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Abstract: We systematically reviewed published data on autopsies of patients who died from COVID-19
to identify pathological changes that are consistently reported in autopsies and those that were reported
anecdotally, and to compare consistent findings with autopsy findings in similar diseases. The MEDLINE,
Google Scholar, and Embase databases were searched for full-text articles in the English language from
December 2019 to March 2021 to include publications on autopsy findings in patients whose main cause
of death was COVID-19 and COVID-19-related complications. This review included 124 published
papers documenting COVID-19 patient autopsies for over 1100 patients. Most frequent and consistently
reported pathological findings included diffuse alveolar damage in the lungs, cardiac inflammation,
and hypertrophy, vascular microthrombi, shock kidney and acute tubular necrosis, congested liver and
spleen, and shock-associated changes in other organs. These findings by themselves were not unique,
and were similar to other severe viral infections and septic shock. However, the frequency of diffuse
alveolar damage and the extent of microvascular thrombosis were much higher among the autopsies
of patients who had died from COVID-19 compared with other severe viral infections. Autopsy data
confirm clinical reports of high incidences of diffuse alveolar damage and microvascular thrombosis in
the most severe cases of COVID-19 that caused death.
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1. Introduction

As of 30 June 2020, an estimated 41% of U.S. adults reported that they delayed or
avoided medical care during the pandemic due to concerns of contracting COVID-19, and
12% of these U.S. adults also reported avoiding urgent and emergency care [1]. This delay
and/or decreased utilization of medical care could be the cause of increased negative patient
outcomes in preventable and treatable conditions. As the coronavirus disease 2019 (COVID-19)
pandemic reaches its third year, a multitude of preventative and treatment modalities have
been developed that hope to control the spread of the disease. These include various COVID-
19 vaccines and treatment strategies that range from new drugs like Paxlovid and simple
hospital maneuvers like placing patients in prone position [2]. The pathogenesis of COVID-19
is complex with a multitude of factors leading to varying levels of injury to the lungs and
numerous other organs. New data suggest that this disease causes other sequelae outside
the traditional lung findings found in other viruses within the Coronaviridae family that can
contribute to other serious morbidities. This review of 124 published papers documenting
COVID-19 patient autopsies includes over 1100 patients and will act as a timestamp of COVID-
19 patients who did not have new treatment technologies that exist today, giving a clearer
picture of the first few variants (Figure 1).
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Figure 1. Graphical representation of the distribution of post-mortem organ system pathology
ranging from greatest prevalence to lowest prevalence in this review of 1142 COVID-19 patients.

2. Methods

A systematic review was performed using the PRISMA (preferred reporting items
for systematic reviews and meta-analyses) guidelines. Search strategy: The MEDLINE,
Google Scholar, and Embase databases were searched for full-text articles in the English
language from December 2019 to March 2021without restriction. This review will not cover
COVID-19 vaccine complications, as the endpoint of this study was March 2021.

2.1. Selection Criteria

This search was conducted using all available reports prior to March 2021. Any article
providing autopsy reports of patients who had died from COVID-19 was included. Any
data that ranged from specific organ systems or histological findings to full autopsy reports
were included in the study. There was no restriction on the age, sex, or ethnicity of the
patient as long as the main cause of death was from COVID-19 and COVID-19-related
complications. Duplicated reports and findings found in separate articles were excluded
(Figure 2). Study selection, data extraction, and risk of bias assessment were then performed
by two independent reviewers (FL) and any conflicts were discussed in person.

2.2. Study Organization and Analysis

After all search engine results were screened, the articles that passed the initial selection
criteria had their findings listed by organ system. The findings were placed in subcategories
within each organ system. These subcategories were quantified by the number of patients
found within each group. The prevalence of these findings was calculated using the number
of patients in each subcategory divided by the number of patients that had data related to
the organ system. All data extraction was performed by the four reviewers (KC, AF, SH,
and RS) independently.
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Figure 2. Selection process used for selecting published autopsy reports of COVID-19 infections.

3. Results
3.1. Lung Findings

Of the 124 studies, 90 papers discussed lung findings in their autopsy reports. This
represents 866 patients in this review (Table 1). The most common finding indicates that
many of these patients had died with diffuse alveolar damage (DAD) (65.4%) [3—67] with
type II pneumocyte hyperplasia (19.5%) [11,12,15,18,26,30,31,43,44,47,48,54,55,58,60,63,66,
68-84] and lymphocyte dominant inflammation (10.3%) [4,5,11,12,15,19,28,38,48,50,54,57,
59,63,66,68,69,72,73,75,83,85-87]. This was to be expected as the most common initial and
notable end-stage symptoms of COVID-19 are respiratory related. Under the umbrella of
DAD, many of the reports indicated alveolar edema (29.1%) [10,14-16,19,25,29-31,38,43,44,
46-49,53-55,58-63,67,70,74,75,80-83,87-94], and hyaline membrane (27.5%) [4-6,10,16,21,
23,26,28,30,31,34,38,43-45,47,48,54,55,60,62,66,67,71,72,75,76,79-83,95-97] formation at the
microscopic level. An interesting finding from these reports also showed a high number of
patients with alveolar hemorrhage (19.2%) [10,12,15,16,19,23,24,30,38,55,57,61,63,66,68,70—
74,83,84,86,88,89,95,96,98,99] and thrombus formation (9.8%) [12,21,30,33,46,60,66,67,74,84,
89,100] within the parenchyma of the lungs.

Table 1. Summary of the most common post-mortem findings in 1142 COVID-19 decedents orga-
nized by organ system. The total number of autopsies displaying organ system pathology and the
corresponding prevalence of the specific findings are listed.

Organ Systems
(# of Autopsies with Pathology)

Common Pathology
(% of Autopsies with Pathology)

DAD (65%), consolidations (32%), alveolar edema (29%), hyaline membranes (28%), type

Pulmonary (n = 865)

II pneumocyte hyperplasia (20%), alveolar hemorrhage (19%), thrombus (10%),
lymphocyte dominate inflammation (10%), pleural effusion (5%), PE (3%)

Cardiac (n = 502)

Cardiac inflammation (37%), hypertrophy (20%), fibrosis (26%), cardiomegaly (20%),
ventricular dilation (7%)

Vasculature (n = 771)

Thrombi (57%), inflammatory cell infiltrates (15%)

Renal (n = 427)

Arteriosclerosis (26%) of the renal arteries, shock kidney (19%), acute
tubular necrosis (18%)

Liver (n = 407)

Steatosis (26%), congestion (25%), shock liver (20%)
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Table 1. Cont.

Organ Systems

Common Pathology

(# of Autopsies with Pathology) (% of Autopsies with Pathology)

Lymphatic (n = 284)

Spleen (1 = 266): congestion (38%), white pulp depletion (14%), autolysis (12%); Lymph
Nodes (1 = 18): enlarged mediastinal (78%), hilar pulmonary lymph nodes (78%), loss of
germinal centers 11 (61%)

Gastrointestinal (1 = 162)

Shock changes (49%)

Genitourinary (n = 127)

Testis (n = 33): interstitial edema (52%); Prostate (1 = 94): thrombosis (8%)

Neurologic (n = 111)

Brain (1 = 109): hypoxic-ischemic injury (18%); Olfactory bulbs (1 = 2): edema (100%),
neuronal degeneration (100%), neuronal necrosis (100%) and inflammatory
infiltrate (100%)

Adrenal (n = 53)

Macroscopic lesions (23%)

Cutaneous (1 = 19)

Thrombotic microangiopathy (53%)

Oropharynx (n = 15)

Pharynx (n = 8): lymphocytic pharyngitis (88%); Oral cavity (n = 7): keratinocytes of
junctional epithelium (100%)

Pancreas (n = 13)

Necrosis (38%)

Ocular (n = 3)

Autolysis (100%), cataracts (100%)

Placenta (n = 1)

Subchorial inflammation (100%), intervillous fibrin deposits (100%), funisitis (100%)

Total Number of Autopsies (1 = 1142)

3.2. Heart Findings

Of the 124 studies, 52 papers discussed cardiac findings; this represents 502 patients.
The most common findings include cardiac inflammation (36.9%, 185/502) [3,12,13,19,25,
26,31,35,44,51,58,68,71,79,83,85,88,94,95,101-105], hypertrophy (19.9%, 100/502) [13,14,21,
26,31,42,55,56,59,73,85,96,97,104-107], fibrosis (26.3%, 132/502) [4,9,14,19,21,31,49,56,86,88,
103,105], cardiomegaly (20.1%, 101/502) [7,14,29,36,47,55,58,60,62,72,85,86,96-98], and dila-
tion (7.2%, 36/502) [34,36,42,47,70,73,92,95,98,107]. The various heart pathologies found in
autopsy are interesting findings as pulmonary pathologies are the most common complica-
tion with COVID-19 infection.

3.3. Vascular Findings

Vascular clotting-associated pathologies are among the major complications observed
in severe cases of COVID-19. Numerous studies have identified vascular microthrombi
as a principal pathologic finding at autopsy in patients infected with SARS-CoV-2. In
this review of 124 published papers documenting COVID-19 autopsies, which included
over 1100 patients, we identified 771 patients with vascular pathology. Specifically, 57%
(437/771) [4,8-10,12,14,15,17-22,24,26-29,31,35,40-43,45-47,49,53,56-58,62,63,68,76,85,86,90,
97,98,100,103,105,106,108-113] of these patients were found to have vascular thrombi,
while 15% (116/771) [26,36,41,53,68,92,104,106,114] were found to have inflammatory cell
infiltrates of the vasculature. Our analysis was limited by the authors’ descriptions of
the observed thrombi, with many authors not specifying the type of vasculature or the
location of the thrombi. However, in the 528 cases where thrombosis was specifically cate-
gorized, microvascular thrombosis was overwhelmingly more common than macrovascu-
lar [9,12,14,18,20,21,26,28,29,31,35,41,42,45-47,57,58,68,97,107,109,111,112], being observed
in 67% (356/528) [4,8-10,14,15,17,19-22,24,26-31,35,40,43,45,47,49,53,56-58,62,63,76,85,86,
90,98,100,103,105,106,110,112,113] of cases (Figure 3).

3.4. Kidneys

Of the 124 studies, 38 papers talked about kidney findings, representing 427 patients,
making it the most commonly noted problem; 112 patients (26%) [4,31,35,56,68,107] showed
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arteriosclerosis of the arteries feeding the kidneys [26], 81 (19%) [68,107] had shock kidney,
and 80 (18%) [13,35,36,39,55,56,62,88,93,101,105,115] had acute tubular necrosis.

Microvascular thrombosis
Autopsies with thrombi
ies with I hology Macrovascular thrombosis H
Total Autopsies
Autopsies without thrombi
A ies with other pathology

Figure 3. Graphical representation of the prevalence of vascular pathology in this review of
1142 COVID-19 decedents, with visualization of the high frequency of thrombotic complications and
further characterization of microvascular and macrovascular thrombi.

3.5. Spleen

Of the 124 studies, 22 papers talked about spleen findings. This represents 266 pa-
tients in this review. Of the 266 patients 104 (38%) [19,31,38,68,108] showed congestion,
37 (14%) [19,31,38,56,58,59,88,105] showed white pulp depletion, and 32 (12%) [14] had
autolysis of their spleen.

3.6. Liver

Of the 124 studies, 41 papers elaborated about liver findings of COVID-19. This
represents 407 (35%) patients in this review. Of the 407 patients with liver findings 102 had
congestion (25%) [38,47,60,68,105,107], 107 had steatosis (26%) [4,6,14,29,31,32,34,35,38,51,
56,58,60,62,71,100,101], and 84 had shock liver (20%) [13,68,107].

3.7. Remaining Affected Organ Systems

Prostate: 94 (8%); most common finding was thrombosis, 86 patients (91%) [68,107].
Bowel: 162 (14%); most common finding was shock changes, 80 patients (49%) [68]. Phar-
ynx: 8 (1%); most common finding was lymphocytic pharyngitis (88%) [68]. Adrenal glands:
53 (5%); most common finding was lesions (23%) [90]. Testis: 33 (3%); most common find-
ing was interstitial edema, 17 patients (52%) [78,116]. Brain: 109 (10%); most common
finding was hypoxic-ischemic injury, 20 patients (18%) [76,81,117]. Cutaneous: 19 (2%);
most common finding was thrombotic microangiopathy, 10 patients (53%) [56,91]. Pan-
creas: 13 (1%); most common finding was necrosis, 5 patients (38%) [59,101]. Lymph nodes:
18 (2%); most common findings were enlarged mediastinal (14 patients (78%)) [38,59] and
hilar pulmonary lymph nodes (14 patients (78%)) [38,59], and loss of germinal centers,
11 patients (61%) [59]. Eyes: 3 (0.3%); most common findings were autolysis (3 patients
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(100%)) and cataracts (3 patients (100%)) [99]. Placenta: 1 (0.1%); most common findings
were subchorial inflammation (1 patient (100%)), intervillous fibrin deposits (1 patient
(100%)), and funisitis (1 patient (100%)) [82]. Olfactory bulbs: 2 (0.2%); most common find-
ings were edema (2 patients (100%)), neuronal degeneration (2 patients (100%)), neuronal
necrosis (2 patients (100%)), and inflammatory infiltrate (2 patients (100%)) [65]. Mouth:
7 (0.6%); most common finding was morphologic alteration in keratinocytes of junctional
epithelium, 7 patients (100%) [66].

4. Discussion

While most patients infected with SARS-CoV-2 experience only mild illness, approxi-
mately 5% of patients develop severe lung injury or even multiorgan dysfunction, resulting
in a 1-4% case fatality ratio [118]. Viral sepsis closely resembles the clinical manifestations
of severe or critically ill COVID-19 patients; as such, a comparison between the two disease
processes may provide a more accurate description of COVID-19's pathologic effects.

To begin a comparison, SARS-CoV-1 was examined first due to its relation to SARS-
CoV-2 and to evaluate any evolution of their pathologies that may have occurred between
these two viruses. Unchanged for SARS-CoV-2, SARS-CoV-1 binding domains specifically
bind to angiotensin-converting enzyme 2 (ACE2) [119]. High viral loads were found in the
epithelium of the respiratory, gastrointestinal, renal distal tubules, neurons of the brain,
and macrophages across multiple organ systems. Two notable characteristics for SARS-
CoV-1 are a major depletion of immune cells within immunogenic organs and lymph nodes
and neuronal changes that included edema and scattered red degeneration [119]. Direct
lymphocyte damage and not immune overreaction causing immune injury was a hallmark
of the pathogenesis of SARS-CoV-1. In terms of vasculature, peripheral microthrombi
formation and macroscopic pulmonary thromboemboli have also been noted in SARS-CoV-
1 autopsies [120,121]. Systemic vasculitis with localized fibrinoid necrosis and infiltration of
monocytes, lymphocytes, and plasma cells into vessel walls has been described in cardiac,
pulmonary, hepatic, renal, and adrenal gland tissue as well [122].

MERS-CoV, the cause of the Middle East respiratory syndrome, is another member of
the beta coronavirus genus, which includes SARS-CoV-1 and SARS-CoV-2 and was origi-
nally identified in Jordan in April 2012. Histopathological data for MERS-CoV infection
are limited, as autopsies generally have not been performed either for religious or cultural
reasons [123]. Similar to the other betacoronaviruses, the pathologic changes in the lungs of
MERS-CoV patients are characterized by DAD with hyaline membrane formation indistin-
guishable from findings detected in severe pneumonia caused by other viral agents [124].
In cardiac tissue, diffuse myocyte hypertrophy has been observed [125]. Renal findings
demonstrate signs of AKI, and glomeruli with ischemic and sclerotic changes [125,126].
Hepatic tissue congestion and steatosis has also been noted [125,126]. In contrast to the
other betacoronaviruses, the functional receptor for MERS-CoV is dipeptidyl peptidase 4
(DPP4), which is widely distributed but predominantly expressed in the lower respiratory
tract and kidneys [125,127]. This may partially explain the lack of findings in other organs
affected by SARS-CoV-1 and SARS-CoV-2.

A review of autopsy findings in decedents infected with avian influenza A subtype
H5NI1 revealed several similarities to COVID-19. Pulmonary findings in these patients
demonstrated that the primary target of viral infection was type Il pneumocytes, resulting
in extensive pneumocyte destruction. Autopsy also revealed DAD with interstitial lympho-
plasmacytic infiltration and fibrosis following H5N1 infection [128]. DAD was in the acute
exudative phase for patients dying in the first 2 weeks and the organizing phase for patients
dying in the third week or later, while fibrosis appeared hyaline and paucicellular [128].
The H5N1 autopsied spleens showed atrophic white pulp and congested red pulp, livers
demonstrated macrovesicular steatosis, and renal findings included acute tubular necrosis
in nearly half of cases [128]. No significant pathology was noted in other organs. These
findings were similar to the autopsy findings in COVID-19 decedents.
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Patients who died secondary to infection with influenza A virus subtype HIN1—the
strain associated with the 1918 and 2009 influenza pandemics—provide another source of
comparison. In 411 autopsies from the 1918 pandemic, splenomegaly was noted in 37%,
while cardiac hypertrophy was observed in 16.3% of decedents [122]. Peripheral lung
pathology in both patients with COVID-19 and H1N1 shares the common feature of DAD
and infiltrating perivascular lymphocytes. Similarly, HIN1 autopsies have demonstrated
microthrombi in small pulmonary arteries and in alveolar capillaries. However, alveolar
capillary microthrombi have been reported as significantly more prevalent in patients with
COVID-19 than with influenza A [57]. In comparison, macroscopic thromboemboli were
not observed at autopsy by Burkhard-Koren et al. in their review of 411 autopsies from
1918 and 12 autopsies from the 2009 pandemic. Macrothrombosis has been a frequently
reported finding in COVID-19 autopsies.

As a last comparison, autopsy reports of patients infected by filoviruses were
analyzed—this family of viruses were the cause of the 2013 West African Ebola virus
epidemic. Autopsy reports showed macrophage-rich lymphoid tissues, the liver, and the
adrenal glands were major targets for these viruses [129]. Although known to be a hemor-
rhagic disease process, there were no vascular lesions identified with decreased production
of coagulation factors as the major cause of bleeding [129]. Lymphoid depletion of the
spleen, thymus, and lymph node was characteristic of the disease as they were the primary
sites of infection; however, there was little cellular inflammatory response noted in these
diseased tissues [129]. The mechanism of this lymphocytic cell-death was theorized to be
activated through TNF-related apoptosis-induced ligand (TRAIL) and Fas death receptor
pathways, but was not confirmed [130]. A key pathogenesis of the late stage of this disease
involves the adrenal cortex. Disruption of the adrenal cortex homeostatic function in blood
pressure, causing hypovolemia and hypotension, was seen in almost every death caused
by Ebola [129].

4.1. Unique COVID-19 Features

Pathological mechanisms leading to death in COVID-19 remain to be mainly hypothet-
ical. These mechanisms include disordered immune response resulting in a hyperinflamma-
tory state, [131] cytokine storm and activation of neutrophils and the release of neutrophil
extracellular traps, [132] and virus-mediated injury of endothelial cells through angiotensin
converting enzyme 2 (ACE2) receptors, [133] which explains elevated levels of von Wille-
brand factor (vWF) and Factor VIII seen in COVID-19 patients [134]. Hypoxia-related
activation of coagulation factors like tissue factor may be another possible mechanism in
triggering the disordered coagulation cascade, as well as immobility and ICU-related risk
factors [132].

The pulmonary pathology of severe COVID-19 manifests as a severe acute respiratory
distress syndrome (ARDS) with thrombotic microangiopathy. Our review of autopsy data
suggests that these findings are associated with underlying DAD. COVID-19-induced DAD
is characterized by damage to alveolar capillary endothelium and type II pneumocytes
leading to alveolar septal edema and the formation of hyaline membranes, accumulation of
numerous inflammatory cells, and precipitation of fibrin inside alveolar capillaries with a
relatively mild accumulation of lymphocytes and macrophages within alveoli [135].

As previously described, similar features have been identified in DAD of other eti-
ologies, including influenza A, MERS-CoV, and SARS-CoV-1. COVID-19 appears to lack
pathognomonic characteristics in terms of morphology and extent of alveolar damage.
There does not appear to be distinctive morphological features with which to differentiate
COVID-19-related DAD from DAD due to other causes [52]. In fact, COVID-19 pulmonary
disease is remarkably similar to the DAD described with SARS-CoV-1 infection, which has
been reported as nearly indistinguishable from DAD caused by trauma, aspiration, oxygen
toxicity, or infectious microorganisms [119].

While not universally present, COVID-19 pulmonary pathology is commonly accom-
panied by thrombosis [98]. Microthrombi in alveolar capillaries and small pulmonary
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arteries are likely related to the frequent development of a SARS-CoV-2-induced diffuse
hypercoagulable state, which occasionally features macrothrombosis characterized by deep
vein thromboses and large pulmonary thromboemboli [58,135]. Fox et al. hypothesize that
a thrombotic microangiopathy, primarily involving the lungs, is an important mechanism
underlying fatal COVID-19 disease [98].

However, as described previously, this is not necessarily a feature unique to COVID-19,
as numerous viral infections have been associated with thrombotic coagulation disorders.
Viral infections impact the coagulation cascade by directly interfering with various coagu-
lation factors, contributing to either prothrombotic or hemorrhagic states [136]. Specifically,
influenza A virus, SARS-CoV-1, and avian influenza A subtype H5N1 have been associated
with pulmonary microthrombi and fibrin deposition [136-139]. In SARS-CoV-1 infection,
the proposed thrombotic mechanism was an increased production of a novel pro-coagulant
observed in infected cells due to increased hfgl2 gene transcription induced by a viral
nucleocapsid protein [97,140]. It is unclear why some viruses have a strong influence on
coagulation and associated thrombotic complications while others do not. Inherited host
factors, as well the mechanism by which a virus exerts its effect—direct target cell infection,
virus-specific antibodies, or inflammatory mediators—likely plays a significant role [136].
Further, pulmonary microthrombi are not specific to viral infections but are instead features
of acute lung injury and hypoxic respiratory failure, seen in bacterial infection, sepsis,
trauma, aspiration, and toxic inhalation [122].

Myocardial inflammation is a common process that occurs with viral infections. Pa-
tients with viral infections can exhibit eosinophilic, lymphocytic, or granulomatous in-
flammation of the myocardial tissue which can lead to dilated cardiomyopathy [141].
Interestingly, one study characterized gross heart findings from a COVID-19-infected
patient, showing right and left ventricular dilation with cardiomegaly. Microscopy of
this myocardial tissue showed individual cell myocyte necrosis; however, there was no
significant lymphocytic inflammatory infiltrate [98]. This is normally present in viral my-
ocarditis, suggesting that COVID-19 attacks the heart in a novel process. One mechanism
proposed that the pericytes could be infected with COVID-19, thus causing microvascular
impairment, which can lead to cell necrosis [142].

Endothelial cell injury is a hallmark of vascular changes found in SARS-CoV-2 infec-
tions via endotheliitis in numerous organs as a direct result of viral infection mediated
by the ACE2 receptor and subsequent inflammatory immune response [83]. This COVID-
19-endotheliitis could explain the diffuse hypercoagulability and the clinical sequelae in
patients with COVID-19, such as widespread vascular thrombosis with microangiopa-
thy. Moreover, this endothelial damage likely predisposes patients with pre-existing
endothelial dysfunction from comorbidities, such as old age, obesity, hypertension, and
diabetes mellitus, to severe COVID-19 [122]. Additionally, Ackermann et al. reported a
specific microangiopathy in the lungs of COVID-19 patients believed to be associated with
SARS-CoV-2's endothelial injury. They described new vessel growth primarily through a
mechanism of intussusceptive angiogenesis that was significantly greater than that seen
in patients with influenza A [57]. However, the clinical significance of this angiogenesis
during COVID-19 remains incompletely understood. Of note, patients with pre-existing
immune inflammatory disease being treated with anti-cytokine pharmacotherapy reveal
incidence of hospitalization similar to the general population [143], therefore suggesting
that the use of baseline biologics protects against worse COVID-19 outcomes.

4.2. COVID-19 Cardiovascular and CNS Theories

Patients with cardiovascular disease are at higher risk to develop severe complications
of COVID-19 infection. While severe COVID-19 infection consistently damages the lungs,
cases of myocardial injury have been reported. The proposed mechanisms of myocar-
dial injury are direct damage to the cardiomyocytes, systemic inflammation, myocardial
interstitial fibrosis, immune mediated response, coronary plaque destabilization, and hy-
poxia [94]. Specifically, myocarditis has been a topic of discussion in the media during the
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COVID-19 pandemic. The true prevalence of myocarditis among patients with COVID-19
is difficult to establish, as many early reports lacked specific diagnostic modalities to assess
myocarditis [144]. Additionally, circulating biomarkers that correlate with myocardial
injury may be a result of myocardial damage secondary to multiorgan failure, hypoxia,
or hypoxemia [145] while studies in the early months of the pandemic suggested that
myocardial injury may occur in 15-28% of severe COVID-19 cases [144]. More recent re-
views purport that the true prevalence of myocarditis is likely much lower [146]. A review
of 277 autopsied hearts across 22 separate publications of COVID-19 patients found the
prevalence of myocarditis to be under 2%, while separate cardiac pathology like thrombi
inflammation were reported in 48% of cases [146].

Numerous respiratory viruses have demonstrated the ability to penetrate the CNS [147],
and coronaviruses in particular have shown neuroinvasive properties in various hosts,
including humans, rats, pigs, rodents, and fowls [148]. However, based upon knowledge
from other coronaviruses that have caused severe infection, like severe acute respiratory
syndrome and Middle East respiratory syndrome [149], cases of severe neurologic disease
caused by SARS-CoV-2 are likely rare [150]. A wide array of neurological manifestations
of SARS-CoV-2 have been observed, with anosmia and ageusia being particularly com-
mon [150]. Of particular curiosity is SARS-CoV-2-associated encephalitis, which is an
inflammatory condition of the brain that has been described as a severe neurological com-
plication of COVID-19. While encephalitis related to COVID-19 infection has not been fully
characterized and systematic reviews are limited, SARS-CoV-2 has been detected in the
CSF of some patients [151]. One systematic review of SARS-CoV-2-associated encephali-
tis, including 23 studies reporting findings of 138 COVID-19 patients with encephalitis,
revealed that the incidence of hospitalized COVID-19 patients with encephalitis was low
at 0.215%; however, the mortality rate of these patients was high at 13.4%, and severely
ill COVID-19 patients were more likely to suffer from encephalitis as a complication [151].
The pathophysiology of SARS-CoV-2-associated encephalitis has been speculated to be a
result direct invasion of the nervous system, molecular mimicry, or systemic inflammation
causing injury and edema, and subsequent alterations in consciousness [151]. If SARS-CoV-
2-associated encephalitis does indeed exist, diagnosis may prove difficult as SARS-CoV-2
dissemination is transient and CSF titer may be extremely low [152].

4.3. Significance to the COVID-19 Pandemic

These findings help elucidate the broad effects of how COVID-19 infection can damage
the human body. To effectively combat the spread of this pandemic researchers, clinicians,
and all healthcare professionals can benefit from this information by understanding the
terminal points of damage and can develop therapies to help reduce or eliminate these
effects. These results are not only confined to this viral variant. There has already been
an emergence of the Omicron variant and preliminary results have shown this virus to
have enhanced transmissibility. Omicron has many spike mutations [153] and has been
shown to be resistant to neutralization by serum from recovered COVID-19 patients and
individuals who have been vaccinated [154]. Therefore, understanding the pathological
targets of COVID-19 will help not only inform current and developing medical therapies,
but also chart a trajectory for the course of this pandemic.

5. Limitations

A major limitation of this study is the heterogeneity of the autopsies analyzed in
this study. The authors of these reports had goals that ranged from solely microscopic
analysis to full body autopsy analysis. This represents a challenge as the percentage of
reported findings is dependent on the original article aiming to look for these findings.
This indicates that the percentages found in this analysis is most likely underrepresented.
Another limitation of this study is that pneumonia or other lung pathologies were not
the only cause of death for some COVID-19 patients. Our analysis mostly focused on
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comparisons with pneumonia-related autopsy reports; therefore, we cannot determine if
our sample is representative of all COVID-19 mortality.

6. Conclusions

Through review of the data, the most common pulmonary findings were DAD with
the associated findings of alveolar edema and hyaline membrane disease. As noted earlier,
these findings were to be expected as these are the most common initial and end-stage
symptoms of COVID-19 infection. However, the most notable extrapulmonary findings
included effects on cardiovascular, renal, splenic, and liver organ systems. This is significant
as this indicates broad viral tropism in the human body. This diversity of targets exhibited
by COVID-19 infection will need to be explored further in comprehensive and longitudinal
studies, as this will help characterize short-term and long-term sequela of COVID-19
infection. This will help inform and direct future healthcare professionals in treatment of
intra- and post-COVID-19 infected patients [155].
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