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Scanning electron microscopy of lung disease
due to COVID-19 – a case report and a review
of the literature
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Abstract. – OBJECTIVE: The ongoing Corona-

virus pandemic (COVID-19) showed similar characteristics with the severe acute respiratory syndrome (SARS). In the most compromised cases, COVID-19 infection leads to death due to severe respiratory complications. COVID-19-related
acute respiratory distress syndrome (ARDS) is the
primary cause of death in these patients. In the
present study, we show an ultrastructural analysis on the lungs of a patient affected by COVID-19.
PATIENTS AND METHODS: Lung specimens
obtained at autopsy from a 63-years old patient
affected by COVID-19 were fixed in 1% paraformaldehyde. Slices of 300 µm thickness were dehydrated and dried by Critical Point Drying in
CO2. Slices were covered with a conductive gold
film approximately 30 nm thick and observed at
a Zeiss Sigma 300 SEM FEG in the secondary
electron (SE) and backscattered electron (BSE)
modes. As case control a lung biopsy from a
60-year-old man was considered.
RESULTS: At low power in all COVID-19 lung
specimens severe changes in the pulmonary architecture were found, due to the collapse of
air spaces. Moreover, alveolar cavities were covered by large membranes. At high power, alveolar
membranes showed a fibrillar structure, sugges-

tive of a loose network of fibrin. It has been also found that intra-alveolar red blood cells were
frequently present in the alveolar spaces, surrounded by a reticular fibrin network, suggestive
for fibrin-hemorrhagic alveolitis. Alveolar changes
were constantly associated with pathological features related to the pulmonary vessels. Vascular
changes were prominent, including endothelial
damage and thrombosis of large pulmonary vessels. Fibrinous microthrombi were frequently detected in the inter-alveolar septal capillaries. In
addition, it has been frequently detected capillary
proliferation in the alveolar septa with finding
suggestive for intussusceptive neo-angiogenesis.
CONCLUSIONS: In conclusion, our electron microscopy analysis showed that COVID-19-related lung disease is characterized by a substantial
architectural distortion, with the interactions between alveolar and vascular changes. Intra-alveolar hyaline membranes are associated with macroand micro-thrombotic angiopathy, ending with capillary proliferation. The new blood vessel formation
originates from the septa and extends into the surrounding parenchyma. Our findings confirm previous reports on the specificity of the multiple and
complex morphological pattern typical, and apparently specific, of COVID-19-related lung disease.
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Introduction
The global Coronavirus disease 2019
(COVID-19) pandemic, caused by severe acute
respiratory syndrome Coronavirus 2 (SARSCoV-2), shares multiple clinical and pathological
features with severe acute respiratory syndrome
(SARS). Dry cough, fever, myalgia and diarrhea
represent the most common presenting symptoms in both diseases1. The most severe pulmonary complication of COVID-19 is the insurgence of the acute respiratory distress syndrome
(ARDS), characterized by a high mortality rate2.
COVID-19-related ARDS, the primary cause of
death in these patients, has recently been better
characterized by the use of artificial intelligence3.
The histological features of the lungs in
non-survivors to COVID-19 with a rapid progress
of the disease, is characterized by typical pattern
of diffuse alveolar damage (DAD) in the acute
stage, including hyaline membranes in the denudated alveoli, septal capillary congestion, edema
fluid leakage into the airspaces, interstitial edema
and very patchy and mild CD3+ T-lymphocyte
interstitial infiltrates4. In those subjects who died
beyond two weeks of disease duration, histology
of the lungs also shows DAD in the proliferative/
organizing phase, characterized by intra-alveolar
an organizing fibrinous exudate, scattered intra-alveolar protein globules and hyperplastic type 2
pneumocytes. Patchy inflammation, multinucleated giant cells, proliferation of interstitial myofibroblasts giving rise to “fibroblast balls”, and interstitial thickening, indicating an ongoing reparative
process, have occasionally been reported5.
Pulmonary pathology associated with COVID-19
is characterized by a more complex scenario, due
to the multiple molecular pathways triggered by
SARS-CoV-2 infection6. In particular, according
with Ackermann et al7, at histology and at electron
microscopy, DAD is constantly associated with a
significant vascular involvement and with a wide
spectrum of associated pathologies.
Alveolar and capillary thrombosis are typical
features of COVID-19 pulmonary pathology, likely due to endothelial damage and blood coagulation activation triggered by the cytokine storm induced by SARS-CoV-2 infection8. Alternatively,
endothelial cell death might be the consequence
7998

of endothelialitis, caused by the direct localization of viral elements within endothelial cells9,10.
According to these observations, the pulmonary
microangiopathy observed in COVID-19 patients
has been indicated as a distinctive feature of the
histopathological and ultrastructural picture typical of SARS-CoV-2 lung disease11.
The aim of our study was to report the results
of a scanning electron microscopy (SEM) analysis carried out on the lungs of a patient affected
by COVID-19, in order to shed light on the 3D
pulmonary changes occurring in this disease.

Patients and Methods
The case of a 63-years-old male patient, who
developed a progressive respiratory failure, following some days of dry cough and fever is described. The patient died at home before medical intervention. Post-mortem molecular tests,
performed by nasopharyngeal swabs, revealed
SARS-CoV-2 infection. At autopsy, lungs were
heavy (right lung 1.100 g; left lung 920 g), reddish in color, diffusely edematous and showed a
firm consistency. Multiple samples were obtained
from both lungs, fixed in 10% formalin and routinely processed and paraffin embedded. Five micron-thick sections were stained with H&E. All
experimental procedures were approved by the
Ethics Experimentation Committee, University
of Cagliari (Prot. PG/2021/1531). In this context,
all protocols have been carried out in full conformity with the rules and guidelines. We compared
the histological sections obtained with controls
obtained from the lung biopsy from a 60-years
old man who underwent biopsy examination for
suspected pulmonary neoplasm.
For scanning electron microscopy (SEM), lung
specimens were fixed in 10% buffered formaldehyde solution and after the identification of the
area to be explored, tissue samples were further
reduced to the size of 1 cm3 and fixed for 24 hours
in 1% paraformaldehyde in sodium cacodylate
1M. From these organ blocks, multiple slices of
300µm thickness were obtained. After complete
washes in physiological saline solution, the slices
were dehydrated in ascending ethanol scale, dried
by Critical Point Drying in CO2 in a K850 CPD
(QUORUM TECHNOLOGIES LTD., Lewes,
UK). Slices were then mounted with double-sided
tape on aluminum specimen holders (stubs) and
covered with a conductive gold film approximately 30 nm thick. All samples were observed with
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Figure 1. Panoramic lung COVID-19 (1a). The parenchyma appears compact, fibrous, irregularly vascularized and lacking
normally constituted alveoli. Rare large alveolar-like chambers with thick and flat walls are visible (*), apparently lacking the
typical capillary network. The inner surface of the alveolar chambers is crusty. Enlargement of normal lung (1b) interalveolar
septa appear thin you can see the septal capillaries (arrow) and the capillary plexus that surrounds each individual alveolus.

a Zeiss Sigma 300 SEM (FEG Oberkochen, Germany) in the secondary electron (SE) and backscattered electron (BSE) modes.

Results
At low power, severe architectural changes
were detected by SEM in all the lung specimens
analyzed. In some areas, alveolar spaces were not
identifiable, due to collapse of air spaces (Figure 1a). The inner surface of residual alveoli appeared to be covered by membranous structures

which did not allow further characterization of
the underlying perialveolar vascular plexus (Figure 1a). Interalveolar septa were thickened and
prominent, as compared with the thin septa of
the normal lung (Figure 1b). At higher power,
SEM evidenced the fibrillary structure of intra-alveolar membranes (Figure 2). Thin fibrils,
compatible with fibrin, were observed to spread
from the margins of the membranes, extending
into alveoli and entrapping red blood cells (Figure 2). In some scattered alveoli, SEM showed
the presence of large epithelioid cells, one adherent to the next, with a cell surface covered by

Figure 2. Lung COVID-19 overview. Interior of an alveolar-like
chamber. The membrane that lines
the alveolar walls is made up of fibrin
and red blood cells. On the left the
surface of the membrane is smooth.
Red blood cells (*) trapped in the fibrin network. A cluster of epithelial
cells (arrows) are clearly visible.
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Figure 3. Detail of the inner surface of an alveolar-like chamber. Some
epithelial cells, globose and covered
by a fibrin meshwork, expand on the
surface apparently in several layers.
Scattered red blood cells are also observed (arrows).

a fibrin meshwork (Figure 3). These cells were
interpreted as hyperplastic type II pneumocytes.
The analysis of medium size vascular structures
evidenced endothelial dysfunction both in pulmonary veins and arteries. Endothelial cells were
swollen and covered, partially, by red blood cells
(Figure 4). Moreover, in some arteries, red blood
cells adhered to the arterial wall, a typical feature of intraluminal thrombosis (Figure 5). The
study of septa capillaries, evidenced a vascular
proliferation inside interalveolar septa, associated with the presence of multiple microthrombi

(arrows) (Figure 6). Moreover, in the interalveolar septa, we identified capillary duplication
(Figure 7), as previously described in intussusceptive angiogenesis11.

Discussion
In this study, we examined the ultrastructural
features of lung specimens obtained at autopsy
from a patient who died from SARS-CoV-2 infection. Our findings confirm previous reports on

Figure 4. Pulmonary vessel. The
enlargement highlights the red blood
cells (*) still adhering to the surface
of the lumen and an intima made up
of several layers. Inside, it is clearly
visible some irregularly expanded
plexuses in the thickness of the wall.
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Figure 5. Pulmonary artery. The
endothelial surface in the luminal
layer is severely damaged. An intraluminal thrombus, rich in red blood cells, is also detected (arrows).
Some raised flaps reveal red blood
cells still adhering to the deeper vascular surface (arrowheads).

the complex pulmonary structural changes determined by this disease1. SEM analysis confirmed
the severity of the intra-alveolar modifications
with the vast majority of residual alveolar spaces
covered by dense membranes, formed by a fibrin
texture, trapping red blood cells.
The 3D images clearly evidenced the role of

these membranes acting as a barrier between the air
in the alveolar space and the lumen of the alveolar
capillaries, causing a decreased pulmonary compliance and respiratory insufficiency. Moreover,
our findings confirm previous studies suggesting
that endothelial dysfunction is a key player, and a
common denominator, of SARS-CoV-2 infection12.

Figure 6. The section intercepts
the septa walls between some alveolar-like chambers covered by hyaline membranes. The interalveolar
septa appear thick and occupied by a
dense capillary plexus. Multiple microthrombi (arrows) are also present.
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Figure 7. Detail of interalveolar septa with capillary duplication (arrow),
as described in intussusceptive angiogenesis.

In our study, vascular changes appeared diffuse and
were detected in multiple pulmonary vessels. We
observed pathological changes in the endothelial
layer, in the veins, arteries as well as in the interalveolar septal capillaries. In particular, swelling
and detachment of endothelial cells in multiple vascular structures was observed, actually confirming
the presence of disruption of the endothelial barrier
caused by SARS-CoV-2 infection. In our analysis,
these vascular injuries were associated with microand macro-thrombosis, confirming the relevance
of endothelial dysfunction in the development of
hypoxia. The frequent finding of fibrinous microthrombi in the pulmonary vessels lays stress on the
possible role of thrombosis and microangiopathy in
the increased pulmonary vascular resistance and related respiratory insufficiency in the pathogenesis of
COVID-19. The detection of intraluminal pillars in
the capillaries of intra-alveolar septa, confirms previously published hypotheses on the key role played
by intussusceptive angiogenesis in the development
of neo-angiogenesis in COVID-19 lung11.

modification. The presence of hyaline membranes
on the alveolar wall could explain the impairment
of the normal exchanges between the air in the alveolar spaces and the lumen of the alveolar capillaries. Thrombotic macro- and micro-angiopathy,
characterized by capillary proliferation, starting
from the septa and extending into the surrounding parenchyma. By means of SEM we have been
able to analyze the finest pulmonary architectural
and cytological changes due to SARS-CoV-2 infection, scarcely visible to light microscopy.

Conclusions
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