International Journal of Legal Medicine (2021) 135:2335-2345
https://doi.org/10.1007/500414-021-02706-9

ORIGINAL ARTICLE q

Check for
updates

Postmortem investigation of fatalities following vaccination
with COVID-19 vaccines

Julia Schneider’ - Lukas Sottmann' - Andreas Greinacher? - Maximilian Hagen' - Hans-Udo Kasper® -
Cornelius Kuhnen? . Stefanie Schlepper’ - Sven Schmidt' - Ronald Schulz' - Thomas Thiele? - Christian Thomas* -
Andreas Schmeling'

Received: 14 August 2021 / Accepted: 14 September 2021 / Published online: 30 September 2021
©The Author(s) 2021

Abstract

Thorough postmortem investigations of fatalities following vaccination with coronavirus disease 2019 (COVID-19) vaccines
are of great social significance. From 11.03.2021 to 09.06.2021, postmortem investigations of 18 deceased persons who
recently received a vaccination against COVID-19 were performed. Vaxzevria was vaccinated in nine, Comirnaty in five,
Spikevax in three, and Janssen in one person. In all cases, full autopsies, histopathological examinations, and virological
analyses for the severe acute respiratory syndrome coronavirus 2 were carried out. Depending on the case, additional labo-
ratory tests (anaphylaxis diagnostics, VITT [vaccine-induced immune thrombotic thrombocytopenia] diagnostics, glucose
metabolism diagnostics) and neuropathological examinations were conducted. In 13 deceased, the cause of death was attrib-
uted to preexisting diseases while postmortem investigations did not indicate a causal relationship to the vaccination. In one
case after vaccination with Comirnaty, myocarditis was found to be the cause of death. A causal relationship to vaccination
was considered possible, but could not be proven beyond doubt. VITT was found in three deceased persons following vac-
cination with Vaxzevria and one deceased following vaccination with Janssen. Of those four cases with VITT, only one was
diagnosed before death. The synopsis of the anamnestic data, the autopsy results, laboratory diagnostic examinations, and
histopathological and neuropathological examinations revealed that VITT was the very likely cause of death in only two of
the four cases. In the other two cases, no neuropathological correlate of VITT explaining death was found, while possible
causes of death emerged that were not necessarily attributable to VITT. The results of our study demonstrate the necessity
of postmortem investigations on all fatalities following vaccination with COVID-19 vaccines. In order to identify a possible
causal relationship between vaccination and death, in most cases an autopsy and histopathological examinations have to be
combined with additional investigations, such as laboratory tests and neuropathological examinations.
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COVID-19 Vaccine Janssen (Janssen, Johnson&Johnson),
and the recombinant chimpanzee adenoviral vector vac-
cine ChAdOx1 nCoV-19 (Vaxzevria, AstraZeneca). As of
June 30, 2021, a total of 74,871,502 vaccinations have been
administered in Germany, including 54,898,640 with Comir-
naty, 11,570,155 with Vaxzevria, 6,471,052 with Spikevax,
and 1,931,655 with Janssen. A total of 30,986,128 people
were fully vaccinated [48]. Due to the inherently limited
number of people that were studied in the initial trials, it is
necessary to further monitor adverse events after vaccina-
tion during population wide roll out of COVID-19 vaccines
to detect also very rare adverse events. This allows ongoing
benefit-risk assessments of the approved vaccines.

Since end of February 2021, venous thromboses at unu-
sual sites including cerebral venous thrombosis (CVT)
and/or splanchnic vein thrombosis in combination with
moderate to severe thrombocytopenia occurred in several
hundred individuals typically 4 to 30 days after vaccina-
tion with Vaxzevria and Janssen [27, 39, 55-57]. Immu-
noglobulin G class platelet-activating antibodies directed
against platelet factor 4 (PF4; CXCL4) were identified as
underlying cause, reflecting a close relationship to autoim-
mune Heparin-induced thrombocytopenia (HIT) [27]. The
underlying syndrome has been designated vaccine-induced
immune thrombotic thrombocytopenia (VITT); other names
are thrombosis with thrombocytopenia syndrome (TTS), a
term favored by some reporting agencies; vaccine-associ-
ated (immune) thrombotic thrombocytopenia (VATT); and
the original term vaccine-induced prothrombotic immune
thrombocytopenia (VIPIT) [24].

Besides VITT, other immune syndromes were reported
following COVID-19 vaccination including thrombotic
thrombocytopenic purpura/hemolytic uremic syndrome,
(auto-)immune thrombocytopenia or Guillain-Barré Syn-
drome. Furthermore, peri-/myocarditis was reported as a
rare event following vaccination with mRNA-based vac-
cines [48].

In Germany, the Paul Ehrlich Institute is responsible for
the registration of adverse events after vaccination. The Paul
Ehrlich Institute summarizes all reports it receives, irrespec-
tive of a causal relationship with vaccination, and regularly
issues safety reports [48]. The Paul Ehrlich Institute received
reports of 873 deaths with a temporal relation to COVID-
19 vaccination by May 31, 2021. Among the 873 reported
deaths, 73 were related to the COVID-19 disease and not
to adverse events. The vast majority of those who died had
multiple comorbidities, such as carcinomas, renal failure,
heart diseases, and atherosclerotic changes, which are poten-
tial causes of death. A total of 21 patients vaccinated with
Vaxzevria died as a result of VITT.

A total of 25 fatal hemorrhages, 24 of which were cer-
ebral, were reported after vaccination with Vaxzevria. A
total of 27 fatal hemorrhages occurred after Comirnaty
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vaccination, 18 of which were cerebral hemorrhages. A
total of 2 fatal hemorrhages were reported after Spikevax
vaccination.

There were 5 deaths reported with myocarditis ranging
from 1 to 50 days after vaccination with Corminaty. All
5 individuals had preexisting cardiovascular diseases that
were potential causes of death. There was one patient who
died 2 days after Vaxzevria vaccination from septic shock,
acute renal failure, and myocarditis. Anaphylactic reactions
were reported in 293 cases. Among these, 94 cases had the
highest level of diagnostic safety. No fatal anaphylaxis was
reported [47].

In cases of deaths with a temporal relation to vaccina-
tions, autopsies together with additional investigations can
provide an important contribution for clarifying the causal
relationship between vaccination and death. While numerous
studies have been published on postmortem investigation of
COVID-19 [3, 8, 19-21, 25, 32, 38, 60, 62], there are only
a few publications on postmortem diagnostics of adverse
events after vaccination [22, 29, 50]. In addition to clinical
pathologists, forensic pathologists are also tasked with post-
mortem investigations of fatalities following vaccination,
making the topic of this article relevant to legal medicine.
In the following, we report on the postmortem investigations
of 18 fatalities after vaccination with COVID-19 vaccines.
The possibilities and limitations of postmortem diagnostics
of fatal adverse events after vaccination are discussed.

Material and methods

From 11.03.2021 to 09.06.2021, postmortem investigations
of 18 persons who recently received a vaccination against
COVID-19 were performed on behalf of the public prosecu-
tor's offices in Bielefeld, Detmold, and Miinster. The catch-
ment area of these public prosecutor’s offices comprises
around 3.24 million people, which accounts for about 4% of
Germany’s population [58, 59].

The following data were available for evaluation: case
histories provided by the investigating authorities, medi-
cal records for in-hospital deaths, autopsy protocols, and
reports on additional investigations (laboratory tests, histol-
ogy, neuropathology).

The autopsies were performed in accordance with the
guidelines of the German Society of Legal Medicine for
forensic autopsies [7]. In addition to the usual samples for
histological examinations, pharyngeal mucosa, the injection
site, as well as lymph nodes of the axillary region, and a
sample of the deltoid muscle of the site of vaccination were
taken. Swabs of the naso-pharynx and bronchial mucosa
were obtained for virological analysis for SARS-CoV-2. In
addition to the usual samples for forensic toxicological and
metabolic analyses, serum extracted from femoral vein blood
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was obtained to be analyzed for anaphylaxis and VITT. In
order to assess anaphylaxis, serum tryptase, total IgE, inter-
leukin 6, CRP, complement factor 3, and complement factor
5 were quantified. In cases of suspected VITT, anti-PF4 anti-
body tests and platelet activation tests were performed in the
platelet laboratory in Greifswald as described by Handtke
et al. [28].

The following data were gathered in a registry: age and
gender of the deceased, vaccine, 1st or 2nd vaccination, time
interval between vaccination and death, place of death, find-
ings of the autopsy and the additional investigations, cause
of death, and the assessment of the possible causal relation-
ship between vaccination and death.

Results

Within the study period, postmortem investigations were
performed in 18 fatalities (9 females) in temporal relation-
ship to COVID-19 vaccination. Table 1 provides detailed
information concerning all cases.

The mean age of the deceased was 62.6 years (age range:
32-91 years). Vaxzevria was vaccinated in nine, Comirnaty
in five, Spikevax in three, and Janssen in one person. The
time interval between the last vaccination and death ranged
from a few minutes (case 17) up to 14 days (case 9). Case
17 involved a person who collapsed in a vaccination center
immediately after vaccination; prompt resuscitation efforts
were unsuccessful. A total of 12 deaths occurred at home,
4 deaths at a hospital, 1 death at a vaccination center, and 1
death at work.

In 13 deceased, the cause of death was attributed to pre-
existing diseases while postmortem investigations did not
indicate a causal relationship to the vaccination. In one case
(case 6), myocarditis was found to be the cause of death
(Fig. 1). A causal relationship to vaccination is possible,
but cannot be proven beyond doubt. A competing cause of
death was found to be severe pre-existing cardiac changes.

In four cases, there was evidence of VITT (cases 3, 12,
14, and 18). In case 14, the cause of death was established in
hospital, being CVT and cerebral hemorrhage with hypoxic
brain damage. The diagnosis was confirmed by postmortem
investigations. A second patient who died in a hospital (case
12) suffered a severe anaphylactic shock during narcosis
induction, resulting in hypoxic brain damage. This patient
was vaccinated 12 days before she developed the shock
symptomatic. She received unfractionated heparin after the
adverse event. The serum-activated platelets were stronger in
presence of PF4 than in presence of PF4/heparin complexes.
This suggests that the patient had true VITT antibodies
related to vaccination, rather than HIT antibodies related to
later heparin therapy. The autopsy revealed multiple thrombi,
including in the cerebral venous sinuses. Neuropathological

examination found these to be fresh thrombi that must have
formed after the onset of hypoxic brain damage (Fig. 2).
As thrombosis or bleeding was not involved in this death,
we consider the causal relationship between vaccination and
death to be unlikely. Case 3 involved a 32-year-old woman
who died at home; the autopsy revealed a cerebral mass
hemorrhage without CVT. Laboratory tests for VITT were
positive, so a causal relationship with vaccination and death
is very likely. In case 18, a 69-year-old man who also died
at home, the autopsy revealed CVT and the laboratory tests
for VITT were positive. However, neuropathologic changes
appropriate for causing death were not detected. Further-
more, a fresh thrombus of a coronary artery with severe
atherosclerosis lesions and a fresh myocardial infarction was
suitable to be the cause of death. Thus, a causal relationship
between vaccination and death is possible, but cannot be
proven beyond doubt. Of the four cases where postmortem
investigations revealed a VITT, only one had been diagnosed
before death.

Discussion

Thorough postmortem investigations of fatalities with a tem-
poral relation to COVID-19 vaccination are of great social
significance in several respects. Thus, the demonstration or
exclusion of a causal relationship between vaccination and
death has important implications for the benefit-risk assess-
ment of COVID-19 vaccines and thereby serves to protect
the public from unacceptable adverse effects. Furthermore,
clarification of a causal relationship between vaccina-
tion and death may also be relevant for the relatives of the
deceased. For example, the mother of a 32-year-old stated
in a newspaper interview that received considerable media
attention in Germany, that she was attacked in social media
after she expressed suspicion that her daughter’s death may
have been caused by vaccination. The mother was accused
of lying. Some users stated that it was irresponsible to blame
the death on the vaccination. The mother reported that after
postmortem investigations revealed that her daughter had
died of a cerebral mass hemorrhage due to VITT, she was
relieved to finally have clarity [11]. Confirmation of a causal
relationship between vaccination and death is also required
for the enforcement of pension claims of beneficiaries. Last
not least, the success of a vaccination campaign can be
jeopardized by raising public concerns as to whether poten-
tial vaccine complications are thoroughly investigated or
whether the results of investigations are being presented to
the public in a transparent manner.

Postmortem investigations of fatalities after COVID-19
vaccination are particularly relevant with regard to the detec-
tion of anaphylaxis, VITT, and myocarditis.

@ Springer



International Journal of Legal Medicine (2021) 135:2335-2345

2338

Q0USPIAS ON

Q0USPIAS ON

arqissod

QOUAPIAD ON

Q0USPIAS ON

A1oy1[ K1op

Q0USPIAS ON

Q0USPIAR ON

BUWOD OTwadA[310dAH

SIedS UONIIRJUT [)IM
sagueyo orIpIed SUNSTX
-a1d 910A9s A[oYI] ISOIN

sagueyo oerpred 3ut
-181%2-21d 919A3S JO 90U
-saxd oy} ur SHIPIBOOAIA
elI0e
paimdni woij Surpad[g

AydoniadAy

JBIPIED JAISSBUW JO 9JUD

-sa1d oy ur uonoIBJUL
[BTPIBO0AW JUALINIDY

o3eyr
-IOWQY| [BIGAIDD QAISSBIA

SIedS UONIIRJUT [)IM
sagueyd orIpIed JunsIXd
-o1d 919A9s A[YI] ISO]N

SITedS UONITRJUT [)IMm
sagueyo orIpIed SunsIxa
-o1d 910A9s A[oYI] ISOIA

qneip, Jo S[9A]
QATR[NWND 9y} SUIPIOXD
Jowny snoanbe pue J$D
ur Jejoe| pue asoon|s Jo
S[AQ] YSTY ‘ToAT] K16
‘SISOIO[OS ATEUOIOD QTOAS

JATIRSoU
sonsougelp stxe[Aydeue
‘SISOIQ[OS ATeuoiod ‘Ayd
-0n1adAYy oeIpIEd QAISSBIA

JA1jRIAU sonsouerp
sixe[Aydeue ‘SnIpIedoAw
‘SIBOS UOTOIRJUT [RID
-recoAw ‘AydonedAy
JBIPIRO DAISSBUI ‘SISOT
-9[0$ AIRUOIOD 9IAJS
SSO[ poo[q Y31y ‘a1my
-dnJ yym uonoISSIp dNIoY
EINGI el
sonsougerp stxe[Aydeue
‘UONOIBJUT [RIPIBIOAWI
UsaJ ‘sIeds uonoIejur
erpresodw ‘AydomradAy
JBIPIED QAISSRW ‘A)ISOQQ

aanisod 3891-vdId
‘aanisod 11891 -VdIH
‘aanrsod :s1s9) Apoqnue
urreday f,Jd-nue ‘oeys
-IOWQY| [BIGAIAD JAISSBIA

QAnjE3oU

sonsougerp stxe[Aydeue

‘SIBDS UONOIRJUL [RIP

-redoAw ‘AydonrodAy

JRIPIBD QAISSBUI ‘SISOX
-9[0s AIRUOIOD JIAJS

EINSL el
sonsougerp stxe[Aydeue
‘SIBDS UONOIRJUL [RIPIRD

-0AW 2ATSU XD ‘Aydon
-10d Ay oeIpIed SATSSEUX
‘SISOIQOS ATBUOIOD QIIAS

Jwoy

owoy

QWO

QoerdyIopm

owoy

Qwoy

Qwoy

owoy

01

Cl

xeaonids £ J 8
Aeunmo) L w L
Aeunmo)  G9 w 9
BLIAJZXBA  8F J S
RLIAJZXBA € J 17
BLIAJZXBA  CE ] ¢

xeayids 16 J z

xeaoyids 8 w I

[jeap pue uorn
-BUIOORA U2IM)Qq dIysuon
-B[oI [BSNED JO JUOWISSISSY

IBap Jo 9sne))

SUONESIISAAUT WILIOW
-3s0d jo sSurpuy jueas[oy

3eap Jo ade[d

(skep
ur) [Ieap puE UONRUIOIBA

U99M19q [BAIUI QWIL], SUONBUIOIRA T IO |

QuoeA d3y IOpURn) Iu Ase)

sonIeIey g1 PIESTISAAUT Y) SUIUIAOUOD UOTIBULIOJUT PI[TEId( | d|geL

pringer

Qs



2339

International Journal of Legal Medicine (2021) 135:2335-2345

aansod

11891-VdId ‘eantsod :3sa],

-VdIH ‘eanisod :s3s9)
Apoqnue utreday d
-TJUE ‘SISOIQOS AIBUOIOD

ofewrep  priwu ‘L AD ‘SeSeylioway
ureiq orxodAy yym oFeys [BIQIAD ‘SISAYIBIP
A[oNI A19A  -TOWaY [BIQAID pue LAD 3urpa9q e jo su3ig rendsoyq o1 I BLIAOZXBA  G9 J al
AT
-e3ou sonsouderp [ LIA
‘AydoniadAy oerpred
o3eyr  ‘s1S0IQ[Os A1BUOIOD ‘@3RyI
QOUOPIAQ ON  -IOWAY [BIQAIAD QAISSB]|  -JOWAY [BIQAIID QAISSBIA QwoH il 1 Keunwo) gL ] €1
aantsod 1591-vdId
‘aanisod 1S9I-VdIH
‘aanisod :s1s9) Apoqnue
urreday {d-nue ‘O3e
-wep ureiq orxodAy
‘UONOIBJUT [RIPIBIOAW
ysayy ‘AKydoniad~Ay
SOTAYISAUE 0 UOTIORAI JRIPIRD ‘SASNUIS SNOUSA
onoejAydeue ue Surmof [21Q2199 9} UI Surpnjout
A[oyI[u)  -10§ @8ewep ureiq orxodAH ‘1quioxy) ysaay ordnnin endsoyq 8 7 PBLIAIZXBA  §¢ J 1
aAnedou
sonsoueIp- L LIA ‘SIeds
uondIBUI [RIPIBIOAW
‘AydonradAy oerpres
QATSSBUI ‘SISOII[OS
LA Jo douasaxd oy KIRUOIOD 9I0AQS “‘WISI|
QOUPIAD ON ur wisijoquid Areuowryng -oquio Areuownd ‘L AQ rendsog o1 UMOUNUN  BLIASZXBA [/ w 11
aATyeSaU sonsouserp
s1eds uonorejur pim - sixejAydeue ‘AydoniadAy
soSueyo ovrpIed Sunsixo JBIPIBD QAISSEW “SISOI
QOUPIAS ON -a1d a19A9s AT ISOIA -9[0s AIEUOIOD 9I9AdS QwoH I [ ®UAZXBA  [9 w o1
SISOULIID JQAT[ ‘SIBOS
UOIOIRJUI [RIPIBOOAW
sagueyd oBIpIed 3UNSIXd ‘AydonradAy oerpreo
90UIPIAD ON -01d 910A9S AJOYI[ ISOJA]  ‘SISOIQ[OS AIRUOIOD QIOAS QWoH i [ ®UAZXBA €9 w 6
yjeap pue uon (skep
-BUIOOBA U9dMIq diysuor) SUONEST)SOAUT WAYIOW ur) yJeap pue UoneuIodeA
-R[I [BSNED JO JUSWISSISSY yeap Joasne)  -1s0d jo sSurpuy JuBAS[RY Ieap Jo a0e[d U99M19q [BAISIUI SWIL], SUONBUIOIRA T IO | oudep 98y Iopuan Iu ase)

(ponunuoo) | sjqey

pringer

a's



International Journal of Legal Medicine (2021) 135:2335-2345

2340

a1qrssod

QOUAPIAD ON

Q0USPIAS ON

QOUPIAD ON

uoroIeyUL
[eIpIEOOAW YSaTy YIIm
sIsoquIoIy) A1euoIo))

uonoIRJul
[e1pIeOOAW YSOIF UM
sIsoquioIy) A1eu0Io))

uonoIeyul
[BTPIBO0AW JUALINIDY

LAd Jo 2ouasaid oy
ur wsTjoquid Areuowyng

aantsod 3S91-VdId
‘aanisod :1s91-VdIH
‘aanrsod :s1s9) Apoqnue
urredoy 4,Jd-nue ‘uon
-OTejul [eIPIBIOAW YSAL}
‘AydonradAy oerpres
QATISSBUW ‘SISOqUIOIY)
AIeUO0IOD Y)IM SISOIJ[OS
KTeuoI1od 910A9s ‘I AD

aane3ou sonsouserp
sixe[Aydeue ‘uonorejur
[BIPIEOOAW USAI) ‘STROS
UOTOIRJUI [RIPIROOAW ‘SIS
-oquioIy) ATBUOIOD YIIM
SISOIQ[OS AIRUOIOD JI9AdS

uonoIBJuL
[eIPIBOOAW YSOIf ‘SIBOS
UOT)OIRJUT [RIPIBOOAWT
QATSURIX? ‘AydonradAy
JBIPIEO QAISSEUI ‘SISOT

-9[9S AIRUO0IOD QI9AQS

JATIRTOU SONSOU

-3eip LLIA ‘ewesAydwo

AKreuownd oruoIyd

‘snipIeotrad ‘SISOI9[0S

AIeuo1od ‘wsIoquo
Kreuownd aAtssew ‘A

QwoH

JUD UONRBUIIIBA

rendsoy

QWO

9

1 uassuef 9 w 8T
T Areunwo) gL i L1
umouyun  BIIAIZXBA /G w 91
7 Keunmwo) 6L w S1

[jeap pue uorn
-BUIOORA U2IMIRq dIysuon
-B[oI [BSNED JO JUOWISSISSY

IBap Jo 9sne))

SUONESIISAAUT WoLIOW
-3s0d jo sSurpuy jueas[oy

Jeap Jo ade[d

(skep
ur) Y1eap pue UONBUIOIBA
U99M]9q [BAIOIUT SWIL],

SUOTJBUIOORA T IO |

Qupoep 93y IOpuln Iu Ase)

(ponunuoo) | sjqey

pringer

Qs



International Journal of Legal Medicine (2021) 135:2335-2345

2341

Fig.1 Case 6 with myocarditis with lymphocytic and plasmocytic
infiltration of the perivascular space (black down-pointing triangle)
and the myocard (downward arrow) (H&E, Orig. Magn. 100 x)

Fig.2 A The superior sagittal sinus has been partially incised show-
ing acute, venous thrombosis (arrows). H&E sections show centrally
located red blood cells/hemorrhagic areas and surrounding fibrin
accumulations (B, Orig. Magn. 10x) as well as small areas with
alternating lines of erythrocytes and fibrin (C, Orig. Magn. 40 x)

Anaphylaxis

Allergic reactions are known adverse events following
immunization for virtually all vaccines, similar to other
medications. These range from mild self-limited localized
reactions to rare, but severe allergic reactions, including
anaphylaxis. Anaphylaxis is defined as a serious systemic
hypersensitivity reaction that is usually rapid in onset and
may cause death [13]. The reported rate of anaphylaxis

after all vaccines is estimated to be in the range of 1-10
per million doses [23, 53].

All ingredients of a vaccine may cause allergic reactions.
In fact, most reactions are not caused by the active vaccine
itself, but by excipients, which are inert substances added to
vaccines for improving certain properties such as solubility
or stability [34]. Current reviews name two excipients in
COVID-19 vaccines mainly suspected for allergic reactions:
polyethylene glycol in the mRNA-based vaccines and poly-
sorbate 80 in the vector-based ones [31, 34].

The most important, albeit not the only, mechanism
leading to anaphylaxis is the activation of mast cells by
immunoglobulin E (IgE) antibodies against a specific anti-
gen, which occurs within minutes or up to 4 h after expo-
sure to the vaccine [34]. The median interval of symptom
onset in an early assessment of cases for Corminaty was
13 min (range =2-150 min), with 71% within the recom-
mended general 15-min observation period after vaccination
and 86% within 30 min [14]), which is the recommended
extended observation period for individuals at greater risk
for allergic reactions. However, the rare possibility of bipha-
sic anaphylaxis has been described [16], also in the case of
vaccination with Corminaty [1].

The scientific literature on vaccine-related deaths is vast.
However, a majority of this literature is based on data from
passive voluntary reporting systems. In contrast, the foren-
sic literature on fatal anaphylaxis following vaccination is
surprisingly scarce. In a recent review, Palmiere et al. [46]
found six papers reporting cases of presumptively vaccine-
related fatal anaphylaxis. Due to the limitations of five of
these six papers, i.e., immunohistochemical, toxicological,
or biochemical examinations being either not performed or
not reported, they concluded that the diagnosis of vaccine-
related fatal anaphylaxis remained hypothetical. Only in
one case, comprehensive examinations, including mast cell
tryptase measurement, have been performed. Death of the
3-month-old female occurred within 24 h of vaccination
with hexavalent vaccine [18].

For forensic pathologists, diagnosis of anaphylaxis is
challenging. Postmortem investigations should include full
autopsy, histology, immunohistochemistry, and postmortem
biochemistry. Macroscopical findings may include cutane-
ous swelling, upper airway edema, and hyperinflation of the
lungs with mucus plugging [12], but are often absent [51].
Histological examinations include the pharyngeal mucosa,
the spleen, the injection site, the axillary lymph nodes, and
deltoid muscle of the site of injection [22]. Histology may
show edema of the upper airways with eosinophilic infiltra-
tion, as well as eosinophilic accumulation and shock signs
of organs in general [12, 22]. Histological and immunohisto-
chemical examinations of splenic tissue may reveal eosino-
phil and activated mast cell accumulation in splenic red pulp
[46]. For mast cell detection, Giemsa staining is used as well
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as immunostaining with anti-CD117, anti-tryptase, or anti-
chymase antibodies [15, 22]. In the myocardium and coro-
nary arteries, adventitial eosinophils and mast cells may be
a potential indication of allergic coronary artery spasm [33,
46]. Postmortem biochemistry is recommended from periph-
eral blood, with sampling as soon as possible by aspiration
from a clamped femoral or external iliac vein [26]. Increased
postmortem serum mast cell tryptase levels are considered
a crucial clue for the diagnosis of anaphylaxis. Total and
specific IgE are indicative of an atopic disposition of the
individual. Further, determination of markers of inflamma-
tion, interleukin-6 (IL-6) and C-reactive protein (CRP), and
of markers of immune system activation, complement C3/
C5 activity, is suggested [22].

To our knowledge, no anaphylaxis-related deaths have
been reported following COVID-19 vaccination. In all
deceased persons investigated in the present study who died
within 1 day of vaccination, there was no evidence of an
anaphylactic event. In particular in case 17, in which an
anaphylactic shock was initially suspected due to the short
time interval between vaccination and death, an anaphy-
lactic reaction could be largely excluded by the autopsy
as well as postmortem biochemistry and histopathological
examinations.

Vaccine-induced immune thrombotic
thrombocytopenia (VITT)

VITT is characterized by thrombocytopenia, combined with
thrombosis in most cases. Thrombosis can occur in both
arterial and, more common, venous system. However, a dis-
tinctive feature of VITT is thrombosis in unusual locations.
These include CVT, as well as splanchnic venous thrombosis
[27, 55, 56].

Cases have been reported to be typically identified
between 4 and 30 days after vaccination with either of two
currently EMA-approved vector vaccines Vaxzevria and
Janssen [39]. One single case report of a possible VITT fol-
lowing an mRNA-based vaccine, Spikevax, has been pub-
lished to date [54]. Lack of definitive evidence in this case
has been highlighted by Pishko et al. [49]. In the present
study, we have found VITT in 3 deceased persons follow-
ing vaccination with Vaxzevria (cases 3, 12, and 14) and
1 deceased following vaccination with Janssen (case 18).
In contrast, no VITT was found following vaccination with
mRNA-based vaccines in our study.

In initial reporting, female sex and younger age were
proposed possible risk factors, but this may simply have
reflected the demographics of the first populations to be vac-
cinated, i.e., often young female health care workers [27, 48,
55]. Indeed, cases in the older populations are now emerging
[10] and the Paul Ehrlich Institute states a current trend into
the direction of equal sex proportions [48]. We report the
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cases of 3 female deceased (ages 32, 38, and 65) and 1 male
(age 69) with positive VITT-testing. However, it has to be
emphasized that it is not possible to draw epidemiological
conclusions from these data.

Death with VITT appears to occur very rarely. Up to
31.05.2021, 21 patients had been reported to the Paul Ehr-
lich Institute who had died of VITT in temporal relationship
with a Vaxzevria vaccination [47]. In our study, there were
indications of VITT in four deceased persons. It is remarka-
ble that our study material showed an above-average number
of deceased with VITT in relation to the number of inhabit-
ants in our catchment area. If one also takes into account
that presumably not all those who died after COVID-19 vac-
cination were autopsied in our catchment area, it is reason-
able to assume that the number of deceased with VITT is
significantly higher than the number of cases reported to the
Paul Ehrlich Institute.

In the clinical setting, the diagnosis of VITT is made by
detecting high titers of anti-PF4/heparin antibodies with an
antigen-binding assay (ELISA) for PF4/heparin antibodies
in combination with positive functional platelet activation
assays such as the PF4 induced platelet activation test (PIPA)
and the heparin induced platelet activation test (HIPA). The
detection of thrombocytopenia is done by determining the
platelet count in the blood [27, 44].

Postmortem, a valid determination of the platelet count
is not possible if a VITT is suspected, since numerous pro-
cesses take place in the blood compared to the living, which
have a falsifying effect on the number of countable platelets
[61]. However, PF4/heparin antibodies can be detected also
in serum obtained from cadaveric blood. This examina-
tion is even possible in hemolytically altered serum. In the
case of not-hemolytic serum, however, the necessary func-
tional platelet activation assays can be performed as well.
At autopsy, the cerebral sinus veins and mesenteric veins
should be opened to ensure that thrombosis in these loca-
tions is not missed.

Our study shows that an autopsy and platelet laboratory
testings are not sufficient to clarify a possible causal rela-
tionship between VITT and death. Indeed, it could only be
decided in the synopsis of the anamnestic data, the autopsy
results, laboratory diagnostic examinations, and histopatho-
logical and neuropathological examinations that VITT was
very probably the cause of death in only two of our four
cases. In the other two cases, no neuropathological correlate
of VITT explaining death was found, while possible causes
of death emerged that were not necessarily attributable to
VITT.

Myocarditis

The first reports concerning cases of myocarditis tempo-
rally linked to the vaccination with the mRNA vaccines
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from Comirnaty and Spikevax came from the Israeli Min-
istry of Health and the U.S. Department of Defense [4]. To
date, there are single case reports and case series published
describing myocarditis following vaccination with Comir-
naty or Spikevax with rather mild courses [2, 4, 9, 17, 30,
37,40-43, 52].

Viruses are commonly the cause of myocarditis. In addi-
tion to other infectious agents, however, drugs, toxins, or
autoimmune diseases can trigger myocarditis. In some cases,
the etiology cannot be determined at all [35]. Myocarditis
also occurs following other vaccinations, particularly follow-
ing smallpox vaccination [4]. It is suspected that myocarditis
caused by vaccines is the result of an autoimmune phenome-
non. However, a verification of a causal relationship between
myocarditis and COVID-19 vaccination is not yet possible.

Symptoms of myocarditis following other vaccinations
have been reported after 1 week at the earliest. Due to the
considerably earlier occurrence of myocarditis after COVID-
19 vaccinations, the 1st vaccination, rather than the 2nd vac-
cination, is suspected to possibly trigger the autoimmune
processes leading to myocarditis [45].

Regarding our investigated case of myocarditis, the period
between the 2nd vaccination with a COVID-19 vaccine and
the time of death was 11 h, which is also quite short. A
causal relationship to vaccination was considered possible,
but could not be proven beyond doubt.

The postmortem confirmation of myocarditis requires
histologic examination of the heart and fulfillment of the
Dallas criteria [5, 6]. Kyto et al. [36] reevaluated all cases
of myocarditis diagnosed postmortem in Finland between
1970 and 1998. Among patients who died at a hospital, only
one-third of the myocarditis cases had been diagnosed pre-
mortem. This result clearly emphasizes the importance of
autopsies and histopathological examinations for the diag-
nosis of myocarditis not only for those who died at home but
also for those who died at a hospital.

Conclusions

The results of our study demonstrate the necessity of post-
mortem investigations on all fatalities following vaccina-
tion with COVID-19 vaccines. In 13 out of 18 cases, deaths
were attributed to preexisting pathological changes. In these
cases, extensive postmortem investigations did not reveal
any evidence for known complications of vaccination with
COVID-19 vaccines. In one case, myocarditis was deter-
mined to be the cause of death. A causal relationship to
vaccination was considered possible, but could not be proven
beyond doubt. In four cases, there was macromorphological
evidence of VITT, which was confirmed by laboratory tests.
Of those four, only one was diagnosed before death. Addi-
tional neuropathologic and histopathologic examinations

revealed that VITT was the very likely cause of death in only
two of the four cases. In order to identify a possible causal
relationship between vaccination and death, in most cases an
autopsy and histopathological examinations have to be com-
bined with additional investigations, such as neuropatho-
logical examinations and laboratory diagnostics including
platelet laboratory testings. This procedure requires close
collaboration between several medical disciplines.
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