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Bronchial Mucosal Microcirculation in SARS-CoV-2
Infection: Role in Innate Humoral Defense?
To the Editor:

The circulation furnishing human bronchi with oxygenized blood
sems overlooked as regards possible roles in infection diseases. I thus

welcome the advanced images reported by Ackerman and
colleagues illustrating peribronchial and perivascular microvessels
and showing evidence for excessive bronchiopulmonary shunting
by the bronchial circulation in coronavirus disease (COVID-19)
pneumonia (1). Arguably, a profuse mucosal microcirculation,
supplied by the bronchial circulation, also needs attention in
COVID-19.

Cooperation between Mucosal Microcirculation and
Overlying Epithelial Barrier
Similar to superficial microcirculations of nasal and tracheal mucosae,
but distinct from the pulmonary circulation, responsiveness of
human bronchial mucosal microcirculation brings about local plasma
exudation at mucosal challenge with toxins, including microbes (2, 3).
The involved microvascular–epithelial cooperation may be
summarized as follows: Macromolecules extravasate through active
formations/closures of endothelial gaps; extravasated bulk plasma
moves up between epithelial cells; a minimal hydrostatic pressure
increase impacts laterally on epithelial junctions; and without
sieving, plasma proteins/peptides traverse the pseudostratified
epithelium (2–4).

Thanks to a conspicuous epithelial barrier asymmetry of
human airways, plasma proteins/peptides traverse without
compromising the normal epithelial defense barrier (2–4). In
conducting airways, plasma exudation thus comes forth as a
physiological, first-line, innate immune response at mucosal sites of
challenge (2–4).

Early Humoral Antimicrobial Defense in Airways with
Intact Epithelium
The nonsieved nature of plasma exudation means that coagulation,
complement, natural antibody, cathelicidine, etc., molecules
have opportunities for joint operations on human intact airway
mucosa (2, 4). This power demands control. Thus, plasma exudation
restricts to sites of toxin deposition, and its duration is governed by
active formation of endothelial gaps that close spontaneously unless
challenge is increased (2, 3).

Human nasal inoculation with rhinoviruses and coronavirus
229E causes plasma exudation (determined as fibrinogen in airway
surface liquids) that associates with symptoms and lasts until
resolution of infection (2, 5).

As respiratory infections proceed down the airways, exudation
of plasma proteins from the bronchial microcirculation would be a
final outpost mucosal defense. In accord, high amounts of
fibrinogen were demonstrated in sputum samples from individuals
with asthma infected with influenza AB (6). Indeed, one may ask
whether corticosteroid-insensitive plasma exudation has
contributed to reduced risk for severe disease observed in cohorts of
people with asthma in the current and 2009 (H1N1-influenza)
pandemics (2).

Humoral Defense at Epithelial Loss/Regeneration
The exudative nature of asthma is indicated by elevated baseline
concentrations of a2-macroglobulin and IgM in bronchial
surface liquids (2, 3). Agreeing with epithelial barrier
asymmetry, absorption of inhaled molecules has not been
increased in asthma (3, 4), nor may it be increased at viral
infection (2).

This article is open access and distributed under the terms of the
Creative Commons Attribution Non-Commercial No Derivatives
License 4.0. For commercial usage and reprints, please e-mail
Diane Gern (dgern@thoracic.org).

Originally Published in Press as DOI: 10.1164/rccm.202202-0412LE
on May 9, 2022

228 American Journal of Respiratory and Critical Care Medicine Volume 206 Number 2 | July 15 2022

CORRESPONDENCE

http://www.atsjournals.org/doi/suppl/10.1164/rccm.202111-2627LE/suppl_file/disclosures.pdf
http://www.atsjournals.org
http://www.atsjournals.org
http://orcid.org/0000-0002-7292-2085
mailto:douglas.bush@mssm.edu
http://crossmark.crossref.org/dialog/?doi=10.1164/rccm.202202-0412LE&domain=pdf&date_stamp=2022-07-13
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:dgern@thoracic.org
https://doi.org/10.1164/rccm.202202-0412LE


However, epithelial shedding characterizes asthmatic bronchi.
Hence, the unchanged absorption penetrability remains puzzling.
Or is plasma exudation the answer?

In vivo data, obtained in experimental test systems with close
structural and physiological similarities to human airways (3, 4),
suggest that airway mucosal microcirculations promptly
contribute barrier functions at sites of epithelial loss: Patchy,
asthma-like denudation (no bleeding or basement membrane
injury) promptly induces plasma exudation that creates and
sustains a fibrin–fibronectin gel restricted to the site of epithelial
loss. Under the biologically active, defense- and repair-
promoting barrier gel, all types of neighboring epithelial cells
promptly dedifferentiate into rapidly migrating, tethered repair
cells. As soon as a new cellular barrier of interdigitating repair
epithelium is established, plasma exudation stops, and the gel is
shed. Hence, tiny patches of epithelial loss, as would occur in
asthma and at viral infection, may not necessarily cause major
barrier breaks (2, 4).

Whereas Ackerman and colleagues (1) highlight bronchial
circulation remodeling in advanced COVID-19, this letter concerns
physiology of bronchial mucosal microcirculation at early stages of
respiratory viral infections. As discussed elsewhere (2–4), the
present humoral defense aspects have gone under the radar and not
yet been addressed in COVID-19 studies. In summary, exudation of
proteins/peptides from bronchial mucosal microcirculation
warrants attention in studies of factors that reduce progress of
airway infections toward alveolar and pulmonary circulation injury
and beyond.�
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Reply to Bush et al. and to Persson

From the Authors:

We are grateful for the interest by Bush and colleagues and Persson
in the role of the bronchial circulation in the pathophysiology of
coronavirus disease (COVID-19). Using synchrotron radiation-based
hierarchical phase-contrast tomography (HiP-CT), microvascular
corrosion casting, and conventional light microscopy (1), our data
demonstrated the recruitment and expansion of peribronchial
and perivascular arteriovenous anastomoses in COVID-19.
Combined with our earlier work showing that the pulmonary
pathophysiology of COVID-19 is characterized by the involvement
of endothelialitis, microthrombi, and intussusceptive angiogenesis,
these data have altered the perception of COVID-19 from a
respiratory illness to amicrovascular disease (2). Bush and colleagues
and Persson remind us of additional practical considerations in the
study of COVID-19.

In our recent work, we have gained new three-dimensional
insights into the pulmonary and bronchial circulation in whole lung
lobes. These studies were performed using synchrotron radiation-
based HiP-CT (3) at the European Synchrotron Radiation Facility. In
contrast to the reconstruction of histological serial sections, HiP-CT
can bridge tissue structure with high-resolution morphologic detail-
revealing structure from the major airways down to the finest
microvasculature in an intact lung.

The existence of arteriovenous anastomoses (4, 5) and
“Sperrarterien” (5) between pulmonary and bronchial circulation
was studied intensively by anatomists in the middle of the last
century by histological serial sections and corrosion casting. These
specialized arteries are essential in the regulation of
intrapulmonary arteriovenous shunting. The Sperrarterien are
located in the subpleural tissue, mainly at the septal margin of
secondary pulmonary lobules as well as on the mediastinal
pulmonary surface (5, 6). Although the pulmonary circulation
accounts for 97% of total circulation in the lung and the bronchial
circulation for 3% under physiological conditions, there is growing
evidence that the bronchial circulation can dramatically increase as
a result of arteriovenous shunting and a triggered perfusion of
Sperrarterien. The increase in bronchial perfusion may play a
pivotal role in a variety of clinical lung problems, such as
pulmonary embolism, neoplasms, chronic inflammation and
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