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Abstract
The COVID-19 epidemic has caused thousands of deaths 
all over the world. This virus is known to produce an 
atypical pneumonia that can lead to death. There are few 
studies concerning pathological examination of tissues from 
COVID-19 patients.

Objective: To describe the pathological findings in tissues 
from deceased patients with COVID-19 infection.

Design: We conducted a case series study with postmortem 
biopsies of lung, hearth and liver from 18 patients with 
COVID-19 and compared our findings with previously 
reported cases.

Results: Our main findings support the histologic picture 
of coexisting exudative and proliferative phases of diffuse 
alveolar damage (DAD), and the presence of cytopathic-like 
changes in the lungs. We also found an increased number 
of alveolar macrophages in patients with high ferritin values, 
which has not been previously described. 17/18 cases 
showed deposits of lipofuscin in the myocardium; which, 
we hypothesize that could be related to the treatment with 
hydroxychloroquine received in all patients. None of them 
had documented clinical evidence of cardiotoxicity. Findings 
in the liver were considered not specific and related to 
preexisting disease, therapeutic effect and/or systemic 
failure.

Conclusions: Our findings were congruent with previous 
reports; additionally, we found higher number of alveolar 
macrophages in patients with highest levels of ferritin and 
deposits of lipofuscin in all the hearts examined, most likely 
associated with hydroxychloroquine therapy.
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Introduction
The coronavirus-19 (COVID-19) pandemic has 

imposed a tremendous pressure on the medical 
community, who faces the challenge of treating 
critically ill patients while at the same time developing 
new knowledge about the pathogenesis, clinical 
presentation, treatment and prognostic factors of this 
disease. Since the beginning of the pandemic there has 
been a call to perform pathological studies for a better 
understanding of the disease [1] and recommendations 
for handling and processing the biological specimens 
[2].

From the first publication of pathological findings 
in COVID-19 tissues in March 23 [3] until June 2021, 
we gathered 36 papers including case reports, case 
series and letters to the editor from different electronic 
databases. There is urgency to introduce new knowledge 
among the scientific community to provide supportive 
evidence for clinical decisions; However, it has also been 
argued that safety precautions and overload of work in 
care units hamper the efforts to collect tissues for more 
pathological studies [4].

Case series and literature review
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SB, clone 8G7G3/1), and CD61 (Bio SB, Clone F2F). 
Immunohistochemistry was performed in 5 um sections 
embedded in paraffin, with antigen retrieval solution at 
95 °C for 30´, and using the BIO SB Mouse/Rabbit DAB 
HRP Brown Polydetector system®.

Ethical considerations
The biopsies were collected during the first wave 

of COVID-19 and were aimed to obtain relevant 
information with clinical application in moments when 
little data was available. According to two documents 
published by the WHO, informed consent can be waived 
for research in the setting of a pandemic [5,6]. Based on 
these documents, the Ethical Committee of the Naval 
Medical Center approved the study.

Literature review
We collected all the papers describing the 

pathological findings in organ damage by COVID-19 
published until June 2021. The sources were PubMed 
and Google Scholar. Some papers were not included in 
the review since they did not contain histopathological 
images and/or detailed pathological descriptions and 
others due to being published in Chinese language.

Results
Eighteen patients (17 males and 1 female) with a 

mean age of 65 years were included. The youngest 

We present a case series of postmortem biopsies 
from COVID-19 patients and a literature review of the 
pathological changes described in previous reports.

Methods

Cases
Eighteen deceased patients diagnosed with 

COVID-19 and treated at the Naval Medical Center, in 
Lima, Peru were included in the study. In all cases, a 
percutaneous biopsy without ultrasound guidance was 
performed within 2 hours post-mortem, between April 
22nd and May 7th, 2020.

Our main goal was to obtain tissue from lungs, heart 
and liver; however, in obese patients the procedure 
was limited. Information corresponding to age, sex, 
duration of symptoms, test used for diagnosis, length 
of hospitalization, pulmonary CT scan, values of Ferritin 
and D-Dimer, and comorbidities was extracted from 
the medical records. In cases with more than one value 
of Ferritin and/or D-dimer, we chose the highest value 
(Table 1).

Ancillary studies
Tissues were studied with H & E stain and 

immunohistochemistry with CD3 (Bio SB, clone RBT), 
CD20 (Bio SB, clone L26), CD68 (Bios SB, clone KP-1), 
Cytokeratin 7 (Bio SB, clone OY-TL12/30), TTF-1 (Bio-

Table 1: Clinical and laboratory data.

N° Age Sex
DIAGNOSIS Symptoms1

(days)

Hosp2

(days)

Ferritin3

(ng/mL)

D-dimer4

(mg/dL)
COMORBIDITY

MT5 RT6 OTHER7

1 72 M POS NEG  X 8 6 1542 0.65 NO
2 56 M POS NEG X 2 2 217 0 NO
3 50 M POS ND X 11 12 4.49 2.67 RI
4 31 M ND POS IgM X 2 2 ND 0.78 B-cell leukemia
5 72 M POS ND X 7 2 942.4 > 4.6 DM
6 72 M ND POS IgG X 5 5 1433 35.6 HT
7 55 M POS ND X 5 18 3.36 HT, Obesity
8 78 M ND ND X 5 5 870 0.79 NO
9 69 M ND ND X 4 5 11500 1.52 NO

10 68 M ND POS IgG/IgM  X 10 4 1132.1 4.31 HT, Obesity
11 55 M POS NEG  X NR 8 416 0.24 NO
12 65 M ND POS IgG/IgM  X 13 5 9326 1.3 Asma
13 78 M ND POS IgG/IgM X NR 9 705 1.25 DM
14 72 M ND NEG X 8 19 10140 2.52 HT
15 51 F POS ND X 6 16 818.2 0.8 NO
16 65 M POS NEG  X 10 16 1225 0.16 HT, Obesity, MI
17 91 M POS POS IgG/IgM  X 3 8 770 31.9 NO
18 63 M ND POS IgG/IgM  X 15 10 942 7.47 NO

1Days of symptomatology, before admission; 2Days in hospital, before decease; 3Maximum value of Ferritin; 4Maximum value of 
D-Dimer; 5Molecular test; 6Rapid Test; 7Computed tomography and/or chest X-ray of atypical pneumonia; ND: Not Done; POS: 
Positive; NEG: Negative; NR: Not Referred; RI: Renal Insufficiency; DM: Diabetes Mellitus; HT: Hypertension; MI: Myocardial 
Infarction. Normal values of Ferritin: 12 - 300 ng/mL (men); 12 - 150 ng/mL (women). Normal values of D-dimer: < 0.5 mg/dL. 
Rapid Test: COVID-19 IgM/IgG Combo SD Biocensor®. Molecular test.
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16 cases presented fibroblastic proliferation with 
dilated interstitial capillaries in the proliferative phase. 
Squamous metaplasia was found in 7 patients and 
epithelial hyperplasia in 5 (Table 2).

The most common finding in the heart was 
perinuclear lipofuscin granules inside myocytes. The 
content of these granules was confirmed with a positive 
PAS (Periodic Acid-Schiff) and negative Perl’s staining 
(Figure 1).

On liver tissue, our patients had dilated sinusoids and 
erythrocyte congestion. Hepatic steatosis was found in 
all cases, except one.

Literature Review
36 papers, including as case reports, case series and 

was a 31-year-old man with a previous diagnosis of 
B-cell leukemia and the oldest was a 91-year-old. Nine 
patients had a positive molecular test, five were positive 
for IgM and IgG with the rapid test, one was only IgG 
positive and another was only IgM positive. In three 
patients the diagnosis was stablished on the basis of 
a computed tomography and/or chest X-ray showing 
atypical pneumonia, after excluding differential 
diagnoses (Table 1).

All the patients had diffuse alveolar damage 
(DAD). The microscopic findings associated to DAD 
were divided by exudative and proliferative phase. 17 
patients presented with hyaline membranes and 15 had 
neutrophilic infiltrates inside alveoli, consistent with the 
exudative phase of DAD (Table 2).

Table 2: Pathological changes

PATHOLOGICAL CHANGES 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 TOTAL

LU
N

G
S

EX
U

D
AT

IV
E 

PH
AS

E ALVEOLI

Dilated x x x x x x x x x x x x x x x 15
Oedema x x 2
Hyaline membranes x x x x x x x x x x x x x x x x x 17
Neutrophils x x x x x x x x x x x x x x x 15

INTERSTITIUM

Expansion and distortion x x x x x x x x x x x x x x x x x x 18
Capilary congestion x x 2
Oedema x 1
Thrombi x x x x x x x x x x x x x x 14
Lymphocytic infiltration x x x 3

PR
O

LI
FE

R
AT

IV
E 

PH
AS

E

ALVEOLI
Dilated and rigid x x x x x 5
Epithelial hyperplasia x x x x x 5
Squamous metaplasia x x x x x x x 7

INTERSTITIUM

Dilated capillary x x x x x x x x x x x x x x x x x x 18
Hyalinization of vessel 
walls

x x x x 4

Fibroblastic proliferation x x x x x x x x x x x x x x x x 16

OTHER

Hyaline globules x x 2
Cytopathic-like changes x x x x x x x x x x x x x x x x x x 18
Macrophages x x x x x x x x x x x x x x x x x x 18
Multinucleated giant cells x x x x x x x x x x x x x x x x x x 18
Red cell extravasation x x 2
Intraalveolar abcesses x x x x x x 6
Intersticial abcesses x x x 3

HEART
Lipofuscin x x x x x x x x x x x x x x x x x x 18
Inflammatory infiltrates x x x x x x x x x x x 11
Microabcesses x 1

LI
VE

R

PARENCHYMA Steatosis x x x x x x x x x x x x x x x x x 17

SINUSOIDS
Dilated x x x x x x x x x x x x x x x x x x 18
Red cell congestion x x x x x x x x x x x x x x x x 16
Neutrophils x 1

PORTAL TRIAD

Thrombi x x 2
Red cell congestion x 1
Periportal lymphocytic 
infiltrates

x x x x 4

https://doi.org/10.23937/2469-5807/1510140
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similar with the reported in postmortem studies. The 
most frequent pathologies in the kidneys were ATI with 
tubular cell atrophy and collapsing glomerulopathy 
associated with loss of podocyte foot processes [17-20].

Table 3 summarizes the information from the papers 
included in this review.

Discussion
In this study, we described the microscopic features 

found in autopsies from 18 patients who died from 
SARS-CoV-2 infection at the beginning of the pandemic 
in the Naval Medical Center located in Lima, Peru. All 
but one of our cases were males, which is an unusual 
finding in a third-level hospital that covers a population 
of both men and women at all ages.

In 9 of our cases, the diagnosis was confirmed with a 
positive PCR for SARS-CoV-2 and in 7 patients, serologic 
testing was used. In 3 patients, the diagnosis was made 
based on the clinical symptoms and a CT scan. These 
patients could not access to a molecular or rapid testing 
due to the scarcity of specific testing for Covid-19 at the 
time of diagnosis. In the setting of a world pandemic, 
the positive predictive value of a CT scan for diagnosing 
Covid-19 infection is 69% and the negative predictive 
value is 89% [21]. For this reason, the 3 cases were 
included in our series.

We performed a literature review and contrasted 
our findings with the current literature. The majority 
of studies describing pathological changes associated 
with COVID-19 infection have focused on the lungs. To 
the best of our knowledge, there are 36 postmortem 
studies and only 1 study [15] describing the pathological 

letters to the editor, described pathological findings from 
autopsies, postmortem and in vivo biopsies in different 
organs. They revised in total 615 cases (367 males, 
171 females, and 77 cases with no genre specified). 36 
studies included lung biopsies and the others described 
findings in the spleen, kidney and heart.

The most common pathology in the lung was DAD, 
which was reported in 26 studies. Hyaline membranes 
and pneumocyte hyperplasia were associated to DAD 
in many cases [7-11]. Interstitial inflammation with 
predominant T lymphocytes and bronchial squamous 
metaplasia were also described [8,12].

Viral particles inside pneumocytes and renal cells 
were found in electron microscopy, however, only Yao, 
et al. and Borczuk, et al. confirmed SARS-CoV-2 origin of 
the particles using IHC [13,14].

Several studies reported thrombotic events in lungs, 
heart, kidney and spleen. In the lung, 14 studies found 
microthrombi in alveolar capillaries and arterioles. 
Other findings were intra-alveolar fibrin and fibrinous 
exudates.

Only two studies performed biopsies in living 
patients. Tian, et al. reported incidental findings in two 
patients with pulmonary resections for lung cancer 
who, inadvertently, contracted COVID-19 infection just 
before lung surgery [15]. The other study was performed 
on kidney biopsies by Ferlicot, et al., who described 
collapsing glomerulopathy and immunoglobin deposits, 
acute tubular injury (ATI) and interstitial lymphocytic 
inflammation [16-18].

The renal findings described by Ferlicot, et al. were 

         

Figure 1: Section of a heart showing perinuclear lipofuscin granules (PAS staining).
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Figure 2: Prominent DAD with coexistence of exudative and proliferative phases.

         

Figure 3: The immunohistochemistry with TTF-1 highlighted the hyperplasia of atypical type II pneumocytes.

mononuclear and giant multinucleated cells [7], 
pneumocyte hyperplasia [7-11,14,15,24,25,28,33-35] 
alternating zones of exudative and proliferative phases 
of DAD, and suspected viral inclusions [7,20,22,36,37] 
(Table 3). Other pathological changes were thrombosis 
of small lung arteries [13,15], squamous metaplasia 
[12,24], bronchopneumonia [12,20], spherical 
secretions or globules [7], and megakaryocytes 

findings in lung tissue from alive patients. The study on 
fresh tissue presented changes reported in the majority 
of postmortem studies and not related to death. These 
changes included: diffuse alveolar damage [10,12,14,22-
26] alveolar proteinaceous exudates, vascular 
congestion [11,12,27] lymphocytic inflammatory 
infiltrates [8,11,13,23,24,28] hyaline membranes 
[7,9,12,20,24,26,28-33] and intraalveolar fibrin with 

https://doi.org/10.23937/2469-5807/1510140
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(Figure 2 and Figure 3). In the periphery of the 
more compromised areas, the presence of alveolar 
microthrombi was striking. The immunohistochemistry 
with TTF-1 highlighted the hyperplasia of atypical type 
II pneumocytes (Figure 4); and with CK7 collapsed 
alveoli were surrounded by a fibroblastic proliferation 
(Figure 5). As it was observed by others, we found 
scant inflammatory infiltrates in the majority of cases, 

[22,31]. Using immunohistochemistry and electron 
microscopy, viral particles of coronavirus were found in 
type II pneumocytes, and cylindrical epithelia from the 
bronchioles [13], which correlates with the cytopathic 
changes found with H&E.

In our cases, we observed markedly congested 
vessels (Figure 1), and prominent DAD with coexistence 
of exudative and proliferative phases in most patients 

         

Figure 4: Hyaline membranes with atypical pneumocytes (HE,40X).

         

Figure 5: DAD early proliferative phase (HE,40X).
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for COVID-19 pneumonia. Variable amounts of CD68 
positive alveolar macrophages were identified (Figure 8). 
Interestingly, higher amounts of alveolar macrophages 
were observed in patients with the highest values of 
ferritin (observation not systematized). This finding 
correlates with the role of ferritin in macrophage 
activation and the proposal to include COVID-19 within 
the hyperferritinemic syndromes [38].

but those complicated by bronchopneumonia (Figure 
6). We also found giant multinucleated cells, which 
were positive to CK7, and had cytopathic-like changes 
in the majority of cases (Figure 7). The cytopathic-like 
changes consisted of large nuclei, nucleolar inclusions, 
lumpy chromatin, and a large, eosinophilic cytoplasm; 
however, these changes are not specific for Sars-cov-2, 
therefore they cannot be used as diagnostic criteria 

         

Figure 6: CK7 in an area of proliferative phase of DAD (40X).

         

Figure 7: Neutrophilic exudate within alveoli in a patient complicated with bronchopneumonia (HE,40X).

https://doi.org/10.23937/2469-5807/1510140
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The most common finding in heart tissue our heart 
sample was aggregates of large brown vacuoles filled 
with lipofuscin, located at the poles of the nuclei in tshe 
cardiomyocytes (Figure 10 and Figure 11). Deposition 
of lipofuscin is considered normal as a part of the 
aging process [39]; however, it calls to our attention 
that the amounts observed surpass what is expected 

The immunohistochemistry with CD61 showed 
platelets and megakaryocytes forming aggregates 
within vessels in the alveolar septa (Figure 9), similar to 
the findings by Dohlnikoff, Carsana and Fox [22,24,31]. 
We found large megakaryocytes inside vessels, which 
was not considered of diagnostic importance, as the 
lungs are a reservoir of these cells [39].

         

Figure 8: Hyaline membranes and a multinucleate atypical cell (HE,40X).

         

Figure 9: CD68 depicting alveolar macrophages (40X).

https://doi.org/10.23937/2469-5807/1510140
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Figure 10: CD61 showing megakaryocytes (large dots) and aggregates of platelets (small dots) (40X).

         

Figure 11: Section of the heart showing deposits of a paranuclear light-brown material (HE,40X).

accumulation of lysosomes with lipofuscin has been 
previously reported in two patients with cardiac toxicity 
due to hydroxychloroquine, but the dose was not 
specified [41].

Other findings associated to chronic toxicity of 
chloroquine (cytoplasmic vacuolization with inclusions 
of PAS positive granular material), were not identified 
in our cases. It is important to point out that none of 

in aging organs, especially in our six patients younger 
than 60-years-old. We hypothesize that the origin 
of these deposits is related to the cardiotoxicity of 
hydroxychloroquine, as all the patients in our study 
received cumulative doses from 0.8 to 7.6 g (400 mg/
day) of hydroxychloroquine. Our dose is similar to the 
one used by Lane, et al. who showed an increased risk 
of heart disease in hydroxychloroquine users [40]. The 

https://doi.org/10.23937/2469-5807/1510140
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3.	 Wang Y, Xie B, Chen Y, Huang Z, Tan H (2014) Development 
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diffuse large B-cell lymphoma: A case report and review of 
literature. Int J Clin Exp Pathol 7: 3432-3438.

4.	 WHO (2017) Ethical considerations in developing a public 
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7.	 Tian S, Xiong Y, Liu H, Niu L, Guo J, et al. (2020) 
Pathological study of the 2019 novel coronavirus disease 
(COVID-19) through postmortem core biopsies. Mod Pathol 
33: 1007-1014.

8.	 Suess C, Hausmann R (2020) Gross and histopathological 
pulmonary findings in a COVID-19 associated death during 
self-isolation. Int J Legal Med 134: 1285-1290.

9.	 Takahashi K, Kajiura K, Nasu M, Nakamura K, Sugata 
K, et al. (2021) Post-mortem biopsy of a patient with late 
exacerbation of COVID-19 pneumonia. Respirol Case Rep 
9: e00724.

10.	Falasca L, Nardacci R, Colombo D, Lalle E, Di Caro A, 
et al. (2020) Postmortem findings in italian patients with 
covid-19: A descriptive full autopsy study of cases with and 
without comorbidities. The Journal of Infectious Diseases 
222: 1807-1815.

11.	Bryce C, Grimes Z, Pujadas E, Ahuja S, Beasley MB, et al. 
(2021) Pathophysiology of SARS-CoV-2: the mount sinai 
COVID-19 autopsy experience. Mod Pathol 34: 1456-1467.

12.	Wichmann D, Sperhake JP, Lütgehetmann M, Steurer 
S, Edler C, et al. (2020) Autopsy findings and venous 

the patients died as a result of cardiac dysfunction. Also, 
no significant electrocardiographically alterations were 
observed in any of the patients during hospitalization, 
even in the patient with myocardial microabcesses.

Other possible cause of lipofuscin in the heart is 
the oxidative damage caused by SARS-CoV-2 virus in 
multiple organs. S protein in the viral capsule induces 
the production of reactive oxygen species (ROS) through 
stimulation of NAPDPH oxidase [42]. Neutrophils are 
another source of ROS in covid-19 infection, especially 
in earlier stages of the disease [43]. These cells have 
been identified in myocardium tissue from infected 
patients [12,23,31], which would suggest that the heart 
is a target of the viral infection.

The findings in the liver, such as steatosis, sinusoidal 
dilatation and congestion (Figure 12), were found in 
the majority of cases. Mild inflammation was found 
in some cases and could be associated to preexisting 
comorbidities, drug effects, and/or unspecific systemic 
changes, as it has been pointed out by other authors 
[15,23].

In summary, our findings corroborate the histological 
injury in the lungs as previously reported. A larger number 
of alveolar macrophages were found in the cases with 
the highest values of ferritin. We also found aggregates 
of lipofuscin in all the hearts examined, probably in 
association with therapy with hydroxychloroquine.
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Figure 12: Another heart with similar light-brown aggregate (HE,100X).

https://doi.org/10.23937/2469-5807/1510140
https://pubmed.ncbi.nlm.nih.gov/32198191/
https://pubmed.ncbi.nlm.nih.gov/32198191/
https://pubmed.ncbi.nlm.nih.gov/32198191/
https://pubmed.ncbi.nlm.nih.gov/25031772/
https://pubmed.ncbi.nlm.nih.gov/25031772/
https://pubmed.ncbi.nlm.nih.gov/25031772/
https://pubmed.ncbi.nlm.nih.gov/25031772/
https://www.who.int/publications/i/item/WHO_CDS_EPR_GIP_2007.2
https://www.who.int/publications/i/item/WHO_CDS_EPR_GIP_2007.2
https://pubmed.ncbi.nlm.nih.gov/32382121/
https://pubmed.ncbi.nlm.nih.gov/32382121/
https://www.paho.org/en/documents/ethics-guidance-issues-raised-novel-coronavirus-disease-covid-19-pandemic-march-2020
https://www.paho.org/en/documents/ethics-guidance-issues-raised-novel-coronavirus-disease-covid-19-pandemic-march-2020
https://pubmed.ncbi.nlm.nih.gov/32291399/
https://pubmed.ncbi.nlm.nih.gov/32291399/
https://pubmed.ncbi.nlm.nih.gov/32291399/
https://pubmed.ncbi.nlm.nih.gov/32291399/
https://pubmed.ncbi.nlm.nih.gov/32504146/
https://pubmed.ncbi.nlm.nih.gov/32504146/
https://pubmed.ncbi.nlm.nih.gov/32504146/
https://pubmed.ncbi.nlm.nih.gov/33664958/
https://pubmed.ncbi.nlm.nih.gov/33664958/
https://pubmed.ncbi.nlm.nih.gov/33664958/
https://pubmed.ncbi.nlm.nih.gov/33664958/
https://academic.oup.com/jid/article/222/11/1807/5904107
https://academic.oup.com/jid/article/222/11/1807/5904107
https://academic.oup.com/jid/article/222/11/1807/5904107
https://academic.oup.com/jid/article/222/11/1807/5904107
https://academic.oup.com/jid/article/222/11/1807/5904107
https://pubmed.ncbi.nlm.nih.gov/33795830/
https://pubmed.ncbi.nlm.nih.gov/33795830/
https://pubmed.ncbi.nlm.nih.gov/33795830/
https://pubmed.ncbi.nlm.nih.gov/32374815/
https://pubmed.ncbi.nlm.nih.gov/32374815/
https://www.mdpi.com/2077-0383/9/5/1259
https://www.mdpi.com/2077-0383/9/5/1259
https://www.mdpi.com/2077-0383/9/5/1259


ISSN: 2469-5807DOI: 10.23937/2469-5807/1510140

Leon-Guerrero et al. Int J Pathol Clin Res 2022, 8:140 • Page 11 of 12 •

Kanamura CT, de Almeida Monteiro RA, et al. (2021) An 
autopsy study of the spectrum of severe COVID-19 in 
children: From SARS to different phenotypes of MIS-C. 
EClinicalMedicine 35: 100850.

28.	Jacobs W, Lammens M, Kerckhofs A, Voets E, San EV, et 
al. (2020) Fatal lymphocytic cardiac damage in coronavirus 
disease 2019 (COVID-19): Autopsy reveals a ferroptosis 
signature. ESC Heart Fail 7: 3772-3781.

29.	Flikweert AW, Grootenboers MJJH, Yick DCY, du Mée 
AWF, van der Meer NJM, et al. (2020) Late histopathologic 
characteristics of critically ill COVID-19 patients: Different 
phenotypes without evidence of invasive aspergillosis, a 
case series. J Crit Care 59: 149-155.

30.	Barton LM, Duval EJ, Stroberg E, Ghosh S, Mukhopadhyay 
S (2020) COVID-19 autopsies, Oklahoma, USA. Am J Clin 
Pathol 153: 725-733. 

31.	Fox SE, Akmatbekov A, Harbert JL, Li G, Brown JQ, et 
al. (2020) Pulmonary and cardiac pathology in African 
American patients with COVID-19: An autopsy series from 
New Orleans. Lancet Respir Med 8: 681-686. 

32.	Damiani S, Fiorentino M, Palma AD, Foschini MP, Lazzarotto 
T, et al. (2021) Pathological post-mortem findings in lungs 
infected with SARS-COV-2. J Pathol 253: 31-40. 

33.	Elsoukkary SS, Mostyka M, Dillard A, Berman DR, Ma LX, 
et al. (2021) Autopsy findings in 32 patients with covid-19: A 
single-institution experience. Pathobiology 88: 56-68. 

34.	De Michele S, Sun Y, Yilmaz MM, Katsyv I, Salvatore M, 
et al. (2020) Forty postmortem examinations in covid-19 
patients. Am J Clin Pathol 154: 748-760. 

35.	Doglioni C, Ravaglia C, Chilosi M, Rossi G, Dubini A, et 
al. (2021) Covid-19 interstitial pneumonia: Histological and 
immunohistochemical features on cryobiopsies. Respiration 
100: 488-498.

36.	Varga Z, Flammer AJ, Steiger P, Haberecker M, Andermatt 
R, et al. (2020) Endothelial cell infection and endotheliitis in 
COVID-19. Lancet 395: 1417-1418.

37.	Wang XX, Shao C, Huang XJ, Sun L, Meng LJ, et al. (2020) 
Histopathological features of multiorgan percutaneous 
tissue core biopsy in patients with COVID-19. J Clin Pathol 
74: 522-527.

38.	Colafrancesco S, Alessandri C, Conti F, Priori R (2020) 
COVID-19 gone bad: A new character in the spectrum of 
the hyperferritinemic syndrome? Autoimmunity Reviews 
19: 102573.

39.	Mills S (2015) Histology for pathologists (4th edn).

40.	Lane JCE, Weaver J, Kostka K, Duarte-Salles T, Abrahao 
MTF, et al. (2020) Risk of hydroxychloroquine alone 
and in combination with azithromycin in the treatment of 
rheumatoid arthritis: A multinational, retrospective study. 
Lancet Rheumatol 2: e698-e711.

41.	Tönnesmann E, Kandolf R, Lewalter T (2013) 
Chloroquine cardiomyopathy - a review of the literature. 
Immunopharmacol Immunotoxicol 35: 434-442.

42.	Suhail S, Zajac J, Fossum C, Lowater H, McCracken C, et 
al. (2020) Role of oxidative stress on sars-cov (sars) and 
sars-cov-2 (covid-19) infection: A review. Protein J 39: 644-
656.

43.	Goud PT, Bai D, Abu-Soud HM (2021) A multiple-
hit hypothesis involving reactive oxygen species and 
myeloperoxidase explains clinical deterioration and fatality 
in covid-19. Int J Biol Sci 17: 62-72.

thromboembolism in patients with covid-19: A prospective 
cohort study. Ann Intern Med 173: 268-277.

13.	Yao XH, Li TY, He ZC, Ping YF, Liu HW, et al. (2020) [A 
pathological report of three COVID-19 cases by minimally 
invasive autopsies]. Zhonghua Bing Li Xue Za Zhi 49: 411-
417.

14.	Borczuk AC, Salvatore SP, Seshan SV, Patel SS, Bussel 
JB, et al. (2020) COVID-19 pulmonary pathology: A multi-
institutional autopsy cohort from Italy and New York City. 
Mod Pathol 33: 2156-2168.

15.	Tian S, Hu W, Niu L, Liu H, Xu H, et al. (2020) Pulmonary 
pathology of early-phase 2019 novel coronavirus (covid-19) 
pneumonia in two patients with lung cancer. J Thorac Oncol 
15: 700-704.

16.	Ferlicot S, Jamme M, Gaillard F, Oniszczuk J, Couturier 
A, et al. (2021) The spectrum of kidney biopsies in 
hospitalized patients with COVID-19, acute kidney injury 
and/or proteinuria. Nephrol Dial Transplant gfab042.

17.	Meliambro K, Li X, Salem F, Yi Z, Sun Z, et al. (2021) 
Molecular analysis of the kidney from a patient with covid-
19-associated collapsing glomerulopathy. Kidney Med 3: 
653-658.

18.	Akilesh S, Nast CC, Yamashita M, Henriksen K, Charu V, 
et al. (2021) Multicenter clinicopathologic correlation of 
kidney biopsies performed in covid-19 patients presenting 
with acute kidney injury or proteinuria. Am J Kidney Dis 77: 
82-93.e1.

19.	Miao J, Fidler ME, Nasr SH, Larsen CP, Zoghby ZM (2021) 
Membranous nephropathy in a patient with coronavirus 
disease 2019 (COVID-19): A case report. Clin Nephrol 
Case Stud 9: 11-18. 

20.	Menter T, Haslbauer JD, Nienhold R, Savic S, Hopfer H, et 
al. (2020) Postmortem examination of COVID-19 patients 
reveals diffuse alveolar damage with severe capillary 
congestion and variegated findings in lungs and other 
organs suggesting vascular dysfunction. Histopathology 
77: 198-209.

21.	Khatami F, Saatchi M, Zadeh SST, Aghamir ZS, Shabestari 
AN, et al. (2020) A meta-analysis of accuracy and sensitivity 
of chest CT and RT-PCR in COVID-19 diagnosis. Sci Rep 
10: 22402.

22.	Dolhnikoff M, Duarte-Neto AN, Almeida Monteiro RA, Silva 
LFF, Oliveira EP, et al. (2020) Pathological evidence of 
pulmonary thrombotic phenomena in severe COVID-19. J 
Thromb Haemost 18: 1517-1519.

23.	Xu Z, Shi L, Wang Y, Zhang J, Huang L, et al. (2020) 
Pathological findings of COVID-19 associated with acute 
respiratory distress syndrome. Lancet Respir Med 8: 420-
422.

24.	Carsana L, Sonzogni A, Nasr A, Rossi RS, Pellegrinelli A, 
et al. (2020) Pulmonary post-mortem findings in a series 
of COVID-19 cases from northern Italy: A two-centre 
descriptive study. Lancet Infect Dis 20: 1135-1140.

25.	Beigee FS, Toutkaboni MP, Khalili N, Nadji SA, Dorudinia 
A, et al. (2020) Diffuse alveolar damage and thrombotic 
microangiopathy are the main histopathological findings in 
lung tissue biopsy samples of COVID-19 patients. Pathol 
Res Pract 216: 153228. 

26.	Konopka KE, Wilson A, Myers JL (2019) Postmortem lung 
findings in a patient with asthma and coronavirus disease 
2019. Chest 158: e99-e101.

27.	Duarte-Neto AN, Caldini EG, Gomes-Gouvêa MS, 

https://doi.org/10.23937/2469-5807/1510140
https://pubmed.ncbi.nlm.nih.gov/33937731/
https://pubmed.ncbi.nlm.nih.gov/33937731/
https://pubmed.ncbi.nlm.nih.gov/33937731/
https://pubmed.ncbi.nlm.nih.gov/33937731/
https://pubmed.ncbi.nlm.nih.gov/32959998/
https://pubmed.ncbi.nlm.nih.gov/32959998/
https://pubmed.ncbi.nlm.nih.gov/32959998/
https://pubmed.ncbi.nlm.nih.gov/32959998/
https://pubmed.ncbi.nlm.nih.gov/32674001/
https://pubmed.ncbi.nlm.nih.gov/32674001/
https://pubmed.ncbi.nlm.nih.gov/32674001/
https://pubmed.ncbi.nlm.nih.gov/32674001/
https://pubmed.ncbi.nlm.nih.gov/32674001/
https://pubmed.ncbi.nlm.nih.gov/32275742/
https://pubmed.ncbi.nlm.nih.gov/32275742/
https://pubmed.ncbi.nlm.nih.gov/32275742/
https://pubmed.ncbi.nlm.nih.gov/32473124/
https://pubmed.ncbi.nlm.nih.gov/32473124/
https://pubmed.ncbi.nlm.nih.gov/32473124/
https://pubmed.ncbi.nlm.nih.gov/32473124/
https://pubmed.ncbi.nlm.nih.gov/32930394/
https://pubmed.ncbi.nlm.nih.gov/32930394/
https://pubmed.ncbi.nlm.nih.gov/32930394/
https://pubmed.ncbi.nlm.nih.gov/32942274/
https://pubmed.ncbi.nlm.nih.gov/32942274/
https://pubmed.ncbi.nlm.nih.gov/32942274/
https://pubmed.ncbi.nlm.nih.gov/32876680/
https://pubmed.ncbi.nlm.nih.gov/32876680/
https://pubmed.ncbi.nlm.nih.gov/32876680/
https://pubmed.ncbi.nlm.nih.gov/33725700/
https://pubmed.ncbi.nlm.nih.gov/33725700/
https://pubmed.ncbi.nlm.nih.gov/33725700/
https://pubmed.ncbi.nlm.nih.gov/33725700/
https://pubmed.ncbi.nlm.nih.gov/32325026/
https://pubmed.ncbi.nlm.nih.gov/32325026/
https://pubmed.ncbi.nlm.nih.gov/32325026/
https://pubmed.ncbi.nlm.nih.gov/32848014/
https://pubmed.ncbi.nlm.nih.gov/32848014/
https://pubmed.ncbi.nlm.nih.gov/32848014/
https://pubmed.ncbi.nlm.nih.gov/32848014/
https://europepmc.org/article/PMC/7199723
https://europepmc.org/article/PMC/7199723
https://europepmc.org/article/PMC/7199723
https://europepmc.org/article/PMC/7199723
https://pubmed.ncbi.nlm.nih.gov/32864627/
https://pubmed.ncbi.nlm.nih.gov/32864627/
https://pubmed.ncbi.nlm.nih.gov/32864627/
https://pubmed.ncbi.nlm.nih.gov/32864627/
https://pubmed.ncbi.nlm.nih.gov/32864627/
https://pubmed.ncbi.nlm.nih.gov/23635029/
https://pubmed.ncbi.nlm.nih.gov/23635029/
https://pubmed.ncbi.nlm.nih.gov/23635029/
https://pubmed.ncbi.nlm.nih.gov/33106987/
https://pubmed.ncbi.nlm.nih.gov/33106987/
https://pubmed.ncbi.nlm.nih.gov/33106987/
https://pubmed.ncbi.nlm.nih.gov/33106987/
https://pubmed.ncbi.nlm.nih.gov/33390833/
https://pubmed.ncbi.nlm.nih.gov/33390833/
https://pubmed.ncbi.nlm.nih.gov/33390833/
https://pubmed.ncbi.nlm.nih.gov/33390833/
https://pubmed.ncbi.nlm.nih.gov/32374815/
https://pubmed.ncbi.nlm.nih.gov/32374815/
https://pubmed.ncbi.nlm.nih.gov/32172546/
https://pubmed.ncbi.nlm.nih.gov/32172546/
https://pubmed.ncbi.nlm.nih.gov/32172546/
https://pubmed.ncbi.nlm.nih.gov/32172546/
https://pubmed.ncbi.nlm.nih.gov/32879413/
https://pubmed.ncbi.nlm.nih.gov/32879413/
https://pubmed.ncbi.nlm.nih.gov/32879413/
https://pubmed.ncbi.nlm.nih.gov/32879413/
https://pubmed.ncbi.nlm.nih.gov/32114094/
https://pubmed.ncbi.nlm.nih.gov/32114094/
https://pubmed.ncbi.nlm.nih.gov/32114094/
https://pubmed.ncbi.nlm.nih.gov/32114094/
https://pubmed.ncbi.nlm.nih.gov/33576823/
https://pubmed.ncbi.nlm.nih.gov/33576823/
https://pubmed.ncbi.nlm.nih.gov/33576823/
https://pubmed.ncbi.nlm.nih.gov/33576823/
https://pubmed.ncbi.nlm.nih.gov/33942030/
https://pubmed.ncbi.nlm.nih.gov/33942030/
https://pubmed.ncbi.nlm.nih.gov/33942030/
https://pubmed.ncbi.nlm.nih.gov/33942030/
https://pubmed.ncbi.nlm.nih.gov/33045255/
https://pubmed.ncbi.nlm.nih.gov/33045255/
https://pubmed.ncbi.nlm.nih.gov/33045255/
https://pubmed.ncbi.nlm.nih.gov/33045255/
https://pubmed.ncbi.nlm.nih.gov/33045255/
https://pubmed.ncbi.nlm.nih.gov/33633925/
https://pubmed.ncbi.nlm.nih.gov/33633925/
https://pubmed.ncbi.nlm.nih.gov/33633925/
https://pubmed.ncbi.nlm.nih.gov/33633925/
https://pubmed.ncbi.nlm.nih.gov/32364264/
https://pubmed.ncbi.nlm.nih.gov/32364264/
https://pubmed.ncbi.nlm.nih.gov/32364264/
https://pubmed.ncbi.nlm.nih.gov/32364264/
https://pubmed.ncbi.nlm.nih.gov/32364264/
https://pubmed.ncbi.nlm.nih.gov/32364264/
https://pubmed.ncbi.nlm.nih.gov/33372194/
https://pubmed.ncbi.nlm.nih.gov/33372194/
https://pubmed.ncbi.nlm.nih.gov/33372194/
https://pubmed.ncbi.nlm.nih.gov/33372194/
https://pubmed.ncbi.nlm.nih.gov/32294295/
https://pubmed.ncbi.nlm.nih.gov/32294295/
https://pubmed.ncbi.nlm.nih.gov/32294295/
https://pubmed.ncbi.nlm.nih.gov/32294295/
https://pubmed.ncbi.nlm.nih.gov/32085846/
https://pubmed.ncbi.nlm.nih.gov/32085846/
https://pubmed.ncbi.nlm.nih.gov/32085846/
https://pubmed.ncbi.nlm.nih.gov/32085846/
https://pubmed.ncbi.nlm.nih.gov/32526193/
https://pubmed.ncbi.nlm.nih.gov/32526193/
https://pubmed.ncbi.nlm.nih.gov/32526193/
https://pubmed.ncbi.nlm.nih.gov/32526193/
https://pubmed.ncbi.nlm.nih.gov/32979740/
https://pubmed.ncbi.nlm.nih.gov/32979740/
https://pubmed.ncbi.nlm.nih.gov/32979740/
https://pubmed.ncbi.nlm.nih.gov/32979740/
https://pubmed.ncbi.nlm.nih.gov/32979740/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7187850/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7187850/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7187850/
https://pubmed.ncbi.nlm.nih.gov/33937731/


ISSN: 2469-5807DOI: 10.23937/2469-5807/1510140

Leon-Guerrero et al. Int J Pathol Clin Res 2022, 8:140 • Page 12 of 12 •

47.	Basso C, Leone O, Rizzo S, De Gaspari M, van der Wal AC, 
et al. (2020) Pathological features of COVID-19-associated 
myocardial injury: A multicentre cardiovascular pathology 
study. Eur Heart J 41: 3827-3835.

48.	Nienhold R, Ciani Y, Koelzer VH, Tzankov A, Haslbauer 
JD, et al. (2020) Two distinct immunopathological profiles in 
autopsy lungs of COVID-19. Nat Commun 11: 5086.

49.	Wu J, Yu J, Zhou S, Zhang J, Xu J, et al. (2020) What can 
we learn from a COVID-19 lung biopsy? Int J Infect Dis 99: 
410-413.

44.	Xu X, Chang XN, Pang HX, Su H, Huang B, et al. (2020) 
[Pathological changes of the spleen in ten patients with new 
coronavirus disease 2019 by postmortem needle autopsy. 
Zhonghua Bing Li Xue Za Zhi 49: 576-582.

45.	Su H, Yang M, Wan C, Yi LX, Tang F, et al. (2020) Renal 
histopathological analysis of 26 postmortem findings of 
patients with COVID-19 in China. Kidney Int 98: 219-227.

46.	Santoriello D, Khairallah P, Bomback AS, Xu K, Kudose 
S, et al. (2020) Postmortem kidney pathology findings in 
patients with covid-19. J Am Soc Nephrol 31: 2158-2167.

https://doi.org/10.23937/2469-5807/1510140
https://pubmed.ncbi.nlm.nih.gov/32968776/
https://pubmed.ncbi.nlm.nih.gov/32968776/
https://pubmed.ncbi.nlm.nih.gov/32968776/
https://pubmed.ncbi.nlm.nih.gov/32968776/
https://pubmed.ncbi.nlm.nih.gov/33033248/
https://pubmed.ncbi.nlm.nih.gov/33033248/
https://pubmed.ncbi.nlm.nih.gov/33033248/
https://pubmed.ncbi.nlm.nih.gov/32768699/
https://pubmed.ncbi.nlm.nih.gov/32768699/
https://pubmed.ncbi.nlm.nih.gov/32768699/
https://pubmed.ncbi.nlm.nih.gov/32340089/
https://pubmed.ncbi.nlm.nih.gov/32340089/
https://pubmed.ncbi.nlm.nih.gov/32340089/
https://pubmed.ncbi.nlm.nih.gov/32340089/
https://pubmed.ncbi.nlm.nih.gov/32327202/
https://pubmed.ncbi.nlm.nih.gov/32327202/
https://pubmed.ncbi.nlm.nih.gov/32327202/
https://pubmed.ncbi.nlm.nih.gov/32727719/
https://pubmed.ncbi.nlm.nih.gov/32727719/
https://pubmed.ncbi.nlm.nih.gov/32727719/

	Title
	Corresponding author
	Abstract
	Keywords
	Introduction 
	Methods
	Cases
	Ancillary studies 
	Ethical considerations 
	Literature review 

	Results
	Literature Review 
	Discussion
	Table 1
	Table 2
	Table 3
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	Figure 5
	Figure 6
	Figure 7
	Figure 8
	Figure 9
	Figure 10
	Figure 11
	Figure 12
	References

