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An Autopsy Report of a Case with Cerebral Infarction
Complicated by Coronavirus Disease 2019 Infection
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Abstract:

We herein report a case of cerebral infarct in a patient with coronavirus disease 2019 (COVID-19) infec-
tion who died of aspiration pneumonia. The postmortem examination of the brain revealed embolic infarct
with negative findings on quantitative reverse transcription polymerase chain reaction (QRT-PCR) as well as
immunohistochemistry to detect severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2). The sys-
temic examination only revealed low copy numbers of SARS-CoV-2 in the bronchus. This is the first and so
far only autopsy case of COVID-19 infection with pathologic and virologic findings of the postmortem brain

in Japan.
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Introduction

Coronavirus disease 2019 (COVID-19) has been associ-
ated with various neurological complications (1). However,
its pathophysiology remains to be elucidated, and the impor-
tance of neuropathological study has been pointed out (2).
Pathological autopsy is considered necessary for such a
study, but autopsy studies of the brain have been limited.

We herein report a patient with COVID-19 for whom a
brain autopsy was performed.

Case Report

The patient was an 80-year-old man who had been pre-
scribed both aspirin and prasugrel due to recent percutane-
ous coronary intervention for unstable angina in addition to

diabetes, hypertension, and dyslipidemia. He was not obese
and had never been found to have any pulmonary diseases,
nor did he smoke. He had never been vaccinated against se-
vere acute respiratory syndrome coronavirus 2 (SARS-CoV-
2), since this case occurred before the vaccination program
had started in Japan.

He was found collapsed at home and was transported to
our hospital, presenting with an impaired consciousness,
body temperature of 37.6°C, and oxygen saturation on room
air of 91%. The Glasgow Coma Scale (GCS) score was 12/
15 (E3V3M6) then. A physical examination identified fine
crackles bilaterally, while a neurological examination re-
vealed left hemiplegia. Laboratory data showed severe in-
flammation with significant elevation of fibrinogen and D-
dimer, while the values of prothrombin time (PT), activated
partial thromboplastin time (APTT), and platelet count were
normal. HbAlc was 7.6%, and low-density lipoprotein cho-
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Figure 1.
bilateral lung fields in a map-like pattern (A). The shadows are mildly enhanced with consolidation in
some areas on day 15, and some part of them shows signs of organizing pneumonia (B). Rt: right side

lesterol (LDL-C) was 98 mg/dL at the time of admission.
Quantitative reverse transcription polymerase chain reaction
(qRT-PCR) for SARS-CoV-2 at our hospital showed a posi-
tive result. Head computed tomography (CT) depicted cere-
bral infarction in the perfusion zone of the right middle
cerebral artery. Chest CT revealed extensive consolidation in
the lung fields bilaterally (Fig. 1).

We continued the 2 antiplatelet agents he was already tak-
ing and added heparin, starting at 10,000 units/day and ta-
pering to 6,000 units/day because of prolonged APTT, along
with remdesivir 100 mg/day, dexamethazone 6.6 mg/day,
and ceftriaxone 2,000 mg/day. On day 2 of hospitalization,
he developed non-ST-segment elevation myocardial infarc-
tion (NSTEMI) and was treated by nicorandil. His respira-
tory status gradually improved, and on day 11, we released
him from isolation without performing additional qRT-PCR,
according to the national COVID-19 management guideline
in Japan (3). However, his GCS score had declined to 9/15
(E3V2M4), and his other neurological symptoms had not
improved since admission. Head magnetic resonance imag-
ing (MRI) on day 14 revealed widely distributed infarction
(Fig. 2). However, on day 12, aspiration pneumonia caused
his fever and breathing problems to reoccur (Fig. 1B). We
started ceftriaxone and then switched it to sulbactam/am-
picillin and teicoplanin, but he died on day 21 from respira-
tory failure. His vital signs had been monitored since admis-
sion, and we had not detected any signs of atrial fibrillation
during the clinical course.

Autopsy was performed 16 hours after his death. In the
lungs, alveolar pneumonia with neutrophilic infiltration into
the alveoli was observed (Fig. 3A). It accompanied diffuse
alveolar damage (DAD) in the exudative phase (Fig. 3B, C)
as well as acute fibrinous and organizing pneumonia
(AFOP) (Fig. 3D, E). Furthermore, irregular fibrosis with an
older time phase was scattered (Fig. 3F), and fibrin thrombi
were observed in a small number of pulmonary vessels
(Fig. 3G). There were no findings of note in the bronchi
(Fig. 3H). Myocardial infarct was identified, in addition to
organized thrombus in the left ventricle. No thrombi were

Chest computed tomography (CT) on admission reveals extensive sliver shadows in the

detected in the atria, and we found no cardiac valvular vege-
tations, although the coronary arteries were highly athero-
sclerotic, with severe peripheral stenosis. Atherosclerosis
was also severe in the abdominal aorta, whereas it was mild
in the thoracic aorta.

The brain weight was 1,250 g before fixation. Although
intravascular emboli were not observed and the atheroscle-
rotic lesions of the cerebral arteries were mild, multiple sub-
acute infarcts complicated by bleeding were found in the
cerebral cortex (Fig. 4, 5A, B). Furthermore, microinfarcts
were found in the pons, midbrain, and thalamus, accompa-
nied by axonal swelling and edematous white matter
(Fig. 5C, D). These were estimated to be newer than the in-
farcts of the cortex. We could not find any other pathologi-
cal abnormalities, including in the olfactory tract and
amygdala, nor any evidence of meningitis, encephalitis, or
vasculitis, such as infiltration of inflammatory cells. Al-
though the activation of microglial cells has been re-
ported (4, 5), immunochemistry of CD68 for microglia and
AT-8 for neurofibrillary tangles only revealed the accumula-
tion of activated microglia around neuritic plaques.

We additionally investigated the presence of SARS-CoV-2
in the specimens, including the infarctions. Copy numbers
of SARS-CoV-2 ribonucleic acid (RNA) were determined by
qRT-PCR, using forward (5’-GGCCGCAAATTGCACAAT-3")
and reverse (5’-CCAATGCGCGACATTCC-3’) primers and
a labeled probe 5°-(FAM)-CCCCCAGCGCTTCAGCGTTCT-
(TAMRA)-3’ (6). However, SARS-CoV-2 RNA was detected
only in the sample from the bronchi, and even then only at
a low copy number (523 copies per 100 ng of total RNA)
by qRT-PCR. Furthermore, immunohistochemistry for
SARS-CoV-2 performed by the  polymer-
immunocomplex method using an EnVision System (Dako,
Carpinteria, USA) with primary antibodies against the
SARS-CoV nucleocapsid protein (rabbit polyclonal; Na-
tional Institute of Infectious Diseases, Tokyo, Japan), for
which reactivity against SARS-CoV-2 has been con-
firmed (6); however, the SARS-CoV-2 antigen was not de-
tected in any of the samples investigated (Table, Fig. 6).

was
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Figure 2. Diffusion weighted image (DWI) (A, B), and fluid-attenuated inversion recovery (FLAIR)
image (C, D) of brain MRI taken on day 14. Marked hyperintensity on both DWI and FLAIR is ob-
served extensively in the perfusion zone of the right middle cerebral artery and the right medial oc-

Rv

cipital artery, and also spottedly in the left thalamus (A, B). The abnormal signals are also seen in the
pons and the bilateral cerebella on DWI (C), while they are not apparent on FLAIR (D). Rt: right side

Discussion

Regarding the pulmonary findings that caused the pa-
tient’s death, DAD and AFOP were noted in the acute phase
and therefore indicated to have been caused by aspiration
pneumonia rather than COVID-19, considering the clinical
course. In contrast, only the irregular fibrosis was consid-
ered to have been derived from COVID-19 pneumonia.
SARS-CoV-2 was hardly detected by qRT-PCR or immuno-
histochemistry, and even in the bronchi, where it was only
detected, no significant findings were noted.

We detected both macroscopic infarcts and microinfarcts
in the brain. In previous autopsy reports of COVID-19 pa-
tients, cerebral infarcts have been commonly described and
were presumed to have been of thromboembolic origin be-
cause of their vascular pattern (7), although intravascular
microthrombi had been less commonly reported (8). Despite
the absence of intravascular emboli or clinical evidence of
atrial fibrillation, the organized thrombus in the ventricle in-
dicated the macroscopic infarcts to be cardioembolic; since

they were in the subacute phase, they may have occurred
coincidentally with the onset of COVID-19, although we
were unable to determine the relevance of infection at
autopsy. In contrast, the microinfarcts appeared to have de-
veloped by a different etiology, considering their suspected
newer onset and the blood flow distribution. The pathologi-
cal findings, including the thrombi in pulmonary vessels,
suggest that the microinfarcts were caused by microscopic
vascular changes, similar to disseminated intravascular co-
agulation.

Taking into account the negative qRT-PCR and immuno-
histochemistry results, the absence of those findings raises
the possibility that the virus did not invade the brain paren-
chyma. However, the infarction may still have been associ-
ated with SARS-CoV-2, as it has been reported that viral
RNA levels detected by qRT-PCR are very low and viral
protein is not detected at all by immunohistochemistry in
brains from some COVID-19 patients, all of whom were
complicated with hypoxic/ischemic changes (9). It has been
hypothesized that SARS-CoV-2 invasion into endothelial
cells of brain vasculature via angiotensin-converting enzyme
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Figure 3. Coronal section of the lungs (A). Alveolar pneumonia with numerous neutrophilic infil-
trates is seen mainly in the lower lobes of bilateral lungs (B). It extensively accompanies epithelial
denudation and development of hyaline membranes with little collagen fiber (C), which indicates the
exudative phase of diffuse alveolar damage. Fibrin balls are also seen in the alveolar spaces (D), and
scattered loose fibrosis penetrating into the alveoli and alveolar canals are observed (E), which dem-
onstrate acute fibrinous and organizing pneumonia. On the other hand, irregular fibrosis with older
time phase are scattered (F), suggesting to be the scarring from coronavirus disease 2019 (COVID-19)
pneumonia. Fibrin thrombi are observed in a small number of pulmonary vessels (G). There are no
findings of note in the left bronchus (H). Hematoxylin and Eosin staining (B-D, G, H), Elastica van
Gieson (EVG) stain (E, F). Scale bars: 5 cm (A), 100um (B-G), 250 um (H).

Figure 4. Coronal slices of the cerebrum show multiple infarctions with bleeding, mainly in the
perfusion zone of the right middle cerebral artery. Scale bars: 5 cm (A, B)

2 (ACE2) receptor leads to microthrombi deposition (10). sponse and a hypercoagulable state through the coagulation
Furthermore, it can induce a systemic inflammatory re- cascade and elevation of von Willebrand factor (VWF) (5, 10).
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Figure 5. The lesion of subacute infarction complicated with hemorrhage is observed in the cortex
of the postcentral gyrus (A). It is rarefacted and accompanies angiogenesis (B). The microinfarction
observed in the midbrain (C) is accompanied by axonal swelling and edematous white matter (D).
Hematoxylin and Eosin staining. Scale bars: 2 mm (A), 500 pm (B, C), 100um (D)
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Figure 6. The infarct of the right frontal lobe showed nega-
tive on severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) immunohistochemistry. Inset: a positive con-
trol of SARS-CoV-2 immunohistochemistry in the lung of an-
other unrelated patient. Alveolar epithelial cells are positive
for SARS-CoV-2. Scale bars: 100um, 50um (inset)

Therefore, the infarction in our case may have been induced
by the direct endotheliopathy and the indirect hypercoagulo-
pathy caused by SARS-CoV-2.

It should be noted that autopsy in this case was per-
formed in accordance with the normal infection control
measures in autopsies using an anti-infection dissection

room, as the patient had been released from isolation for
COVID-19. A previous report showed that SARS-CoV-2
was more frequently detected in the bronchus than in the
lung by qRT-PCR in autopsy cases (11), and another study
demonstrated that no virus was detected in lung samples
from the organizing phase of DAD after more than two
weeks from the onset (12). In the present case, SARS-CoV-
2 was detected only at the bronchus with low copy numbers
by qRT-PCR and was undetectable in immunohistochemis-
try. This implies the presence of a low number of infectious
viruses in the bronchus, suggesting their reduced infectivity
compared with the acute phase of COVID-19.

In conclusion, we described autopsy of a brain from a
COVID-19 patient complicated with cerebral infarction.
While the autopsy results failed to provide evidence of the
invasion of SARS-CoV-2 into the brain parenchyma, macro-
scopic embolism and microinfarctions were observed, with
evidently different etiologies. Since SARS-CoV-2 may in-
duce thrombosis by both endotheliopathy and hypercoagulo-
pathy, the infection may have contributed to the develop-
ment of the stroke. In elderly patients with risk factors, anti-
coagulation therapy should be introduced at the early stage
of the disease because of the risk of developing severe
stroke, as shown in this case. In addition, the low copy
numbers of SARS-CoV-2 on qRT-PCR suggest a reduced in-
fectivity at autopsy, so the further accumulation of autopsy
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Table.

Quantification of Severe Acute Respiratory Syndrome Coronavirus 2

(SARS-CoV-2) Ribonucleic Acid (RNA) and Immunohistochemistry against
SARS-CoV-2 RNA in Multiple Specimens.

Specimen type/site SA.RS-COV.-Z’ . SARS.-COV-Z .
copies/reaction  immuno-histochemistry

Nasal swab UDL -
Right frontal lobe (with infarction) UDL Negative
Left frontal lobe (without infarction) UDL Negative
Left bronchus 523 Negative
Left lung

Upper lobe (with AFOP) UDL Negative

Lower lobe (with AFOP) UDL Negative

Lower lobe (without AFOP) UDL Negative
Right bronchus UDL Negative
Right lung

Upper lobe (with AFOP) UDL Negative

Upper lobe (without AFOP) UDL Negative

Middle lobe (without AFOP) UDL Negative

Lower lobe (with AFOP) UDL Negative
Left ventricle of the heart UDL Negative
Liver

Left lobe UDL Negative

Right lobe UDL Negative
Spleen UDL Negative
Left adrenal gland UDL Negative
Left kidney UDL Negative

UDL: under detection limit (<10 copies/reaction), AFOP: acute fibrinous and organizing pneumo-

nia

findings, including those involving the brain, is required to
elucidate the pathogenesis of COVID-19.

Consent to publish the details of the case was obtained from

the family of the patient.

The authors state that they have no Conflict of Interest (COI).
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