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A Japanese case of COVID-19: An autopsy report
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A 93-year-old woman was admitted with a 10-day history of cough and pros-
tration. Thoracic computed tomography revealed extensive ground-glass opac-
ities in both the lungs. The polymerase chain reaction test of sputum for severe
acute respiratory syndrome-coronavirus-2 (SARS-CoV-2) was positive. She was
treated with antiviral agents and steroid pulse therapy. However, her oxygen
saturation gradually declined, and she died 10 days after hospitalization. The
most important autopsy finding was fuzzily segmented diffuse alveolar damage
(DAD) that expanded from the subpleural to the medial area. No remarkable
changes were observed in organs other than the lungs. Therefore, pneumocytes
were suggested as the primary target for SARS-CoV-2, which might explain why
coronavirus infectious disease-19 is a serious condition. Thus, early treatment is
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INTRODUCTION

Coronavirus infectious disease-19 (COVID-19) has rapidly
spread throughout the world since late 2019, with millions of
infected patients and hundreds of thousands of deaths."?
One crucial feature of COVID-19 is a substantially higher
mortality rate (~15%) than the seasonal influenza virus in-
fectious disease (~0.1%)."? Ethnic differences in mortality
rates have been observed, with higher rates in Europe
(~15%) than in East Asia (~5%)."* To elucidate the under-
lying mechanism for these characteristics, autopsy cases
from different countries need to be compared. Presently, less
than 50 cases have been reported in the English language
literature.>'® We present the first such case report of a
Japanese COVID-19 patient.

essential to prevent viral replication from reaching a level that triggers DAD.

COVID-19, diffuse alveolar damage, Japanese case

CLINICAL SUMMARY

A 93-year-old Japanese woman was admitted with a 10-day
history of cough and prostration. Thoracic computed tomog-
raphy (CT) revealed ground-glass opacities in both the lungs
with a fuzzy segmental distribution, predominantly seen in the
subpleural area at the lateral-dorsal side of the lower lobes
(Fig. 1). The right lobe seemed predominantly affected (Fig. 1).
She was treated with antibiotics (sulbactam, ampicillin and
ceftriaxone), but the pneumonia did not improve. The poly-
merase chain reaction (PCR) test (LightMix, TIB MOLBIOL,
Berlin, Germany) of the sputum for severe acute respiratory
syndrome-coronavirus-2 (SARS-CoV-2) was performed on the
third day after hospitalization, and positive results were ob-
tained on the fifth day. A diagnosis of COVID-19 was
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Figure 1

Representative images of thoracic computed tomography (CT) reveal ground-glass opacity, which shows segmental distribution, (a)

predominant in the subpleural area of the lateral-dorsal side (b and c) of the lower lobe (c and d). The right lobe seems predominantly affected (a—d).

confirmed. Thereafter, she was treated with antiviral agents
(favipiravir, hydroxychloroquine and ciclesonide) and steroid
pulse therapy (methylprednisolone). Her systemic status
worsened gradually, with declining oxygen saturation levels.
She died of respiratory failure 10 days after hospitalization.

A summary of the clinical course with the essential labo-
ratory findings is shown in Fig. 2. A notable finding was the
rapid elevation of white blood cells, C-reactive protein and
lactate dehydrogenase levels 2 days before her death.

PATHOLOGICAL FINDINGS

An autopsy was performed 13h postmortem. The height
and weight were average. No remarkable changes were
observed on the body surface.

Both lungs were edematous and heavy (not measured to
avoid contamination). The cut surfaces felt solid and firm,
appeared partially glittering, brownish-red in color and had
viscous exudate (Fig. 3). The changes were unevenly
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Figure 2 A summary of fluctuations in arterial oxygen saturation (SaO,; %), white blood cell (WBC; 103/uL) count, C-reactive protein (CRP;
mg/dL) and lactate dehydrogenase (LDH; IU/L) levels. The WBC, CRP and LDH levels increased from 2 days before the death. ABPC,
ampicillin; CIC, ciclesonide; CTRX, ceftriaxone; FPV, favipiravir; HCQ, hydroxychloroquine; mPSL, methylprednisolone; SBT, sulbactam.
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Figure 3 Gross appearance of transverse sections from the right lung. The cut surfaces appear glittering and focally brownish-red and are
solid and firm. Adjacent to the brownish-red areas, yellowish-white thrombi are seen in interlobular vessels (arrows). The changes are
unevenly distributed and appear fuzzy segmentally. The subpleural area on the lateral-dorsal side appears more solid and firm. The area
distant from the pleura is soft and has much more exudate. The area marked with a square is representative and has been used to present the

histological appearances in Fig. 4.

distributed. The subpleural area on the lateral-dorsal side felt
solid and firm.

Microscopically, the subpleural area showed remarkable
pathological changes (Fig. 4a), where most alveoli were
covered or filled with a mixture of regenerating/desqua-
mative pneumocytes, macrophages and fibroblasts (or-
ganizing stage) (Fig. 4b). Degenerated pneumocytes with
markedly swollen eosinophilic cytoplasm were occasion-
ally observed (Fig. 4b), which resembled SARS-CoV-2-
infected cells, as shown in a previous report.® In the area
distant from the pleura, the alveolar lumina and alveolar

ostia were covered with hyaline membrane (Fig. 4c), and
focal alveolar hemorrhage was seen (acute stage). Thus,
the findings confirmed diffuse alveolar damage (DAD),
which expanded from the subpleural to the medial area. In
addition, the severity and temporal phases of the DAD
were segmentally different (Fig. S1), which could depend
on the viral dose initially inhaled and could be due to
secondary viral spreading via hematogenous or lymphatic
routes during the current history.

On the other hand, the respiratory tract (trachea, bronchi and
bronchioles) focally showed acute inflammation, with entirely
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Figure 4 Representative microscopic appearances from the square in Fig. 3. The areas marked with squares 1, 2, 3 and 4 in the scanning
view (a) have been magnified and demonstrated in the other panels (b-e). In area 1, alveoli covered or filled with a mixture of regenerating
pneumocytes and fibroblasts, and degenerated pneumocytes with markedly swollen eosinophilic cytoplasm are seen (b). In area 2, alveoli
covered with hyaline membrane are seen (c). In area 3, bronchiole with entirely desquamated epithelial cells and neutrophil infiltration is seen
(d). In area 4, alveolar spaces filled with neutrophils containing a few fragments of keratinized materials are seen (e). In panels b-e, the areas

marked with asterisks have been magnified and shown in insets.

desquamated epithelial cells and infiltration of numerous
neutrophils (Fig. 4d). Additionally, acute bronchopneumonia
was observed (Fig. 4e and Fig. S2), where a few fragments
of keratinized material, giant cells and bacterial colonies were
detected. Fibroblastic proliferation was not observed, sug-
gesting that bronchitis, bronchiolitis and bronchopneumonia
may have exacerbated shortly before her death, and likely
resulted from aspiration and secondary bacterial infection, but
not as a primary event caused directly by the viral infection.
Acute thrombi were occasionally seen in different levels of
pulmonary arteries (interlobular or more distal levels) and were
restricted to the area adjacent to the bronchopneumonia
and severe DAD. This suggests that these thrombi could
be secondary events because of expansion of the purulent
inflammation and localized circulation failure resulting from
tissue destruction (Fig. S3). An obvious microthrombus
indicating endothelial cell damage was not detected.

No remarkable change was observed in other organs,
confirming that the cause of her death was respiratory failure
mainly caused by the DAD.

DISCUSSION

The most essential pathological finding demonstrated by the
autopsy was the fuzzy segmental DAD that expanded from
the subpleural to the medial area, suggesting that pneumo-
cytes are the primary target. SARS-CoV-2 could pass
through the respiratory tract, reach alveoli, and directly and
primarily infect pneumocytes. This behavior is quite different
from most viruses that cause the common cold, which infect
epithelial cells in the respiratory tract, and may be the reason
why COVID-19 is a serious condition.

SARS-CoV-2 is generally known to infect host cells through
angiotensin converting enzyme 2 (ACE2) as the interface.
ACE2 is reportedly expressed in 15 organs, including the
lungs, heart, and kidneys.? In fact, severe heart failure and
renal failure have been reported in patients with COVID-19.
Once viremia occurs in severe cases, SARS-CoV-2 may affect
organs other than the lungs.

Thus, we believe it is essential to treat COVID-19 patients
with potentially effective antiviral agents as early as possible
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in order to prevent viral replication from reaching pathogenic
levels, triggering severe DAD, and subsequent viremia.

Regarding viral detection, the current PCR test that examines
material swabbed from the nasopharyngeal mucosa may not be
the best, as the sensitivity (0.6-0.7) seems unsatisfactory.''*
Sputum could be a more suitable choice to detect SARS-CoV-2.

We did not find any significant differences, which could be
related to ethnicity, in the pathological findings between our
case and previously reported cases.’'° However, only a
small number of autopsy cases have been reported to ad-
dress this issue. To understand the mechanism behind
ethnic differences in the severity of COVID-19, more autopsy
cases and different research approaches are required.

In conclusion, we presented an autopsy case of COVID-19.
We hope that our findings will help in better understanding of
COVID-19 and improve therapeutic strategies.
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Additional supporting information may be found online in the
Supporting Information section.
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