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A B S T R A C T

COVID-19 vaccinations began globally at the end of 2020. By the end of 2021, 9.8 million doses were given in 
Finland. Regarding safety, most vaccine-related adverse reactions have been mild, but severe and lethal ones 
have also occurred. Autopsies in post vaccination deaths may give insight to the extent of fatal health conditions 
with potential COVID-19 vaccine etiology and provide new hypotheses of possible causalities between vacci
nation and severe health conditions. We searched the complete documentation on all medicolegal autopsies in 
Finland between December 2020 and December 2021 to assess how often the indication for autopsy was a 
suspected fatal adverse reaction to COVID-19 vaccination, and whether vaccination remained a potential eti
ology for any health condition determined as a cause of death after the autopsy. We linked register-based data on 
individual COVID-19 vaccination course and pre-existing health conditions. We found 428 autopsy cases with a 
mention of COVID-19 vaccination, and prior to autopsy, vaccination was suspected to play a part in 76 deaths. 
Post autopsy, a forensic pathologist considered vaccination to be potentially related to underlying cause of death 
in five and contributory cause of death in seven autopsy cases. These included seven thromboembolisms, two 
diabetic ketoacidoses, one myocarditis, one acute pancreatitis, and one eosinophilic granulomatosis with poly
angiitis. In relation to the number of vaccinations within Finland, medicolegal autopsies were rarely performed 
because of a possible vaccine-related severe adverse reaction. Among the autopsies performed for such reasons, 
only a few considered a vaccine-related severe adverse reaction as a cause of death, although considerable doubt 
remains in the accuracy of individual considerations, and autopsy cannot definitively confirm causality between 
vaccination and death. Regarding vaccination safety, continuing evaluation of suspected vaccine-related deaths 
is essential, and autopsy should be considered in cases of death where vaccine etiology is possible.

1. Introduction

During the COVID-19 pandemic, fast development of vaccines 
created several products that efficiently prevent severe illness and death 
caused by the SARS-CoV-2 virus [1]. The vaccines were proven to be safe 
enough to meet the agreed emergency use authorization criteria, and 
large-scale as well as long-term safety follow-up was to be done only post 
authorization [2]. Post-marketing safety surveillance has revealed rare 

severe adverse events following immunization (AEFI, terminology used 
in this paper according to the European Medicines Agency guideline [3], 
is presented in Table 1), with some considered to be truly caused by the 
vaccines. Among the first severe adverse reactions were thromboem
bolic complications including cerebral venous sinus thrombosis (CVST) 
and other unusual thrombotic events which were related to adenoviral 
vector vaccine ChAdOx1 (Vaxzevria, AstraZeneca) as reported by Eu
ropean Medicines Agency in April 2021 [4]. Subsequently, an 

Abbreviations: AEFI, adverse event following immunization; CVST, cerebral venous sinus thrombosis; TTS, thrombosis with thrombocytopenia syndrome; VITT, 
vaccine-induced immune thrombotic thrombocytopenia.
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association emerged between these thromboses and thrombocytopenia, 
as well as the occurrence of anti-platelet factor 4 antibodies in the pa
tients, and this syndrome was named vaccine-induced immune throm
botic thrombocytopenia (VITT) [5], or thrombosis with 
thrombocytopenia syndrome (TTS) [6]. Notably, VITT is also considered 
an adverse reaction to another adenoviral vector vaccine, Ad26.COV2⋅S 
(COVID-19 Vaccine Janssen, Janssen Group) [5,7]. Additionally, cases 
of myocarditis and pericarditis have occurred shortly after vaccination, 
and these conditions have been shown to be associated with mRNA 
vaccines BNT162b2 (Comirnaty, BioNTech-Pfizer), and mRNA-1273 
(Spikevax, Moderna) in several large epidemiological studies, espe
cially in young men [8–10]. However, though myocarditis can be a se
vere condition, reports in young men show relatively mild outcomes and 
no mortality associated with myocarditis shortly after vaccination 
[11,12]. Furthermore, in a population-based study, deaths identified 
after vaccine-related myocarditis were rare, and not necessarily attrib
utable to myocarditis [13].

A vast amount of unconfirmed and misinterpreted data without 
epidemiological support regarding vaccine-related morbidity and mor
tality has been of great concern from the beginning of COVID-19 vac
cinations [14,15]. For an individual who dies within days or weeks 
following vaccination, the causes of death should be thoroughly exam
ined on one hand because of individual legal protection, and, on the 
other hand, to reveal potential severe health conditions following im
munization. The key investigation in this regard is an autopsy, either 
medicolegal or clinical, though it must be stressed that causality cannot 
generally directly be established between vaccination and the health 
conditions determined as causes of death. A growing number of autopsy 
case reports of deaths following COVID-19 vaccination have been pub
lished (e.g., systematic review by Sessa et al. [16]). However, few larger 
autopsy-based data have been published. The Finnish law requires that a 
medicolegal cause-of-death investigation must be done when death is 
considered unexpected, or if it has been caused or suspected to have 
been caused by non-natural causes such as medical treatment (Act on the 
Inquest Into the Cause of Death 459/1973). Thus, a medicolegal autopsy 
is generally instructed by the police when a vaccination is suspected to 
play a role in the process leading to death.

We set out to evaluate how often the basis for medicolegal autopsy 
was a suspected fatal adverse reaction to COVID-19 vaccination in 
Finland, and we describe cases in which COVID-19 vaccination 
remained as a potential etiology for a health condition considered as any 
cause of death after the autopsy. In this paper, we use the term “vacci
nation” in referring to all events related to vaccine products or the 
overall vaccination process. We also describe those cases in which the 
forensic pathologist considered COVID-19 vaccination not to have any 
part in the death process. We describe the medicolegal cause-of-death 
investigation procedure and discuss the remaining uncertainties in 
both the accuracy of case-selection for assessment, and in determining 
the potential vaccination etiology.

2. Material and methods

2.1. COVID-19 vaccinations in Finland

Since the beginning of the SARS-CoV-2-virus pandemic in 2020, 
several COVID-19 vaccines have been introduced to the market. In 
Finland, the first vaccines were given in December 2020. By the end of 
2021, 9.8 million doses had been administered in the country [17], and 
nearly 90 % of the population aged 12 years or older had received at 
least one dose [18].

Initially prioritized groups for COVID-19 vaccinations were the 
elderly, adults with a risk for severe COVID-19 disease, and health care 
workers. Vaccination was gradually extended during 2021 to cover the 
whole adult population with priority by age group from older to 
younger, and finally to children over five years old. By the end of 2021, 
five vaccine products had gained conditional marketing authorization: 
BNT162b2 on Dec 21, 2020; mRNA-1273 on Jan 6, 2021; ChAdOx1 on 
Jan 29, 2021; Ad26.COV2⋅S on Mar 11, 2021; and NVX-CoV2373 
(Nuvaxovid, Novavax) on Dec 20, 2021 [19]. Due to safety concerns 
related to coagulation disorders, the use of ChAdOx1 ceased on Mar 19, 
2021 for those younger than 65 years, and altogether on Nov 30, 2021 
[20]. Because of the suspected relationship of mRNA-1273 and 
myocarditis and pericarditis, the use of this vaccine ceased for men 
under 30 years of age on Oct 7, 2021 [21]. All vaccinations given in 
Finland are recorded in electronic health record systems and collected to 
the National Vaccination Register [22].

2.2. Medicolegal cause-of-death investigation process in suspected 
vaccine-related deaths in Finland

If a suspicion of a relationship between vaccination and death arises, 
the police instruct a medicolegal autopsy. Suspicions can be based on 
information from next-of-kin, from treating clinicians, from police 
investigation and/or in consultation with a forensic pathologist, and the 
suspicion can be fully subjective at this stage, based on clinical history, 
or other circumstances prior to death. The process needs to be actively 
initiated and the suspicion can be brought forward by any of the 
mentioned parties. Usually this happens when death occurs close to 
vaccination, unexpectedly, or when no other obvious cause of death can 
be determined based on available clinical data. Threshold for initiating 
the medicolegal process is kept low especially when a relative expresses 
the suspicion [23]. Finland has one of the highest autopsy rates among 
high income countries [24], with medicolegal autopsies carried out in 
13.7 % during the study period (Table 2; [25]), and the overall autopsy 
rate being 17.6 % of all deaths in 2021 [26].

The Finnish Institute for Health and Welfare conducts all medico
legal autopsies in its Forensic Medicine Unit, geographically distributed 
in five locations covering the whole country. The institute keeps a 

Table 1 
Definitions of vaccine-related incidents used in this paper.

Term Definition

Adverse event following 
immunization (AEFI)

Any health condition or problem that occurs 
following immunization and which does not 
necessarily have a causal relationship with 
vaccination [3]

(Severe) adverse reaction Noxious and unintended health condition in 
response to vaccination with a suspected causal 
relationship. Severe adverse reactions include 
health conditions which are life-threatening or 
result in death [3]

Unrelated health problems 
following vaccination

Health condition considered not to be caused by 
vaccine

Cause of death Cause of death as stated in the death certificate 
determined by a forensic pathologist or another 
physician

Table 2 
Medicolegal autopsies carried out in relation to total death during the study 
period, Dec 26, 2020 – Dec 31, 2021.

Medicolegal 
autopsies

Total deaths 
[25]

Autopsy- 
percentage

End of follow- 
up

Dec 31, 2021 Dec 31, 2021

Number of 
cases

8048 58,714 13.7

Sex
Men 5597 29,697 18.9
Women 2451 29,017 8.5
Age, years
< 18 80 214 37.4
18–34 531 646 82.2
35–64 2751 6862 40.1
≥ 65 4686 50,992 9.2
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medicolegal database for all data related to cause-of-death investigation 
including autopsy reports, death certificates, police reports, and other 
related documents.

2.3. Individual assessment of causes of death in medicolegal autopsy

Along with a complete macroscopic examination, each autopsy case 
includes a routine analysis of histological samples. Most cases also 
include a toxicological analysis to rule out intoxication, or to assess the 
use of alcohol, narcotics, and medications. Based on individual consid
eration, the forensic pathologist may request further auxiliary in
vestigations, such as neuropathology, microbiological analyses in 
suspected infections, or serum tryptase level in suspected anaphylaxis 
(e.g. [27] for further reference).

After all relevant investigations, the forensic pathologist determines 
the most likely underlying cause of death, intermediate causes of death, the 
immediate cause of death, and contributory causes of death to be recorded 
in death certificate. Determining and reporting the causes of death 
follow the international guidelines by WHO, the underlying cause of 
death being the most relevant and used in the comparative mortality 
statistics [28].

Causes of death, including statements regarding causality, are always 
approximations based on a case-by-case assessment and hence involve 
uncertainty. In a case of suspected vaccine etiology, currently no exact 
analysis or procedure exists regarding the COVID-19 vaccines in use, 
upon which a fatal health condition could definitively be determined as 
to be caused by a vaccine dose given. When assessing vaccination as a 
potential etiology for any cause of death, the forensic pathologist should 
consider several questions including, as suggested by WHO [29]: 1) is 
there strong evidence for other causes; 2) is there a known causal as
sociation with the vaccine or vaccination; and 3) was the event within 
the time window of increased risk? Regarding the second and third 
questions, one must refer to the current, constantly developing scientific 
knowledge when determining vaccine as an etiology for any given 
health condition. Likewise, no exact analysis exists upon which vacci
nation could with certainty be excluded as an etiology for a given health 
condition. Notably, a forensic pathologist must largely rely on published 
data, mostly epidemiologic, when assessing the causal connection be
tween vaccination and death.

2.4. Selection of medicolegal autopsy cases for further examination

Data in the medicolegal database are structured and include sex, age, 
causes of death, the date and location of death, and the personal iden
tification code, which is given to all permanent residents of Finland 
upon birth or immigration. We examined all medicolegal autopsy cases 
in Finland with both the date of death and the date of autopsy between 
Dec 26, 2020 (the start of vaccinations in Finland) and Dec 31, 2021 
(8048 autopsy cases). We first excluded cases in which homicide, acci
dent, suicide, or occupational disease was the only grounds for medi
colegal autopsy, as no vaccine-related deaths were expected among 
these. Then, we also excluded from further evaluation all cases with no 
mention of having received COVID-19 vaccination in any document 
recorded in the medicolegal database (police report, autopsy referral, 
any attached patient records, other related documents, or notably also 
the autopsy report and death certificate). To catch all potential vaccine- 
related deaths, we selected for further evaluation all the remaining au
topsy cases in which vaccination was mentioned in any part of the 
medicolegal documentation. Finally, based on autopsy records, one of 
the researchers, a forensic pathologist (L.P.), determined, whether an 
actual suspicion of a relationship between vaccination and death had 
arisen prior to autopsy, or whether vaccination was mentioned without 
such suspicion.

2.5. Linkage to vaccinations data and risk factors from the national 
population-wide registers

We linked data between registers and autopsy cases using the per
sonal identification code. We report the sex, age, and vaccination 
characteristics of the autopsied individuals, along with data from all 
vaccinated individuals in Finland for comparison. For this purpose, we 
identified all individuals, whose last known permanent address was in 
Finland according to the Population Information System, and who 
received COVID-19 vaccinations according to the Finnish National 
Vaccination Register between Dec 26, 2020 and Dec 31, 2021 [22]. The 
vaccination register includes the date and vaccine brand of each given 
COVID-19 vaccination.

For descriptive purposes, we also linked our cases, along with those 
COVID-19 vaccinated based on the vaccination register, with data from 
the care register for health care and the medical reimbursements register 
on the most relevant pre-existing risk factors predisposing to severe 
COVID-19 disease as described in the study of Salo et al. [30]. These risk 
factors, together with age group, were important determinants of the 
priority and the number of recommended vaccinations for individuals in 
Finland, and they are also risk factors of death from any cause. These risk 
factors were: cardiovascular diseases, cognitive disorders, other neuro
logical disorders, diabetes, chronic kidney diseases, chronic liver dis
eases, pulmonary diseases, immunosuppressive diseases (including 
malignancies), Addison’s disease, schizophrenia, and Down syndrome. 
Furthermore, data on 24-h service housing and institutional care were 
gathered from the same registers. We gathered this risk data starting 
from Jan 1, 2015 until the first vaccine dose, or until death if no record 
of vaccination was found in the register. Medical reimbursement data 
was available starting from Jan 1, 2018.

2.6. Ethics

This descriptive study was conducted as part of the Finnish Institute 
for Health and Welfare’s responsibility to monitor the safety of vaccines 
used in the national vaccination program and to investigate potential 
adverse events suspected to be linked with vaccination as dictated by the 
Finnish law (Act on the National Institute for Health and Welfare 668/ 
2008; Government Decree on the National Institute for Health and 
Welfare 675/2008; and the Communicable Diseases Act 1227/2016). 
Based on this, Finnish Institute for Health and Welfare has the statutory 
right, notwithstanding confidentiality provisions, to access necessary 
information in cause-of-death investigation documents and to link this 
information with other relevant register data. Accordingly, this study 
was approved by the Finnish Institute for Health and Welfare’s Director 
of Health Security department, Director of Government Services 
department, as well as the Deputy Director General of Research, 
Development and Innovation. The data on the medicolegal autopsies 
was originally collected according to the Act on Determining the Cause 
of Death (459/1973).

3. Results

A total of 428 autopsy cases with a mention of having received 
COVID-19 vaccination were found, and their records were further 
investigated for the current report by a forensic pathologist (L.P.). A 
suspicion of vaccine etiology arose in 76 cases prior to autopsy (Fig. 1). 
After the autopsy and auxiliary investigations, 12 cases emerged, in 
which the forensic pathologist who wrote the death certificate consid
ered the COVID-19 vaccination as a potential etiological factor for any 
cause of death: in five cases for the underlying cause of death, and in 
seven cases for a contributory cause of death (Table 3). Three of these 
cases had no pre-autopsy suspicion of vaccine etiology, and, thus, were 
not part of the 76 cases (Fig. 1).

Details of the vaccinations preceding death existed in the Vaccina
tion register for 417 cases, including all the 12 cases with potential 
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vaccine etiology. In further 4 cases, the medicolegal data included a 
mention of vaccination with details, and in 7 cases, only a mention of 
vaccination without any details.

Most causes of death with potential vaccine etiology (n = 12, see 
Table 3) were thromboembolic events (7/12) including one VITT with 
CVST, and one CVST without VITT-association, three cases of pulmo
nary embolisms, one case of acute myocardial infarction, and one case of 
recurring cerebral hemorrhage. Furthermore, potential vaccine etiology 
arose in one case of acute myocarditis, in two cases of diabetic ketoa
cidosis, in one case of acute pancreatitis, and in one case of eosinophilic 
granulomatosis with polyangiitis (EGPA). Symptoms related to the un
derlying cause of death occurred within 12 days in 9/12 cases, and death 
within 30 days after vaccination in 10/12 cases. Within the 428 cases, 
the median time between last vaccination and death was 10 (range 
0–230) days and 35 (0–290) days in cases with and without initial 
suspicion of vaccine etiology prior to autopsy, respectively. Median time 
of developing symptoms was 3 (0–79) days after vaccination (cases with 
initial suspicion of vaccine etiology). The median number of vaccine 
doses was 1 (1–3) and 2 (1–3) in cases with and without initial suspicion 
of vaccine etiology prior to autopsy, respectively. The deaths without a 
considered vaccine etiology (67/76) were mostly caused by diseases, 
mainly of cardiovascular origin (Table 4).

Prior to autopsy, the suspicion of a relationship between vaccination 
and death came from treating clinicians in 28 (36.8 %) cases, a relative 
in 24 (31.6 %) cases, forensic pathologist in 8 (10.5 %) cases, and the 
police in 1 (1.3 %) case (more than one source was possible in each 
individual case). Twenty-two (28.9 %) cases had a mention of a health 
condition preceding death suspected to be a vaccine-related (mild) 

adverse reaction, but no actual suspicion of it causing death was stated. 
Death occurred at home in 48 (63.2 %), in a health care unit in 16 (21.1 
%), in a social welfare unit in 5 (6.6 %), and in other places in 7 (9.2 %) 
cases. As regards the 12 cases with potential vaccine etiology, the 
location of death was home in five cases, health care unit in six cases, 
and other in one case.

The 12 deaths with potential vaccine etiology occurred in all adult 
age groups and equally in both sexes (Table 5). Half the cases were 
autopsied in Helsinki, which has proportionally the most autopsies, and 
all five autopsy locations had at least one case. Four deaths occurred 
after each first, second, and third dose, while the number of total 
administered COVID-19 vaccinations were 4.3, 4.1, and 1.3 million, 
respectively. Ten of the 12 deaths (83 %) occurred after vaccination with 
BNT162b2, which was the vaccine brand with the largest number of 
vaccinations administered out of all vaccinations (7.9 M / 9.8 M, 81 %). 
All 12 cases with potential vaccine etiology had one or more chronic 
health conditions according to the person level register linkage 
(Table 3): 7/12 (58 %) cases had a record of at least one known pre- 
existing risk factor, which was a larger proportion than with those 
vaccinated (1.0 M / 4.3 M, 23 %, Table 5). In 8/12 cases, including the 
remaining five cases without a register record of risk factors, forensic 
pathologist determined at least one corresponding chronic condition as 
one of the causes of death after the autopsy.

4. Discussion

In this nationwide analysis, we searched all 8048 medicolegal au
topsies in Finland from Dec 26, 2020 to Dec 31, 2021. For comparison, 

Fig. 1. Flow chart presenting the selection of autopsy cases. Vaccination data was obtained from Finnish National Vaccination Register.
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58,714 deaths from all causes occurred during this time (Table 2; [25]), 
among which were 952 deaths caused by COVID-19 infection in 2021 
[31]. Moreover, 9.8 million COVID-19 vaccinations were given in 
Finland, and Finnish Institute for Health and Welfare has estimated that 
the vaccinations prevented more than 7300 deaths from COVID-19 
disease and more than 1000 deaths with COVID-19 disease as a 
contributory factor in the country by the end of March 2022 [32]. Ac
cording to our data, 76 cases included a pre-autopsy suspicion of a 

relationship between COVID-19 vaccination and death, and, after the 
autopsy, forensic pathologist considered COVID-19 vaccination as a 
potential etiology for five underlying, and seven contributory causes of 
death, mainly from thromboembolic causes (7/12). In comparison to the 
total vaccinated population, the 12 deaths with potential vaccine eti
ology occurred in both sexes and all adult age groups but included more 
of those with a third dose and those with known pre-existing risk factors. 
Due to the remaining uncertainties in catching the right cases, and in 
considerations about the etiology for the causes of death, the in
terpretations from the data need to be extremely cautious.

To the best of our knowledge, this is the largest published systematic 
case report series on autopsies conducted in deaths suspected to have 
COVID-19 vaccine etiology. Most autopsy studies have been single case 
reports as reviewed by Sessa et al. [16], and a growing number of similar 
anecdotal reports have been published since. In a Japanese study 
including 54 cases with death within seven days post vaccination that 
were autopsied, five cases were concluded to have possible causal 
relationship between vaccination and death [33]. A study from 
Singapore included 29 autopsy cases from deaths within 72 h after 
receiving mRNA-type vaccination, but they did not find any potential 
causative relationship between vaccination and death in these cases 
[34]. Schneider et al. [35] reported 18 autopsy cases in which death 
occurred 1–14 days after vaccination in Germany. Of these, five deaths 
had a potential vaccine etiology including four cases of VITT and one 
myocarditis [35]. Also in Germany, Schwab et al. [36] described 25 
autopsy cases with death within 20 days post vaccination, of which five 
cases died from myocarditis with a potential mRNA-vaccine etiology. 
Chaves et al. [37] could not find any deaths potentially related to 
COVID-19 vaccination among the 121 autopsies of deceased that had 

Table 3 
Details of all cases in Finland in which a forensic pathologist considered a cause of death to have COVID-19 vaccine etiology.

Cause of death 
considered to have 
vaccine etiology1

Brand of last 
vaccine dose

Number 
of doses

Days between 
vaccination and 
symptoms

Days between 
vaccination and 
death

Age 
group

Predisposing risk factors 
according to register data2

Other causes of death1

VITT with CVST (U) ChAdOx1 1 9 11 35–64 Diabetes, neurological 
condition

–

CVST without VITT- 
association (U)

BNT162b2 2 23 40 18–34 – Coagulation disorder (factor V 
Leiden) (C), morbid obesity (C)

Acute myocarditis (U) BNT162b2 1 4 4 35–64 – Coronary artery disease (C), 
alcohol use (C)

Acute pancreatitis (U) BNT162b2 3 1 3 35–64 Cardiovascular disease, 
immunosuppressive diseases, 
pulmonary diseases

–

Contribution to 
pulmonary 
embolism (C)

BNT162b2 3 10 10 ≥65 Cardiovascular diseases, 
Cognitive disorders, 24-h 
service housing

Cognitive disorder (U), pneumonia 
(I), coronary artery disease (C), 
sequelae of cerebral infarction (C), 
pulmonary embolism (C)

Contribution to 
pulmonary 
embolism (C)

BNT162b2 3 12 24 ≥65 Cardiovascular disease Pulmonary embolism (U)

Contribution to 
pulmonary 
embolism (C)

BNT162b2 2 27 27 ≥65 Immunosuppressive diseases Myocardial hypertrophy (U), deep 
vein thrombosis (INT), pulmonary 
embolism (I)

Eosinophilic 
granulomatosis with 
polyangiitis (U)

BNT162b2 1 24 170 35–64 Pulmonary diseases Pulmonary embolism (I)

Worsening of glucose 
balance, 
ketoacidosis (C)

ChAdOx1 1 1 6 35–64 Diabetes, immunosuppressive 
diseases, Addison’s disease

Type 1 diabetes (U), coronary 
artery disease (C)

Onset of diabetes, 
ketoacidosis (C)

BNT162b2 2 2 17 18–34 – Type 1 diabetes (U), cerebral 
oedema (I), pneumonia (C)

Contribution to 
recurring cerebral 
hemorrhage (C)

BNT162b2 2 5 12 ≥65 – Cerebral amyloid angiopathy (U), 
intracerebral hemorrhage (INT), 
pneumonia (I)

Contribution to 
myocardial 
infarction (C)

BNT162b2 3 9 9 ≥65 – Coronary artery disease (U), 
myocardial infarction (I)

CVST, cerebral venous sinus thrombosis; VITT, vaccine-induced immune thrombotic thrombocytopenia.
1 Cause of death was U = underlying, INT = intermediate, I = immediate, or C = contributory.
2 Note that the risk factor data were originally collected for population-level analyses and may not be conclusive on individual level.

Table 4 
Causes of death in cases with suspected relationship between COVID-19 vacci
nation and death prior to autopsy but with no vaccine etiology considered after 
medicolegal autopsy.

Cause of death Number of cases (%)

Disease 62 (92.5)
Cardiovascular diseases 43 (64.2)
• Acute myocardial infarction 9 (13.4)
• Arrhythmia 1 (1.5)
• Other / unknown mechanism 33 (49.3)
Cerebrovascular diseases 2 (3.0)
Alcohol-related diseases 1 (1.5)
Gastroenterological diseases 3 (4.5)
Malignancies 2 (3.0)
Pulmonary embolism 5 (7.5)
Pulmonary diseases 2 (3.0)
Endocrinopathies and nutritional diseases 2 (3.0)
Neurodegenerative diseases and dementia 2 (3.0)
Accident 4 (6.0)
Undetermined 1 (1.5)
Total 67 (100.0)
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received vaccination in Colombia, nor did Dul-amnuay among 34 au
topsies in deaths within 30 days of vaccination in Thailand [38]. In the 
light of these case series studies, research is needed to reveal to what 
extent COVID-19 vaccine-related deaths do occur, and to expose new 
possible causalities between vaccines and severe health conditions. 
However, no conclusions can be made on the frequency of potential 
vaccine-related deaths based on autopsy-studies alone, as the selection 
criteria for autopsy differ between studies and, more importantly, be
tween countries.

In seven of the twelve deaths in our data, forensic pathologist writing 
the death certificate considered COVID-19 vaccination a potential 
etiological factor for a diagnosed thromboembolism, which were also 
the most frequent causes of death considered vaccine-related in previous 
reports [16]. Among these seven cases, only one case of VITT with CVST 
was identified. Another CVST without thrombocytopenia was also 
detected. Due to the relatively early cessation of vaccination with 
ChAdOx1, exposure to this vaccine brand was a minority in Finland 
(Table 5), which may have limited the occurrence of these potentially 
lethal adverse reactions. The estimated cumulative 28-day-incidence of 
VITT has been between 1/26,500 and 1/1000,000 first doses of ChA
dOx1 with lower incidences for subsequent doses [5,39–41]. According 

to See et al. [41], the incidence of VITT after vaccination with Ad26. 
COV2⋅S was 1/583,000 doses. The estimated incidence for VITT with 
CVST after receiving the first dose of ChAdOx1 was 12.3 / 1000,000 
persons when the condition was first recognized as an adverse reaction 
[42]. The rate is clearly higher than the background cumulative 28-day 
incidence of 0.18 / 1000,000 [43]. Mortality caused by VITT in the 
COVID-19 vaccinated is unknown, but it is thought to be extremely low 
[39]. However, among patients with diagnosed VITT, the mortality rates 
have varied 23–73 % [5], though with early recognition and adequate 
care, the prognosis has improved [44]. Post vaccination CVST can occur 
with or without the context of VITT, but with significantly better out
comes, when no thrombocytopenia-association is present [42,45].

Of the seven cases with thromboembolism, three deaths were from 
pulmonary embolisms, one death from acute myocardial infarction, and 
one death from recurring cerebral hemorrhage. Deep vein thrombosis 
and pulmonary embolism are common entities, and the latter is 
frequently the cause of sudden death in the medicolegal context. Case 
reports of post vaccination pulmonary embolisms have been published 
[46], but further population-based studies on ChAdOx [47], and 
BNT162b2 [48] found no evidence of any increased incidence of pul
monary embolisms after vaccination. However, in a self-controlled case 
series study in the French population, a slight increase in risk for pul
monary embolism was associated with the first dose of ChAdOx1 
(relative incidence 1.41, confidence interval 1.13–1.75) but not with 
BNT162b2 or mRNA-1273 [49]. Myocardial infarctions and other acute 
cardiovascular events are common manifestations in the general popu
lation, and they occur after vaccination as well. It has been suggested 
that COVID-19 vaccination could contribute to cardiovascular events 
through enhancing prothrombotic state or, unspecifically, as a stress 
factor [50]. As with pulmonary embolism, Botton et al. [49] found an 
increase in the risk for myocardial infarction after the first dose of 
ChAdOx1 (relative incidence 1.29, confidence interval 1.11–1.51), and 
after Ad26.COV2⋅S (relative incidence 1.75, confidence interval 
1.16–2.62), but not with the mRNA-type vaccines. Again, no increased 
risk for myocardial infarction arose in connection with BNT162b2 in 
other large study settings as reviewed by Yong et al. [51]. Hence, 
although COVID-19 vaccination was, according to the medicolegal 
assessment, considered a potential etiological factor for pulmonary 
embolism in three of our cases and myocardial infarction in one case, all 
vaccinated with BNT162b2, we found no epidemiological evidence from 
the literature to support these decisions.

One case of post vaccination fatal acute myocarditis with potential 
vaccine etiology was present in our study population in the age group 35 
to 64 years. A link between myocarditis and mRNA-type COVID-19 
vaccines has been established in large cohort studies [10,11]. The 
highest risk for developing myocarditis has occurred in young men after 
receiving the second dose [52]. Case reports of vaccination-associated 
myocarditis deaths have been published [36,53], but, in large study 
settings, post-vaccination myocarditis has rarely been associated with 
death [8,10,13,52,54]. Furthermore, uncertainty remains as to the role 
of vaccine-associated myocarditis in these deaths since competing cau
ses of death may have been left unnoticed, as suggested previously [13]. 
Notably, myocardial injury associated with a clinical diagnosis of 
myocarditis after COVID-19 vaccination has been reported mild, as 
reviewed by Garg et al. [55].

In the present study, forensic pathologist considered COVID-19 
vaccination as contributory cause of death in two cases with type 1 
diabetes mellitus and diabetic ketoacidosis. In one of them, the vaccine 
was a potential etiological factor for the onset of diabetes, and in the 
other, it potentially contributed to the worsening of glucose balance in a 
patient with previously diagnosed diabetes. Many case reports and case 
series have been published describing post vaccination hyperglycemia, 
hyperosmolar hyperglycemic syndrome, and diabetic ketoacidosis 
regardless of the COVID-19 vaccine type as reviewed by Samuel et al. 
[56]. However, we could find only one self-controlled case series anal
ysis regarding acute diabetic complications in patients with type 2 

Table 5 
Data on demographics, vaccinations, and pre-existing health conditions.

COVID-19 vaccine 
considered as etiology 
for any cause of death 
after medicolegal 
autopsy

Suspicion of a 
relationship between 
COVID-19 vaccine 
and death prior to 
medicolegal autopsy

Exposed 
population

End of 
follow-up

Death Death Dec 31, 
20211

Number of 
cases

12 76 4,345,346

Sex
Men 6 34 2,100,677
Women 6 42 2,244,669
Age, years
< 18 0 0 323,599
18–34 2 4 930,650
35–64 5 23 1,888,942
≥ 65 5 49 1,202,155
Most recent vaccine dose of the deceased vs. population vaccinated with cumulative 

number of doses
1 4 45 4,345,346
2 4 19 4,135,987
3 4 9 1,265,677
4 0 0 3042
Vaccinations
ChAdOx1 2 19 553,426
BNT162b2 10 46 7,909,387
mRNA-1273 0 8 1,285,369
Ad26.COV2.S 0 1 206
Other 0 0 1664
Total 9,750,052
Number of pre-existing risk factors2

0 5 19 3,328,945
1 3 15 804,011
2 2 17 176,518
≥3 2 25 35,872
Nursing 

home 
residency 0 1 28,763

Need for 24-h 
care 1 10 65,532

1 Date for calculating age at first dose.
2 Pre-existing risk factors for severe COVID-19 disease as described in the 

study of Salo et al. [30] up until the first given vaccine dose, (each as 0 or 1): 
cardiovascular diseases, cognitive disorders, other neurological disorders, dia
betes, chronic kidney diseases, chronic liver diseases, pulmonary diseases, 
immunosuppressive diseases (including malignancy), Addison’s disease, 
schizophrenia, and Down syndrome.
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diabetes receiving BNT162b2 [57]. According to the study of Wan et al. 
[57], no ketoacidoses emerged among the 141,224 cases given 
BNT162b2, and no increased risk for other diabetic complications was 
observed, either. We did not find any large-scale studies about the effects 
of COVID-19 vaccines on the onset or on the clinical picture of type 1 
diabetes. While case series of new onset diabetes after COVID-19 
vaccination exist (as reviewed by Chen et al. [58]), strong evidence 
supporting a causal association remains lacking, and more robust 
epidemiological studies on this topic are needed.

Herein, one case of fatal acute pancreatitis emerged with COVID-19 
vaccination as its potential etiology. A few case reports about non-fatal 
post vaccination pancreatitis have been published, mainly concerning 
BNT162b2 (e.g., [59,60]), but we did not find any epidemiological 
studies addressing the potential association of vaccination and pancre
atitis. Lastly, we had one autopsy case who had EGPA, a small-vessel 
vasculitis, determined as the underlying cause of death, and COVID-19 
vaccine considered as potential etiology for the disease. As with 
pancreatitis, only a few case reports of new onset or relapse of EGPA 
after COVID-19 vaccination have been published, all regarding mRNA 
vaccines [61–64]. Our findings suggest that further research on acute 
pancreatitis and EGPA after COVID-19 vaccination is warranted.

We used data of the most relevant pre-existing risk factors that 
associate with severe COVID-19 disease for descriptive purposes. Ac
cording to data on the risk factors and on contributing causes of death, 
all 12 cases of death with potential vaccine-etiology had one or more 
chronic health conditions which probably predisposed to the lethal 
outcome. This finding is similar to other iatrogenic deaths, among which 
few patients have no previous health conditions [65].

5. Limitations

As we have described in the methods, determining as well as 
excluding vaccination as an etiology for any cause of death involves a lot 
of uncertainty, and should be based on epidemiological evidence of 
association between the vaccination and the adverse event which 
contributed to the fatality [29]. Also, it must be stressed that we only 
examined the outcomes of the cause-of-death investigation as done by 
each individual forensic pathologist, and, as such, we did not re-evaluate 
the possibility of vaccine-etiology in any of the cases. The medicolegal 
cause-of-death investigation process comprises of gathering information 
regarding patient history (known diseases, possible symptoms, and 
findings prior to death) and other circumstances preceding death, as 
well as examining data received from the autopsy and auxiliary in
vestigations. Based on these, the forensic pathologist generates a most 
likely scenario including the causes of death and the potential etiologies 
involved. This scenario is then presented in the autopsy report along 
with discussion of the uncertainties in each case. Hence, the final 
assessment is an expert opinion, and as such, subjectivity can never fully 
be eliminated even though objectivity is pursued.

Pomara et al. [66] proposed an approach to assess potential causality 
in individual cases of death combining the WHO criteria [29] with 
comprehensive autopsy protocol in two deaths occurring after vacci
nation and hospitalization. While this kind of thorough protocol un
doubtedly provides a strong base to consider individual cases, the data 
and samples required to complete the assessment entirely are rarely 
available, considering, for example, that nearly 80 % of cases with pre- 
autopsy suspicion, and half the cases with post-autopsy suspicion of 
vaccine-related death occurred out of healthcare in the current study. 
Also, as we only retrospectively observed causes of death determined by 
forensic pathologists, it was not possible to apply this kind of approach 
here. Nonetheless, the systematic protocol proposed by Pomara et al. 
[66] should be applied in considering potential vaccine-related deaths 
whenever possible.

It is possible that true vaccine-related deaths were missed, and some 
of these may even be among the 67 cases in which the forensic pathol
ogist did not consider vaccination as potential etiology. However, the 

lack of epidemiological support, and the fact that more plausible etiol
ogies were present (e.g. malignancy in case of pulmonary embolism) 
argue against a significant proportion of true vaccine-related deaths 
missed in our study. The same applies to the cases in which vaccine- 
etiology was considered, ie. etiologies other than vaccination may 
have been more relevant, especially where support from epidemiolog
ical data is lacking.

The temporal relationship between vaccination and potential 
vaccine-related symptoms or death is an important aspect when 
assessing the potential vaccine etiology in individual cases [29]. The 
median time between last vaccine dose and death was 10 days, when an 
adverse event was initially suspected, and 35 days, when such event was 
not suspected. Symptoms developed within 12 days in 9/12 cases, and 
death occurred within 30 days of the last vaccination in 10/12 cases 
with vaccination considered as an etiology for a cause of death. In the 
remaining three cases, the time frame for symptoms was longer, 23–27 
days. A time limit of 21 days has been proposed, after which vaccine- 
etiology should be ruled out [66]. This recommendation was based on 
two publications describing the development of thromboembolic com
plications after vaccination [67,68]. Truly, the longer the time window 
in post-vaccination symptoms, the more unlikely the vaccination- 
etiology becomes. WHO guidelines [29], on the other hand, state that 
a plausible time window should be taken into account when considering 
potential AEFIs, but no rigid time frame is proposed. In this study, we 
only report the causes of death determined by forensic pathologists and, 
hence, did not exclude cases based on temporal restrictions. Then again, 
it must be stressed that a temporal relationship by itself does not imply 
causal association. All-cause mortality following COVID-19 vaccination 
has been studied on population level in Finland, and the hazard of death 
did not increase within 63 nor within 21 days of COVID-19 vaccination 
in Finland [69]. Also, a meta-analysis including three self-controlled 
case series studies totaling 750,000 patients found no association be
tween COVID-19 vaccination and all-cause mortality [70].

Because the initiation of the medicolegal process in a suspected 
vaccine-related death is dependent on a suspicion being brought up, not 
all cases end up in the hands of forensic pathologist, as seen in the 
context of iatrogenic deaths [65]. This can more often be the case in 
deaths among elderly people with several chronic illnesses than in 
deaths deemed more unexpected, as is evident when comparing the 
medicolegal autopsy rates between 18 and 34-year-olds (82 %) and 65- 
year-olds and older (9 %).

Prior to autopsy, the suspicion of the role of COVID-19 vaccine in 
death was brought forward mostly by treating clinicians. Health care 
personnel are in a key position in spotting potential iatrogenic deaths, 
and they are required by law to report such cases to the police in Finland. 
The systems of investigating suspected iatrogenic deaths differ greatly 
between countries [71] depending partly on whether it is looked at from 
the viewpoint of clinical risk management, or whether actual malprac
tice claims have been raised [23].

In many cases, the suspicion of a relationship between COVID-19 
vaccine and death was also expressed by the deceased’s next-of-kin, 
which is in line with today’s growing numbers of medical malpractice 
issues [72]. COVID-19 vaccinations have been the topic of extensive 
public discussions globally, and views discouraging against vaccination 
on account of alleged hazards have occasionally gained ground [14]. 
Because of this, it is essential to investigate all suspected COVID-19 
vaccine-related deaths thoroughly and openly to address these con
cerns and, if so indicated, maintain the public’s confidence in vaccina
tions. These cases highlight the utility of a comprehensive autopsy 
practice as part of investigation of suspected COVID-19 vaccine-related 
deaths.

6. Conclusions

In the context of total vaccinated population and of the number of 
given vaccine doses, only a few suspicions of vaccine-related deaths 
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arose in the first year of COVID-19 vaccinations in Finland. Even fewer 
were the number of deaths, in which the forensic pathologist performing 
the cause-of-death investigation considered vaccine as a potential etio
logical factor for a cause of death. All cases remained without a certainty 
of vaccine etiology. Although autopsy is a crucial tool in determining the 
causes of death through detection and documentation of tissue re
actions, it cannot by itself be used to establish causality between 
vaccination and the causes of death. Other settings, such as large 
epidemiological studies, should be performed to support individual 
case-assessment. Our study highlights the need for further research 
related to diabetes, acute pancreatitis and EGPA as potential severe 
adverse reactions of COVID-19 vaccines. Also, deaths associated with 
thromboembolic events and myocarditis after vaccination need closer 
examination. A continuing evaluation of suspected COVID-19 vaccine- 
related deaths is essential in monitoring vaccination safety, and can 
provide insights into potential mechanisms of severe vaccine-related 
health conditions.
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