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The coronavirus disease 2019 (COVID-19)
pandemic, caused by the severe acute
respiratory syndrome coronavirus 2
(SARS-CoV-2), continued throughout 2021.
Highly effective vaccines became widely
available in 2021, and basic, translational,
and clinical knowledge about COVID-19
expanded at a rapid pace. This bibliography
cites and summarizes publications from
American Thoracic Society journals and
others centered on the year 2021 that
inform our understanding of the
pathophysiology, clinical manifestations,
vaccines, and treatment advances in
COVID-19 while considering broader effects
on society, healthcare delivery, and medical
education.

Chotirmall SH, Martinez FJ, Schumacker
PT, Cooke CR, Seam N, Brochard L, et al.
Life at the editorial “COVID frontline”.
The American Thoracic Society Journal

Family. Am J Respir Crit Care Med 2020;
201:1457–1459.

Pathophysiology

The biomedical community’s grasp of the
pathophysiology underlying the clinical
spectrum of COVID-19, including basic,
physiological, and environmental factors,
grew in 2021.

National Institutes of Health. Clinical spec-
trum of SARS-CoV-2 infection. [accessed 29
Jan 2022]. Available from: https://www.
covid19treatmentguidelines.nih.gov/overview/
clinical-spectrum/.

For example, we have gained new
insights into the biology of the SARS-CoV-2
viral receptor, ACE2 (angiotensin-converting
enzyme 2). Murine ACE2 does not efficiently

bind to the spike protein of most SARS-
CoV-2 variants. Accordingly, techniques are
emerging to sensitize mice to SARS-CoV-2
infection by expressing human ACE2 via an
adenovirus delivery system, although these
mouse models remain limited to a mild
phenotype.

Han K, Blair RV, Iwanaga N, Liu F,
Russell-Lodrigue KE, Qin Z, et al. Lung
expression of human angiotensin-convert-
ing enzyme 2 sensitizes the mouse to
SARS-CoV-2 infection. Am J Respir Cell
Mol Biol 2021;64:79–88.

Harker JA, Johansson C. Rapidly deployable
mouse models of SARS-CoV-2 infection
add flexibility to the COVID-19 toolbox.
Am J Respir Cell Mol Biol 2021; 64:7–9.

In humans, infant nasal epithelial cells
exhibit interferon-stimulated ACE2
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expression similar to adult cells, arguing
against a prior hypothesis that a lack of
interferon-stimulated ACE2 expression
provides a protective advantage in younger
individuals.

Salka K, Abutaleb K, Chorvinsky E, Thir-
uvengadam G, Arroyo M, Gomez JL, et al.
IFN stimulates ACE2 expression in pedi-
atric airway epithelial cells. Am J Respir
Cell Mol Biol 2021;64:515–518.

Yepsen EN, Harrod KS. Influenza antiviral
subversion: now the host is in on the act.
Am J Respir Cell Mol Biol 2021;65:1–3.

Patients with chronic obstructive
pulmonary disease have increased
expression of ACE2 and other genes
encoding proteins that are predicted to
mediate interactions between SARS-CoV-2
and human cells.

Agusti A, Sibila O, Casas-Recasens S,
Mendoza N, Perea L, Lopez-Giraldo A,
et al. Molecular interactions of SARS-
CoV-2 in lung tissue of patients with
chronic obstructive pulmonary disease.
Ann Am Thorac Soc 2021;18:1922–1924.

These interactions can be blocked,
representing a potential therapeutic strategy.
Madan and colleagues demonstrated that a
recombinant fragment of surfactant protein
D reduces viral infectivity and replication
in vitro by inhibiting the binding of SARS-
CoV-2 spike protein to ACE2 in clinical
samples.

Madan T, Biswas B, Varghese PM, Subedi
R, Pandit H, Idicula-Thomas S, et al. A
recombinant fragment of human surfac-
tant protein D binds spike protein and
inhibits infectivity and replication of
SARS-CoV-2 in clinical samples. Am J
Respir Cell Mol Biol 2021;65:41–53.

Finally, despite multivariate
analyses revealing no association of
serum ACE or ACE2 concentrations
with mortality in COVID-19 acute
respiratory distress syndrome (ARDS),
manipulating the enzymatic function of
ACE2 may be a therapeutic strategy in
ARDS because of COVID-19 or other
etiologies.

Reindl-Schwaighofer R, Hodlmoser S,
Eskandary F, Poglitsch M, Bonderman D,
Strassl R, et al. ACE2 elevation in severe
COVID-19. Am J Respir Crit Care Med
2021;203:1191–1196.

Gerard L, Lecocq M, Bouzin C, Hoton D,
Schmit G, Pereira JP, et al. Increased
angiotensin-converting enzyme 2 and loss
of alveolar type II cells in COVID-19-
related acute respiratory distress syndrome.
Am J Respir Crit Care Med 2021;204:
1024–1034.

Collins SP, Chappell MC, Files DC. The
renin-angiotensin-aldosterone system in
COVID-19-related and non-COVID-19-
related acute respiratory distress syndrome:
not so different after all? Am J Respir Crit
Care Med 2021;204:1007–1008.

Multiple studies have provided a
mechanistic basis to explain the
hypercoagulable state observed in patients
with COVID-19.

Hernandez Cordero AI, Sin DD. Clotting
in COVID-19: is it all in the genes? Am J
Respir Cell Mol Biol 2021;64:647–649.

In human pulmonary microvascular
endothelial cells, SARS-CoV-2 spike
protein stimulates the expression of the
prothrombotic molecule PAI-1
(plasminogen activator inhibitor 1).

Han M, Pandey D. ZMPSTE24 regulates
SARS-CoV-2 spike protein-enhanced
expression of endothelial PAI-1. Am J
Respir Cell Mol Biol 2021;65:300–308.

Khan SS. The central role of PAI-1 in
COVID-19: thrombosis and beyond. Am J
Respir Cell Mol Biol 2021;65:238–240.

ZMPSTE24, an inhibitor of PAI-1,
mediates ACE2 ectodomain shedding to
generate SARS-CoV-2 decoy receptors. Its
expression declines with age and
inhalational injury, which may partially
explain the thrombotic risk and poorer
outcomes observed in older patients and
those who smoke. KLF2 (Kr€uppel-like
factor 2), which is downregulated in
COVID-19 lung autopsy specimens, also
inhibits PAI-1 while promoting the
expression of antiviral genes and nitric
oxide synthase in vitro.

Wu D, Lee TH, Huang RT, R DG, Schoet-
tler N, Adegunsoye A, et al. SARS-CoV-2
infection is associated with reduced
Kruppel-like factor 2 in human lung
autopsy. Am J Respir Cell Mol Biol
2021;65:222–226.

Of note, patients with COVID-19 who
experience anosmia demonstrate persistent

elevations in nasal nitric oxide concentration
up to 5 months after infection.

Hua-Huy T, Lorut C, Aubourg F, Morbieu C,
Marey J, Texereau J, et al. Persistent nasal
inflammation 5 months after acute anosmia
in patients with COVID-19. Am J Respir Crit
CareMed 2021;203:1319–1322.

Macrophages and damaged epithelial
cells exert prothrombotic functions via the
expression of plasminogen urokinase-
localizing protein and tissue factor,
respectively, together with PAI-2.

FitzGerald ES, Chen Y, Fitzgerald KA,
Jamieson AM. Lung epithelial cell tran-
scriptional regulation as a factor in
COVID-19-associated coagulopathies. Am
J Respir Cell Mol Biol 2021;64:687–697.

Elevated complement factors,
specifically factor D, correlate with markers
of endothelial injury and hypercoagulability,
as well as poorer outcomes.

Ma L, Sahu SK, Cano M, Kuppuswamy V,
Bajwa J, McPhatter JN, et al. Increased
complement activation is a distinctive fea-
ture of severe SARS-CoV-2 infection. Sci
Immunol 2021;6:eabh2259.

Host immune responses and the
microbiome are associated with tissue
pathology and outcomes. A pathological
reticuloendothelial response characterized by
infiltration of reactive plasma cells, iron-
laden macrophages, andMRP81

mononuclear cells appears to be universal in
severe and critical COVID-19. Notably,
SARS-CoV-2 RNA and spike protein do not
colocalize with these inflammatory changes.

Dorward DA, Russell CD, Um IH, Elshani
M, Armstrong SD, Penrice-Randal R, et al.
Tissue-specific immunopathology in fatal
COVID-19. Am J Respir Crit Care Med
2021;203:192–201.

Welte T. SARS-CoV-2-triggered immune
reaction: for COVID-19, nothing is as old
as yesterday’s knowledge. Am J Respir Crit
Care Med 2021;203:156.

Monocyte-derived CD681CD1631

macrophages adopt a damage response gene
expression signature and profibrotic
phenotype in severe SARS-CoV-2
pneumonia, potentially explaining the
increased prevalence of fibroproliferative
ARDS among patients with critical
COVID-19.
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Wendisch D, Dietrich O, Mari T, von
Stillfried S, Ibarra IL, Mittermaier M,
et al. SARS-CoV-2 infection triggers profi-
brotic macrophage responses and lung
fibrosis. Cell 2021;184:6243–6261.e6227.

Lebreton G, Dorgham K, Quentric P,
Combes A, Gorochov G, Schmidt M. Longi-
tudinal cytokine profiling in patients with
severe COVID-19 on extracorporeal mem-
brane oxygenation and hemoadsorption.
Am J Respir Crit Care Med 2021;203:
1433–1435.

Analysis of the upper respiratory tract
microbiome in patients with COVID-19
supports the associations amongmicrobiome
composition, pathogen burden, and viral
immune response.

Althuwaybi A, Al Quaimi M, Krishnan
A, Jones R, Pearson J, Ward C. Hospitali-
zation outcomes for COVID-19 in
patients with interstitial lung disease: a
potential role for aerodigestive pathophys-
iology? Am J Respir Crit Care Med
2021;203:521–522.

McGinniss JE, Collman RG. The upper
airway microbiome and lung injury in
COVID-19. Am J Respir Crit Care Med
2021;204:1353–1355.

Before death, but not on admission,
hospitalized patients with COVID-19 carry a
higher proportion of potential copathogens
in their oropharyngeal microbiome,
particularly Enterococcus spp. and Candida
spp., compared with those who recover.

Ren L, Wang Y, Zhong J, Li X, Xiao Y, Li
J, et al. Dynamics of the upper respiratory
tract microbiota and its association with
mortality in COVID-19. Am J Respir Crit
Care Med 2021;204:1379–1390.

Several studies have expanded our
understanding of respiratory system
physiology in severe or critical COVID-19.
Before the initiation of noninvasive
ventilation, patients with COVID-19 exhibit
a lower overall work of breathing and higher
dynamic respiratory system compliance than
patients with other causes of respiratory
failure, which may limit the degree of self-
inflicted lung injury.

Tonelli R, Busani S, Tabbi L, Fantini R,
Castaniere I, Biagioni E, et al. Inspiratory
effort and lung mechanics in spon-
taneously breathing patients with acute
respiratory failure due to COVID-19: a

matched control study. Am J Respir Crit
Care Med 2021;204:725–728.

In contrast, time spent with a PaO2
/

FIO2
, 100 mmHg and respiratory rate

.greater than 25 breaths per minute before
intubation is independently associated with
increased driving pressure and elastance after
initiation of mechanical ventilation.

Tsolaki VS, Zakynthinos GE, Mantzarlis
KD, Deskata KV, Papadonta ME, Gero-
vasileiou ES, et al. Driving pressure in
COVID-19 acute respiratory distress syn-
drome is associated with respiratory dis-
tress duration before intubation. Am J
Respir Crit Care Med 2021;204:478–481.

A recruitment-to-inflation ratio greater
than 0.7, as determined by lung ultrasound,
identifies patients with potential for alveolar
recruitment.

Stevic N, Chatelain E, Dargent A, Argaud L,
Cour M, Guerin C. Lung recruitability eval-
uated by recruitment-to-inflation ratio and
lung ultrasound in COVID-19 acute respira-
tory distress syndrome. Am J Respir Crit
CareMed 2021;203:1025–1027.

Plasma concentrations of the soluble
form of the receptor for advanced glycation
end-products, a marker of lung alveolar
epithelial injury, are elevated in COVID-19
ARDS and correlate with PaO2

/FIO2
,

ventilatory ratio, shunt fraction, RALE
(Radiographic Assessment of Lung Edema)
score, and mortality.

Kapandji N, Yvin E, Devriese M, de
Margerie-Mellon C, Moratelli G, Lemiale
V, et al. Importance of lung epithelial
injury in COVID-19-associated acute
respiratory distress syndrome: value of
plasma soluble receptor for advanced gly-
cation end-products. Am J Respir Crit
Care Med 2021;204:359–362.

Hence, the soluble form of the receptor
for advanced glycation end products may serve
as a physiologically relevant biomarker of the
severity of lung injury in COVID-19 ARDS.

Environmental factors and exposures
are important risk factors for COVID-19
diagnosis and severity. People living in
neighborhoods with higher concentrations of
air pollution have an increased risk of dying
from COVID-19.

Stieb DM, Evans GJ, To TM, Lakey PSJ,
Shiraiwa M, Hatzopoulou M, et al.
Within-city variation in reactive oxygen

species from fine particle air pollution and
COVID-19. Am J Respir Crit Care Med
2021;204:168–177.

Kim H, Bell ML. Air pollution and
COVID-19 mortality in New York City.
Am J Respir Crit Care Med 2021;204:
97–99.

Balmes JR. Stress is in the air: ambient reac-
tive oxygen species and COVID-19. Am J
Respir Crit Care Med 2021;204:118–120.

Data also demonstrate a dose-
dependent correlation between alcohol
consumption and the risk of developing
ARDS during hospitalization for
COVID-19.

Lassen MCH, Skaarup KG, Sengelov M,
Iversen K, Ulrik CS, Jensen JUS, et al.
Alcohol consumption and the risk of
acute respiratory distress syndrome in
COVID-19. Ann Am Thorac Soc 2021;
18:1074–1076.

High viral loads, which were associated
with increased disease severity and odds of
requiring intubation or death in the era
before Omicron (B.1.1.529), increased the
transmission of viral particles into the
surrounding environment.

Zacharioudakis IM, Prasad PJ, Zervou
FN, Basu A, Inglima K, Weisenberg SA,
et al. Association of SARS-CoV-2 genomic
load with outcomes in patients with
COVID-19. Ann Am Thorac Soc 2021;
18:900–903.

Yang M, Li L, Huang T, Li S, Zhang M,
Yang Y, et al. SARS-CoV-2 detected on
environmental fomites for both asymp-
tomatic and symptomatic patients with
COVID-19. Am J Respir Crit Care Med
2021;203:374–378.

These transmission dynamics are
important considerations when patients
undergo aerosol-generating procedures.

Avari H, Hiebert RJ, Ryzynski AA, Levy
A, Nardi J, Kanji-Jaffer H, et al. Quanti-
tative assessment of viral dispersion asso-
ciated with respiratory support devices in
a simulated critical care environment.
Am J Respir Crit Care Med 2021;203:
1112–1118.

Dhand R. Mitigating viral dispersion dur-
ing respiratory support procedures in the
ICU. Am J Respir Crit Care Med 2021;
203:1051–1053.
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Clinical Manifestations

Reports describing mortality rates among
patients receiving mechanical ventilation
have exhibited high variability since the
pandemic’s beginning.

Angriman F, Scales DC. Estimating the
case fatality risk of COVID-19 among
mechanically ventilated patients. Am J
Respir Crit Care Med 2021;203:3–4.

In a meta-analysis, Lim and colleagues
estimated overall mortality in this population
to be 45% (95% confidence interval, 39–52%)
with substantial between-study
heterogeneity.

Lim ZJ, Subramaniam A, Ponnapa Reddy
M, Blecher G, Kadam U, Afroz A, et al.
Case fatality rates for patients with
COVID-19 requiring invasive mechanical
ventilation. A meta-analysis. Am J Respir
Crit Care Med 2021;203:54–66.

Temporal heterogeneity is also relevant,
as highlighted by a retrospective cohort study
in the United Kingdom that detected
associations between caseload peaks and the
makeup of the population of patients
admitted to an ICU.

Pilcher D, Durie M. Learning from the first
wave of the pandemic in England, Wales,
and Northern Ireland. Am J Respir Crit
Care Med 2021;203:532–534.

Doidge JC, Gould DW, Ferrando-Vivas P,
Mouncey PR, Thomas K, Shankar-Hari
M, et al. Trends in intensive care for
patients with COVID-19 in England,
Wales, and Northern Ireland. Am J Respir
Crit Care Med 2021;203:565–574.

Churpek and colleagues studied
hospital-level variation in the mortality of
critically ill patients with COVID-19;
whereas 38% of patients died by Day 28,
there was significant variation between
hospitals that was largely attenuated after
adjusting for acute physiology,
socioeconomic status, and caseload/census.

Teja B, Wunsch H. Pinpointing the cause
of variation in mortality in COVID-19.
Am J Respir Crit Care Med 2021;204:
381–382.

Churpek MM, Gupta S, Spicer AB, Parker
WF, Fahrenbach J, Brenner SK, et al.;
STOP-COVID Investigators. Hospital-level
variation in death for critically ill patients

with COVID-19. Am J Respir Crit Care
Med 2021;204:403–411.

A retrospective cohort study of patients
hospitalized with COVID-19 found that the
most common causes of death were
respiratory failure and septic shock with
multiorgan dysfunction syndrome because of
COVID-19 or a superinfecting pathogen,
underscoring the paradigm that critical
COVID-19 is best understood as severe
community-acquired pneumonia.

Ketcham SW, Bolig TC, Molling DJ, Sjoding
MW, Flanders SA, Prescott HC. Causes and
circumstances of death among patients hos-
pitalized with COVID-19: a retrospective
cohort study. Ann Am Thorac Soc
2021;18:1076–1079.

Budinger GRS, Misharin AV, Ridge KM,
Singer BD, Wunderink RG. Distinctive
features of severe SARS-CoV-2 pneumo-
nia. J Clin Invest 2021;131:e149412.

Nevertheless, important differences
exist in comparing severe SARS-CoV-2
pneumonia with pneumonia owing to other
pathogens, including influenza and other
respiratory viruses.

Hardin CC. Influenza and COVID-19:
times don’t get no better. Ann Am Thorac
Soc 2021;18:586–587.

A retrospective study found that
patients admitted to the ICU with severe
SARS-CoV-2 pneumonia experienced longer
durations of mechanical ventilation than
patients with severe influenza and were at
greater risk for in-hospital mortality.

Cobb NL, Sathe NA, Duan KI, Seitz KP,
Thau MR, Sung CC, et al. Comparison of
clinical features and outcomes in critically
ill patients hospitalized with COVID-19
versus Influenza. Ann Am Thorac Soc
2021;18:632–640.

Likewise, small observational cohort
studies observed that patients with
COVID-19 ARDS were similar to patients
with non–COVID-19 ARDS except for
experiencing longer durations of mechanical
ventilation, exhibiting lower minute
ventilation rates, and having lower blood
concentrations of IL-6.

Sjoding MW, Admon AJ, Saha AK, Kay SG,
Brown CA, Co I, et al. Comparing clinical
features and outcomes in mechanically ven-
tilated patients with COVID-19 and acute

respiratory distress syndrome. Ann Am
Thorac Soc 2021;18:1876–1885.

Bain W, Yang H, Shah FA, Suber T, Dro-
han C, Al-Yousif N, et al. COVID-19 versus
non-COVID-19 acute respiratory distress
syndrome: comparison of demographics,
physiologic parameters, inflammatory bio-
markers, and clinical outcomes. Ann Am
Thorac Soc 2021;18:1202–1210.

In 2021, the literature expanded our
understanding of short-term and long-term
sequelae of COVID-19. An observational
cohort study revealed short-term sequelae
among survivors of COVID-19 who had been
hospitalized, including a high prevalence of
lung function deficits, functional impairment,
and psychological symptoms.

Finney LJ, Doughty R, Lovage S, Spurr L,
Mehta B, Kemp SV, et al. Lung function
deficits and symptom burden in survivors
of COVID-19 requiring mechanical venti-
lation. Ann Am Thorac Soc 2021;18:
1740–1743.

Indeed, peritraumatic dissociative
symptoms and symptoms related to anxiety
and depression also appear to be common
during hospitalization for COVID-19 and
during the early postacute recovery period in
patients, family members, and healthcare
workers.

Derry HM, Lief L, Woubeshet N, Schenck
EJ, Kakarala S, LaFond E, et al. Peritrau-
matic stress symptoms during early post-
intensive care unit recovery. Ann Am
Thorac Soc 2021;18:364–367.
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outcomes after severe COVID-19 infection:
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naes J. Sleep in female healthcare workers
during COVID-19: a cross-sectional survey
study in Sweden during the flattening of the
first wave of the pandemic. Ann Am Thorac
Soc 2021;18:1418–1420.

Rare postacute manifestations of
COVID-19 continue to be reported,
including angioedema weeks after symptom
onset.

Batarseh E, Kersten BP, Pinelo AC, Nadler
JN, Schwartz SA. Angioedema in African
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American patients hospitalized for
COVID-19. Am J Respir Crit Care Med
2020;202:1581–1584.

Chan ED, Majluf-Cruz A. Is the angioe-
dema associated with COVID-19 a real
entity, a mimic, or both? Am J Respir Crit
Care Med 2021;203:645–646.

While still being defined, long COVID
(formally postacute sequelae of SARS-CoV-2
infection [PASC]) refers to a constellation of
signs and symptoms, including those
attributable to neuromuscular, psychiatric,
respiratory, cardiac, gastrointestinal, and
other origins, that persist for weeks to
months after acute COVID-19.

Gandotra S, Russell D. The long and the
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Am Thorac Soc 2021;18:948–950.

Investigators have reported PASC
across the spectrum of acute COVID-19
severity.
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Cohort studies have observed
respiratory symptoms, reduced functional
capacity, and impaired lung function,
particularly gas exchange abnormalities, in
survivors of COVID-19 3–4 months after
acute illness that may persist for at least
1 year.
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Among patients mechanically ventilated
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abnormal respiratory physiology and
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Overall Immunology of COVID-19 mRNA and Viral Vector VaccinesA

B Vaccine Technologies

One dose of COVID-19 vaccine
administered in the arm

The vaccine contents enter the cells
of the arm with the genetic material for

the spike protein

The genetic material encodes the
spike protein, which is then
presented on the cell surface:

Helper T cells detect the
spike protein and alert other

immune cells

Immune cells
develop memory
of the spike protein
and will respond the next
time it is encountered.

A subsequent COVID-19 vaccine dose
further trains the immune system,

strengthening the response and creating a
stronger immune memory.

The immune system is now equipped to launch a rapid and effective response against
SARS-CoV-2 if it is encountered, protecting against serious illness.

SARS-CoV-2 virus

mRNA
Contain genetic material coding the
spike protein. Low cost and rapid

development. May need storage at low
temperature.

Codes for the spike protein,
triggering an immune response

Replication defective
live vector

Use a modified, unrelated virus to
deliver genetic material coding the

spike protein.

Attenuated replicating
live vector

Weakened or inactivated SARS-CoV-2
virus. A well-known approach that

requires time for development.

Contains the spike protein,
triggering an immune response

BNT162b2 (Pfizer-BioNTech) and
mRNA-1273 (Moderna)

ChAdOx1 nCOV-19 (AstraZeneca)
and Ad26.COV2.S (Janssen)

Recombinant subunit
adjuvanted protein

Contain fragment or whole spike protein.
Have established safety record with
adjuvant to boost immune response.

NVX-CoV2372 (Novavax) and
AS03-adjuvanted COV2 preS dTM

(Sanofi-GSK)

CoronaVac (Sinovac), BBIBP-CorV
(Sinopharm) and BBV152 COVAXIN

(Bharat Biotech)

Killer T cells seek out the
spike protein

B cells create antibodies to
recognize the spike protein

Figure 1. Vaccination against coronavirus disease 2019 (COVID-19). (A) Mechanisms of
mRNA and viral vector vaccines. (B) Vaccine platforms in COVID-19. Examples of each
category are listed. SARS-CoV-2=severe acute respiratory syndrome coronavirus 2.
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treatment of early symptomatic disease, and
some agents have demonstrated efficacy for
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A trial (NCT04910269) evaluating
hyperimmune globulin among outpatients is
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products, and ongoing constraints on supply,
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on-therapy resistance has been documented in
an immunocompromised patient.

Gandhi S, Klein J, Robertson AJ, Pena-
Hernandez MA, Lin MJ, Roychoudhury P,
et al. De novo emergence of a remdesivir

Table 1. Therapeutics Granted
Emergency Use Authorization by
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for COVID-19 through 2021

Outpatient

Passive immunity therapy
Monoclonal

Bamlanivimab–etesevimab*
Casirivimab–imdevimab*
Tixagevimab–cilgavimab*
Sotrovimab
Polyclonal
COVID-19 convalescent plasma

Direct antivirals
Nirmatrelvir–ritonavir
Molnupiravir
Remdesivir†

Inpatient

Immunosuppressants
Dexamethasone
Tocilizumab
Sarilumab
Baricitinib

*The Omicron (B.1.1.529) variant displays a
markedly reduced susceptibility to therapy
with these agents.
†Predominantly used in inpatient settings.
See Gottlieb and colleagues for trial results in
outpatients.
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The results of trials studying the JAK
(Janus kinase) inhibitor baricitinib are
somewhat clearer. ACTT-2 suggested a
modest benefit for baricitinib without
glucocorticoids, whereas ACTT-4 suggested
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benefits continue to outweigh risks. Notably,
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in the placebo than in the tocilizumab groups
in trials, although overall numbers of
infections were low.
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high-flow nasal oxygen. Smaller trials have
provided confirmatory results, although
inclusion criteria and beneficial outcomes
differed somewhat from the multiplatform
trial. The use of tissue plasminogen activator
early in the pandemic was prominently
discussed but had little clinical evidence
supporting its administration.

Douin DJ, Shaefi S, Brenner SK, Gupta S,
Park I, Wright FL, et al. Tissue plasmino-
gen activator in critically ill adults with
COVID-19. Ann Am Thorac Soc 2021;
18:1917–1921.

There is growing interest in treatments
for patients during the convalescent phase,
especially the use of thromboprophylaxis, a
topic being addressed by the ACTIV-4c trial
(NCT04650087), with encouraging early
results from the BrazilianMICHELLE
(Medically Ill Hospitalized Patients for
COVID-19 THrombosis Extended
ProphyLaxisWith Rivaroxaban ThErapy) trial.

Ramacciotti E, Barile Agati L, Calderaro
D, Aguiar VCR, Spyropoulos AC, de
Oliveira CCC, et al.; MICHELLE
Investigators. Rivaroxaban versus no anti-
coagulation for post-discharge throm-
boprophylaxis after hospitalisation for
COVID-19 (MICHELLE): an open-label,
multicentre, randomised, controlled trial.
Lancet 2022;399:50–59.

Critically Ill Patients
The most important intervention in critically
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On the totality of the evidence, it seems
appropriate to stop full-dose anticoagulation
and replace it with thromboprophylaxis for
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patients transferred to the ICU with organ
failure.

The best ventilatory strategy before
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of prone positioning, which had low
uptake in the United States before the
pandemic.
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including one on the basis of Rodin’s
“The Thinker.”

Taylor SP, Bundy H, Smith WM, Skavro-
neck S, Taylor B, Kowalkowski MA.
Awake prone positioning strategy for
nonintubated hypoxic patients with
COVID-19: a pilot trial with embedded
implementation evaluation. Ann Am
Thorac Soc 2021;18:1360–1368.

Johnson SA, Horton DJ, Fuller MJ, Yee J,
Aliyev N, Boltax JP, et al. Patient-directed
prone positioning in awake patients with
COVID-19 requiring hospitalization
(PAPR). Ann Am Thorac Soc 2021;18:
1424–1426.

Coppo A, Winterton D, Benini A, Mon-
zani A, Aletti G, Cadore B, et al. Rodin’s
Thinker: an alternative position in awake
patients with COVID-19. Am J Respir
Crit Care Med 2021;204:728–730.

Societal Effects

COVID-19 continues to cause widespread
impacts on society, healthcare delivery, the
conduct of research, and medical education.
Striking racial and ethnic disparities noted
early in the COVID-19 pandemic have
persisted. In a retrospective cohort study,
Gershengorn and colleagues found that
Black race and Hispanic ethnicity increased
the odds of COVID-19 diagnosis and

hospitalization, a finding largely mediated by
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Gershengorn HB, Patel S, Shukla B, Warde
PR, Bhatia M, Parekh D, et al. Association
of race and ethnicity with COVID-19 test
positivity and hospitalization is mediated
by socioeconomic factors. Ann Am Thorac
Soc 2021;18:1326–1334.

The prognostic accuracy of mortality
prediction models was also examined
through an equity lens. The SOFA (Sequential
Organ Failure Assessment) score and LAPS2
(Laboratory-based Acute Physiology Score)
underestimated in-hospital mortality for
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for Black patients, indicating that overreliance
on SOFA scores for triage could divert
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Ross-Driscoll K, Esper G, Kinlaw K, Lee
YH, Morris AA, Murphy DJ, et al. Evalu-
ating approaches to improve equity in
critical care resource allocation in the
COVID-19 pandemic. Am J Respir Crit
Care Med 2021;204:1481–1484.

Crisis standard-of-care plans were
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Disruptions in the availability of
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Specific stakeholders in health care
have been differentially affected by the
pandemic. An observational cohort study
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