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Disruption of respiratory epithelial
basement membrane in COVID-19 patients
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Dear Editor,
Coronavirus SARS-CoV-2 has infected over 110 mil-

lion people and the COVID-19 pandemic claimed more
than 2.4 million lives worldwide as of February 17th,
2021. SARS-CoV-2 causes substantial pulmonary disease
including pneumonia and acute respiratory distress syn-
drome (ARDS), especially in individuals at old age with
multiple comorbidities and immunocompromisation [1].
The pathological features of COVID-19 lungs greatly re-
semble those seen in severe acute respiratory syndrome
(SARS) and Middle Eastern respiratory syndrome
(MERS) coronavirus infection. However, the pathogen-
esis of the disease is largely unclear.
Pathological findings showed the typical features of

diffuse alveolar damage (DAD) in SARS-CoV-2 caused
ARDS [2]. Lung biopsy of a COVID-19 patient showed
bilateral DAD with desquamation of pneumocytes, hya-
line membrane formation, and alveolar edema [2].
SARS-CoV-2 infected ciliated cells in the airway and
type 2 pneumocytes (AT2) in alveolar regions [3]. Viral
particles can be detected in AT2 cells and KRT5+ airway
cells [4]. Notably, a significant depletion of AT1 and in-
creased proliferation of AT2 cells were observed, sug-
gesting that AT2 cells are mobilized to regenerate the
damaged alveoli in COVID-19 lungs [4]. In the trachea
and large airways, KRT5+ cells proliferated extensively,
while in smaller airways predominant proliferating cells
were lineage undetermined [4]. Interstitial mononuclear
inflammatory infiltrates, dominated by lymphocytes,
were seen in biopsied lungs [2]. Recently, an array of
extrapulmonary manifestations have been reported in
many organs and tissues [5]. Recent reviews also suggest

viral sepsis in COVID-19 patients, as well as endothelial
dysfunction and thrombotic microangiopathy [1]. We
think that these extrapulmonary manifestations can be
explained by the failure of the respiratory epithelial cells
and their basement membrane. In this letter, by im-
munofluorescence co-staining, we examined the integrity
of the respiratory epithelium, endothelium and the re-
spiratory epithelial basement membrane, and discovered
the loss of respiratory epithelial integrity and the epithe-
lial basement membrane in COVID-19 patients.
The alveolar basement membrane is a critical compo-

nent of blood–air barrier (BAB, or alveolar–capillary
barrier) which prevents the formation of air bubbles in
the blood, and from blood entering the alveoli. The al-
veolar basement membrane acts as scaffolds guiding
morphogenesis, tissue repair, micromolecular permeabil-
ity regulation, and cell movement. To demonstrate the
structures and functions of the basement membranes in
COVID-19 patients, we first examined COVID-19 lung
sections from autopsies of three patients and three
healthy donors (patient information was detailed in our
previous study [4] and in supplemental materials).
Immunoactivity of SARS-CoV-2 viral capsid spike (S)
protein can be seen in the COVID-19 lung sections
(Fig. 1a). Immunostaining for Laminin, the major com-
ponent of basement membrane, on healthy lung sections
gave clear and smooth basement membrane bands sur-
rounding both alveoli and blood vessels (Fig. 1a, #1 and
2 areas). In COVID-19 lung sections, the alveolar and
vascular structures were severely damaged, and the lu-
mens were filled with nucleated and non-nucleated cells
(Fig. 1a). Although positive Laminin staining could be
detected in lung interstitial tissues, the bands were inter-
rupted, and scattered Laminin protein was found in
interstitial tissues. Moreover, fibrous Laminin was lining
the alveolar-like structures in COVID-19 lung sections
(Fig. 1a, area #3). Condensed cell areas were also identi-
fied (#4 area), suggesting fibrosis foci in COVID-19
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Fig. 1 Disrupted alveolar epithelial basement membrane in COVID-19 patient lung. a Immunofluorescence for basement membrane marker,
Laminin, and SARS-CoV-2 viral capsid protein “spike” on healthy and COVID-19 lung sections. Two boxed areas were magnified in both healthy
and COVID-19 lung sections. b Laminin γ3 staining on healthy and COVID-19 lung sections. More and less severely damaged areas of COVID-19
patient lung areas were boxed and magnified on tile scanning images. c Co-staining of Laminin and endothelial cells marker, CD31, on healthy
and COVID-19 lung sections. The Laminin-stained basement membranes were shattered (arrows). Note that the endothelium of both pulmonary
vein and capillaries in COVID-19 lung was interrupted (arrowheads). d Co-staining for Laminin and AT2 marker, HTII-280, on healthy and COVID-19
lung sections. Clear Laminin+ bands were observed underneath AT2 cells in healthy lung but not in COVID-19 lung (arrows). Magnified areas are
boxed. Asterisks, AT2 cells desquamated from alveolar walls. Scale bars, 20 μm
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lungs. Vascular-like round structures were found in
these condensed cell areas (#3 and 4 areas) (Fig. 1a),
suggesting vasculogenesis in those areas. These patho-
logical changes can be found in all three cases of
COVID-19 lungs (Supplementary Fig. 1).
To further confirm epithelial basement membrane de-

fects, we used another antibody to detect Laminin γ3
and observed similar staining structures in healthy lungs
(Fig. 1b). In tile scanning COVID-19 sections, severely
damaged lung structures and disrupted basement mem-
brane bands were apparent. At higher magnifications,
we found abnormal basement membrane structures in
both severely damaged lung areas (#5 area) and less
damaged areas (#6 area) (Fig. 1b). These observations
were also confirmed in the other two COVOD-19 lungs.
To better locate the basement membrane, we co-

stained the endothelial cell marker, CD31, with Laminin.
In healthy lung sections, the endothelium was either well
lined in blood vessels (arrowhead) or was evenly distrib-
uted in the alveolar walls (boxed area) and was sur-
rounded by Laminin+ basement membrane (Fig. 1c,
arrows). In COVID-19 lung sections, CD31 showed
much less immunostaining signal in alveolar areas, and
vascular endothelium was also disrupted (arrowheads).
More importantly, the basement membrane was severely
damaged (Fig. 1c, arrows).
We next examined AT2 cells and found dispersed

HTII-280+ AT2 in healthy lung sections and smooth
Laminin+ basement membrane right underneath AT2
cells (Fig. 1d, arrows). However, in COVID-19 sections,
HTII-280+ cells were present in multiple cell clusters.
Most AT2 cells were desquamated from the alveolar
walls and were larger and more flattened compared to
healthy AT2 cells (Fig. 1d, asterisks and arrows). The ex-
pression levels of laminin were lower in the alveolar
walls and were barely detected in AT2 regions, suggest-
ing damaged AT2 cell basement membrane (Fig. 1d).
These pathological changes could be found in all three
cases of COVID-19 lungs.
Taken together, we demonstrate that SARS-CoV-2

caused severe damage to the human lung. Cell-filled alveoli
and condensed fibrosis-like cell regions are identified in
COVID-19 lungs. The alveolar endothelium is severely
damaged and the epithelial cell boundaries (BABs) are
broken, leading to the inflow of cells and viral particles
from the lung alveoli into blood. AT2 cells accumulate to
form colonies and most cells are desquamated from the
alveoli-like structures and exhibit altered cell morphologies.
Most interestingly, the alveolar basement membranes, in-
cluding epithelial and vascular basement membranes, are
severely disrupted. Scattered and disconnected basement
membrane components were identified in COVID-19
lungs. All these damages resembled the changes in alveolar
and microvascular endothelial structure ARDS. We

speculate that when the dams (the respiratory epithelial
cells and their basement membrane) are breached, the flood
(viral particles) can reach other organs, tissues, and cells
which usually would not see the virus. Because of the het-
erogeneous nature of the “flood”, a wide array of extrapul-
monary manifestations then present. These findings
provide pathological insights in understanding the mecha-
nisms of alveolar damage and alveolar repair. Further inves-
tigations into the underlying mechanisms of alveolar
regeneration and basement membrane repair should help
in developing strategies for combating lung damage as well
as extrapulmonary injuries in COVID-19 patients. Also, in
coordinate with the systemic inflammatory response in-
duced “cytokine storm” and thromboembolism in COVID-
19 patients, severity of basement membrane damage is
likely to be a possible factor to clinical severity and
mortality.
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