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Postmortem PF4 antibodies confirm a rare case of thrombosis
thrombocytopenia syndrome associated with ChAdOx1 nCoV-19
anti-COVID vaccination
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Abstract

We report a case of cerebral venous sinus thrombosis, bilateral adrenal hemorrhage, and thrombocytopenia in a 70-year-old
man found dead. He had previously received the ChAdOx1 nCoV-19 vaccine (Vaxzevria®, AstraZeneca) 18 days before,
and had since developed unspecific and undiagnosed characteristics of what proved to be a rare case of vaccine-associated
thrombocytopenia with thrombosis syndrome (TTS). He was found dead 1 week after the beginning of symptoms (day 25
post-vaccine). Autopsy yielded venous hemorrhagic infarction with the presence of thrombi within dural venous sinuses,
and extensive hemorrhagic necrosis of the central part of the adrenal glands. Antibodies against platelet factor 4 (PF4) were
strongly positive in postmortem fluids, as measured with an enzyme-linked immunosorbent assay (ELISA). This difficult
diagnosis is usually made during the patient’s lifetime. After eliminating differential diagnoses, we concluded on a fatal case
of vaccine-induced immune TTS with positive anti-PF4 antibodies in cadaveric blood, 3 weeks after ChAdOx1 nCoV-19
vaccination. Specific search for anti-PF4 antibodies in cadaveric blood appears therefore paramount to assess postmortem
cases of TTS associated with anti-COVID vaccines.
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subsequent occurrence of thrombosis and thrombocytopenia.
This entity is known as vaccine-induced thrombosis with
thrombocytopenia (VITT) or thrombocytopenia with throm-
bosis syndrome (TTS) [8—11]. What was initially observed
with Vaxzevria® was soon followed with reports of cerebral
venous sinus thrombosis (CVST) with the Janssen COVID-
19 vaccine [12] and also quite recently with the heterologous
recombinant Gam-COVID-Vac Sputnik [13].

Currently, the literature on COVID-19-associated
deaths is contrasting with that of death-associated events
observed after vaccination against COVID-19. Among the
studies published on fatal cases concurring with a preced-
ing COVID-19 vaccination, a mere 13 cases were causally
related to ChAdOx1 nCoV-19 vaccine administration [1, 4,
14-20].

Not all cases of vaccine-associated TTS or CVST, for-
tunately, lead to death, and the diagnosis is usually made
during hospitalization of the patient. Positive antibodies
against PF4 when present confirm the diagnosis [21]. To
our knowledge, there is no report, yet, of exclusive post-
mortem diagnosis of VITT or TTS after SARS-CoV-2 vac-
cination; few studies evoke this diagnosis in the postmortem
period [2, 16]. Nevertheless, cases of sudden or unexplained
death, especially without a prior stay in intensive care, may
be associated with anti-COVID 19 vaccines.

We report the results of the autopsy of a 70-year-old man
who died at home 25 days after receiving a first dose of the
adenovirus vector vaccine ChAdOx1 nCoV-19 (Vaxzevria®,
AstraZeneca). We could establish a causal link between vac-
cination and this fatal adverse event. Incidentally, in depart-
ments of forensic pathology, we foster the investigation of a
possible vaccine causality in cases of sudden or unexplained
death.

Methods

A thorough postmortem analysis was performed, including
gross microscopic, toxicological, and microbiological test-
ing. SARS-COV-2 nasal swab testing was performed using
reverse transcriptase-polymerase chain reaction (RT-PCR).
Since public prosecutors and forensic institutes had previ-
ously agreed to add the PF4 assay to the panel of assays to
be performed following the occurrence of deaths associated
with anti-COVID vaccination, antibodies against PF4 were
measured in postmortem fluids: 2 mL of citrated blood taken
during autopsy was immediately centrifuged, and the super-
natant was transferred into a vial, before being analyzed by
a manual enzyme-linked immunosorbent assay (ELISA). A
resulting optical density less than 0.5 is deemed as nega-
tive. We also collected and measured anti-PF4 in the blood
from different medico legal corpses for which the cause of
death was either traumatic or toxic (160 cases were studied,
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attributed to drowning (7 cases), gunshot injuries (29 cases),
hanging (15 cases), pharmaceutical overdoses (45 cases),
drugs-of-abuse overdoses (23 cases), and traffic accidents
(41 cases)), for which the delay between death and femoral
blood sampling during autopsy was less than 10 days.

Case report

The patient, who suffered from mild chronic systemic
hypertension, had received a first dose of adenovirus vector
vaccine ChAdOx1 nCoV-19 on day 0. On day 5 post-vac-
cination he reported feeling ill, with nausea and mild diar-
rhea. He was admitted to a local hospital on day 19, where
he presented with abdominal pain without fever or head-
ache. The physical examination was unremarkable except
for bilateral lumbar pain and a resting high blood pressure
measured at 185/88 mm Hg. The abdominal pain decreased
after daily administration of oral paracetamol (3 g/day). A
CT scan showed a hypertrophy of his adrenal glands. The
platelet count was 80,000 per cubic millimeter (as compared
to 154,000 before vaccination); D-dimers were not tested.
The patient was released from the hospital with a diagnosis
of non-specific abdominal pain and prescribed oral paraceta-
mol treatment. He had had no previous exposure to heparin.
One week later (day 25 post-vaccine), he was found dead at
home by his relatives, who had not heard from him for over
a week. No signs of burglary or violence were found in the
apartment.

Autopsy was performed 3 days after death; the corpse
was kept at+4 °C to avoid postmortem modifications. The
external examination of the body revealed a thin subject,
with no traumatic skin lesions. The autopsy revealed a dif-
fuse subdural hemorrhage with cerebral edema, no fracture
or contusion of the scalp, and macroscopic signs of CVST.
Both adrenal glands were significantly enlarged (6 cm by
3 cm), with a necrotic and hemorrhagic aspect (Fig. 1) and
no macroscopic thrombosis in the splanchnic, kidney, or
spleen vessels. No intra-abdominal or intra-thoracic effusion
was observed, nor compression, which may produce blood
stasis and facilitate the occurrence of venous thrombosis. No
lung infection was noted. RT-PCR of a tracheal swab was
negative for SARS-CoV-2 at autopsy. Atheromatous deposits
with calcified plaques were present in the aorto-lumbar and
iliac region.

Samples taken at autopsy were fixed in buffered formal-
dehyde diluted 10% for at least 4 weeks. For macroscopic
examination multiple samples of each organ were obtained
and then paraffin-embedded. Slides of each sample, 5 pm
thick and stained with hematoxylin eosin saffron, were pre-
pared for routine optic microscopy.

On macroscopic examination, the brain and adrenal
gland samples showed the most lesions. In the brain, a left
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Fig. 1 Macroscopic hemorrhagic necrosis of the adrenal gland

parieto-temporal subarachnoid hemorrhage was associated
with parenchymal hemorrhages. There was an organized
heterogeneous brown and adherent thrombus in the sagittal
sinus of the dura matter. The vessels of the Willis polygon
were uncharacteristic. The adrenal glands were enlarged
with bilateral hemorrhagic necrosis of the tissue. The other
organs did not present any macroscopic particularity.

On microscopic examination the organized thrombosis of
the longitudinal sinus was confirmed, with multiple organ-
ized and adherent thrombi of leptomeningeal vessels local-
ized near the subarachnoid hemorrhage (Fig. 2).

In several locations, a neutrophilic infiltration of suba-
rachnoid tissues was present, in hemorrhagic and non-hem-
orrhagic territories alike.

Fig.2 HPS (hematoxylin
phloxine saffron) staining X 2.5:
thrombosis of the leptome-
ningeal vessel (dark arrow),
subarachnoid hemorrhage
(blue arrow), and hemorrhagic
parenchymal venous infarction
(yellow arrow)

In the left parietal and temporal territory, the cortical
parenchyma was the site of venous hemorrhagic infarction.
Numerous microthrombi were present in perforative ves-
sels. Gram and Grocott staining proved negative as well
as PCR for Neisseria meningitidis, Streptococcus pneumo-
niae, and the 16S RNA (multibacteria) on deparaffinized
tissue sections. PCR of LCR and blood also proved nega-
tive for Neisseria meningitidis. The rest of the examination
of the brain showed non-specific anoxic lesions. Exami-
nation of the adrenal glands showed a similar aspect of
both glands (Fig. 3) with extensive hemorrhagic necrosis
of their central part, more organized fibrino-inflammatory
remodeling of the peri-adrenal tissue, sometimes associ-
ated with poorly organized fibrosis. Multiple microthrombi
were present in the adrenal small vessels. The remaining
histological examination of other organs retrieved thrombi
within the pulmonary microcirculation and histological
signs of prolonged cardiocirculatory failure such as, apart
from cerebral anoxo-ischemia lesions, kidney acute tubular
necrosis and severe hepatic sinusoidal distension.

Toxicological analyses detected concentrations of par-
acetamol, tramadol, and metoclopramide within the thera-
peutic range. Antibodies against PF4 proved strongly posi-
tive (optical density: 2.17). Blood samples from 160 cases,
whose cause of death was either traumatic or toxic, did not
contain antibodies against PF4 with a mean optical density
0f 0.197 +0.104 and no result > 0.500.

Our conclusion was that the most likely cause of death
was a fatal vaccine-induced immune TTS, associated with
the Vaxzevria® vaccine administered 3 weeks before, and
confirmed by the presence of PF4 antibodies. Acute adre-
nal insufficiency due to massive bilateral hemorrhage of
the adrenal glands, observed as complications of coagula-
tion disorders, was the final cause of death with histologi-
cal signs of prolonged cardiocirculatory failure.
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Fig.3 HPS (hematoxylin
phloxine saffron) staining X 2.5:
hemorrhagic necrosis of the
central part of the adrenal gland
(dark arrow) with inflammation
of the peri-adrenal tissue (red
arrow)

Discussion

We report herein the case of a patient who presented with
meningeal hemorrhage and microthrombi in multiple organs
3 weeks after receiving a first injection of the anti-COVID
ChAdOx1 nCoV-19 Vaxzevria® vaccine. Vaccine-induced
TTS is a rare complication occurring with an estimated rate
of ~1 in 100,000 vaccinated people [22]. This rare effect
is caused by antibodies against PF4. To date, this reac-
tion has been reported with the adenovirus vector vaccines
Vaxzevria® [4-6], Janssen [12, 23], and more recently the
heterologous recombinant Gam-COVID-Vac Sputnik [13].

Despite the absence of heparin exposure, TTS shares
common features with heparin-induced thrombocytopenia
(HIT) [24-26], including venous or arterial thrombosis at
odd sites (like splanchnic) and varying degrees of thrombo-
cytopenia, coexisting with antibodies against PF4 [27, 28].
The mechanism invokes IgG antibodies that recognize PF4
and activate platelets through their Fcy receptors [29], as
they classically do in HIT associated with platelet-activat-
ing anti-PF4/heparin antibodies [30]. TTS, which becomes
clinically apparent approximately 5 to 20 days after vac-
cination, led to a “Dear Doctor Letter” by the EMA to alert
healthcare professionals of such a rare but serious possible
vaccine-associated adverse event. Indeed, most cases, if not
fatal, result in a severe course of thrombosis events. The
platelet nadir as well as the subsequent thrombosis and co-
morbidities have significantly been associated with a risk
of death [31].

The current patient consulted for abdominal pain
18 days after vaccination, likely due to adrenal necrosis,
as his blood pressure was relatively high and no ionic dis-
order was reported. Bilateral adrenal necrosis is a difficult
diagnosis as the only symptom can be isolated abdominal
pain, without any signs of adrenal insufficiency. It can be
evoked in severe infections or in the setting of coagulation
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disorders. In the current case, the diagnosis was not
evoked probably because the causality of the adenoviral
vaccines in its occurrence was fairly recent. Headache was
not mentioned despite the cerebral hemorrhage observed at
autopsy, but thrombotic events may shift in time. Pomara
et al. [19] described a similar patient with abdominal pain
as the first symptom followed by cerebral hemorrhage.
Pathological examination found multiple organized and
adherent thrombosis in the brain and adrenal glands sug-
gesting an underlying coagulopathy. In our case, specific
search for PF4 antibodies helped make the diagnosis of
post-vaccinal TTS.

Differential diagnosis must be ruled out to determine a
link between vaccination and a fatal adverse event [19].

The assessment of our case included the verification of
cardinal facts, i.e., that (i) the vaccine was administered
before the occurrence of symptoms, (ii) no adverse event
linked to the vaccination procedure was ever declared, (iii)
no quality defect of the vaccine concerned was declared,
(iv) the patient never tested positive for COVID-19, and (v)
the patient was not known to have experienced any previous
vaccination-associated disease. Hence, no history of venous
thrombosis, severe cardiomyopathy, or infection prevailed.
A negative clinical history and the normal blood count of
routine tests performed just prior to the event also ruled out a
myeloproliferative neoplasm. It is yet unclear whether previ-
ous thrombosis increases the risk of TTS with Vaxzevria®
but clotting disorders were not documented in many of the
previously validated cases of death [2, 15, 17].

An interesting differential diagnosis concerns the Water-
house—Friderichsen syndrome, which associates inflam-
matory meningeal changes and bilateral adrenal necrosis.
Though, a search for many microorganisms proved negative
in both the cerebrospinal fluid and tissue sections. All bac-
teriological, parasitological, and mycologic analyses proved
negative.
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In cases of serious or fatal adverse events after vac-
cination, positive levels of PF4 antibodies are usually
obtained antemortem [28]. Postmortem positive antibodies
against PF4 are investigated exceptionally since diagnosis
is usually made before death [16]. Exclusive postmortem
diagnosis is difficult, since laboratory data are lacking in
a significant number of cases, postmortem thrombocy-
topenia cannot be used to investigate these patients, and
measurement of antibodies against PF4 are far from sys-
tematic during medico legal autopsies. Such analyses are
the hallmark of TTS in living patients. We gathered the
results of 160 other medico legal results of people whose
cause of death was unrelated to anti-COVID vaccination,
as public prosecutors and forensic institutes agreed to add
the PF4 assay to the panel of previously performed assays
(following the occurrence of deaths after anti-COVID vac-
cination). Postmortem blood samples of these 160 other
medico legal results did not detect antibodies against PF4.
Greinacher et al. [4] have shown the usefulness of this test
with serum from people still alive at the time of investiga-
tion, but also on postmortem serum.

We concluded that there was no evidence for other
causes and confirmed a fatal TTS complication of the
ChAdOx1 nCoV-19 anti-COVID vaccine.

Conclusion

Since early 2021, rare thrombosis with thrombocytope-
nia syndrome (TTS) has been documented following the
administration of adenovirus vector-based anti-COVID
19 vaccines, including the ChAdOx1 nCoV-19 (Oxford-
AstraZeneca), the AD26.COV2.S (Johnson & Johnson-
Janssen), and recently the heterologous recombinant Gam-
COVID-Vac (Sputnik®).

Our report of the autopsy of a patient who received
the Vaxevria® vaccine provided the classical features
of TTS, as previously described [14, 28], but associated
with positive levels of PF4 antibodies found in postmor-
tem blood. Comparable postmortem findings are rarely
found in the scientific literature. Autopsy is paramount to
establish a causality relationship between vaccine admin-
istration and death. It is difficult to make a diagnosis for
all subjects found dead without an obvious cause who
have not been hospitalized with informative data. It is
essential to provide a causal link between vaccination
and fatal TTS, for cases with signs suggestive of this
diagnosis. The level of PF4 antibodies is of interest to
departments of forensic pathology to diagnose or confirm
TTS after death, as our control series did not retrieve any
false positive.
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