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A relevant feature of COVID-19 disease is that the lack of dyspnea is recognized in the most
critical cases. The subjects who were intubated and ventilated exhibited tachypnea and tachycardia
(Al-Omari et al., 2020; Guan et al., 2020; Li et al., 2020). In a retrospective study, dyspnea and
tightness in the chest were much more common in deceased patients (Chen et al., 2020). Moreover,
it was one of the associated predictors of severe disease and death (Kaeuffer et al., 2020).

The absence of dyspnea can be attributed to a direct neurotoxic impact of the virus and a general
response caused within the infectious context (Bertran Recasens et al., 2020). Nouri-Vaskeh et al.
(2020) argue that two mechanisms can explain the decreased cognition of dyspnea in COVID-19
disease. They are either the direct invasion of SARS-CoV-2 into Angiotensin Converting Enzyme-2
(ACE-2) expressing brain cells in the limbic system (especially the insular area) or through the
indirect toxic effect of the cytokine storm on the corticolimbic network, which plays the main
role in expressing the perception of dyspnea (Abernethy and Wheeler, 2008; Parshall et al., 2012).
The carotid body could be a site of SARS-CoV-2 invasion due to the local expression of its ACE2
receptor (Porzionato et al., 2020). The influence of the nasal flow on the modulation of breathing
has recently been described (Tantirigama et al., 2020). This result may be relevant as anosmia has
been reported in association with COVID-19 disease.

Dyspnea is the main experience related to the avoidance of survival threats; it is a
multidimensional construct of breathing sensations with qualitative, quantitative, and descriptive
components (Abernethy and Wheeler, 2008; Parshall et al., 2012; Kaeuffer et al., 2020). The
pathophysiological mechanisms, rather than pain, are complex and can coexist (Nishino, 2011).
Evaluating dyspnea in the context of COVID-19 disease is difficult, a scenario far removed from the
elegant laboratory studies. A proper assessment depends on self-reporting, and so it is imperative to
ask open-ended questions. Leading questions aimed at seeking support can be tricky (Tobin, 2020).

The breathing mechanics of patients with COVID-19 seem to have certain peculiarities.
Unfortunately, however, information is scarce, incomplete, and disorganized (Mezidi et al., 2020).
Gattinoni et al. (2020) proposed two time-dependent chronological phenotypes, namely, type L,
which is characterized by low elasticity, low ventilation-to-perfusion ratio, low lung weight, and
low recruitment capacity; and type H, characterized by high elasticity, high right-to-left shunt, high
lung weight, and high capacity recruits. In addition, various findings in connection with changes
in the pulmonary circulation (loss of lung perfusion regulation) are characterized (Picariello et al.,
2020; Potus et al., 2020), making it perhaps in vain to recognize type L and type H (Mahjoub et al.,
2020). Other authors suspect that adult respiratory distress syndrome (ARDS), in connection with
SARS-CoV-2, may not be as atypical as has been suspected (Baedorf Kassis et al., 2021). It appears
that the stages are not as dichotomous as suggested above.

To understand the absence of dyspnea in COVID-19, the main focus is on phenotypes showing
severe hypoxia and near-normal respiratory system compliance. Despite the mild to severe ARDS
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during COVID-19 pneumonia, the respiratory system
(transpulmonary compliance and driving pressure) was
reported pseudonormal (Bhatraju et al., 2020; Viola et al., 2020).

The concepts of corollary discharge (CD) and
efferent–afferent dissociation (also called length–tension
inappropriateness, neuro ventilatory dissociation, afferent
mismatch, neuromechanical uncoupling, or neuromuscular
dissociation; Parshall et al., 2012) could explain the absence
of dyspnea in COVID-19 disease. Neurophysiological studies
have discovered the CD circuits and proposed a functional
taxonomic classification through the animal kingdom. The CD
is a ubiquitous strategy to route copies of movement commands
to sensory structures and influence sensory processing in myriad
ways (Crapse and Sommer, 2008). The concept of a CD is the
most widely accepted hypothesis used to explain the origin of
the inspiratory effort sensation (el-Manshawi et al., 1986) and
dyspnea (Spengler et al., 1998; Booth and Dudgeon, 2006; Okada,
2021).

Animal studies demonstrated that a copy of respiratory output
is transmitted to the mesencephalon and thalamus (Chen et al.,
1990, 1992). Similar to skeletal muscles, the difference in signal
between the corollary and the afferent discharge is automatically
used to produce a sensation (Matthews, 1982).

When the motor command sends an outgoing command to
the respiratory muscles, a copy is sent to the sensory cortex
(efferent copies or efference copy signal). The sensory cortex also
receives information about events from the chest and respiratory
muscles and processes the information (Okada, 2021). When the
copy signal is received, the sensory cortex adapts accordingly
in order to minimize, eliminate, or compensate for the sensory
consequences of the movement (Crapse and Sommer, 2008).
Due to this general strategy, breathing under normal conditions
(and within certain ventilation limits) is an unconscious process
(Crapse and Sommer, 2008). If the demands are fully met,
there is no awareness of outgoing motor command, nor is
dyspnea experienced. On the other hand, if the two “letters” are
different (such as muscle weakness, increased mechanical load,
and lungs stiffness), it will lead to a conscious perception of the
motor command.

The CD for respiratory sensation is reminiscent of the original
concept of Campbell and Howell (1963). They suggested that an
imbalance in the relationship between tension and displacement
in respiratory muscle is the neurophysiological mechanism
causing dyspnea. This neuromechanical dissociation among
outgoing (efferent) motor signals to the respiratory muscles and
incoming (afferent) information is a key element of the idea
of dyspnea. The CD is an updated and revised version of this
pioneering work.

The greater the separation among the outgoing and incoming
signals, the higher the intensity of the shortness of breath.

In COVID-19 disease with respiratory failure, the relationship

between the absolute value of loading and its duration and the
relative magnitude of the load compared with the maximum
muscle strength seems to be reasonable.

It is plausible to assume that the prevalence and intensity
of dyspnea depend on the interaction between the severity
of the infection, the role of the host response, physiological
reserve and accompanying diseases, and the time between the
onset and hospitalization (Gattinoni et al., 2020). Hypoxemia
is one of the other reasons for shortness of breath and is
commonly responsive to oxygen therapy, mechanical ventilation,
and pronation, especially in L patients (Gattinoni et al.,
2020). However, dyspnea is not necessarily related to hypoxia
but is more closely associated with inspiratory drive and
mechanical alterations.

Why is there a mismatch in many other lung diseases but no
mismatch in COVID-19?

Since the COVID-19 lung disease shows a relative
preservation of respiratory mechanics compared with other
acute lung diseases (such as the classic ARDS), the hypoxemia
is due to the occupancy of the alveoli, which leads to low
ventilation/perfusion (V̇/Q̇) ratio units; however, pulmonary
vascular dysregulation (lack of physiological vasoconstriction
in these areas with low V̇/Q̇), which causes only insignificant
changes in the respiratory mechanics, seems to play an essential
role. Once again, neuromechanical dissociation occurs when
there is a mismatch between the outgoing (efferent) motor
signals to the respiratory muscles and the incoming (afferent)
information. If information from chemoreceptors (hypoxia)
and mechanoreceptors indicates an inability to respond
adequately to the outgoing drive to breath, dyspnea occurs.
Several lines of indirect evidence support the contention
that hypoxia generates dyspnea via CD to higher centers
if ventilation and PCO2 are constrained to normal levels
(Moosavi et al., 2003, 2004).

If the pathophysiological mechanisms of the development of
dyspnea are still poorly understood, we should not be surprised
by our limited knowledge of the mechanisms of dyspnea
in COVID-19 disease. From the physiopathology perspective,
which does not exclude the direct neurotoxic effect of the virus
and a systemic response in the infectious context, but rather
encompasses it, the lack of dyspnea in the COVID-19 disease
can be explained by matching the sensory cortex of the brain of
the two signals coming from the motor command and periphery
via CD.

AUTHOR CONTRIBUTIONS

The author confirms being the sole contributor of this work and
has approved it for publication.

REFERENCES

Abernethy, A. P., and Wheeler, J. L. (2008). Total dyspnoea. Curr. Opin. Support.

Palliat. Care 2, 110–113. doi: 10.1097/SPC.0b013e328300cad0

Al-Omari, A., Alhuqbani, W. N., Zaidi, A. R. Z., Al-Subaie, M. F., AlHindi, A.

M., Abogosh, A. K., et al. (2020). Clinical characteristics of non-intensive care

unit COVID-19 patients in Saudi Arabia: a descriptive cross-sectional study. J.

Infect. Public Health 13, 1639–1644. doi: 10.1016/j.jiph.2020.09.003

Frontiers in Physiology | www.frontiersin.org 2 August 2021 | Volume 12 | Article 719166

https://doi.org/10.1097/SPC.0b013e328300cad0
https://doi.org/10.1016/j.jiph.2020.09.003
https://www.frontiersin.org/journals/physiology
https://www.frontiersin.org
https://www.frontiersin.org/journals/physiology#articles


De Vito COVID-19, Lack of Dyspnea and Corollary Discharge

Baedorf Kassis, E., Schaefer, M. S., Maley, J. H., Hoenig, B., Loo, Y., Hayes, M.

M., et al. (2021). Transpulmonary pressure measurements and lung mechanics

in patients with early ARDS and SARS-CoV-2. J. Crit. Care 63, 106–112.

doi: 10.1016/j.jcrc.2021.02.005

Bertran Recasens, B., Martinez-Llorens, J. M., Rodriguez-Sevilla, J. J., and Rubio,

M. A. (2020). Lack of dyspnea in patients with Covid-19: another neurological

conundrum? Eur. J. Neurol. 27:e40. doi: 10.1111/ene.14265

Bhatraju, P. K., Ghassemieh,.B. J., Nichols, M., Kim, R., Jerome, K. R., Nalla, A. K.,

et al. (2020). Covid-19 in critically Ill patients in the Seattle Region - Case series.

N. Engl. J. Med. 382, 2012–2022. doi: 10.1056/NEJMoa2004500

Booth, S., and Dudgeon, D. (2006). Dyspnoea in Advanced Disease: A

Guide to Clinical Management. New York, NY: Oxford University Press.

doi: 10.1093/acprof:oso/9780198530039.001.0001

Campbell, E. J., and Howell, J. B. (1963). The sensation of breathlessness. Br. Med.

Bull. 19, 36–40. doi: 10.1093/oxfordjournals.bmb.a070002

Chen, T., Wu, D., Chen, H., Yan, W., Yang, D., Chen, G., et al. (2020).

Clinical characteristics of 113 deceased patients with coronavirus disease 2019:

retrospective study. BMJ 368:m1091. doi: 10.1136/bmj.m1091

Chen, Z., Eldridge, F. L., and Wagner, P. G. (1990). Respiratory-associated

rhythmic firing of midbrain neurones in cats: relation to level of respiratory

drive. J. Physiol. 437, 305–325. doi: 10.1113/jphysiol.1991.sp018597

Chen, Z., Eldridge, F. L., andWagner, P. G. (1992). Respiratory-associated thalamic

activity is related to level of respiratory drive. Respir. Physiol. 90, 99–113.

doi: 10.1016/0034-5687(92)90137-L

Crapse, T. B., and Sommer, M. A. (2008). Corollary discharge across the animal

kingdom. Nat. Rev. Neurosci. 9, 587–600. doi: 10.1038/nrn2457

el-Manshawi, A., Killian, K. J., Summers, E., and Jones, N. L. (1986). Breathlessness

during exercise with and without resistive loading. J. Appl. Physiol. 61, 896–905.

doi: 10.1152/jappl.1986.61.3.896

Gattinoni, L., Chiumello, D., Caironi, P., Busana, M., Romitti, F.,

Brazzi, L., et al. (2020). COVID-19 pneumonia: different respiratory

treatments for different phenotypes? Intens. Care Med. 46, 1099–1102.

doi: 10.1007/s00134-020-06033-2

Guan, W.-J., Ni, Z.-Y., Hu, Y., Liang, W.-H., Ou, C.-Q., He, J., et al. (2020).

China medical treatment expert group for Covid-19. Clinical characteristics

of coronavirus disease 2019 in China. N. Engl. J. Med. 382, 1708–1720.

doi: 10.1056/NEJMoa2002032

Kaeuffer, C., Le Hyaric, C., Fabacher, T., Mootien, J., Dervieux, B., Ruch,

Y., et al. (2020). Clinical characteristics and risk factors associated

with severe COVID-19: prospective analysis of 1,045 hospitalised

cases in North-Eastern France, March 2020. Euro Surveill. 25:2000895.

doi: 10.2807/1560-7917.ES.2020.25.48.2000895

Li, Y.-C., Bai, W.-Z., and Hashikawa, T. (2020). The neuroinvasive potential of

SARS-CoV2 may play a role in the respiratory failure of COVID-19 patients. J.

Med. Virol. 92, 552–555. doi: 10.1002/jmv.25728

Mahjoub, Y., Rodenstein, D. O., and Jounieaux, V. (2020). Severe Covid-19 disease:

rather AVDS than ARDS? Crit. Care 24:327. doi: 10.1186/s13054-020-02972-w

Matthews, P. B. (1982). Where does Sherrington’s “muscular sense” originate?

Muscles, joints, corollary discharges? Annu. Rev. Neurosci. 5, 189–218.

doi: 10.1146/annurev.ne.05.030182.001201

Mezidi, M., Daviet, F., Chabert, P., Hraiech, S., Bitker, L., Forel, J.-M., et al. (2020).

Transpulmonary pressures in obese and non-obese COVID-19 ARDS. Ann.

Intens. Care 10:129. doi: 10.1186/s13613-020-00745-w

Moosavi, S. H., Banzett, R. B., and Butler, J. P. (2004). Time course of air hunger

mirrors the biphasic ventilatory response to hypoxia. J. Appl. Physiol. 97,

2098–2103. doi: 10.1152/japplphysiol.00056.2004

Moosavi, S. H., Golestanian, E., Binks, A. P., Lansing, R. W., Brown, R., and

Banzett, R. B. (2003). Hypoxic and hypercapnic drives to breathe generate

equivalent levels of air hunger in humans. J. Appl. Physiol. 94, 141–154.

doi: 10.1152/japplphysiol.00594.2002

Nishino, T. (2011). Dyspnoea: underlying mechanisms and treatment. Br. J.

Anaesth. 106, 463–474. doi: 10.1093/bja/aer040

Nouri-Vaskeh, M., Sharifi, A., Khalili, N., Zand, R., and Sharifi, A.

(2020). Dyspneic and non-dyspneic (silent) hypoxemia in COVID-19:

possible neurological mechanism. Clin. Neurol. Neurosurg. 198:106217.

doi: 10.1016/j.clineuro.2020.106217

Okada, I. F. M. P. (2021). Mechanisms underlying the sensation of dyspnea. Respir.

Investig. 59, 66–80. doi: 10.1016/j.resinv.2020.10.007

Parshall, M. B., Schwartzstein, R. M., Adams, L., Banzett, R. B., Manning, H. L.,

Bourbeau, J., et al. (2012). An official American Thoracic Society statement:

update on the mechanisms, assessment, and management of dyspnea.

Am. J. Respir. Crit. Care Med. 185, 435–452. doi: 10.1164/rccm.201111-

2042ST

Picariello, C., Caravita, S., Vatrano, M., Enea, I., Roncon, L., De Tommasi,

E., et al. (2020). [ANMCO Position paper: pulmonary circulation diseases

and COVID-19]. Giorn. Ital. Cardiol. 21, 575–583. doi: 10.1714/3405.

33888

Porzionato, A., Emmi, A., Stocco, E., Stocco, E., Barbon, S., and Boscolo-Berto,

R. (2020). The potential role of the carotid body in COVID-19. Am. J.

Physiol. Lung Cell. Mol. Physiol. 319, L620–L626. doi: 10.1152/ajplung.0030

9.2020

Potus, F., Mai, V., Lebret, M., Malenfant, S., Breton-Gagnon, E., Lajoie, A.

C., et al. (2020). Novel insights on the pulmonary vascular consequences

of COVID-19. Am. J. Physiol. Lung Cell. Mol. Physiol. 319, L277–L288.

doi: 10.1152/ajplung.00195.2020

Spengler, C. M., Banzett, R. B., Systrom, D. M., Shannon, D. C., and

Shea, S. A. (1998). Respiratory sensations during heavy exercise in

subjects without respiratory chemosensitivity. Respir. Physiol. 114, 65–74.

doi: 10.1016/S0034-5687(98)00073-5

Tantirigama, M. L. S., Zolnik, T., Judkewitz, B., Larkum, M. E., and Sachdev, R. N.

S. (2020). Perspective on the multiple pathways to changing brain states. Front.

Syst. Neurosci. 14:23. doi: 10.3389/fnsys.2020.00023

Tobin, M. J. (2020). Basing respiratory management of COVID-19 on

physiological principles. Am. J. Respir. Crit. Care Med. 201, 1319–1320.

doi: 10.1164/rccm.202004-1076ED

Viola, L., Russo, E., Benni, M., Gamberini, E., Circelli, A., Bissoni, L., et al. (2020).

Lung mechanics in type L CoVID-19 pneumonia: a pseudo-normal ARDS.

Transl. Med. Commun. 5:27. doi: 10.1186/s41231-020-00076-9

Conflict of Interest: The author declares that the research was conducted in the

absence of any commercial or financial relationships that could be construed as a

potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated organizations, or those of

the publisher, the editors and the reviewers. Any product that may be evaluated in

this article, or claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.

Copyright © 2021 De Vito. This is an open-access article distributed under the

terms of the Creative Commons Attribution License (CC BY). The use, distribution

or reproduction in other forums is permitted, provided the original author(s) and

the copyright owner(s) are credited and that the original publication in this journal

is cited, in accordance with accepted academic practice. No use, distribution or

reproduction is permitted which does not comply with these terms.

Frontiers in Physiology | www.frontiersin.org 3 August 2021 | Volume 12 | Article 719166

https://doi.org/10.1016/j.jcrc.2021.02.005
https://doi.org/10.1111/ene.14265
https://doi.org/10.1056/NEJMoa2004500
https://doi.org/10.1093/acprof:oso/9780198530039.001.0001
https://doi.org/10.1093/oxfordjournals.bmb.a070002
https://doi.org/10.1136/bmj.m1091
https://doi.org/10.1113/jphysiol.1991.sp018597
https://doi.org/10.1016/0034-5687(92)90137-L
https://doi.org/10.1038/nrn2457
https://doi.org/10.1152/jappl.1986.61.3.896
https://doi.org/10.1007/s00134-020-06033-2
https://doi.org/10.1056/NEJMoa2002032
https://doi.org/10.2807/1560-7917.ES.2020.25.48.2000895
https://doi.org/10.1002/jmv.25728
https://doi.org/10.1186/s13054-020-02972-w
https://doi.org/10.1146/annurev.ne.05.030182.001201
https://doi.org/10.1186/s13613-020-00745-w
https://doi.org/10.1152/japplphysiol.00056.2004
https://doi.org/10.1152/japplphysiol.00594.2002
https://doi.org/10.1093/bja/aer040
https://doi.org/10.1016/j.clineuro.2020.106217
https://doi.org/10.1016/j.resinv.2020.10.007
https://doi.org/10.1164/rccm.201111-2042ST
https://doi.org/10.1714/3405.33888
https://doi.org/10.1152/ajplung.00309.2020
https://doi.org/10.1152/ajplung.00195.2020
https://doi.org/10.1016/S0034-5687(98)00073-5
https://doi.org/10.3389/fnsys.2020.00023
https://doi.org/10.1164/rccm.202004-1076ED
https://doi.org/10.1186/s41231-020-00076-9
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/physiology
https://www.frontiersin.org
https://www.frontiersin.org/journals/physiology#articles

	Possible Role of Corollary Discharge in Lack of Dyspnea in Patients With COVID-19 Disease
	Author Contributions
	References


