9)
1,019,950 (57.0)
357,024 (19.9)
23,844 (1.3)

964,128 (53.8)
802,662 (44.8)
23,884 (1.3)

144,216 (8.1)
22,708 (1.3)
245,767 (13.7)
1,377,943 (77.0)

Ref.
0.39 (0.39-0.40)

Ref.
0.43 (0.42-0.43)
0.52 (0.51-0.52)
0.51 (0.51-0.52)
0.63 (0.62-0.64)

0.61 (0.60-0.62)
0.69 (0.68-0.69)

Ref.
1.09 (1.08-1.10)
1.03 (1.03-1.04)
0.98 (0.97-0.98)

Ref.
0.77 (0.77-0.78)

Ref.
0.45 (0.44-0.45)
0.53 (0.52-0.53)
2.32 (2.31-2.34)

Abbreviation: CI, confidence interval.
*p-value < 0.001.
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Fig. 1 SARS-CoV-2 infections and COVID-19 mRNA vaccination were recorded as exposures. Censoring on date of emi-
gration, death, 65 years of age, non-mRNA COVID-19 vaccination, 4th vaccine dose, or occurrence of the outcome. After
SARS-CoV-2 infection or mRNA vaccination, participants were followed for an immediate risk window of 0-30 days, fol-
lowed by a 30-180 days window. After 180 days the participants were returned to the unexposed reference group until
the next mRNA vaccination or SARS-CoV-2 infection occurred. Examples of (a) participant is unexposed and is followed until
diagnosis of autoimmune disorder or censoring. (b) Participant diagnosed with autoimmune disorder during risk window
after SARS-CoV-2 infection or mRNA vaccination. (c and d) Participant was followed to endpoint without development of

autoimmune disorder or censoring.

received a third dose of a COVID-19 mRNA vaccine
compared to the 40-64-year-olds. Most autoim-
mune disorders were not significantly associated
with SARS-CoV-2 infections nor COVID-19 vacci-
nation.

Neurologic outcomes

After SARS-CoV-2 infection, there were increased
risks of Bell’s palsy (0-29 days, adjusted hazard
ratio [aHR] 2.0 95% CI 1.0-3.9) and polyneuropa-
thy (30-180 days, aHR 2.0 95% CI 1.2-3.4) (Fig. 3).
These associations were mainly driven by 18-39-
year-olds for Bell’s palsy (aHR 3.2 95% CI 1.4-
7.2) and 40-65-year-olds for polyneuropathy (aHR
2.4 95% CI 1.4-4.1) (Tables S5 and S7). Bell’s
palsy was also associated with infection in the sec-
ondary analysis (0-29 days, aHR 2.0 95% CI 1.0-
3.8) (Table S9).

The only statistically significant association follow-
ing vaccination was an increase in acute dissem-
inated encephalomyelitis (ADEM) (30-180 days,
aHR 93.2, 95% CI 9.0-964.9) (Fig. 4). The number
of cases was limited and insufficient for age strati-
fication. In secondary analyses, we found associa-
tions after vaccination for Bell’s palsy (0-29 days,
aHR 1.6, 95% CI 1.1-2.3 and 30-365 days, aHR
1.6, 95% CI 1.2-2.1) and polyneuropathy (0-29
days, aHR 1.5, 95% CI 1.1-2.0 and 30-365 days,
aHR 1.7, 95% CI 1.3-2.1, respectively) (Table S10).

Rheumatologic outcomes

After SARS-CoV-2 infection, we observed sta-
tistically significant associations with reac-
tive/idiopathic inflammatory arthritis (0-29
days, aHR 3.3 95% CI 1.1-9.5 (Fig. 3), driven
by the 40-65-year-olds. Among 40-65-year-olds,
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Fig. 2 Distribution of vaccine doses (1-4 doses) and reported first and second SARS-CoV-2 infection.

infection was also associated with arthralgia (0-29
days, aHR 0.6 95% CI 0.4-0.9) and Sjogren’s
syndrome (30-180 days, aHR 2.7 95% CI 1.2-
6.2) (Table S7). Among 18-39-year-olds, infection
was associated with reactive/idiopathic inflam-
matory arthritis (30-180 days, aHR 3.1 95% CI
1.0-9.3) and arthralgia (30-180 days, aHR 1.3
95% CI 1.0-1.6) (Table S5). In the secondary
analysis, reactive/idiopathic inflammatory arthri-
tis was associated with previous SARS-CoV-2
infection in both intervals (0-29, aHR 3.3 95% CI
1.2-9.6, and 30-365, aHR 2.2 95% CI 1.0-5.0)
(Table S9).

After vaccination, we observed statistically signifi-
cant associations with reactive/idiopathic inflam-
matory arthritis (0-29 days, aHR 0.5 95% CI 0.2-
1.0), arthralgia (30-180 days, aHR 1.2 95% CI
1.1-1.2), and dermatopolymyositis (30-180 days,
aHR 0.4 95% CI 0.2-0.8) (Fig. 4), the last two
were mainly driven by the 40-65-year-olds (Table
S8). In secondary analyses, arthralgia was still
associated (0-29 days, aHR 1.1 95% CI 1.0-1.2
and 30-365 days aHR 1.2 95% CI 1.1-1.3), as
was RA (30-365 days, aHR 1.3 95% CI 1.1-1.5)
(Table S10).

Endocrinologic outcomes

We did not find any statistically significant associ-
ations after SARS-CoV-2 infection or vaccination
for any endocrinologic outcomes, although only
Graves’disease and hyperthyroidism had sufficient
cases for analysis after infection (Figs. 3 and 4).

Gastrointestinal outcomes

No statistically significant associations with gas-
trointestinal outcomes were observed after SARS-
CoV-2 infection (Fig. 3 and Table S3).

After vaccination, we observed associations with
Crohn’s disease (0-29 days, aHR 1.6 95% CI 1.3—
2.0, and 30-180 days, aHR 1.3 95% CI 1.1-1.5),
ulcerous colitis (UC) (0-29 days, aHR 1.2 95% CI
1.0-1.4, and 30-180 days, aHR 1.3 95% CI 1.1-
1.5), and celiac disease (0-29 days, aHR 1.4 95% CI
1.1-1.8, and 30-180 days, aHR 1.4 95% CI 1.1-1.7)
(Fig. 4). In 18-39-year-olds, we found associations
with Crohn’s disease (both intervals) and celiac
disease (0-30 days) (Table S6), whereas in 40—
65-year-olds vaccination was associated with UC
(both intervals) and celiac disease (30-180 days)
(Table S8). In the secondary analysis, in addition

© 2025 The Author(s). Journal of Internal Medicine published by John Wiley & Sons Ltd on behalf of Association for Publication of The Journal of Internal Medicine. 275

Journal of Internal Medicine, 2026, 299; 271-282

8518017 SUOWILIOD 3AIERID 3|l idde aup Aq paueob a1e SaIe VO ‘SN J0 S9IN 104 A%eIq 1T BUIIUO AB|IM UO (SUORIPUCD-PUR-SLLBILID™A8 | IMA eI 1[eul U0//Sa1Y) SUORIPUOD PLe SWLB | 3Y} 83S *[9202/T0/0E] U0 A%iqiT auljuo A8|IM unusBiveueIy0D AQ 2500, WIOITTTT OT/I0p/W0d A8 1M Areid 1 BuI|UO//SANY WO PaPROIUMOQ ‘Z ‘9202 ‘96/2G9ET



JIM Autoimmune ris

COVID-19 and vaccines / H. Bgas et al.

Time from infection

Disease a to exposure
Dermatologic outcomes

Urticaria <30 days
Urticaria 30-180 days
Erythema multiforme including Stevens—Johnson syndrome <30 days
Erythema multiforme including Stevens—Johnson syndrome 30-180 days
Erythema nodosum 30-180 days
Endocrinologic outcomes

Hyperthyroidism <30 days
Hyperthyroidism 30-180 days
Graves' Disease <30 days
Graves' Disease 30-180 days
Thyroiditis 30-180 days
Hashimoto thyroiditis 30-180 days
Addison's disease <30 days
Addison's disease 30-180 days
Gastrointestinal outcomes

Crohn's disease <30 days
Crohn's disease 30-180 days
Ulcerative colitis <30 days
Ulcerative colitis 30-180 days
Celiac Disease <30 days
Celiac Disease 30-180 days
Autoimmune hepatitis 30-180 days
Hematologic outcomes

Purpura, ia including Henoch-Schdnlein purpura (HSP) <30 days
Purpura, ia including Henoch-Schdnlein purpura (HSP) 30-180 days
Idiopathic thrombocytopenic purpura (ITP) <30 days
Idiopathic thrombocytopenic purpura (ITP) 30-180 days
Agranulocytosis <30 days
Agranulocytosis 30-180 days
Haemolytic anaemia, including Hemolytic uremic syndrome (HUS) <30 days
Neurologic outcomes

Multiple sclerosis <30 days
Multiple sclerosis 30-180 days
Demyelinating disease of the central nervous system <30 days
Demyelinating disease of the central nervous system 30-180 days
Bell's palsy <30 days
Bell's palsy 30-180 days
Polyneuropathy <30 days
Polyneuropathy 30-180 days
Myasthenia gravis 30-180 days
Rheumatologic outcomes

Rheumatoid arthritis <30 days
Rheumnatoid arthritis 30-180 days
Reactive/idiopathic inflammatory arthritis <30 days
Reactivelidiopathic inflammatory arthritis 30-180 days
Arthralgia <30 days
Arthralgia 30-180 days
Connective tissue diseases <30 days
Connective tissue diseases 30-180 days
Dermatopolymyositis <30 days
Sjogren’s syndrome <30 days
Sjogren’s syndrome: 30-180 days
SLE (Lupus) 30-180 days

Total number of Observed

cases, N

3561
2288
426

199
103

1614
2605
1003

240

1063
237

905

1443
270
623
1075

104

1918
221
9275
789

79
390

187

Adjusted hazard ratio*

cases, N (95% Cl) P-value
3 el 0.7 (0.24, 2.44) 0.660
11 L ———1 1.7 (0.95, 3.29) 0073
1 7.30 (1.00, 53.39) 0.050
2 8.21(1.63, 41.25) 0011
1 1.26 (0.17, 9.36) 0824
18 e 072 (0.45, 1.16) 0177
50 e 1.14(0.86, 1.52) 0357
15 e A 0.92 (0.55, 1.54) 0.743
33 e 1.14 (0.80, 1.61) 0.467
4 e 0.80 (0.30, 2.17) 0.667
2 0.89 (0.23, 3.46) 0867
1 1.03 (0.14,7.42) 0974
2 1.37(0.32, 5.79) 0.669
10 [ 0.80 (0.43, 1.50) 0486
18 el 0.88 (0.55, 1.40) 0584
21 e 1.13(0.72,1.75) 0599
2 el 0.8 (0.61, 1.29) 0519
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Fig. 3 Autoimmune conditions in the population in unexposed and individuals that had one or two SARS-CoV-2 infections,
using a 0-30 and 30-180 days window of risk. Hazard ratios are adjusted for age, sex, health region, municipality size,
household size, household crowding, low family income, and country of origin.

to Crohn’s disease, UC, and celiac disease, autoim-
mune hepatitis was also associated with vaccina-
tion (30-365 days, aHR 1.9 95% CI 1.1-3.1) (Table
S10).

Dermatologic outcomes

No statistically significant associations with der-
matological outcomes were observed after SARS-
CoV-2 infection (Fig. 3, Table S3).

Only erythema nodosum had a statistically signifi-
cant association with vaccination (029 days, aHR
3.8 95% CI 1.5-9.6) (Fig. 4), mainly driven by the
40-65-year-olds (029 days, aHR 5.9 95% CI 1.9-
18.6 and 30-180 days, aHR 4.3 95% CI 1.7-11.0
(Table S8).

Hematologic outcomes

After SARS-CoV-2 infections, we found a statisti-
cally significant association with purpura, throm-
bocytopenia including Henoch-Schonlein purpura
(HSP) (0-29 days, aHR 2.8 95% CI 1.6-4.7 and 30—
180 days, aHR 2.1 95% CI 1.3-3.3), and agranulo-
cytosis (0-29 days, aHR 2.6 95% CI 1.4-4.8 and
30-180 days, aHR 2.5 95% CI 1.6-4.0) (Fig. 3),
largely driven by 40-65-year-olds (Table S7). The
18-39-year-olds were associated with agranulocy-
tosis 30-180 days postinfection (Table S5). The
results of the secondary analysis were similar to
the primary analysis (Table S9).

We observed an association with agranulocytosis
following vaccination (30-180 days, aHR 1.3 95%
CI 1.0-1.7) (Fig. 4), driven by the 18-39-year-olds
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Time from vaccination Total number of

Disease and Disease to exposure cases, N
Dermatologic outcomes
Urticaria <30 days 793
Urticaria 30-180 days
Erythema multiforme including Stevens-Johnson syndrome <30 days 48
Erythema multiforme including Stevens—Johnson syndrome 30-180 days
Erythema nodosum <30 days 9
Erythema nodosum 30-180 days
Alopecia <30 days 84
Alopecia 30-180 days
Endocrinologic outcomes
Hyperthyroidism <30 days 5307
Hyperthyroidism 30-180 days

raves’ Disease <30 days 3374
Graves' Disease 30-180 days
Thyroiditis <30 days 668
Thyroiditis 30-180 days
Hashimoto thyroiditis <30 days 317
Hashimoto thyroiditis 30-180 days
Addison’s disease <30 days 145
Addison's disease 30-180 days
Gastrointestinal outcomes
Crohn’s disease <30 days 2541
Crohn's disease 30-180 days
Ulcerative colitis <30 days 4004
Ulcerative colitis 30-180 days
Celiac Disease <30 days 1577
Celiac Disease 30-180 days
Autoimmune hepatitis <30 days 357
Autoimmune hepatitis 30-180 days
Hematologic outcomes
Purpura, i including Henoch-Schénlein purpura (HSP) <30 days 1592
Purpura, ia including Henoch lein purpura (HSP) 30-180 days
Idiopathic thrombocytopenic purpura (ITP) <30 day: 370
Idiopathic thrombocytopenic purpura (ITP) 30-180 days
Agranulocytosis <30 days 1399
Agranulocytosis 30-180 days
Haemolytic anaemia, including Hemolytic uremic syndrome (HUS) 30-180 days 20
Neurologic outcomes
Multiple sclerosis <30 days 2229
Multiple sclerosis 30-180 days
Demyelinating disease of the central nervous system <30 days 462
Demyelinating disease of the central nervous system 30-180 days
Acute disseminated encephalomyelitis (ADEM)* 30-180 days 5
Bell's palsy <30 days 956
Bell's palsy 30-180 days
Narcolepsy <30 days 14
Narcolepsy 30-180 days
Polyneuropathy <30 days 1601
Polyneuropathy 30-180 days
Myasthenia gravis <30 days 156
Myasthenia gravis 30-180 days
Rheumatologic outcomes
Rheumatoid arthritis <30 days 2940
Rheumatoid arthritis 30-180 days
Reactive/idiopathic inflammatory arthritis <30 days 367
Reactive/idiopathic inflammatory arthritis 30-180 days
Arthralgia <30 days 15229
Arthralgia 30-180 days
Connective tissue diseases <30 days 1194
Connective tissue diseases 30-180 days
Dermatopolymyositis <30 days 124
Dermatopolymyositis 30-180 days
Sjogren’s syndrome <30 days 588
Sjogren's syndrome 30-180 days
SLE (Lupus) <30 days 275
SLE (Lupus) 30-180 days
Systemic sclerosis <30 days 222
Systemic sclerosis 30-180 days

Observed Adjusted hazard ratio*
cases, (95% Cl) P-value
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Fig. 4 Autoimmune conditions in the population in unexposed and vaccinated individuals using a 0-30 and 30-180 days
window of risk. Hazard ratios are adjusted for age, sex, health region, municipality size, household size, household crowd-
ing, low family income, country of origin, and previous COVID infection. * For acute disseminated encephalomyelitis (ADEM),
the lower boundary of the confidence interval is higher than the upper bounds of the tree.

(Table S6). In the secondary analysis, agranulocy-
tosis (30-365 days, aHR 1.4 95% CI 1.1-1.8) and
purpura, including thrombocytopenia HSP (30—
365 days, aHR 1.4 95% CI 1.1-1.8), were associ-
ated with vaccination (Table S10).

Discussion

Most autoimmune disorders were not associated
with neither SARS-CoV-2 infections nor COVID-
19 mRNA vaccination. Notable exceptions include
associations both in the 0-29 days and 30-180
days after infection or vaccination. The risk dif-
fered between the 18-39 and 40-64 age groups, as
expected, as background incidence rates vary with
age [10]. Our study focuses on working-age adults,
and the results are therefore not necessarily trans-
ferable to either younger or older populations. The

potential underlying mechanisms might differ con-
siderably between different outcomes.

Strengths and limitations

Norway has universal health care, with free hos-
pital admissions and COVID vaccines. Mandatory
registration of COVID-19 vaccinations and positive
SARS-CoV-2 tests enabled linkage of nationwide
infection and vaccination data to complete popula-
tion registries, supporting a long wash-out period
(3 years). Despite limited test capacity early in the
pandemic [12], testing activity remained high until
February 2022 [13], later, proper adjustment for
previous COVID-19 episodes became an increasing
challenge, making longer follow-up times more dif-
ficult to attain. Although asymptomatic infections
could have remained undetected, high-quality
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register data on vaccination and diagnosis codes
enabled investigation of several rare outcomes.

Some limitations should be taken into considera-
tion. Rare outcomes could lack statistical power,
and the few incident cases of ADEM, hemolytic
anemia, and erythema multiforme make a mean-
ingful analysis difficult. The lack of power is more
evident for the 0-30 days risk window and the age-
stratified analysis. Results based on a few cases
should be interpreted very cautiously. Due to mul-
tiple testing, results should be replicated, as we
cannot rule out spurious associations. As partici-
pants change between exposed and unexposed cat-
egories, we did not expect the proportional hazard
assumption to be fulfilled. Therefore, the estimated
HRs should be interpreted as weighted averages of
time-dependent HRs over the duration of follow-up
[14, 15].

As the percentage of COVID-19 vaccinated indi-
viduals increased, the few unvaccinated individ-
uals might be less representative of the general
population. As the unexposed group in this study
is comprised both unvaccinated and those vacci-
nated >180 days earlier (or 365 days earlier in the
secondary analysis), we believe this to be less of
a problem. As autoimmune diseases can take a
long time to develop [16], longer follow up could
be needed. Preexisting cases could be misclassi-
fied as incident cases. Although the washout period
of 3 years should reduce this risk. Capacity prob-
lems at the hospitals during the pandemic could
postpone consultations [17], likely increasing time
between diagnoses. This study was based on hos-
pital data only, and inclusion of primary care diag-
noses could potentially have reduced misclassifi-
cation and increased power for diseases primarily
followed up in general practice. Across outcomes,
there were only six individuals who did not receive
a second diagnosis who died <182 days after the
initial diagnosis (not shown). We therefore believe
that the slight immortal time from demanding a
second diagnosis is justified, as it improves case
classification.

We cannot rule out differences between vaccine
brands [18] or reverse causality (individuals with
unconfirmed autoimmune disease could be more
likely to vaccinate), but these factors would mostly
affect results the first 0-30 days after vaccination.
This study is observational in nature and, as such,
is subject to confounding and bias that may not
be fully accounted for, despite adjustment for mea-

sured covariates. Therefore, the results should be
interpreted as associations rather than evidence of
direct causal effects.

Research in context

As the COVID-19 mRNA vaccines became avail-
able, there have been several case reports of
incident autoimmune disorders after vaccination
and SARS-CoV-2 infection [4]. Consequently, a
few studies have investigated associations between
incident autoimmune disease, SARS-CoV-2 infec-
tion [19-23], and COVID-19 mRNA vaccina-
tion [24]. The possibility of developing immune-
mediated diseases following SARS-CoV-2 infec-
tion or vaccination is not without merit, and
some potential mechanisms, for example, molec-
ular mimicry, have been proposed [25]. Differ-
ences between the studies often make direct com-
parisons difficult. As many immune-mediated dis-
eases develop slowly, the 0-30 days period could
unmask prevalent disease, or the challenge of
infection or vaccination could cause earlier presen-
tation. Similarly, lockdown and restrictions could
have kept individuals from seeking health care.
This could lead to an accumulation of cases being
diagnosed following a period with many vaccina-
tions or infections. Thus, the etiology of each out-
come should be considered when evaluating poten-
tial associations.

To allow for a 365-day risk window in the sec-
ondary analysis, the end of follow up before first
diagnosis was 6 months earlier than the main anal-
ysis. Discrepancies between the primary and sec-
ondary analysis should be studied closely to inves-
tigate if differences arise due to, for example, inci-
dental finding resulting from loss of power. The
longer 365 days risk window could be more sus-
ceptible to residual confounding from SARS-CoV-2
infections, as test requirements were lifted in the
beginning of 2022 [26].

In general, the heterogeneity between published
results is large, and some outcomes are only
reported in case reports. More studies are needed
to put our results in context. See Table S11 for a
detailed overview of published literature.

Neurological disease after SARS-CoV-2 infection

Two studies found no increased risk for myas-
thenia gravis [22, 23], supporting our findings.
In contrast, two studies reported an increased
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occurrence of MS after SARS-CoV-2 infections [23,
27], contradicting our result.

Although residual confounding from vaccinations
cannot be ruled out, several studies support our
findings on Bell’s palsy. Patone et al. found an
increased risk in the first 2 weeks after infection
[28], Li et al. reported higher incidence ratios 90
days postinfection [29], and a study on US veterans
found an increase 12 months after infection [30].
These studies suggest an increased risk of Bell’s
palsy following SARS-CoV-2 infection.

Neurological disease after COVID-19 mRNA vaccination

We found no comparable studies on MS or other
demyelinating diseases of the central nervous sys-
tem after COVID-19 mRNA vaccination. In our
study, we did not find any increase in MS or other
demyelinating diseases following vaccination.

Clinical trials of Comirnaty or Spikevax and The
Global COVID Vaccine Safety Project reported a
slight increase of Bell’s palsy after vaccination [6,
7, 31]. Others found no increased risk [19, 20] or
reduced risk following Comirnaty vaccination [29].
We did not find any association with Bell’s palsy
after COVID-19 mRNA vaccination in the main
analysis, nor when stratifying by age (Tables S6
and S8). In the secondary analysis, there was an
increased risk in both the first 30 days and the
subsequent 30-365 days after vaccination (Table
S10). This result contradicts the main analysis. It
is possible that the longer follow-up time in the sec-
ondary analysis provides more power for detecting
differences. However, the longer follow-up time also
increases the possibility of incomplete adjustment
for asymptomatic SARS-CoV-2 infections. Conse-
quently, more studies are needed on the relation-
ship between Bell’s palsy and mRNA vaccination.

One study reported more narcolepsy and related
disorders after the first Comirnaty dose, but not
after the second dose [32]. With only one case 0-30
days after vaccination, the increased risk in 18-39-
year-olds in our study is likely spurious (Table S6).

The Global COVID Vaccine Safety Project found an
increased risk of ADEM in the first 42 days follow-
ing the first Spikevax dose, but not after subse-
quent doses [31], whereas others did not find an
association [32, 33]. Any ADEM would be expected
to occur shortly after exposure. Very few cases,
resulting in imprecise estimates, make the valid-

ity of our results questionable. Further studies and
intercountry collaboration are needed.

Rheumatologic diseases after SARS-CoV-2 infection

Increased risk has been reported for connective
tissue diseases [20], Sjogren’s syndrome [20, 23],
dermatopolymyositis [20], RA [20, 23, 27], SLE
[20], and scleroderma [20]. However, other studies
found no differences in risk: Sjogren’s syndrome
[21, 22, 27], dermatopolymyositis [19, 21, 27], RA
[21, 22], reactive arthritis [21], SLE [22, 23, 27],
and scleroderma [19, 21, 23, 27]. Two studies also
reported less SLE among those previously infected
[19, 21].

Given the few cases of rheumatic diseases after
infection (except for arthralgia), our results should
be interpreted cautiously, and there is no clear
consensus in the literature on whether SARS-CoV-
2 infection is associated with rheumatologic dis-
eases.

Rheumatologic diseases after COVID-19 mRNA
vaccination

Few studies have examined the risk of diseases
like connective tissue diseases [24], RA [24, 34|,
dermatopolymyositis [24], Sjogren’s syndrome [24,
32], SLE [24], and scleroderma [24] after vaccina-
tion, with most showing no increased risk or even
a reduced risk of RA and SLE [32].

One study reported no increased risk of reac-
tive /idiopathic inflammatory arthritis 28 days post
vaccination [32], consistent with our results.

Endocrinologic diseases

The literature on Graves’ disease and Hashimoto’s
thyroiditis is conflicting, with some studies report-
ing no change or decreased risk after infection [21,
22, 27, 34|, whereas others show an increased
risk [23, 27]. Due to the limited number of stud-
ies and cases, further research is needed, but a
large increase in endocrinologic disease risk after
SARS-CoV-2 infection or COVID-19 mRNA vacci-
nation appears unlikely.

Gastrointestinal diseases

We found no association with inflammatory bowel
disease (IBD) and celiac disease after SARS-CoV-
2 infection. There are several inconsistent studies
reporting on IBD risk after SARS-CoV-2 infection
(increased risk [19-23], reduced risk [21], or no
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difference [27, 34]). Results for celiac disease are
also inconsistent (no difference in risk [21, 22, 34]
and increased risk [20, 23]). No associations for
autoimmune hepatitis after SARS-CoV-2 infection
have been reported [21, 23].

An increased risk of IBD and celiac disease after
vaccination was consistently observed in our anal-
ysis, but this lacks support in previous literature.
Relevant studies have not found any increased risk
for IBD [24] or only borderline increased risk of IBD
and celiac disease in certain age groups [34].

Dermatologic diseases

We observed an association with erythema mul-
tiforme 30-180 days after SARS-CoV-2 infection
among the 18-39-year-olds. With only three cases
in total for both time periods, it is likely that this is
spurious association. We found no alopecia cases
postinfection; however, most previous literature
reports an increase after infection [19, 23].

We were unable to identify other studies inves-
tigating most of our dermatologic outcomes after
COVID-19 mRNA vaccination. One study found no
increased risk of alopecia among vaccinated [24],
supporting our result. Although further studies
are needed, we do not see a reason for concern
about lasting dermatologic outcomes after COVID-
19 mRNA vaccination.

Hematologic diseases

The most consistent result among hematologic dis-
eases was an increased risk of purpura, thrombo-
cytopenia including HSP (both periods), and agran-
ulocytosis (both periods) after SARS-CoV-2 infec-
tion, mainly driven by the 40-65-year-olds. Sim-
ilarly, there was an increased risk of purpura
and thrombocytopenia including HSP 30-365 days
after vaccination. Given the extended risk win-
dow, we cannot rule out residual confounding from
unreported SARS-CoV-2 infections.

One study found an increased risk of ITP
after SARS-CoV-2 infection [23], contradicting our
result. The Global COVID Vaccine Safety Project
found a slight increase in ITP during the first 42
days after vaccination with the first dose of Comir-
naty, but not after subsequent doses [31], whereas
others did not find an association [32]. From the
presented data, there does not seem to be cause for
concern about hematologic diseases after COVID-
19 mRNA.

Conclusions

With the sparsity of published studies on several
outcomes, more studies are needed, and rare out-
comes should be studied in large international col-
laborative studies. For most autoimmune disor-
ders, we did not observe any statistically signif-
icant association between either of SARS-CoV-2
infections or COVID-19 mRNA vaccination. How-
ever, for individual disorders, this study and oth-
ers have shown some increased disease occur-
rence after both SARS-CoV-2 infection and COVID-
19 mRNA vaccination, although we cannot rule
out spurious associations due to multiple testing.
Although COVID mRNA vaccines generally should
be considered safe, there is a need for more stud-
ies, particularly regarding the association between
IBD, ADEM, and COVID-19 mRNA vaccines, as
these observations represent associations and do
not establish causality.
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