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Abstract: As of August 23, 2020, the 2019 novel coronavirus disease
(COVID-19) has infected more than 23,518,340 people and caused more
than 810,492 deaths worldwide including 4,717 deaths in China. We pres-
ent a case of a 53-year-old woman who was admitted to the hospital be-
cause of dry coughs and high fever on January 26, 2020, in Wuhan,
China. She was not tested for SARS-CoV-2 RNA until on hospital day
11 (illness day 21) because of a significant shortage of test kits at the local
hospital. Then, her test was positive for COVID-19 on hospital day 20. De-
spite intensive medical treatments, she developed respiratory failure with
secondary bacterial infection and expired on hospital day 23 (3 days after
she was tested positive for SARS-CoV-2 RNA). A systemic autopsy exam-
ination, including immunohistochemistry and ultrastructural studies, dem-
onstrates that SARS-CoV-2 can infect multiple organs with profound
adverse effect on the immune system, and the lung pathology is character-
ized by diffuse alveolar damage. Extrapulmonary SARS-CoV-2 RNA was
detected in several organs postmortem. The detailed pathological features
are described. In addition, this report highlights the value of forensic au-
topsy in studying SARS-CoV-2 infection and the importance of clinico-
pathological correlation in better understanding the pathogenesis of
COVID-19.
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A n outbreak of COVID-19 caused by the 2019 novel coronavi-
rus (SARS-CoV-2) emerged in Wuhan, China in December
2019 and has spread throughout China and to 200 countries/
territories worldwide.! On March 11, the World Health Organiza-
tion (WHO) declared COVID-19 outbreak a pandemic. As of
August 23, 2020, the COVID-19 has killed more than 309,400
people worldwide.! SARS-CoV-2 infection, as is true for the re-
lated diseases, acute respiratory distress syndrome coronavirus
(SARS-CoV) and Middle East Respiratory Syndrome coronavi-
rus (MERS-CoV), predominantly affects the lower respiratory
tract and manifests as pneumonia in humans.>~> COVID-19 can
cause a wide clinical spectrum from asymptomatic infection, mild
respiratory cold-like illness, to severe pneumonia and multiorgan
failure.*’

Limited forensic pathology studies have been reported based
on autopsy examination. This report describes systemic autopsy
findings correlated with clinicopathological features of a COVID-19
patient in Wuhan, China. We also tested different organs for
SARS-CoV-2 RNA to determine the distribution of the virus
in the body postmortem.

CASE REPORT

A 53-year-old woman was admitted to a designated hospital
in Wuhan with dry cough, high fever and shortness of breath on
January 26, 2020. She reported cold-like symptoms with dry
cough and mild temperature elevation for about 7 days. She treated
herself at home with Chinese herb medicine and cough syrup. Then
her cough worsened and she developed chills, fatigue, chest tight-
ness, and her body temperature rose from 38.0°C to 39.0°C in the
3 days before admission. According to the patient, she and her
family members had never visited the seafood market where life
animals were sold, which were thought to be the origin of this vi-
rus. All of her family member and close friends were not sick,
with no fever or respiratory symptoms. She was retired and spent
most of her time at home and in her community. She did not have
any significant medical history. Figure 1 shows the timeline of the
course of her disease.

On admission (hospital day 1, illness day 11), the patient had
shortness of breath with body temperature: 38.6°C and oxygen
saturation: 90%. Because of the widespread nature of COVID-19
in Wuhan by the end of January, the hospital admitted her to an
isolation ward. Her admission complete blood counts revealed
mild increase of neutrophils and mild decease of lymphocytes. Her
chest X-ray was remarkable for ground glass/cloud-like opacities of
both lungs, consistent with an atypical/viral pneumonia (Fig. 2).
Rapid IgM antibody tests for influenza A and B, parainfluenza, re-
spiratory syncytial virus, adenovirus, mycoplasma pneumonia,
chlamydia pneumonia, and legionella pneumonia were negative.
Admission blood bacterial culture was reported no growth on hos-
pital day 3.
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FIGURE 1. Timeline of disease course according to day of illness and day of hospitalization, January 16 to February. 17, 2020. *Acinetobacter
baumannii; *: Death at 8:30 AMm; **: Autopsy at 4:00 PMm. SOB: shortness of breath. OTC, over-the-counter antipyretics and cough syrup.

On hospital day 10, her body temperature reached to 40.1°C.
Her laboratory test results reflected severe leukocytosis with
neutrophilia, lymphopenia, and thrombocytopenia (Table 1). Her
chest X-ray showed persistent ground glass lesions. She was tested
for SARS-CoV-2 RNA on hospital day 11 (illness day 21). Testing
before this was not possible because of a significant shortage of test
kits at the local hospital. Her first 2 pharyngeal swab real-time re-
verse transcription polymerase chain reaction (RT-PCR) tests were
negative on hospital day 11 and 16 (illness days 21 and 26). On
hospital day 20 (illness day 30), the SARS-CoV-2 RNA became
positive. Her blood cultures on hospital days 7, 10, and 16 showed
no growth, but were positive for Acinetobacter baumannii on hos-
pital day 20 (illness day 30). Despite intensive oxygen and supportive
measurements, extensive antibiotics, antiviral, and anti-inflammatory
medical treatments, she developed respiratory failure with secondary
bacterial infection and expired on hospital day 23 (illness day 33).

FIGURE 2. Chest x-ray image: bilateral ground-glass/cloud-like
opacities, indicating atypical pneumonia on January 26, 2020
(illness day 11, hospital day 1).

© 2021 Wolters Kluwer Health, Inc. All rights reserved.

MATERIALS AND METHODS

In China, the majority of hospital pathologists have never
done an autopsy during their residency training and their clinical
practice. Therefore, a complete autopsy was performed by foren-
sic pathologists within 8 hours after her death. A formal consent
from the next of kin was obtained prior to the autopsy. The patient's
family wished that her autopsy studies would help better understand
the COVID-19. The autopsy was conducted in accordance with reg-
ulations issued by the National Health Commissions of China.

Representative sections obtained from different organs were
fixed in 10% buffered formalin and then paraffin-embedded, sec-
tioned at 4 um, and stained by routine hematoxylin and eosin.
Representative lung sections were stained for by Periodic Acid-
Schiff. Immunohistochemical labeling included Cytokeratin 7,
CD68, CD3, and CD20 were performed on the lung tissues. CD20
and CD3 stains were conducted on spleen and lymph nodes. Small
pieces of fresh lung tissue were snap fixed in 2.5% (v/v) glutaralde-
hyde for at least 24 hours at 4°C. Then the tissues were processed
for electronic microscopy examination as published previously.®

RNAs were extracted from serum and fresh tissue obtained
from different organs using Trizol Reagent (Invitrogen). Real-time
RT-PCR detection of SARS-CoV-2 RNA was performed using a
commercial diagnosis kit from Shanghai Huirui Biotechnology
Co., Ltd (catalog VR-II-120), which was approved by Chinese FDA
and Chinese Centers for Disease Control and Prevention. Two tar-
get genes including open reading frame 1ab (ORF1ab) and Nucle-
ocapsid protein (N) were amplified and tested according to the
manufacturer's protocol. The laboratory testing for SARS-CoV-2
was conducted following the WHO guidance.

RESULTS

Figure 3A shows gross examination findings of lungs. There
were thick yellowish jelly-like mucoid secretions in the bronchi
and bronchiole, and an abscess with pus was seen in the right up-
per lobe. Hemorrhagic infarcts were present in the upper lobe and
middle lobes of the right lung and diffuse consolidations were
present in both lungs.

Microscopic examination of the lungs showed diffuse alveo-
lar damage. Multiple sections of both lungs revealed diffuse hya-
line membranes lining the alveolar ducts and sacs with intra-alveolar
neutrophil infiltration (Fig. 3B). Multiple focal areas of both lungs
showed extensive interstitial and intraalveolar proliferation of
fibroblasts/myofibroblasts, with focal collagenous fibrosis (Fig. 3C),
focal proliferation of pneumocytes highlighted by immunolabeling
for cytokeratin (Fig. 3D). Intra-alveolar CD68 positive macrophages
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TABLE 1. Clinical Laboratory Results

1/26/20

1/28/20 2/1/20 2/4/20 2/7/20 2/10/20 2/12/20 2/14/20 2/16/20

Illness Day 11 Day 13 Day 17 Day 20 Day 23 Day 26 Day 28 Day 30 Day 32

Measure Reference Range Hospital Day 1 Day 3 Day 7 Day 10 Day 13 Day 16 Day 18 Day 20 Day 22
White cell count (x 10°/L) 3595 8.95 11.071 1941 21.131 875 9.571 16.5171 12417 11447
Absolute neutrophil count (x 10°/L) 1.8-6.3 8.21 10.461 18.631 20.531 8.011 9.131 15.781 11.821 9.147
Absolute Lymphocyte count (x 10°/L) 1.1-32 0.46] 04] 043] 025 051, 03] 035, 0.38) 1.54
Absolute Monocyte count (x 10%/L) 0.1-0.6 0.28 0.19 032 032 02 013 035 02 0.09)
Platelet count (10°/L) 125-350 145 45| 84| 65| 43] 58|  100{ 141 116}
Hemoglobin (g/L) 115-150 118 108} 127 112} 93| 951 106 102] 94|
Alanine aminotransferase (U/L) 740 24 18 557 39 24 32 931 411 33
Aspartate aminotransferase (U/L) 13-35 27 451 691 29 27 451 811 33 831
Albumin (g/L) 40-55 30.3] 325] 356 31.1] 29.7) 331] 423 395| 34.6|
Total Bilirubin (umol/L) 0-21 9.6 12.4 9.1 65 108 143 2691 2471 27.17
Direct Bilirubin (pmol/L) 0-8 3.8 42 2.1 1.6 3 2.3 52 891 1997
Creatine kinase (U/L) 40-200 44 46 2257 46 40 67 68 103 283t
Blood urea nitrogen (mmol/L) 2.6-7.5 3.7 42 571 10.891 13.25¢ 841 10.041 10.67 13.57
Creatinine (umol/L) 41-73 514 51.9 48 47 47 35] 47 60.8 121.81
Troponin I (pg/mL) 0-28 3.6 147.21 82.61 227.61
Prothrombin time (s) 10.5-13.5 10.6 11.1 11.6 1437 11.7 13 10.1}

International normalized ratio (INR) 0.8-1.2 0.9 094 098 1277 1.02 1.15 0.87

Fibrinogen (g/L) 2-4 5.51 1.3 11y 12] 1.3] 22 637

Activated partial thromboplastin 21-37 27 26 22 243 195] 234 19.1)

time (s)

were seen in many sections (Fig. 3E). Lymphocytic infiltration was
mainly CD3-positive T lymphocytes (Fig. 3F) and some
CD20-positive B lymphocytes (Fig. 3G). Scattered in the lungs
were also focal hemorrhagic infarcts with pulmonary arterial
thrombosis. Periodic Acid-Schiff staining was negative for fungi.
Electronic microscopy revealed that SARS-COV-2—-infected
pneumocytes were fragmented, and single spherical viral particles
ranged from 100 to 125 nm in diameter (Fig. 3H).

The brain showed acute subarachnoid hemorrhage over the
right occipital region (Fig. 4A). Microscopic examination revealed
fresh subarachnoid hemorrhage (Fig. 4B) and cortical venous
thrombosis (Fig. 4C). The brain parenchyma showed scattered
amyloid globules.

The right kidney showed 2 small cortical infarcts (Fig. 4D).
Microscopic examination revealed focal ischemic infract with re-
nal artery thromboembolism. There were no other significant
pathological changes of both kidneys. The heart weighed 270 g.
There was no significant coronary artery disease. Microscopic ex-
amination of myocardium revealed focal myocyte necrosis with
mild lymphocytic infiltration (Fig. 4E). The conduction system
was unremarkable. The liver had no significant pathological change.

The spleen showed several subcapsular infarcts ranging from
a0.2 x 0.2 cmto 3.0 x 5.0 cm (Fig. 4F). Microscopic examina-
tion of noninfarcted area revealed severe lymphoid depletion with
sparse and atrophic lymphoid nodules (Fig. 4G). There was a de-
crease in the number and size of CD20-stained lymphoid follicles
(zones of active B cell replication) (Fig. 4H) and a decrease in
CD3-positive T cell staining (Fig. 4I). The lymph nodes also
had lymphoid depletion.

The thyroid gland showed focal lymphocytic thyroiditis.
There was chronic inflammation of the epiglottis. The urinary
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bladder had submucosal blood vessel thrombosis. The trachea, ad-
renals, ovary, uterus, and gastrointestinal system showed no sig-
nificant pathological changes.

The real-time RT-PCR assay for SARS-CoV-2 RNA was pos-
itive in the heart, lung, kidney, spleen, liver, small intestine, and
ovary, but negative in the serum, brain, and skin tissues.

DISCUSSION

The COVID-19 transmission, clinical presentation, and ra-
diographic features are shared by previous outbreaks of SARS-CoV
and MERS-CoV infections.>”” This patient's illness lasted for
32 days and was hospitalized for 22 days before she died as result
of COVID-19 pneumonia complicated by respiratory failure with
secondary bacterial infection.

Chinese researchers isolated the SARS-CoV-2 on January 7,
2020, and then uploaded the full genetic sequence of the virus to
the Global Initiative on Sharing All Influenza Data database on
January 12, 2020.'® On January 16, the first RT-PCR assays for
COVID-19 were distributed in Wuhan. Real-time RT-PCR of na-
sopharyngeal swabs was used to detect SARS-CoV-2 RNA to
confirm suspected clinical diagnosis. Because of the rapid and
widespread dissemination of the COVID-19 throughout China,
the Chinese Centers for Disease Control and Prevention did not
have enough RT-PCR test kits to test all the suspected and clinical
indicated patients in a timely manner until late February. Although
the patient's initial clinical presentation and her chest radiograph
clinically indicated COVID-19 pneumonia, her initial 2 SARS-
CoV-2 RNA tests were negative. The initial negative results on
pharyngeal swabs may be explained in part by low sensitivity of
pharyngeal swabs. A study of 205 hospitalized patients clinically
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FIGURE 3. Pathological findings of the lungs. A, Gross view of the right lung with an abscess in the upper lobe (dashed arrow), a small infarct in
the upper lobe (short solid arrow), a larger infarct in the middle lobe (long solid arrow), thick jelly-like mucus plug in the bronchi
(arrowhead), and diffuse consolidation. B, Diffuse hyaline membrane formation with extensive intra-alveolar neutrophil infiltration
(hematoxylin-eosin, original magnification, x40). C, Extensive interstitial and intra-alveolar proliferation of fibroblasts/myofibroblasts, with
focal collagenous fibrosis (hematoxylin-eosin, original magnification, x100). D, Focal proliferation of Cytokeratin 7 positive pneumocytes
(original magnification, x200). E, Multiple CD 68 positive macrophages (original magnification, x100). F, CD3-positive T-lymphocyte
infiltrations (original magnification, x40). G, CD20-positive B-lymphocyte infiltrations (original magnification, x40). H, Fragmented
pneumocyte with single spherical viral particles (arrows), electron microscope.

diagnosed with the infection revealed that pharyngeal swabs only
had 32% positive rate.'! With the parallel shortage of testing kits
across the globe, we recommend that diagnostic evaluation and
clinical treatment for COVID-19 should be guided by epidemiologic
links to infected patients, clinical history, and radiographic fea-
tures. Although real time RT-PCR SARS-CoV-2 RNA has been
used to confirm the COVID-19, early appropriate identification and
prompt isolation of clinically indicated COVID-19 patients is a key
to prevent further spread of COVID-19 and to treat the patients ac-
cordingly in the setting of negative RT-PCR SARS-CoV-2 RNA.
The pathological features in the lungs of our COVID-19 pa-
tient included diffuse alveolar damage (DAD) that greatly resem-
bles the DAD reported in SARS-CoV and MERS-CoV infections. !> '
Microscopically, 3 phases of DAD were observed in our patient,
ranging from exudative phase with hyaline membrane formation
and intra-alveolar inflammatory infiltration to fibrous
proliferative/organizing-phase to early fibrotic-phase. In addition,
secondary bacterial infection with pulmonary abscess was also
confirmed at autopsy. Our autopsy findings demonstrate a clear
clinicopathological correlation and provide the pathological evi-
dence for the patient's respiratory failure and superimposed bacte-
rial infection. Previous autopsy study on SARS indicated that
hyaline membrane formation is typically the result of alveolar

© 2021 Wolters Kluwer Health, Inc. All rights reserved.

epithelial necrosis.!> The mechanism of DAD in COVID-19
may be similar to SARS-CoV, including a direct damage to the
pneumocytes by the virus which was confirmed by our electron mi-
croscope examination with SARS-CoV-2 viral particles identified in
the fragmented pneumocytes and an indirect effect mediated by subse-
quent immune system dysfunction.'* or damage by other agents,
such as bacteria and oxygen toxicity. Although most of
COVID-19 patients recovered from the infection, secondary bac-
terial infection, especially after prolonged hospitalization and ox-
ygen ventilation, is a potentially fatal complication.

Our autopsy study also demonstrated that SARS-CoV-2 can
affect several other organs, including profound adverse effect on
the immune system, similar to SARS-CoV.'>'® Lymphopenia in
circulating immune cells, severe lymphoid deletion with de-
creased CD20-positive B cells and CD3-positive T cells in the
spleen and lymph nodes were observed in our patient. The real-time
RT-PCR assay for SARS-CoV-2 RNA was positive in the spleen.
The lymphopenia in COVID-19 patient presents a direct effect by the
SARS-CoV-2 or in combination with corticosteroid treatment, which
can also cause lymphopenia.!” Corticosteroid treatment for
COVID-19 pneumonia should be closely monitored.

The pathological features of other organs in our patient in-
cluded multiple infarcts with thrombosis of the lung, spleen, and
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kidney and cerebral cortical venous thrombosis with focal sub-
arachnoid hemorrhage. The possible mechanism of systemic
thrombosis may be because of the direct viral damage to the vas-
cular endothelial cells of the blood vessel.

Recently, one clinical study has reported cardiac involve-
ment as a complication associated with COVID-19.'® A postmor-
tem cardiac biopsy study in a COVID-19 patient described focal
myocardial interstitial inflammatory cells.'® In our patient, the
myocardium revealed focal myocyte necrosis with mild lympho-
cytic infiltration consistent with focal viral myocarditis. The
real-time RT-PCR assay for SARS-CoV-2 RNA was also positive
in the myocardial tissue, which provides pathological evidence of
cardiac injury by COVID-19.

Remarkably, SARS CoV-2 RNA was detected in the heart,
lung, spleen, liver, kidney, small intestine, and ovary. Although
the liver showed no significant pathological change in our patient,
a recent case report indicated hepatitis associated with COVID-19."°
The detection of SARS CoV-2 RAN in multiple organs postmortem
may reflect a process of replication and dissemination of the virus
through the blood or the lymphatic system from the respiratory
tract,'® and further study is needed in more autopsy cases to deter-
mine the nature of damage and target organs/cells by COVID-19.

It has been a great challenge for pathologists to study dis-
eases because of the dramatic decline in hospital autopsies in
China. The main reasons for very few hospital autopsies include
an emphasis of surgical pathology in clinical diagnosis and Chi-
nese cultural opposition to autopsy. To the best of our knowledge,
the majority of Chinese hospitals have no autopsy room, and more
than 90% hospital pathologists have never performed any autop-
sies. Almost all the autopsies performed in China are cases related
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FIGURE 4. Pathological findings of other organs. A, Gross view of brain reveals focal acute subarachnoid hemorrhage over the right occipital
lobe (arrow). B, Fresh subarachnoid hemorrhage (arrow). C, Cerebral cortical venous thrombosis (arrow). D, Gross view of kidney with focal
ischemic infarcts (arrows). E, Focal myocyte necrosis with few lymphocytic infiltration (arrows). F, Gross view of spleen with a large infarct and
several small infarcts (arrows). G, Noninfarcted areas of spleen with diffuse lymphoid depletion, hypocellular with sparse and atrophic
lymphoid nodules. H, Decrease in the number and size of CD20-stained (original magnification, x25) lymphoid follicles (arrows). I, Decrease in
CD3-stained T cells (original magnification x100) (hematoxylin-eosin, original magnifications: B x 25, C x 25, E x 100, and G x 25).

to medicolegal purposes, which are conducted by forensic pathol-
ogists. Therefore, forensic pathologists are the only well-trained
and well-skilled pathologists who are able to conduct systemic au-
topsy in China. Forensic autopsy has been proved to be the crite-
rion standard to identify the cause of death in individuals who die
suddenly and unexpectedly.?® However, our current case also
demonstrates the important role of forensic pathologists in the
study of infectious disease because of the lack of autopsy skills
by hospital pathologists in China. This autopsy study has provided
invaluable clinicopathological features of the COVID-19 to better
understand the pathogenesis of this novel virus and to help in the
clinical treatment.
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