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Abstract

Background and Objectives Reports of suspected adverse drug reactions are of a great importance for the safety monitor-
ing of new vaccines to identify potential safety risks promptly and to ensure necessary measures for risk mitigation. We
reviewed the reports of fatal adverse drug reactions after coronavirus disease 2019 (COVID-19) vaccination with Comirnaty®,
Spikevax®, and Vaxzevria® during the national vaccination campaign in Sweden.

Methods Swedish reports of suspected adverse drug reactions with fatal outcomes after COVID-19 vaccines were retrieved
from the EudraVigilance database. Vaccination data were obtained from the National vaccination register. Reporting rates
were calculated by dividing the number of adverse drug reaction reports with fatal outcomes by the number of people exposed
to at least one dose of the COVID-19 vaccines or by the number of vaccine doses given. A causality assessment of adverse
drug reaction reports was performed by clinically qualified reviewers.

Results More than 26 million doses of COVID-19 vaccines were administered and 456 reports of suspected adverse drug
reactions with fatal outcomes were reported during 27 December, 2020-31 May, 2023. The reporting rate was 5.7 fatal
outcomes per 100,000 persons vaccinated with at least one dose of any COVID-19 vaccine or 1.7 per 100,000 vaccine doses
given. Most of the fatalities were related to patients’ pre-existing conditions, predominantly among people aged 70 years
or older. Only ten of the reported fatalities (0.1 per 100,000 persons vaccinated) were assessed as consistent with a causal
association to COVID-19 vaccination.

Conclusions Adverse drug reactions with fatal outcomes after COVID-19 vaccines in Sweden were very rare. No new safety
concerns were observed in this study.

1 Introduction
Key Points
The coronavirus disease 2019 (COVID-19) caused by severe

Lethal side effects after a coronavirus 2019 vaccination acute respiratory syndrome coronavirus 2 was first detected

picte infrequent, in China in December 2019. At the end of January 2020,
Most of the fatal cases were reported in persons aged the World Health Organization declared the outbreak of
70 years and older with multiple pre-existing chronic COVID-19 as a public health emergency of international
diseases. concern and shortly afterwards in March 2020 the spread of

L ) ) the disease as a global pandemic [1]. During the first year
2 mer [pEUEE. s Tl (e TECEIEs TR Hommd. of the COVID-19 pandemic without vaccines, over 462,600

persons were tested positive for severe acute respiratory syn-
drome coronavirus 2 in Sweden. Of these persons, almost
42,500 were hospitalized and nearly 9500 died (mean age
83.5 years) because of severe COVID-19 [2-4].

In December 2020, the European Commission approved
the first COVID-19 vaccine, messenger ribonucleic acid
Extended author information available on the last page of the article (mRNA) vaccine with the brand name Comirnaty®
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(BNT162b2), developed by BioNTech and Pfizer [5].
Shortly afterwards, another mRNA-based vaccine,
Spikevax® (mRNA-1273) by Moderna, and a recom-
binant adenovirus vector-based vaccine, Vaxzevria®
(ChAdOx1 nCoV-19) by AstraZeneca, were approved [6,
7]. Nuvaxovid® (NVX-CoV2373), a severe acute respira-
tory syndrome coronavirus 2 recombinant spike protein
vaccine by Novavax, was authorized at the end of 2021
[8]. These four vaccines have been used in Sweden for
protection against severe and life-threatening COVID-19
during the national vaccination campaign. The primary
vaccination series consisted of two vaccine doses followed
by additional booster doses to maintain the protection
against severe COVID-19. Vaccination against COVID-
19 was voluntary and free of charge.

The COVID-19 vaccination campaign started in Sweden
on 27 December, 2020. Since the risk for severe disease
and death due to COVID-19 has been particularly high
among older people living in nursing homes or receiving
home help services [9, 10], this vulnerable population was
prioritized to receive their vaccination first [11]. The pri-
oritization also included the nursing home staff and other
personnel involved in the care of these risk groups, and
persons with diseases or conditions identified as risk fac-
tors for severe COVID-19 [11].

Although clinical trials with tens of thousands of par-
ticipants were carried out before the authorization of the
various COVID-19 vaccines with acceptable safety pro-
files, some rare or very rare adverse drug reactions (ADRs)
may only become evident after massive vaccination pro-
grams when a larger amount of people are vaccinated. For
example, the 1975—76 swine influenza vaccination cam-
paign in the USA was associated with a slightly increased
risk of Guillain—Barré syndrome [12]. A more recent
example is narcolepsy in children and adolescents follow-
ing Pandemrix® during the 2009 influenza pandemic in
Sweden and several other European countries [13]. Clini-
cal trials are usually conducted on a selected population,
which may differ from the population receiving the vac-
cine. Additional data are required on the safety of COVID-
19 vaccines in specific groups, such as older frail people
or persons with medical risk conditions or comorbidities.
Spontaneous ADR reporting is an essential part of the
post-authorization safety surveillance, which may allow
the detection of possible new risks.

The World Health Organization declared in May 2023
that COVID-19 was no longer a global health emergency
[1]. Here, we describe the suspected ADRs with fatal out-
comes that were spontaneously reported after COVID-19
vaccination during the national immunization campaign
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in Sweden from 27 December, 2020 up to the end of May
2023.

2 Methods
2.1 Data Sources

The Swedish Medical Products Agency (MPA) encour-
aged healthcare professionals (HCPs; physicians, nurses or
pharmacists) and patients/consumers (non-HCPs) to report
all suspected ADRs related to COVID-19 vaccines even
if there was no certainty that the reaction was caused by
the vaccine. In addition, reporting is obligatory for the
healthcare sector in Sweden [14]. Healthcare managers are
formally responsible for ensuring ADR reporting compli-
ance. The safety surveillance for COVID-19 vaccines at
the Swedish MPA has been described previously [15, 16].

Adverse drug reaction reports submitted to the Swedish MPA
from HCPs and patients/consumers were registered in the Swed-
ish ADR database. Adverse drug reactions were coded using
the Medical Dictionary for Regulatory Activities terminology
(versions 24.0-26.0) [17]. One report can include more than one
suspected ADR as well as more than one vaccine dose or more
than one suspected vaccine or other medical products [18]. The
reports were then further submitted electronically to EudraVigi-
lance, the European ADR database maintained by the European
Medicines Agency (EMA). In addition, the marketing authoriza-
tion holders (MAHSs) of the COVID-19 vaccines submitted to
EudraVigilance all suspected ADRs that had been brought to
their attention [18]. The ADR report information in the EudraV-
igilance is accessible by the stakeholders (Swedish MPA, EMA,
and MAHS) in accordance with the EudraVigilance access pol-
icy and the European Union data protection legislation [19].

All spontaneous reports originated from Sweden and
containing ADRs with fatal outcomes, in which COVID-
19 vaccines were suspected, were retrieved from EudraV-
igilance with a data lock point on 31 May, 2023. Identified
duplicate reports submitted by both the Swedish MPA and
MAHs were announced to the EMA, who combined the
information from the duplicates into a single report [20].
Exposure to COVID-19 vaccines up to the end of May
2023 was obtained from the national vaccination register
kept by the Public Health Agency of Sweden. Reporting
rates were calculated by dividing the number of ADR
reports with fatal outcomes by the number of persons vac-
cinated with at least one dose of a COVID-19 vaccine.
Reporting rates were also calculated by dividing the num-
ber of ADR reports with fatal outcomes by the number of
vaccine doses administered.
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2.2 Causality Assessment

A thorough case-by-case analysis of all ADR reports with
fatal outcomes was independently performed by two clini-
cally qualified internal reviewers followed by a validation
review by a third clinically qualified internal reviewer. A
discussion was performed in the case of uncertainty on
how to interpret the clinical information or how to classify
a case, to reach a consensus among the three. Only three
out of the 456 cases had to be discussed among all review-
ers to reach a consensus. Blinding to vaccination status
was deemed unfeasible, as all the relevant details, such as
vaccine product, earlier vaccination status, and plausible
time window, are important to address a possible causal
association of the reaction and vaccine. The ADR reports
were assessed using the World Health Organization’s

classification for adverse events for immunization [21].
The causality assessment classification for vaccine phar-
macovigilance is provided in the Electronic Supplemen-
tary Material.

3 Results

Since COVID-19 vaccines became available in Sweden at
the end of December 2020, almost 8 million individuals have
received at least one vaccine dose (Comirnaty®, Spikevax®,
Vaxzevria®, or Nuvaxovid®) following delivery of over
26.3 million doses up to 31 May, 2023 (national vaccina-
tion register) [Table 1]. During this period, over 113,800
spontaneous reports of suspected ADRs after administration

of COVID-19 vaccines in Sweden have been submitted to

Table 1 Characteristics of spontaneous reports with fatal outcomes received after COVID-19 vaccination during COVID-19 vaccination cam-

paign in Sweden

Comirnaty® Spikevax® Vaxzevria® Total
Number of individuals vaccinated 7,384,218 2,835,322 741,296 7,942,2712
Number of vaccine doses given 20,451,389 4,514,295 1,340,706 26,306,390
n (%) n (%) n (%) Total n (%)

Number of reports from HCPs (%) 266 (76%) 40 (75%) 33 (60%) 337 (74%)°
Number of reports from non-HCPs (%) 85 (24%) 13 (25%) 22 (40%) 119 (26%)°
Sex

Female 192 (55%) 23 (43%) 23 (42%) 235 (52%)°

Male 158 (45%) 30 (57%) 32 (58%) 220 (48%)

Unknown 1 0 0 1
Age group (years) N n n n (%)
10-19 2 1 0 3(0.7%)
20-29 2 0 0 2 (0.4%)
30-39 5 3 0 8 (1.8%)
40-49 7 2 0 9 (2.0%)
50-59 16 4 1 21 (4.6%)
60—-69 40 8 13 60 (13.1%)°
70-79 75 20 29 124 (27.2%)
80-89 131 8 7 145 (31.8%)"
90+ 69 7 1 76 (16.7%)°
Unknown 4 0 4 8 (1.8%)
Total number of reports (%) 351 (77%) 53 (11.6%) 55 (12.1%) 456°
Reporting rate per 100,000 persons vaccinated 4.8 1.9 7.4 5.7¢
Reporting rate per 100,000 vaccine doses 1.7 1.2 4.1 1.7

administered

COVID-19 coronavirus disease 2019, HCP healthcare professional (physician, nurse, or pharmacist)

Spontaneous reports received between 27 December, 27, 2020 and 31 May, 2023

Total number of individuals vaccinated refers to persons received at least one dose of Comirnaty®, Spikevax®, or Vaxzevria

®

Total number of fatal case reports was 456; in three of the reports (all about female individuals, two HCP reports and one non-HCP report), two
different COVID-19 vaccines were suspected (Comirnaty® and Spikevax® in one report within the age group 90 + years and in one report within
the age group 60—69 years, and Vaxzevria® and Comirnaty® in one report within the age group 80-89 years)
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EudraVigilance by the Swedish MPA or the MAHs. Of the
total amount of the reports in EudraVigilance, 87% con-
cerned non-serious ADRs, most of which (e.g., pyrexia,
headache, fatigue, chills, vaccination-site reactions) are
already labeled in the product information of the vaccines
[5-8].

3.1 Reporting Rate of Fatal ADRs

A fatal outcome after COVID-19 vaccination was described
in 456 spontaneous reports (Table 1), corresponding to 0.4%
of the total amount of the ADR reports of COVID-19 vac-
cines in Sweden. A crude estimate of the reporting rate of
fatal ADRs was 5.7 per 100,000 persons vaccinated with at
least one dose of COVID-19 vaccine and 1.7 per 100,000
vaccine doses administered (Table 1). No fatal cases related
to Nuvaxovid® were reported. However, this vaccine was

Fatal cases (Monthly)

Number of ADR reports

used to a limited extent, i.e., to fewer than 12,000 persons
up to the end of May 2023. Comirnaty® was the dominant
COVID-19 vaccine used during the national vaccination
campaign (Table 1).

3.2 Sources of ADR Reports

Healthcare professionals submitted most of the spontaneous
reports (74%) with fatal outcomes after COVID-19 vaccina-
tion (Table 1). The proportion of reports of fatal ADRs by
patients or consumers was much lower than the proportion
of all ADR reports related to COVID-19 vaccines (26% vs
82%, respectively). The amount of ADR reports with fatal
outcomes was at the highest within the older age groups and
76% of the reports concerned individuals aged 70 years or
more (Table 1).

M

Jec Jan Apr Jul Oct
F
2021

Given doses (Monthly)

Number of doses

Apr Jul Oct Jan Apr May

20079 5023

Month duning which ADR reports were received

Apr May

Apr I Oct Jan

Dec Jan Apr Jul Oct
2021 2022 2023

Month during which dose was received

== Comimaty Spikevax == Vaxzevria

doses given of the vaccines during the period from 27 December,
2020 up to 31 May, 2023 in Sweden

Fig.1 Number of spontaneous adverse drug reaction (ADR) reports
with fatal outcomes after vaccination with coronavirus disease 2019
vaccines Comirnaty®, Spikevax®, and Vaxzevria® and numbers of
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Table2 Number of spontaneous adverse drug reaction reports with
fatal outcomes in Sweden per dose of COVID-19 vaccines

®

Comirnaty® Spikevax® Vaxzevria® Total

Dose 1 139 (39.6%) 12 (22.6%) 32(58.2%) 183 (40.1%)
Dose 2 118 (33.6%) 18 (34.0%) 17 (30.9%) 153 (33.6%)
Dose 3 52 (14.8%) 14 (26.4%) - 66 (14.5%)
Dose 4 102.8%) 4(1.5%) - 14 (3.1%)
Dose 5 5 (1.4%) 1(1.9%) - 6 (1.3%)
Dose unknown 25 (7.1%) 4 (7.5%)  5(9.1%) 34 (7.5%)
Total 351 53 55 456*

COVID-19 coronavirus disease 2019

Total number of case reports was 456. In three of the reports, two
different COVID-19 vaccines were suspected. In this table, only the
last dose of vaccine is presented (Spikevax® dose 3 in two of the
reports and Comirnaty® dose 3 in one report)

Most of the spontaneous reports with fatal outcomes
(54%) were reported between the beginning of January 2021
and the end of April 2021, when older frail people with
assisted living in their homes or in nursing homes received
their two-dose primary vaccination series (Fig. 1, Table 2).
In 19% of the reports, fatal ADRs were reported after the
booster doses (dose 3, 4, or 5) of Comirnaty® or Spikevax®.
Of these reports, only eight concerned bivalent COVID-19
mRNA booster vaccines (Comirnaty® original plus omicron
BA.1 or BA.4-5 subvariants). The dose number or the date
of the vaccination was not specified in 7% and 5% of the

reports, respectively.

Table 3 Medical history and the most common comorbidities of the vaccinees with suspected adverse drug reactions with fatal outcomes after

COVID-19 vaccinations

Medical history/comorbidities Comirnaty® Spikevax® Vaxzevria® Total (%)
Hypertension 124 16 21 161 (35%)
Ischemic heart disease 76* 11? 14 100* (22%)
Dementia or cognitive disorder 83* 5% 4 91* (20%)
Lung disorder 65 10 7 82 (18%)
Cardiac failure 64 7 5 76 (17%)
Diabetes mellitus 62 7 6 75 (16%)
Neoplasm malignant 57¢ 10* 9 73 (16%)
Cerebrovascular disorder 54 8 4 66 (14%)
Atrial fibrillation 46 4 4 54 (12%)
Renal disorder 34 9 3 46 (10%)
Palliative care 24 2 0 26 (6%)
Thyroid disorder 23 2 4 29 (6%)
COVID-19 17 4 2 23 (5%)
Valvular heart disease 19 2 1 22 (5%)
Hyperlipidemia 11 3 7 21 (5%)
Depression 17 4 0 21 (5%)
Obesity/overweight 17 2 2 21 (5%)
Cardiac pacemaker user 14 2 3 19 (4%)
Liver disorder 14 1 2 17 (4%)
Anxiety 11 1 0 12 3%)
Pulmonary embolism 9 1 2 12 3%)
Parkinson’s disease 10 0 1 11 2%)
Epilepsy 7 2 1 10 2%)
Home care 25 4 3 32 (7%)
Nursing home resident 93% 6" 2 99% (22%)
Multimorbidity (>3 medical conditions) 190* 292 22 239% (52%)
Concomitant drugs not reported 1707 348 29 232% (51%)
Medical history not reported 33 5 10 48 (11%)

COVID-19 coronavirus disease 2019

aTotal number of fatal case reports was 456. Two different vaccines were suspected in three of the reports (Comirnaty® and Spikevax® in two

reports, and Comirnaty® and Vaxzevria®

in one report each). One report can include one or more diseases in the medical history
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3.3 Comorbidities

More than half of the fatal cases had multiple comorbidi-
ties, of which hypertension, ischemic heart disease, lung
disorders, cardiac failure, diabetes mellitus, and various can-
cers were the most common underlying diseases (Table 3).
Nearly 30% of fatal cases received home care or resided in
nursing homes. Dementia or cognitive disorder was reported
in 19% of the fatal cases. Palliative care had already been
initiated before the vaccination in some of the fatal cases.
Medical history was not described in 11% of the reports,
and the information on concomitant medications was lack-
ing in over half of the reports (Table 3). An autopsy report
was provided with 97 (21%) of the spontaneous reports with
fatal outcomes. An autopsy was performed additionally in
40 (9%) of the fatal cases, but the autopsy report was not
provided for evaluation. No autopsy was carried out in 101
(22%) of the cases, and it was not notified if an autopsy was
performed in almost half of the reports (n = 218, 48%).

3.4 Most Reported Suspected ADRs

The most reported suspected ADRs with fatal outcomes
were cardiac arrest followed by pulmonary embolism,
myocardial infarction, and hemorrhagic or ischemic stroke
(Table 4). Most of the fatal cases had underlying cardiovas-
cular disease or other conditions or risk factors predisposing
to these reactions. In 17% of the fatal cases, it was indicated
in the medical records, autopsy reports, or by the reporter

that the death was not suspected to be causally related to
vaccination.

3.5 Causality Assessment

COVID-19 was reported as an ADR in 17 of the fatal falls.
Of these reports, five were assessed as vaccination failures,
i.e., suspected lack of efficacy, as COVID-19 was diagnosed
with a positive test result after the timepoint where protec-
tion with the two-dose primary vaccination series should
have been obtained in line with the recommendations given
in the product information of the vaccines [5-7]. These
five reports of vaccination failures were assessed as con-
sistent with a causal association to COVID-19 vaccines. In
11 (65%) of the 17 reports with fatal COVID-19, the time
after the vaccination was too short to obtain the anticipated
protection against the infection, and in one case, the death
occurred 7 months after the vaccination.

Among the fatal reactions that were assessed as consistent
with a causal association to COVID-19 vaccines were three
reports concerning thrombocytopenia with thrombosis and/
or bleeding with platelet-activating antibodies against plate-
let factor 4 after vaccination with adenovirus vector vaccine
Vaxzevria®. In addition, there were 12 fatal cases reported
as myocarditis in persons aged 13—82 years after mRNA
vaccines Comirnaty® and Spikevax® (Table 4). However, in
over half of these cases, other conditions than myocarditis
were defined as the causes of death in the autopsy, such
as pneumonia, ruptured aortic dissection, acute myocardial
infarction, cardiac sarcoidosis, and vasculitis with bleeding

Table 4 Most common ADRs with a fatal outcome reported after COVID-19 vaccinations in Sweden

Reported reaction Comirnaty® Spikevax® Vaxzevria® Total
Male Female Total Male Female Total Male Female Total

Cardiac arrest 25 212 46" 6 32 9? 8 5 13 68?
Pulmonary embolism 17 152 322 5 3? 8 4 11 50°
Myocardial infarction 20 16 36 3 1 4 7 3 10 50
Cerebral hemorrhage 12 16 281 0 1 1 2 42 6* 342
Cardiac failure 9 15 24 4 2 6 1 0 1 31
Pneumonia 12 11? 23 2 1 3 3 1# 4% 29*
Ischemic stroke 4 10 14 2 3 5 0 4 4 23
Respiratory failure 9 7 16 2 0 2 1 1 2 20
COVID-19 5 8 13 1 1 2 1 1 2 17
Sepsis 6 6 12 3 1 4 1 0 1 17
Pulmonary edema 6 7 13 0 0 0 1 1 2 15
Renal failure 7 5 12 1 0 1 0 0 0 13
Myocarditis 6 1? 7* 4 0 4 1 1? 2 12*

ADR adverse drug reaction, COVID-19 coronavirus disease 2019

Spontaneous ADR reports received between 27 December, 2020 and 31 May, 2023. One report can include one or more ADRs

aIn three of the reports, two different COVID-19 vaccines were suspected (Comirnaty® and Spikevax® in two reports, and Comirnaty® and

®

Vaxzevria® in one report each)
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and pneumonia in a patient with spread abdominal cancer.
In one person with congenital heart disease and an earlier
heart valve operation, the cause of death was Staphylococcus
aureus sepsis with endocarditis. Two fatal cases of myocar-
ditis after Comirnaty® were assessed as consistent with a
causal association to the vaccine.

In summary, ten fatal cases (0.1 per 100,000 persons vac-
cinated) were assessed as consistent with a causal associa-
tion to vaccination: five fatal cases with vaccination failure,
three with thrombosis with thrombocytopenia syndrome
(TTS) after Vaxzevria®, and two with myocarditis after
Comirnaty®.

4 Discussion

We have reviewed all COVID-19 vaccine-related ADR
reports with fatal outcomes during the vaccination campaign
in Sweden. The reporting rates in our study (5.7 per 100,000
persons vaccinated with at least one dose of COVID-19 vac-
cines and 1.7 per 100,000 vaccine doses administered) were
similar in order of magnitude to those observed for fatal
reports following COVID-19 vaccinations in the USA in the
Vaccine Adverse Event Reporting System (VAERS) [43.6
per million vaccinated persons] [22] and in Victoria, Aus-
tralia in the Surveillance of Adverse Events Following Vac-
cination in the Community (SAFEVIC) [3.98 per 100,000
vaccine doses in the first 3 months and 0.71 per 100,000
vaccine doses in the following 21 months] [23].

Of the reported 456 fatal cases, only ten were assessed
as consistent with a causal association to vaccination. Half
of the reports concerned myocarditis and TTS, which are
now known as very rare adverse reactions of some COVID-
19 vaccines. Special warnings and precautions for use have
already been included in the product information of the rel-
evant COVID-19 vaccines because of myocarditis [5, 6, 8]
or TTS [7], and these ADR reports raise no new safety con-
cerns. Vaccination failure, i.e., a lack of protection against
vaccine-preventable disease in appropriately and fully vacci-
nated persons [24], was assessed as consistent with a causal
association to vaccination in five reports regarding persons
with verified COVID-19 after the two-dose primary series
of COVID-19 vaccines.

The ADR reporting was at the highest within the older
age groups, most of the reports concerned individuals aged
70 years and above. The reported fatalities occurred fre-
quently in patients with multiple pre-existing chronic condi-
tions, such as cardiovascular diseases, diabetes, dementia,
lung, renal, or liver disorders, or various cancers, which are
the known leading causes of death in Sweden and in other
high-income countries [25, 26]. In many of the reports, the
underlying medical condition was deemed to be a more plau-
sible explanation for the death than COVID-19 vaccination.

In some individuals, palliative care had already been initi-
ated before the vaccination. Many of the reported deaths
occurred in nursing home residents or in persons receiving
home care, which were two groups that had a high mortality
also during the first year of the pandemic before the vac-
cines were available [9, 10]. Vaccines are currently the best
method to prevent severe or fatal COVID-19 infections in
this vulnerable population [27].

Pulmonary embolism was one of the most reported ADRs
with fatal outcomes after COVID-19 vaccines. However,
most of the individuals had underlying health conditions
known to be strong or moderate predisposing risk factors
for pulmonary embolism, such as earlier thromboembo-
lism, recent myocardial infarction, active cancer, heart fail-
ure, or respiratory failure [28]. During a massive vaccina-
tion campaign, some cases of pulmonary embolism are to
be expected because the annual incidence rates range from
39 to 115 per 100,000 persons with the highest incidence
in older individuals [28]. No apparent associations were
observed between COVID-19 vaccinations and pulmonary
embolism in a recent nationwide cohort study in Sweden
[29]. Similarly, no increased risk for pulmonary embolism
has been found in other large safety studies with COVID-19
mRNA vaccines, conducted in different settings [30, 31]. In
some studies, adenovirus vector vaccine Vaxzevria was asso-
ciated with an excess risk for venous thromboembolism [30,
33], which may present with a manifestation of TTS related
to this vaccine [34]. COVID-19 infection by itself has also
been identified as a risk factor for venous thromboembolism
and pulmonary embolism [31, 35, 36]. The excess risk for
pulmonary embolism may remain elevated after 6 months
in patients with severe COVID-19 [36].

Myocardial infarction and ischemic or hemorrhagic
stroke were also among the most reported fatal reactions
after COVID-19 vaccinations. Nevertheless, most of the
affected individuals had multiple pre-existing cardiovascu-
lar risk factors for these conditions, such as hypertension,
diabetes, hyperlipidemia, and obesity. No increased risk for
myocardial infarction or stroke after COVID-19 vaccines has
been observed in large safety studies [30, 32, 37], whereas
COVID-19 infection is associated with an increased risk for
myocardial infarction [30, 38] and ischemic or hemorrhagic
stroke [31, 37, 38].

The primary purpose of spontaneous reporting is to
detect new safety concerns. Analysis of post-marketing
safety data has identified some serious but very rare ADRs
associated with COVID-19 vaccines. Such a reaction was
TTS with the adenovirus vector vaccine Vaxzevria®, which
may have contributed to three reports with fatal outcomes
in Sweden, of which the first was received in early March
2021. Soon after, that EMA’s Pharmacovigilance Risk
Assessment Committee started a review of this safety sig-
nal and concluded that TTS should be a listed ADR in
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the product information of Vaxzevria® [34]. Thrombosis
with thrombocytopenia syndrome is characterized by the
occurrence of thrombosis at unusual sites, such as cerebral
venous sinus and splanchnic veins, accompanied by throm-
bocytopenia, bleeding, and the production of platelet-acti-
vating antibodies against platelet factor 4 [39, 40]. This
very rare type of thrombosis has been estimated to occur
in about 1 in 100,000 vaccinated persons [41]. Thrombosis
with thrombocytopenia syndrome cases have also occurred
after another adenovirus vector vaccine Jcovden® (Ad26.
COV2-S [recombinant]) [39], but this COVID-19 vaccine
was never used in the vaccination program in Sweden. As
TTS occurred more frequently in relatively young individ-
uals, the usage of Vaxzevria® was restricted by the Public
Health Agency of Sweden only to persons aged over 65
years as a precautionary measure [42]. At the end of March
2024, Vaxzevria® was withdrawn in the European Union
at the request of the MAH because of commercial reasons
[7]. There is no solid evidence that TTS is associated with
COVID-19 mRNA vaccines, and the very low reporting
rate suggests that cases represent a background rate [43].

Another serious but very rare ADR associated with
COVID-19 vaccines is myocarditis. A consistent causal
association between myocarditis and mRNA vaccines has
also been considered in some of the Swedish ADR reports
with fatal outcomes. An analysis from a Nordic cohort
study pointed to an association with mRNA COVID-19
vaccines, especially with Spikevax® [44]. After the author-
ization, myocarditis has been identified as a very rare
adverse reaction occurring in less than 1 in 10,000 people
vaccinated with mRNA vaccines. Myocarditis risk was
primarily seen within the first 2 weeks after the second
vaccine dose and mainly affected younger male individu-
als. In October 2021, the Public Health Agency of Sweden
suspended the use of Spikevax® in persons aged 30 years
or younger, advising that they should be given Comirnaty®
instead [42]. Vaccination with Nuvaxovid® has also been
associated with an increased risk for myocarditis and is
not recommended in Sweden to persons aged 30 years or
younger [42].

Because of several limitations, spontaneous reports alone
are often insufficient for determining a causal association
between a reported reaction and vaccination. A typical limi-
tation is the amount and quality of information provided.
Because of the lack of information on the vaccination date
and/or onset of the suspected ADRs, details of the medi-
cal history, comorbidities or concomitant medications, or
autopsy results in many of the reports, the evaluation did
not find sufficient evidence to suggest a reasonable possibil-
ity of a causal association between the reported ADR and
the COVID-19 vaccine. Autopsy reports are of great value
when evaluating spontaneous reports with fatal outcomes.
They contribute by defining the cause of death and confirm
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or rule out the reported diagnoses and a causal association
between vaccination and death.

Another challenge in assessing fatal ADRs is the difficul-
ties of disentangling the role of underlying comorbid condi-
tions leading to death from a suspected ADR. In a patient
with a severe disease, the vaccine could be a trigger leading
to an aggravated condition. Hence, the connection to vac-
cination may be underestimated in some cases.

Underreporting is also a general limitation when draw-
ing conclusions from spontaneous ADR reporting. However,
vaccine adverse effects bring media attention and height-
ened public awareness, which has been shown to stimulate
reporting [45, 46]. Information on spontaneous reports of the
COVID-19 vaccines was frequently published on the Swed-
ish MPA’s website. The ten-fold increase in ADRs reported
during the pandemic compared with previous years might
indicate that HCPs and consumers have been more prone
to report suspected ADRs for the COVID-19 vaccines than
they would be for other drugs and vaccines.

5 Conclusions

A review of all reports of fatal ADRs during the national
COVID-19 vaccination campaign in Sweden raises no new
safety concerns. The few cases that were assessed as con-
sistent with a causal association to vaccination concerned
myocarditis, TTS, and vaccine failure, which are already
known as very rare adverse reactions. Most of the fatal cases
that were not consistent with a causal association considered
persons with high age, living in nursing homes or receiving
home care services, and with multiple pre-existing health
problems. Many of the deaths attributed to COVID-19 vac-
cinations in Sweden would probably have occurred regard-
less of vaccination because of patients’ pre-existing severe
health problems. Most of the reported ADRs did not pro-
vide evidence of a causal link with vaccine exposure but can
rather be regarded as serious medical events only temporally
related to vaccination.
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