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We join our colleagues in thanking the Society for Cardiovascular Pathology (SCVP)
Publication Committee for our receipt of the 2021 Margaret Billingham Award for the most
important original paper published in 2020 in the Society’s journal, Cardiovascular Pathology
(1). This is a particular honor because the Award is given in memory of the legendary Margaret
Billingham who was a very respected cardiovascular pathologist and admirable person. In this
Commentary, we provide context relevant to the genesis of our paper and subsequent
pertinent developments.
In December 2019, a rapidly spreading respiratory illness arose in Wuhan, China. By
January 2020, the virus was identified as a novel coronavirus based on its molecular sequencing
(2). The World Health Organization (WHO) designated the illness as a Public Health Emergency
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of International Concern on January 30, named the illness as coronavirus disease-19 (COVID-19)
and the virus as SARS-CoV-2 on February 11, and then declared COVID-19 to be a pandemic on
March 11, 2020. The virus spread rapidly from China to Europe with early hotspots in Northern
Italy and subsequent high mortality rate in the Lombardy region (3-5). From Northern Italy, the
pandemic spread to other parts of Europe, the USA and other countries (6).
The pandemic elicited an intense focus of governments, public health professionals,
health care providers and scientists on prevention and treatment of the disease. Clinicians
described a myriad of signs and symptoms and a spectrum from mild to severe illness in
individuals with COVID-19 (6). However, the clinical and public health efforts were hampered
by a glaring deficiency of information about the mechanisms responsible for morbidity and
mortality in COVID-19 (7).
Clearly there was an urgent need to obtain fundamental information about pathological
changes responsible for the clinical features of the disease. Because of concern that the virus
was highly transmissible, performance of bronchial biopsies by pulmonologists was considered
unsafe. This meant that the autopsy was the only feasible way to obtain clinicopathological
correlation about the disease and to obtain tissues for research. Early in 2020, a clarion call to
action for autopsy studies was proclaimed, with an Epub on April 10, 2020 (8). At that time,
end April 2020, a literature search revealed that only 7 of 7010 published papers included an
analysis of tissue samples, with information from only 5 complete autopsies (9). Multiple
factors had contributed to a slowdown in the performance of autopsies, including safety
concerns for autopsy personnel and the plethora of conflicting, changing and confusing
guidelines from various governmental and professional organizations (7). A cadre of concerned
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pathologists mobilized to put forward standards for performance of autopsies on COVID-19
decedents (10-15). This elicited the publication of revised guidelines and protocols (16).
Subsequently, it was shown that the infectious risk to autopsy personnel is eliminated with
appropriate use of personal protective equipment (PPE).
The COVID-19 pandemic reached Houston in March 2020, and fatalities started to occur
in April, 2020. In Houston, we took a proactive approach to moving forward with autopsies on
COVID-19 patients. We joined the national autopsy listserv and interest group organized by Dr.
Alex Williamson of Northwell Health (15). We determined that our autopsy suites had
appropriate negative pressure and airflow and we obtained appropriate PPE. Having dealt with
local concerns and facility requirements, we commenced performing autopsies in our hospital
autopsy suites on hospitalized patients while the county medical examiner performed autopsies
on subjects who died outside the hospital. Decedents were determined to be COVID-19 based
on positive PCR swab test for SARS-CoV-2 virus during life and/or at autopsy. By early May we
were able to perform several autopsies on COVID-19 patients and review our findings and
compare them to early reports from other USA cities.
Our paper featured a detailed description of pathological changes in our first 3 COVID19 autopsies in Houston and correlation with the pathological ﬁndings from initial published
autopsy reports on 23 patients with COVID-19 from 5 centers in the USA (1). Analysis of the 23
cases documented that COVID-19 is a systemic disease with major involvement of the lungs and
cardiovascular system. Evaluation of our three cases included gross findings, histopathology,
immunohistochemistry and electron microscopy. Acute COVID-19 pneumonia was shown to
have features of a distinctive acute interstitial pneumonia characterized by extensive diffuse
3

alveolar damage (DAD) with hyaline membranes, type II pneumocyte hyperplasia, low grade
lymphohistiocytic infiltrate, and microvasculopathy with intravascular and extravascular ﬁbrin
deposition and intravascular trapping of megakaryocytes, platelets and neutrophils in
capillaries, and in some cases, microthombi in arterioles (Figure 1). Major pulmonary
thromboemboli with pulmonary infarcts and/or hemorrhage occurred in 5 of the 23 patients. It
was noted that some patients may exhibit a variant pattern of lung involvement known as
acute fibrinous and organizing pneumonia (AFOP) characterized by interstitial pneumonitis
without hyaline membranes and with intra-alveolar deposits of fibrin enclosed in granulation
tissue. One of the three Houston cases had similar pulmonary pathology. The classic DAD and
AFOP patterns have subsequently been confirmed in a review of pulmonary pathology in
COVID-19 (17). In addition to major pulmonary pathology, the three Houston cases had
evidence of lymphocytic pericarditis, multifocal acute injury of cardiomyocytes without
inﬂammatory cellular inﬁltrates, depletion of splenic white pulp, focal hepatocellular
degeneration and rare glomerular capillary thrombosis. All 3 patients had evidence of obesity
and cardiac disease with hypertensive left ventricular hypertrophy, and these comorbidities
were common in the overall series of 23 patients. We concluded that the autopsy ﬁndings
support the concept that the pathogenesis of severe COVID-19 disease involves initial viralinduced injury of multiple organs, including heart and lungs, coupled with an intense
inflammatory reaction and a prothrombotic coagulopathy.
Our publication was one of the first to provide a comprehensive analysis of pathological
changes in severe COVID-19 infection. It has subsequently been cited nearly 200 times on
Google Scholar and recognized as a highly cited paper and hot paper by Clarivate Web of
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Science. We now have performed over 50 autopsies on COVID-19 patients at our hospitalbased autopsy service. Over 50 autopsies on COVID-19 patients also have been performed at
the Harris County Institute of Forensic Sciences. We have submitted some of these cases for
inclusion in the large multi-institutional autopsy survey study published by the COVID-19
autopsy interest group (18). We also have presented our findings in 34 subjects at the recent
meeting of the US and Canadian Academy of Pathology (USCAP) (19). The duration of illness in
our cases has ranged from 24 hours or less to over 12 weeks. The corresponding pulmonary
pathology is characterized by the exudative, proliferative and fibrotic phases of DAD, often with
overlapping features of two or three phases in the same lungs. Utilizing IHC with antibodies to
viral nucleocapsid protein and spike protein, we have found detectable virus in type II
pneumocytes and endothelial cells only in cases dying with an illness of less than two weeks.
These findings are consistent with the hypothesis that the initial phase of illness is driven by
viral infection and the later phase by host response creating an immune mediated
hyperinflammatory state (20-22).
We should acknowledge that the lead author is also the editor-in-chief of Cardiovascular
Pathology (CVP), the official journal of the Society for Cardiovascular Pathology. The review
process for the manuscript was conducted by an Associate Editor. The publication history of our
manuscript is: original submitted April 21, 2020, revision submitted April 27, 2020, accepted for
publication April 28, 2020, published electronically May 7, 2020. This rapid turnaround reflects
the priority given to dissemination of information regarding COVID-19 by the Editorial Board of
CVP and Elsevier, the publisher of CVP. Several articles on COVID-19 have now been published
in CVP and are collated in an ongoing special article collection (23).
5

Since April 2020, the void in knowledge has been partially rectified with the publication
of findings from limited and complete autopsies now numbering around 400 (23). Our findings
have been confirmed in the subsequent autopsy studies (14,24). We need to make one
correction and that is the misidentification of normal structures for viral particles by electron
microscopy, namely our misidentification of normal subcellular structures, including
multivesicular bodies and clathrin-coated vesicles, as coronavirus virions (25, 26).
Our work has been part of a concerted effort by cardiovascular pathologists, individually
and through their organizations, the Society for Cardiovascular Pathology (SCVP) and the
Association for European Cardiovascular Pathology (AECVP), to obtain and disseminate credible
information about the pathological basis for the diverse clinical manifestations of
cardiovascular system involvement in COVID-19 (27-29).
Clinical studies have shown that patients with severe COVID-19 often have elevated
serum troponin level. This finding was initially equated with myocarditis. However,
cardiovascular pathologists have shown that there is a low incidence of overt myocarditis
characterized by multifocal lymphohistiocytic infiltrates with associated cardiomyocyte damage
(less than 10% of cases). However, it is noteworthy that at least one acute, potentially COVID19 related cardiovascular histopathologic finding, such as focal cardiomyocyte necrosis, macroor microvascular thrombi, inflammation, or intraluminal megakaryocytes, have been reported
in nearly 50% of cases. Thus, pathological studies have documented that COVID-19 related
cardiac histopathological findings are common, while myocarditis is infrequent.
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Our paper was one of the first to provide evidence that important components of severe
COVID-19 are persistent inflammation and microvasculopathy giving rise to a hypercoagulable
state and a predisposition to in situ thrombosis in lungs and other organs as well as pulmonary
thromboemboli. Autopsy studies firmly established that severe COVID-19 is a systemic disease
and provided support for the important role of vascular involvement with endothelial
dysfunction (30, 31). Autopsy findings have led to significant improvements in treatment
protocols including the early institution of antithrombotic therapy and administration of
corticosteroids (32, 33). While autopsy studies have been crucially important in understanding
the pathobiology of the disease, application of virological and epidemiological methods have
been majorly important in understanding the nature of the pandemic and in devising
approaches to controlling it.
In the last 20 years, the world has been confronted with three serious coronavirus
epidemics: Severe Acute Respiratory Syndrome (SARS) in 2002, Middle East Respiratory
Syndrome (MERS) in 2012 and COVID-19. A comparative analysis of the SARS, MERS and COVID19 epidemics reveals commonalities and unique features of each disease. SARS and MERS
affected thousands of individuals in a few countries; whereas, as of March 23, 2021, COVID-19
has affected over 123 million individuals worldwide (22, 34). The vastly greater magnitude of
the COVID-19 pandemic is related to a combination of factors including a high rate of infectivity
(reproduction number-R 2.5 or greater) and a longer incubation time with a negative serial
interval during which asymptomatic individuals shed virus and can infect others, thereby
making the spread of COVID-19 more difficult to contain than SARS and MERS.
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Early on, the Italian experience provided stark lessons regarding the difficulties in
controlling COVID-19 (3-5). The first detected cases were reported on 21 February 2020 in two
Italian towns: Vo' Euganeo in the Province of Padua, Veneto region, and Codogno, in the
Province of Lodi, Lombardy region. In the next weeks the epidemic spread quickly across the
country but mainly in the north of Italy. The two regions, Veneto and Lombardy, implemented
different strategies to control the viral spread. In Veneto, health personnel tested both
symptomatic and asymptomatic subjects, while in Lombardy only symptomatic cases were
investigated. While the population of Lombardy is twice that of the Veneto (10 M vs 4.5 M), the
number of tests per capita performed in Veneto was almost two times higher than in
Lombardy. The death rate due to COVID-19 in Veneto was two times lower than in Lombardy
(181.3 and 344.9 cases per million population). The analysis of the evolution of the epidemic in
these regions showed that testing both symptomatic and asymptomatic cases is a more
effective strategy to mitigate the epidemic impact. This experience led to recommendations for
decision-makers: ensure early isolation of symptomatic patients and rapid identification of their
contacts; maximize testing rapidly, especially among people with multiple daily contacts with
infected populations, high exposure to the public in essential services; rapidly increase
diagnostic capacity by mobilizing trained personnel capable of performing rRT-PCR on
respiratory samples; equip the population with protective masks. Variable application of
containment strategies is reflected by order of confirmed cases (USA, India, Brazil, France,
Russia, Turkey, United Kingdom, Italy, Spain, Germany, Argentina and Poland) and deaths (USA,
Brazil, Mexico, India, United Kingdom, Italy, Russia, France, Germany, Spain, Columbia and Iran)
(35).
8

Since April, 2020, knowledge concerning the pulmonary and extrapulmonary pathology
of COVID-19 has rapidly accumulated. However, more well-designed and well-controlled
studies are needed to address the many unanswered questions regarding the nature of the
virus-host interactions in COVID-19, including the basis for the post-acute sequelae of SARSCoV-2 infection (PASC) or long tail COVID-19 (36). While autopsy has been essential in
establishing our current knowledge of the disease, autopsy findings on patients who died from
acute or subacute SARS-CoV-2 infection need to be probed for their applicability to those
patients who recover from their illness. We will need to continue to investigate the pathology
related to the emerging mutant variants of SARS-CoV-2. Nevertheless, the spectacular
achievement of vaccine development against the SARS-Cov-2 virus has provided much needed
optimism that the pandemic can be brought under control (37).
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Figure Legend
Figure 1. Histopathological features of lung involvement in COVID-19. A. Interstitial pneumonitis
with edematous alveolar septae, mild lymphohistiocytic inflammation, and prominent hyaline
membranes (arrows). B. Alveolus containing aggregates of type II pneumocytes (arrows),
hyaline material and inflammatory cells. C. Aggregate of megakaryocytes(arrows) in alveolar
capillaries. D. Area of inflamed lung with microthrombus (arrow). Photomicrographs of
hematoxylin and eosin stained sections with magnification scale bars.
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