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1  |  INTRODUCTION

Since December 2019, severe acute respiratory syndrome 
coronavirus- 2 (SARS- CoV- 2) has been threatening the 
world. Despite the initial fears of this pandemic, an in-
creasing number of autopsy cases have been reported, and 
pathophysiology of Coronavirus infectious disease 2019 
(COVID- 19) is getting better understood. Pathology of 662 
patients in 58 studies from June 4, 2020, to September 30, 
2020, was reviewed, and most frequently described pul-
monary findings were diffuse alveolar damage (DAD), 
followed by thromboembolisms, and non- specific shock 

injury in multiple organs.1 Indeed, DAD, corresponding 
to the acute respiratory distress syndrome (ARDS) in the 
clinical status, is a major cause of death. Thus, therapeutic 
efforts have been made to save global lives.

Remdesivir is an RNA polymerase inhibitor, which 
has anti- viral activities against RNA viruses.2 The drug 
can incorporate into nascent viral RNA, and inhibit the 
RNA- dependent RNA polymerase, which results in pre-
mature termination of viral replication. Clinical course of 
COVID- 19 is biphasic, consisting an early viral proliferat-
ing phase and a subsequent inflammatory phase.3 Thus, 
remdesivir is effective with the first 5- day administration.4 
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Abstract
Autopsy was performed on a COVID- 19 patient, who suddenly died despite the 
extensive anti- viral and anti- inflammatory therapies. Although moderate sub-
pleural fibrosis was seen, pathology of DAD, a well- known cause for pulmonary 
failure, was minimum. Instead, severe hemorrhage was observed. Therapeutic 
effects were indicated; however, why severe hemorrhage occurred was unclear.
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But later, depending on the severity of the patient's condi-
tions, the optimal medication would differ.

Anti- inflammatory therapy is required if the clin-
ical condition worsened with overexuberant host im-
mune response. After the anti- viral treatment, some 
patients may deteriorate, in approximately 7 days. Then, 
anti- inflammatory therapy starts to prevent unfavorable 
immune response, such as cytokine storm or ARDS. 
Here, glucocorticoids, such as dexamethasone, modu-
lates inflammation- mediated lung injury and thereby 
is expected to reduce progression of respiratory failure.5 
Efficacy of dexamethasone was reported for hospitalized 
patients with respiratory support, either invasive mechan-
ical ventilation or oxygen alone.6 There is also growing 
interest in the use of tocilizumab, a monoclonal antibody 
against interleukin- 6 receptor (IL- 6R). Although its effi-
cacy is not yet concluded,7 its additional use to cortico-
steroids has been reported beneficial.8– 10 Nonetheless, 
pathophysiological evidence is needed to prove therapeu-
tic effects of these drugs.

Here, we present an autopsy case of COVID- 19 with 
treatment of remdesivir, dexamethasone, and tocilizumab. 
During the 4th wave in Japan (April, 2021), biphasic anti- 
viral and anti- inflammatory treatment was applied with 
approval to overcome this disease. Unlike the previous au-
topsy reports conducted early in the pandemic, pathology 
reflecting the host unfavorable response, such as DAD and 
fibrosis was not so prominent in this case, likely suggest-
ing the therapeutic effects. However, severe pulmonary 
hemorrhage seemed fatal, of which reason could not be 
concluded.

2  |  CLINICAL SUMMARY

A 75- year- old Japanese man was found to be infected with 
severe acute respiratory syndrome coronavirus- 2 (SARS- 
CoV- 2) by polymerase chain reaction (PCR) test. He 
lived together with his wife and daughter, and his daugh-
ter first developed Coronavirus infectious disease 2019 
(COVID- 19). Three days later, he and his wife appeared 
to be PCR- positive for the virus. He was under medication 
for diabetes mellitus (DM), gout, hypertension, and atrial 
fibrillation. In addition, he underwent an operation for 
squamous cell carcinoma, 2 months before the PCR test. 
His status was pT2aN2M0, pStageIIIa, and he showed a 
good post- operative performance.

Three days after the PCR test, he developed a fever and 
was hospitalized (Day 1). His SpO2 was 95% with oxygen, 
2 L/min by nasal canula. The image of thoracic computed 
tomography (CT) is presented in Figure  1A. Anti- viral 
therapy with remdesivir (100 mg/day) was started, but his 
fever did not go down. On Day 5, CT revealed the apparent 

pulmonary fibrosis with a crazy- paving pattern, character-
istic for COVID- 19. Oxygen was supplied with nasal high 
frow (NHF), 40 L, FiO2 55%. Anti- inflammatory therapy 
was started with dexamethasone (6.6 mg/day). However, 
with worsened respiratory condition, FiO2 70%– 80% was 
required to keep SpO2 90%– 95%. Invasive mechanical 
ventilation was seriously considered, but not performed 
due to unwillingness of the patient and his family. On 
Day 10, IL- 6 inhibitor, tocilizumab (680 mg) was adminis-
tered, then SpO2 was gradually improved. Since FiO2 was 
decreased to 40%– 60% to keep SpO2 92%– 95%, NHF was 
changed to the biphasic positive airway pressure system 
(BIPAP). However, on Day 15, bacterial co- infection was 
suspected with the white blood cell (WBC) count, 23,600/
μl. Increase in FiO2 was again required, and treatment 
with meropenem (2 g/day) was started. Pulse therapy with 
prednisolone (1000 mg × 3 days) was also done. On Day 21, 
he was suddenly deteriorated with bradycardia and low 
blood pressure and passed away. Just before the autopsy, 
the final PCR test still revealed the presence of SARS- 
CoV- 2 in the nasopharyngeal swab. The clinical course is 
summarized in Figure 1.

3  |  PATHOLOGICAL FINDINGS

Autopsy was performed 8  h and 20 min after his death. 
The height 177 cm and weight 92 kg indicated obesity 
(BMI 29.4). Operation scar for lung cancer was present in 
the left lateral side of his chest, as well as multiple insulin- 
injection scars in his abdomen.

3.1 | Pulmonary pathology

Macroscopically, both lungs were hardened, weighed 
800 g (right upper, middle, and lower lobes) and 260 g (left 
lower lobe) (Figure  2A). The right lung was markedly 
hemorrhagic, especially in the middle lobe. The upper 
lobe of the left lung was missing, due to lobectomy for lung 
cancer. The cut surfaces of post- mortem lungs were com-
pared with the last CT image taken on Day 8 (Figure 2B) 
(Figures S1– S3).

3.1.1 | Severe pulmonary hemorrhage in the 
right lung

The right lung was markedly hemorrhagic, especially 
in the hilar region of the middle lobe. The hemor-
rhagic lesion was extended to both upper and lower 
lobes (Figure  3). In the last computed radiography 
(CR) images taken on Day 17, 4 days before the 
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death, hemorrhagic signs were not observed, indicat-
ing the hemorrhage occurred during the last 3 days. 
The right upper lobe was affected with emphy-
sema, and the lower lobe, subpleural fibrosis. Blood 

filled most healthy alveoli, indicating the fatality 
(Figure 4A). The bronchi in the right lower lobe were 
mildly enlarged, in which coagulants were present 
(Figure 5A,B).

F I G U R E  1  (A) Representative CT images. Progression of subpleural fibrosis was apparent on Day 5, but not on Day 8. (B) Oxygen 
dosage and medication during the 21- day clinical course. (C) SpO2 improved temporarily after administration of tocilizumab. (D) The 
summary of WBC, CRP and body temperature. On Day 15, the WBC count and body temperature increased, followed by CRP
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3.1.2 | Thrombosis in the pleural and 
subpleural regions

Thrombosis was observed in the pulmonary veins of the 
thickened pleura and small vessels in the subpleural 
area (Figure 4A,B and 5D). In the right middle lobe, old 
thrombus was organized and recanalized (Figure  4B, 
read arrow). However, most thrombi were fresh without 
organization (Figure  4A,B and 5D). Hemorrhagic area 
included necrotic alveoli and blood vessels, as well as frag-
mented alveolar septum, where the presence or absence 
of thrombi was hardly evaluated. The cause of pulmonary 
hemorrhage was not concluded. Although hemorrhagic 
infarct was one of the possibilities, it usually occurs in the 
subpleural area, which is distinct from this case.

3.1.3 | Peri- lobular fibrosis in the 
subpleural area

Subpleural fibrosis was predominantly seen in in the 
lateral- to- dorsal side of the bilateral lower lobes. Pleura 
was fibrously thickened, and fibrosis was extended 

along with lobular septum, making peri- lobular patterns 
(Figure 5A,D). Masson trichrome (MT) staining revealed 
that the fibrosis was apparent in the band- like area (width 
3– 4 mm) of the subpleural region (Figure 5D).

3.1.4 | Other pulmonary pathology

The DAD pathology in the exudative phase, hyaline mem-
brane formation inside of the alveolar lumen, was seen, 
but focal (Figure  4C). The end- stage pathology of DAD 
was also present in the hemorrhagic lesion, accompany-
ing squamous metaplasia (Figure 5C). Although previous 

F I G U R E  2  (A) Gross appearance of post- mortem lungs. The 
left upper lobe is missing after lobectomy for cancer. (B) After 
formalin fixation, the right lung was sectioned into A– Q. Sections 
I, K, and L roughly corresponded to the slices A, B, and C in the CR 
images

(A)

(B)

F I G U R E  3  The CT images on Day 8 were compared with the 
post- mortem lung. Slices A, B, and C on CT roughly corresponded 
to the sections I, K, and L, respectively. The upper lobe Emphysema 
in the upper lobe in the lower lobe were recognized. Marked 
hemorrhage was seen in the right middle lobe of the post- mortem 
lung, which was absent in CT images. Red arrows in section I and 
section L correspond to the histopathology shown in Figures 4A 
and 5A, respectively
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autopsy reports described the DAD pathology is the major 
cause of lung failure,1,11 it was minimum in the present 
case. Infiltration of neutrophils and lymphocytes were 
also hardly seen, and only macrophages predominantly 
appeared. Immunohistochemistry in use of anti- SARS- 
CoV- 2 antibody did not reveal any infected cells. Although 
PCR showed the viral RNA presence in the nasopharyn-
geal swab, the discrepancy would be due to the detection 
sensitivity. Thus, even if the virus was present, its copy 
number would be low.

3.2 | Systematic pathology of 
other organs

COVID- 19 is a systematic disease, in which multiple or-
gans, including the lungs, heart, liver, kidney, gastroin-
testinal tract, the central nervous system (CNS) would 

be affected.12,13 Full autopsy of the present case revealed 
varieties of findings in other organs, but it was uncertain 
if they are directly associated with COVID- 19, since bacte-
rial and fungus co- infection was also observed. Additional 
pathological findings are described as follows.

3.2.1 | Stomach

Severe hemorrhage with multiple ulcers. Candida infec-
tion was detected.

3.2.2 | Heart

Diffuse neutrophil infiltration in the myocardium and 
stromal edema. Mural thrombus in the left auricular 
appendage.

F I G U R E  4  Histopathology of the 
right upper and middle lobes (red arrow 
in Figure 3A). (A) Emphysema and 
thrombosis were observed in the upper 
lobe, while severe hemorrhage in the 
middle lobe. (B) High power view of 
thrombosis (red arrow in A). Organized 
thrombus is pointed with the red arrow. 
(C) Hight power view of the middle 
lobe (blue arrow in A). DAD with fibrin 
exudation was focally observed. (A): 
Masson trichrome (MT) staining. (B 
andC): Hematoxylin– eosin (HE) staining

(A) (B)

(C)

F I G U R E  5  Histopathology of the 
right lower lobe (red arrow in Figure 3C). 
(A) Peri- lobular fibrosis was seen, in the 
subpleural area, width 3- 4 mm. (B) High 
power view of intrabronchial coagulants 
(red arrow in A). (C) High power view of 
squamous metaplasia (blue arrow in A). 
(D) High power view of the subpleural 
fibrosis (black arrow in A)

(A) (B) (C)

(D)
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3.2.3 | Spleen

Acute splenitis with prominent neutrophil infiltration 
was seen.

3.2.4 | Kidney

Multiple abscess formation with bacterial colonies. 
Microcoagulopathy in glomerular blood vessels, resem-
bling disseminated intravascular coagulation (DIC) was 
also observed.

3.2.5 | Lymph nodes

Lymph adenitis and erythrophagocytosis was seen.

3.2.6 | Prostate

Microabscess was present.

3.2.7 | Liver

Mild lymphocytic infiltration in the portal area was seen.
Again, hemorrhage was severe in the right lung, as well 

as stomach. The clinical data of PT- INR, APTT, PT, D- 
dimer, and platelet was reviewed, but the cause of severe 
hemorrhage still remained uncertain (Figure 6).

4  |  DISCUSSION

In this report, we present an autopsy case of COVID- 19 
with anti- viral and anti- inflammatory therapy. 
Pulmonary pathology revealed severe hemorrhagic 
change, but the findings of DAD and subpleural fibrosis 
were not so prominent. Autopsy findings of COVID- 19 
have been reported from worldwide countries, includ-
ing the United States,13 and those from Europe,14– 16 
Asia,12,17,18 and Africa.19 No national differences have 
been described, and most reports stated that DAD is a 
major cause of respiratory failure, which is different 
from the present case.

F I G U R E  6  Clinical dynamics of the coagulation system and the dose of warfarin. (A) PT- INR was the highest on Day 8 but improved 
with vitamin K supplementation and reduction of warfarin. (B) PT and APTT. After Day 8, APTT was prolonged over PT, suggesting 
APTT dominance. (C) D- dimer was the highest on Day 8 but declined during the latter part of the clinical course. (D) Platelet count in the 
peripheral blood was the lowest on Day 17, but readily recovered since then
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Since this pandemic occurred, efforts have been made 
to overcome the exaggerated host immune reactions, 
and a living WHO guideline on drugs for COVID- 19, 
for example, was repeatedly updated.20 Autopsy of the 
present case was performed in April 2021, during the 
4th pandemic wave in Japan, and the patient was treated 
with anti- inflammatory therapy with dexamethasone 
and tocilizumab. Thus, the absence of active DAD and 
severe fibrosis would be due to the therapeutic effects. 
Subpleural fibrosis was also restricted. Thus, we inter-
pret that the direct cause of death was severe hemor-
rhage, but not DAD.

The reason why severe hemorrhage occurred remain 
undetermined. In the kidney, microvascular thrombosis 
was seen in the glomerular vessels, resembling pathology 
of DIC. However, the last platelet count was over 90,000/
μl in the peripheral blood suggesting unlikeliness of DIC 
(Figure  6). The patient was also under anticoagulation 
therapy with warfarin, due to permanent atrial fibril-
lation, but his PT- INR was kept between 1.8 and 3.8 in 
the last day. At the autopsy, his stomach was filled with 
blood, and multiple ulceration was seen accompanying 
candida colonies. Thus, aspiration of blood clot from the 
stomach is considerable, but the hemorrhagic lesion in 
the right lung is so severe that aspiration may not be only 
the cause of death. In the hilum of the right lung, blood 
vessels which would be responsible for severe hemorrhage 
was extensively searched, but not identified. However, in 
kidney, bacterial colonies were also present with multiple 
abscess. Thus, co- infection may relate to the systematic 
coagulation and fibrinolysis disorder, but it could not be 
concluded.

In conclusion, we present the autopsy case of 
COVID- 19 treated with remdesivir, dexamethasone, and 
tocilizumab. The pulmonary pathology suggested the 
therapeutic effect, but the cause of severe hemorrhage re-
main unknown. Co- infection would be also a future issue 
in relation to anti- inflammatory therapy for COVID- 19. 
We hope our analysis contributes to save the global lives 
from this pandemic disease.
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