Malays J Pathol 2022; 44(1): 83 – 92

ORIGINAL ARTICLE
Histopathological and virological features of lung, heart and liver
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Abstract
Introduction: Data on pathological changes in COVID-19 are scarce. The aim of this study was
to describe the histopathological and virological findings of postmortem biopsies, and the existing
clinical correlations, in people who died of COVID-19. Materials and Methods: We performed
postmortem needle core biopsies of the chest in 11 people who died of COVID-19 pneumonia.
Tissue examination was done by light microscopy and real-time polymerase chain reaction (RTPCR). Results: The age of the patients were between 61 to 94 years. Of the 11 postmortem chest
biopsies, lung tissue was obtained in 8, myocardium tissue in 7, and liver tissue in 5. Histologically
of lung, the main findings pertaining to the lung were diffuse alveolar damage in proliferative
phase (n = 4, 50%), diffuse alveolar damage in exudative and proliferative phase (n = 3, 37.5%),
diffuse alveolar damage in exudative (n=1; 12.5%) and acute pneumonia (n = 2, 25%). Necrotising
pneumonia, acute fibrinous and organising pneumonia, and neutrophils were detected in one sample
each (12.5%). Another case presented myocarditis. RT-PCR showed RNA of SARS-CoV-2 in 7 of
the 8 lung samples (87.5%), 2 of the 7 myocardial tissue samples (28.6%), and 1 of the 5 liver tissue
samples (20%). Conclusion: The postmortem examinations show diffuse alveolar damage, as well
as acute or necrotising pneumonia. RT-PCR of SARS-CoV-2 was positive in most lung samples.
Keywords: COVID-19, Spain, SARS-CoV-2, postmortem, diffuse alveolar damage
BACKGROUND
Since December 2019, the new coronavirus
(severe acute coronavirus syndrome 2, SARSCoV-2) responsible for COVID-19 has spread
from Wuhan City, Hubei Province, in the People’s
Republic of China to other parts of Asia, Europe,
North America, South America and Africa,1,2
meriting the designation of the outbreak as a

pandemic by the World Health Organization
(WHO). By 4 March 2021, 3,149,012 cases
had been diagnosed in Spain, leading to at least
71,138 deaths (https://coronavirus.jhu.edu/map.
html).
The SARS-CoV-2 is an enveloped, positive
single-stranded RNA virus, with a total
genome size of about 30 Kb. The membrane,
nucleocapsid, envelope and spike make up
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its four structural proteins.3 Interacting with
angiotensin-converting enzyme type 2 (ACE2)
which has been observed in several tissues,
including the lungs, gut, and kidney,3,4 the spike
protein mediates cell entry as the viral receptor.3
Classic COVID-19 symptoms are fever, dry
cough, shortness of breath, muscle pain,
confusion, headache, sore throat, rhinorrhoea,
chest pain, diarrhoea, nausea, and vomiting.
Some cases progress to pneumonia,1,2,4-6 most of
which are not severe and improve within 7 to
14 days. However, 15% to 20% of these cases
worsen, and patients can develop moderate to
severe forms of respiratory distress syndrome
and respiratory failure.1,2,4-6 The risk of severe
disease increases at advanced ages and in the
presence of comorbidities like diabetes, obesity,
cardiovascular disease, renal insufficiency, and
cancer.1,2,4,5
Many studies on COVID-19 epidemiology,
clinical characteristics, radiology and outcomes
have been published.1,2,4-6 Although few studies
are based on data from postmortem autopsy or
biopsy, these have been increasing.7-17 Some
authors have published the complete findings of
autopsies or minimally invasive autopsies,7,11-18
while others have published case reports using
postmortem biopsies.8-10 In the lung, the most
frequent patterns of damage found are diffuse
alveolar damage pulmonary vascular congestion,
capillaritis, and thromboembolism.7-11,13-18
So far, histopathological and virological data
based on routine postmortem biopsies are still
lacking.8,16-18 Thus, the aim of this study was to
describe the histopathological and virological
findings of postmortem biopsies, and the existing
clinical correlations, in people who died of
COVID-19.
MATERIALS AND METHODS
Patients and clinical data
All cases were from the Alicante General
University Hospital (Spain). Patients with
positive nucleic acid tests for COVID-19 on
nasopharyngeal swabs by real-time reverse
transcriptase-polymerase chain reaction (RTPCR) and died between 10 March 2020 and 30
April 2020 were included in the study.
Patients’ electronic medical records were
retrospectively reviewed to collect: clinical
characteristics, radiology imaging, and laboratory
findings. Demographic data, medical history,
chest X-ray images or computed tomography
(CT) scans, laboratory findings (including
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blood count, coagulation parameters, and other
biochemical or immunological values), and the
duration of illness were all recorded. The Ethics
Committee of the General University Hospital of
Alicante (Spain) approved the project (PI2020067).
Procurement of specimens and pathologic
examination
With permission from the patients’ families,
postmortem needle core biopsies were performed
on the anterior chest, obtaining two to six samples
per patient within an hour of death in a negative
air isolation ward. The postmortem biopsies
performed included several organs—mainly the
lungs but also the liver and heart. Procedures
were performed without ultrasound guidance, but
the patients’ last radiographic images and surface
anatomic landmarks were used as references.
The tissue was fixed in neutral buffered
formalin for over 24 h and then processed under
standard biosafety measures. Haematoxylin and
eosin-stained sections were prepared, and slides
were examined by two pathologists. In some
cases, we performed an immunohistochemical
stain for anti-CD8, Masson’s trichrome stain, or
immunohistochemical stain for alfa-actin.
RT-PCR assay for SARS-COV-2 in tissue
Samples from patients included in this study
were provided by the ISABIAL BioBank, part
of both the National and Valencian Biobanks
Networks. They were processed following
standard operating procedures after approval
from the cognizant ethical and scientific
committees. Formalin-fixed, paraffin-embedded
tissue blocks were used to prepare 20 serial
sections of 4-μm thick blocks. RNA was
obtained from two 10 μm paraffin-embedded
tissue sections using MagCore total RNA OneStep Kit (RBCBioscience, Dublin, Ireland), an
automatised method that optimises the lysis
conditions to reverse the formalin fixation
without the need for overnight digestion and
which retains both large and small RNAs. The
procedure was performed according to the
manufacturer’s instructions.
RT-PCR assays were run on the Mx3000P
qPCR system with a 2019-nCoV nucleic acid
detection kit (Coronavirus (COVID-19) Genesig
RT-PCR assay, Primerdesign Ltd, Chandler’s
Ford, UK) according to the manufacturer’s
protocol. The target was FAM (465-510), which
was simultaneously amplified and monitored
during the RT-PCR assay.
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RESULTS
A total of 306 patients were admitted for
COVID-19 during the study period, with 48
deaths. Eleven of them had (22.9%) postmortem
chest biopsies performed. Lung tissue was
obtained in eight of the samples.
Clinical characteristics, radiology imaging and
laboratory findings
There were no differences between biopsied
and non-biopsied patients in terms of clinical
characteristics, radiology imaging, or laboratory
findings as shown Table 1. The median age of
patients was 84 years (range 61 to 94), and
nine (81.8%) were men. Table 2 describes the
characteristics upon admission of all included
cases. Four patients (36.4%) came from nurse
home, the other four were diagnosed during
hospital admission and 3 were acquired at home.
Nine had at least one underlying disease, such as
hypertension (n=7), dementia (n=4), chronic lung
disease (n=4), diabetes mellitus (n=3), chronic
kidney disease (n=3), chronic heart disease (n=3),
and lung cancer (n=1). Two were defined by
health authorities as moderately dependent and
four as severely dependent.
The laboratory findings are detailed in
Table 1. The white blood cell count (WBC)
ranged widely, from levels of leukocytosis (31.1
× 103/L) to leukopenia (0.61 × 103/L). Ten cases
presented lymphocytopenia (< 1.2 × 103/L). In all
cases, ferritin levels exceeded 800 µg/L; in 10
cases, C-reactive protein was above 100 mg/dL
and lactate dehydrogenase was above 250 U/L;
and in 3 patients, D-dimer was less than 500 ng/
mL. The values of aspartate aminotransferase
(AST) and alanine aminotransferase (ALT) were
variable (normal or slightly high).
The patients were given comprehensive
treatment, including intravenous antibiotics,
hydroxychloroquine (n=7), steroids (n=5),
tocilizumab (n=2), oxygen therapy (n=11),
high-flow nasal cannula (n=3), and invasive
mechanical ventilation (n=1) as well as specific
treatment for underlying diseases. However,
their conditions deteriorated progressively
toward death. The median duration of time from
admission to death was 9 days (range 1 to 30).
One patient died in the intensive care unit.
Dynamic chest X-ray images are shown
in Supplementary material 1. All patients had
bilateral pneumonia with ground-glass opacity.
More prominent consolidation appeared over
time and especially in the last radiographies
taken before death.

Histopathological findings
The 11 postmortem chest biopsies contained
tissue from the lung (n = 8), myocardium
(n = 7), liver (n=5), and pancreas (n=1); three
cases showed fibroadipose tissue. Table 3
summarises the histopathological and virological
results.
Histological findings in the eight samples with
lung tissue available for anatomopathological
study showed diffuse alveolar damage in
proliferative phase (n = 4, 50%; Fig. 1), diffuse
alveolar damage in exudative and proliferative
phase (n = 3, 37.5%; Fig. 2), acute pneumonia
(n = 2, 25%; Fig. 3A), necrotising pneumonia,
acute fibrinous and organising pneumonia, and
neutrophils (n = 1 each, 12.5%; Fig. 3B, 3C).
One patient showed capillaritis (Fig. 2C). None
of the lung tissue samples showed microthrombi
or thromboembolism. Four samples showed
different types of synchronous damage.
The histopathology of the seven myocardial
biopsies showed one case (14.3%) of lymphocytic
myocarditis; the rest were normal (Fig. 3D).
The five liver biopsies showed one case each
of cirrhosis, lobular necrosis, and an unknown
neuroendocrine carcinoma. The other two were
normal. Three samples of fibrofatty tissue and one
sample of pancreatic tissue were also obtained,
all of them normal.
Virological findings in tissue
Of the 11 patients with postmortem samples, 8
(72.7%) were positive on RT-PCR for SARSCoV-2: 6 from lung tissue; 1 from lung, liver, and
myocardial tissue; and 1 from the myocardium
alone. In total, 7 of the 8 lung samples (87.5%), 2
of the 7 myocardial tissue samples (28.6%), and
in 1 of the 5 liver tissue samples (20%) yielded
a positive result. The three samples of fibrofatty
tissue and the sole sample of pancreatic tissue
tested negative.
DISCUSSION
The clinical characteristics of the 11 patients
in this study are representative of fatal cases of
COVID-19 pneumonia.1,2,4,5 The main pathologic
findings from the lung include diffuse alveolar
damage in the proliferative phase (both exudative
and non-exudative). These results are consistent
with previous reports on COVID-19,7-11,13-18 as
well as with autopsies performed in patients
with lung infection due to SARS in 2002 and
2003.19,20 Our results indicate that diffuse alveolar
damage is the pathological basis for COVID-19
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Table 1: Comparison of patients who died of COVID-19, according to performance of
postmortem biopsy from 10th March 2020 to 30th April 2020
Demographic variables
Age in years, median (IQR)
Age > 65 years, n (%)
Men, n (%)
Nosocomial infection, n (%)
Long-term care residents, n (%)
Comorbidities*
CCI, median (IQR)
Hypertension, n (%)
Diabetes, n (%)
Obesity, n (%)
Cardiovascular disease, n (%)
Chronic respiratory disease, n (%)
Clinical presentation
Fever**, n (%)
Dyspnea, n (%)
Dry cough, n (%)
Wet cough, n (%)
Confusion, n (%)
Initial assessment
Oxygen saturation < 94%, n (%)
Respiratory rate (breaths per minute),
median (IQR)
Cardiac rate (beats per minute), median
(IQR)
Systolic blood pressure (mmHg), median
(IQR)
Complementary studies
Bilateral chest X-Ray, n (%)
Leukocytes (×103/L), median (IQR)
Lymphocytes (×103/L), median (IQR)
eGFR, (45mL/min/1.73m2), median (IQR)
C-reactive protein (mg/dL), median (IQR)
D-dimers (ng/mL), median (IQR)
AST (U/L), median (IQR)
ALT (U/L), median (IQR)
Procalcitonin (ng/mL), median (IQR)
Lactatedehydrogenase (U/L), median (IQR)
Ferritin (µg/L), median (IQR)
CK (mg/dL), median (IQR)
Outcome
Intensive care admission
Invasive mechanic ventilation

Biopsy
(N=11)

No biopsy
(N=37)

P value

84 (74-88)
10 (90.19
9 (81.8)
4 (36.4)
4 (36.4)

83 (74-90)
34 (91.9)
22 (70.9)
5 (13.5)
7 (18.9)

0.81
1.0
0.17
0.17
0.23

8
7
4
7
3
4

(6-9)
(66.6)
(36.4)
(53.6)
(27.3)
(36.4)

7 (5-9)
29 (78.3)
18 (48.6)
15 (40.5)
11 (19.7)
13 (35.1)

0.77
0.32
0.40
0.12
1.0
1.0

7
8
6
1
4

(66.6)
(72.7)
(54.5)
(9.1)
(36.4)

22 (59.4)
31 (87.7)
21 (56.7)
6 (12.2)
16 (43.2)

0.60
0.4
1.0
0.6
0.7

2 (18.1)
29 (22.5-32)

11 (19.7)
24 (17-37.5)

0.52
0.53

98 (72-120)

86 (73-100)

0.45

125 (108-1379)

127 (114-150)

0.63

5 (45.4)
10,4 (5.5-17.1)
0.70 (0.48-1.36)
52.8 (30-90)
118 (54-151)
4000 (950-25000)
58 (26.5-80.2)
30.5 (18-65.7)
0.35 (0.20-8.82)
361 (232-507)
1761 (961-3994)
46 (27.5-121)

7 (18.9)
6.56 (5.1-10.29)
0.79 (0.53-1.17)
46 (20.3-64.4)
111 (52-211)
1130 (510-3650)
42 (23-67)
21 (13.7-41)
0.22 (0.15-7.72)
338 (265-576)
725 (294-1267)
104 (58-177)

0.06
0.27
0.91
0.25
0.83
0.16
0.41
0.18
0.28
0.48
0.01
0.94

1 (9.1)
1 (9.1)

10 (27.0)
9 (24.3)

0.21
0.41

ALT: alanine aminotransferase; AST: aspartate aminotransferase; CCI: Charlson Comorbidity Index; CK:
creatine kinase; eGFR: estimated glomerular filtration rate; IQR; interquartile range
*Defined according to existing diagnoses on medical records at admission
**Fever> 37.8°C

86

88

69

88

74

75

94

87

61

87

75

2

3

4

5

6

7

8

9

10

11

None

Hypertension, chronic
kidney disease, chronic
heart disease, severe
dependence, living in
geriatric residence

4

7

7

7

Metastatic lung cancer, 1
moderate dependence

Alzheimer’s, severe
dependence, living in
geriatric residence

None

8

3

Multiple myeloma in
8
treatment with cyclosporine
and methylprednisolone,
diabetes mellitus,
dyslipidemia, hypertension,
ischemic cardiomyopathy

Hypertension,
diabetes mellitus, chronic
kidney disease,
chronic heart disease

Alzheimer’s, obstructive
pulmonary disease, severe
dependence, living in
geriatric residence

Chronic lung disease,
cirrhosis

9

5

Hypertension,
8
Hypothyroidism, dementia,
chronic kidney disease,
severe dependence, living
in geriatric residence

Infective endocarditis,
hypertension, atrial
fibrillation, moderate
dependence

Medical history

3

17

39.1 Patchy high-density
30
shadows in both lungs

38.3 Patchy high-density
16
shadows in both lungs

38.1 Peripheral infiltrates

38.5 Patchy high-density
1
shadows in both lungs

Middle lobe
consolidation

16

38.3 Patchy high-density
8
shadows in both lungs

37

38.1 Patchy highdensity shadows in
both lungs, more
prominent in the
lower lobes

38.1 Patchy high-density
2
shadows in both lungs

6

8

38.5 Patchy high-density
2
shadows in both lungs

39.1 Peripheral infiltrates

38.1 Patchy high-density
shadows in both
lungs

Symptoms
(days)
Tº * Chest X-ray

Hospital
admission
(days)

2.23

2.81

17.1

16.2

5.5

0.61

13.1

7.29

17.2

31.1

19.4

WBC
(×103/L)

0.94

0.45

1.12

1

0.46

0.2

0.47

0.58

1.8

0.31

1.11

150

152

201

118

150

55

150

124

105

370

126

351

425

544

800

305

258

680

193

505

614

382

29

89

44

215

87

27

69

26

71

46

48

18

37

70

235

60

34

36

17

15

27

23

LymphoCRP
LDH AST ALT
cytes
(×103/L) (mg/L) (U/L) (U/L) (U/L)

Laboratory findings

1700

350

1030

10825

400

140

2660

5120

743

2280

5170

2430

3516

5403

1084

1701

4807

6277

1201

3723

1451

1822

0.15

0.24

0.20

0,85

0.20

0.23

0.59

2.53

0.59

48

0.24

245

262

117

98

198

250

192

62

137

164

Ddimer
Ferritin PCT
TG
(ng/mL) (µg/L)
(ng/mL) (mg/dL)

*Tº: higher temperature; ALT: alanine aminotransferase; AST: aspartate aminotransferase; CRP: C-reactive protein; LDH: lactate dehydrogenase, PCT: procalcitonin; TG: triglycerides; WBC:
white blood cells

Male

Male

Male

Female

Male

Male

Male

Male

Male

Female

90

1

Male

Gender

Case Age

Clinical characteristics

Table 2: Clinical and laboratory findings in 11 fatal cases of COVID-19 at admission
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87

88

+

+

−

+

+

−

+

−

1

2

3

4

5

6

7

8

No sample

Mild interstitial fibroblast activity, mild pneumocyte hyperplasia,
inflammatory infiltrate (lymphocytes and histiocytes), no fibrin or
hyaline membranes, no vascular involvement
R/Diffuse alveolar damage in proliferative phase (mild)

No sample

Interstitial fibroblast activity with lymphocytes and neutrophils,
pneumocyte hyperplasia, hyaline membranes, rich in neutrophils,
macrophages with pigments (smoking), capillaritis
R/Diffuse alveolar damage in exudative phase (Fig. 2A, 2B, 2C,
2D)

Neutrophils
R/lung normal

No sample

Interstitial fibroblast activity, pneumocyte hyperplasia, fibrin and
hyaline membranes, rich in neutrophils, no vascular involvement
R/Diffuse alveolar damage in exudative and proliferative phase
& acute pneumonia (Fig. 3A)

Interstitial fibroblast activity, pneumocyte hyperplasia, fibrin and
hyaline membranes, rich in neutrophils, no vascular involvement
R/Diffuse alveolar damage in exudative and proliferative phase
& acute pneumonia

Case PCR Histology

Lung tissue

−

−

+

+

Normal

Normal

Normal

Focal necrosis,
interstitial
lymphocytes
(Fig. 3D)

PCR Histology

Myocardial tissue

Table 3: Histopathological and virological findings in 11 fatal cases of COVID-19

Fibroadipose
tissue
Pancreas

Fibroadipose
tissue

Liver
Fibroadipose
tissue

Liver

Liver

Tissue

Other tissue(s)

−
−

−

−
−

+

−

PCR

Normal
Normal

Normal

Neuroendocrine
carcinoma
Normal

Normal

Cirrhosis

Histology
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Cholestasis,
necrosis
Not done
−
−
Normal
Interstitial fibroblast activity, pneumocyte hyperplasia, fibrin, no
hyaline membranes, rich in neutrophils, macrophages with pigments
(smoking), alveolar spaces with signs of necrosis, no vascular
involvement
R/Diffuse alveolar damage in proliferative phase & necrotizing
acute pneumonia

−

Liver
Aqueous humor

Normal
−
Liver
Normal
−

+

−

+

9

10

11

Interstitial fibroblastic activity, alveolar macrophages, pneumocyte
hyperplasia, no hyaline membranes, histiocytes with pigments
(smoking), interstitial fibrinoid material (AFOP)
R/Diffuse alveolar damage in proliferative phase & acute
fibrinous and organizing pneumonia (Fig. 3B, 3C)

Interstitial fibroblastic activity, pneumocyte hyperplasia, hyaline
membranes, no vascular involvement
R/Diffuse alveolar damage in exudative and proliferative phase
(Fig. 1A, 1B, 1C, 1D)

−

Normal

Aqueous humor

−

Not done
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pneumonia with acute pneumonia, necrotising
pneumonia, and acute fibrinous and organising
pneumonia.
In other published series, investigators
have also observed the association that lung
damage due to SARS-CoV2 has with acute
pneumonia11,18,21 and to a lesser extent with
acute fibrinous and organising pneumonia,22,23
as shown here.
Although microthrombi, endotheliitis, and
thromboembolism have been described in
patients with SARS-CoV-2 infection,13,18,24
we found capillaritis in a single case, but no
microthrombi. Likewise, Bradley et al.16 reported
the scant presence of microthrombi. However,
postmortem biopsies do have certain limitations,
depending on the tissue found.8-10
Histopathological changes due to SARSCoV-2 were found in the heart as well as the
lungs. Other studies have found changes in the
liver, spleen and kidney.12,14,25-27 In our study,
lymphocytic myocarditis was observed in one
patient with viral RNA in the tissue, and other
case or necrosis hepatic and cholestasis.
In Spain, medical autopsies are generally
uncommon, and there are special biosafety
concerns associated with patients who have
died of COVID-19. Thus, few autopsies have
been reported in these patients in Spain.7,28
Nevertheless, the needle postmortem biopsy is
a simple procedure to identify the cause of death
in patients with COVID-19.8-10
Few RT-PCR analyses of histopathological
specimens have been published.8,16-18 In our
study, most of the lung tissue analysed showed
direct evidence of viral RNA, as well as two of
seven specimens of heart tissue, and one of the
five specimens of liver tissue.
The main strength of this study is the
identification of histopathological damage caused
by SARS-CoV-2 in different lung, heart and liver
tissue, by a simple postmortem needle biopsy.
Limitations include those inherent to sampling
in needle core procedures and postmortem
biopsies.8,9,29 For example, we performed 11
biopsies but found proper lung specimens in
only 8 cases.
In conclusion, postmortem examinations show
advanced diffuse alveolar damage as well as
superimposed acute or necrotising pneumonia in
some patients. RT-PCR showed direct evidence
of the viral sequence in most lung tissue analysed.
Lymphocytic myocarditis was observed in
one patient with viral RNA detected in the
tissue. To further understand the pathogenesis
89
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FIG. 1: Case 10. A. Diffuse alveolar damage in proliferative phase (H&E, 40x). B. Interstitial fibroblast activity with lymphocytes and neutrophils (H&E, 200x). C. Interstitial and intra-alveolar proliferation of
fibroblasts with collagen deposits (Masson`s trichomic stain). D. Interstitial proliferation of fibroblasts/
myofibroblasts. (inmunohistochemical stain for Alfa-actin).

FIG. 2: Case 5. A. Diffuse alveolar damage in exudative phase (H&E, 40x). B. Hyaline membranes are developed
on alveolar wall and increased interstitial space with few fibroblasts. (H&E, 200x). C. Interstitial infiltrate
of neutrophils in relation to capillaries (H&E, 200x) D. Interstitial (H&E, 200x) lymphocytic infiltration
predominantly T CD8 lymphocytes (immunohistochemical stain for anti- CD8).
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FIG. 3: Case 2. A. Interstitial and intra-alveolar neutrophil secondary to bacterial infection (H&E 40x). B. Case
9. Diffuse alveolar damage in proliferative phase (H&E 40x). C. Case 9. Organising pneumonia with
fibroblastic tissue surrounding alveolar fibrin D. Case 3. Myocarditis. Interstitial lymphocytic infiltration
and focal myocardial fiber damage (H&E 40x).

of COVID-19, we concur with other authors
in calling for more, larger studies involving
patients with different ages and physiological
backgrounds.8,29,30
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