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20苭ዖ舏य़敎 & 蔫硽



20苭ዖ舏य़敎 & 蔫硽



Mild Moderate Severe CriticalҁARDS҂

Normal O2 saturation

Normal chest x-ray

SpO2 > 94% on room air

Abnormal chest X-ray

Any of the following : SpO2 ≤ 94%, RR > 30%, respiratory 
distress, PaO2/FiO2 <300, lung infiltration >50%

Intubated with respiratory 
failure, septic shock, and/or 

multiorgan dysfunction

Monitor oxygen saturation closely (be wary of happy hypoxia) 

Correct selection of patients for applying Prone Position

Nasal cannula, 
simple mask HFNC or NIV Mechanical ventilation or 

ECMO
• Supportive care, symptomatic treatment, Conservative fluid therapy

• No routine antibiotic use 

   (Bacterial infection လက#ဏာအေထာက်အထား+ိှမှအသုံးြပ4ပါ။)


• Avoid nebulizer ( MDI/DPI များြဖင့် ကုိယ်စားအသုံးြပ4=ိင်ုပါသည်။)

Remdesivir (RDV) 
• Use within the first 10 days after symptom onset

• Hepatic impairment/ Renal impairment物use with caution

• Dosing : 200mg IV loading, followed by 100mg IV once daily *4days 

Tocilizumab (TCZ) “IV” 200mg/vial, or 80 mg/vial

• Dosing: 8mg/kg, single doseҁeach dose in N/S 100ml, IVD > 1hr)

• Baricitinib=ှင့်တွဲဘက်မသုံးရ။ 

• Contraindication : uncontrolled acute infection other than COVID-19

• ေအာက်ပါrisk factorများထဲမှ တစ်ခုခုပါဝင်ေနGပီး ၁၀ရက်အတွင်းေရာဂါလက#ဏာ

ြပ၍oxygen therapyမလိအုပ်သည့် အသက်12=ှစ်=ှင့်အထက်၊ 40 kg(88lb) =ှင့်

အထက်လနူာအတက်ွ single dose of neutralizing monoclonal antibody 

ҁCasirivimab + Imdevimab҂အသုံးြပ4=ိင်ုပါသည်။  

Baricitinib 4mg/tab 
• CRP ≥ 75mg/Lမှအသုံးြပ2ပါ။ TCZ=ှင့်တွဲဘက်မသုံးရ။

• “Dexamethasone” or “Dexamethasone + 

RDV” =ှင့်အတအူသုံးြပ4ေပးပါ။

• Dosing: eGFR ≥ 60: 4mg PO once daily; 

eGFR 30-60: လနူာကျနး်မာေရးအေြခအေနအရ ေဆး

ပမာဏေလျာခ့ျအသုံးြပ4ေပးပါ။


• Baricitinib မ+ိှပါက Tofacitinib 10mg PO 
twice daily  ြဖင့်ယာယီခဏအသုံးြပ4=ိင်ုပါသည်။


• Duration : up to 14 days

Enoxaparin for VTE Prophylaxis ( riskများသည့်လနူာ=ှင့်ေရာဂါအေြခအေနအလိက်ုအသုံးြပ4ရန҂်

• Dosing物CrCl ≥ 30 : 4,000u SC once daily; CrCl < 30 : 3,000u SC once daily ( or 
2,000u SC once daily)


• If BMI ≥ 40 : may consider 4,000u SC Q12H

> Age ≥ 65                           > Diabetes Mellitus 
> Pregnancy                        > Cardiovascular disease(ေသွးတုိးအပါအဝင်) 

> Chronic kidney disease   > Chronic lung disease 
> Disease that can weaken immune system or patient at higher risk 
of severe covid-19 illness 
> Adult with BMI ≥ 25 or age of 12-17 BMI is greater than 85th percentile

each dose in N/S 250ml, IVD > 30min

Dexamethasone 6mg once daily IV push or PO, up to 10 days


သတိြပ2ရနမ်ျား 
• RDVအသုံးြပ4ရာတင်ွ liver function, Infusion related reaction (hypotension, 

nausea, vomiting etc)  sinus bradycardia စသည့်ေဘးအာနသိင်လက#ဏာ

များအား သတိြပ4ေပးပါ။ 
• Dexamethasoneအသုံးမြပ4မီ HBV/HCV serologyအရင်စစ်ေဆးပါ။

Positiveြဖစ်ပါက liver functionကုိပုံမှနစ်မ်းသပ်ေပးပါ။Blood glucose level =ှင့်

စိတ်ကျနး်မာေရးအေြခအေနကုိလည်း အထူးဂNုစုိက်ေပးပါ။
Far Eastern Memorial Hospital,Taiwan COVID-19 Treatment Principles | ID pharmacist Wei-Lun Wind Chang牏Critical care pharmacist Ming-Shen Lin牏Yiwen Li  v.2021.07.18; ; translated by pharmacist Yin Yin Mon on 2021.08.06
 100

◕ইⳳ₦⟺◕ସ�2IS�2IS��US�⇄⧏ᔤᮬὬ➱㗱ୟϑযⴐᬻ

xR

 G6[Q6;I]_�;6S�G?OW㗷



101



102

ၯ̸୮̋ڹ�㙓���?O_6�৬ᨠ



103

ၯ̸୮̋ڹ�㙓���?O_6�৬ᨠ



104



ठⵤ�̿ム ठⵤ�౧㑴 ठⵤᮦ�ฬяፖ



Pharmacotherapy in COVID-19

亞東紀念醫院 藥學部  

感染科｜神經加護病房 
張維倫 藥師
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2. Virology

2.1. Origin, Classification, and Genome

At the end of 2019, COVID-19 emerged in several local hospitals of Wuhan, Hubei Province,
China (Figure 1). Based on clinical manifestations, blood tests, and chest radiographs, this disease was
diagnosed as virus-induced pneumonia by clinicians. Initial epidemiological investigation suggested
that a majority of suspected cases were associated with their presence (exposure) in a local Huanan
seafood market. Notably, not just seafood, but many kinds of live wild animals were available for
sale in this market all year round before it was forced to close on January 1, 2020. As expected,
SARS-CoV-2 was isolated in environmental samples of the Huanan Seafood Market by China Center for
Disease Control and Prevention (CDC), implying the origin of the outbreak. However, such a decisive
conclusion was disputed because the earliest case had had no reported link connection to the mentioned
market [5]. In addition, it was found that at least two di↵erent strains of SARS-CoV-2 had occurred
a few months earlier before COVID-19 was o�cially reported [6]. A recently phyloepidemiologic
analysis suggests that SARS-CoV-2 at the Huanan Seafood Market could have been imported from other
places [7]. To date, it remains inconsistent with regard to the origin of SARS-CoV-2, and epidemiologic
and etiologic investigations are being conducted by Chinese health authorities.

Figure 1. Geographic location of Wuhan, Hubei Province in China. Hubei Province is located in the
central area of China, and the provincial capital is Wuhan.

SARS-CoV-2 was first isolated in the bronchoalveolar lavage fluid (BALF) of three COVID-19
patients from Wuhan Jinyintan Hospital on December 30, 2019 [2]. After sequence and evolutionary
tree analysis, SARS-CoV-2 was considered as a member of �-CoVs [2,8]. The CoVs family is
a class of enveloped, positive-sense single-stranded RNA viruses having an extensive range of
natural roots. These viruses can cause respiratory, enteric, hepatic, and neurologic diseases [9,10].
The CoVs are genotypically and serologically divided into four subfamilies: ↵, �, �, and �-CoVs.
Human CoV infections are caused by ↵- and �-CoVs [9,10]. SARS coronavirus (SARS-CoV) and
MERS coronavirus (MERS-CoV) are members of �-CoVs [9]. Genome-wide phylogenetic analysis
indicates that SARS-CoV-2 shares 79.5% and 50% sequence identity to SARS-CoV and MERS-CoV,
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Nidovirales Murine coronavirus
HCoV-OC43
HCoV-HKU1

SARS-CoV-1
SARS-CoV-2

MERS-CoV
BtCoV-HKU4
BtCoV-HKU5

ፓ Order ᑀ Family 㫎ᑀ Subfamily 痀 Genus 㫎痀 Subgenus 圵 Species

- Arteriviridae 
- Roniviridae
- Mesoniviridae
- Coronaviridae 

- Torovirinae 
- Coronavirinae 

- α-coronavirus 
- β-coronavirus 
- γ-coronavirus 
- δ-coronavirus 

- Embecovirus  
(lineage A)

- Sarbecovirus  
(lineage B)  

- Merbecovirus 
(lineage C)

- Nobecovirus  
(lineage D)

BtCoV-HKU9

Taxonomy of Human Coronaviruses (CoVs)

Fung TS and Liu DX, Annu Rev Microbiol. 2019

MERS-CoV

SARS

SARS-CoV-2

34.4%

9.6%

1-2.2%

mortality

rate

mortality

rate

estimated 

mortality rate

2,494 
cases

858 
deaths

8,098 
cases

774 
deaths

Since 2012

Since 2003

Since Dec 31, 2019 
* cited on Nov 23, 2021258,715,750 

cases
5,179,365 

deaths
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Transmission of Delta variant vs. ancestral strain and 
other infectious diseases

SARS-CoV-2
Delta variant

SARS-
CoV-2

ancestral
strain

Original graph from 2/28/2020.

Delta variant is more transmissible 
than:
- MERS & SARS
- Ebola
- Common cold
- Seasonal flu & 1918 (“Spanish”) flu
- Smallpox

Delta variant is as transmissible as:
- Chicken Pox
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Improving communications around vaccine breakthrough & vaccine effectiveness. Internal CDC document on breakthrough infections. July 29, 2021
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- MERS & SARS
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S1 subunit (14–685 residues), and the S2 subunit (686–1273
residues); the last two regions are responsible for receptor binding
and membrane fusion, respectively. In the S1 subunit, there is an
N-terminal domain (14–305 residues) and a receptor-binding

domain (RBD, 319–541 residues); the fusion peptide (FP)
(788–806 residues), heptapeptide repeat sequence 1 (HR1)
(912–984 residues), HR2 (1163–1213 residues), TM domain
(1213–1237 residues), and cytoplasm domain (1237–1273

Fig. 1 Schematic of the SARS-CoV-2 S protein. a The schematic structure of the S protein. b The S protein binds to the receptor ACE2. c The
binding and virus–cell fusion process mediated by the S protein. d The life cycle of SARS-CoV-2 in host cells.

Drug development targeting SARS-CoV-2 S
Y Huang et al.

1142

Acta Pharmacologica Sinica (2020) 41:1141 – 1149
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TheSARS-CoV-2spikeproteinrepresentsaclassicclass-I
fusionprotein,characterizedbythepresenceofatrimerof!-
helicalcoiled-coilsintheprotein’sactivesite.Otherrelated
virusesutilizefusionproteinsofthistype;thebest-
characterizedisthehemagglutininproteinofinfluenza.
Othernotableclass-IfusionproteinsincludetheEbolavirus
fusionproteinandtheHIVfusionprotein(Boschetal.2003;

Li2016).Class-Ifusionproteinsprotectthefusiondomainby
keepingittuckedawayandinactiveuntilthevirusencounters
anappropriatehostcellwhereitisthenproteolyticallyacti-
vatedtoformahairpinstructure.Thisstructure,referredtoas
thefusionpeptide,isembeddedintothetargetcellmembrane
(Li2016;ReyandLok2018).Thefusionpeptideisusuallya
stretchofhydrophobicaminoacidsandcanbeinsertedintoa

Fig.3SARS-CoV-2lifecycleinvirussusceptiblehostcells.ACE-2
bindstothereceptor-bindingdomain(RBD)ofspikeproteins(S)(1),
allowingforfusionwiththehostcellmembrane(2).Positivesense
single-strandedRNAisreleased(3),partiallytranslatedintoSARS-
CoV-2polymeraseprotein(4–5),andtranscribed(6).Theresultant

subgenomicRNAtranslationalS,M,andEproteinsaretakentothehost
cellERmembrane(7)andlatercombinedwithnucleocapsidprotein(N)
(8).PostGolgiprocessing,allelementsareincorporatedintoamature
virion(9)andtraffictothecellmembraneforexocytosis(10)ofnewly
buddedSARS-CoV-2particles(11)

JNeuroimmunePharmacol(2020)15:359–386 366
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The SARS-CoV-2 spike protein represents a classic class-I
fusion protein, characterized by the presence of a trimer of !-
helical coiled-coils in the protein’s active site. Other related
viruses utilize fusion proteins of this type; the best-
characterized is the hemagglutinin protein of influenza.
Other notable class-I fusion proteins include the Ebola virus
fusion protein and the HIV fusion protein (Bosch et al. 2003;

Li 2016). Class-I fusion proteins protect the fusion domain by
keeping it tucked away and inactive until the virus encounters
an appropriate host cell where it is then proteolytically acti-
vated to form a hairpin structure. This structure, referred to as
the fusion peptide, is embedded into the target cell membrane
(Li 2016; Rey and Lok 2018). The fusion peptide is usually a
stretch of hydrophobic amino acids and can be inserted into a

Fig. 3 SARS-CoV-2 life cycle in virus susceptible host cells. ACE-2
binds to the receptor-binding domain (RBD) of spike proteins (S) (1),
allowing for fusion with the host cell membrane (2). Positive sense
single-stranded RNA is released (3), partially translated into SARS-
CoV-2 polymerase protein (4–5), and transcribed (6). The resultant

subgenomic RNA translational S, M, and E proteins are taken to the host
cell ER membrane (7) and later combined with nucleocapsid protein (N)
(8). Post Golgi processing, all elements are incorporated into a mature
virion (9) and traffic to the cell membrane for exocytosis (10) of newly
budded SARS-CoV-2 particles (11)
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The SARS-CoV-2 spike protein represents a classic class-I
fusion protein, characterized by the presence of a trimer of !-
helical coiled-coils in the protein’s active site. Other related
viruses utilize fusion proteins of this type; the best-
characterized is the hemagglutinin protein of influenza.
Other notable class-I fusion proteins include the Ebola virus
fusion protein and the HIV fusion protein (Bosch et al. 2003;
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Fig. 3 SARS-CoV-2 life cycle in virus susceptible host cells. ACE-2
binds to the receptor-binding domain (RBD) of spike proteins (S) (1),
allowing for fusion with the host cell membrane (2). Positive sense
single-stranded RNA is released (3), partially translated into SARS-
CoV-2 polymerase protein (4–5), and transcribed (6). The resultant

subgenomic RNA translational S, M, and E proteins are taken to the host
cell ER membrane (7) and later combined with nucleocapsid protein (N)
(8). Post Golgi processing, all elements are incorporated into a mature
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.GI;G�UA�_G?]?�[?_a[S�U[�O6]_㘋 Neurologic
❖ Headaches

❖ Dizziness

❖ Encephalopathy

❖ Guillain-Barré 

❖ Ageusia

❖ Myalgia

❖ Anosmia

❖ Stroke

Thromboembolsim
❖ Deep vein thrombosis

❖ Pulmonary embolism

❖ Catheter-related thrombosis

Renal
❖ Acute kidney injury

❖ Proteinuria

❖ Hematuria

Gastrointestinal
❖ Diarrhea

❖ Nausea/vomiting

❖ Abdominal pain

❖ Anorexia

Dermatologic
❖ Petechaie

❖ Livedo reticularis

❖ Erythematous rash

❖ Urticaria

❖ Vesicles

❖ Pernio-like lesions

Hepatic
❖ Elevated ALT/AST

❖ Elevated bilirubin

Cardiac
❖ Takotsubo caridomyopathy

❖ Myocardial injury/myocarditis

❖ Cardiac arrhythmias

❖ Cardiogenic shock

❖ Myocardial ischemia

❖ Acute cor pulmonale

Endocrine
❖ Hyperglycemia

❖ Diabetic ketoacidosis

Nat Med. 2020 Jul;26(7):1017-1032. doi: 10.1038/s41591-020-0968-3
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NIH COVID-19 Treatment Guidelines; last updated on Oct 19, 2021
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The pathogenesis of SARS- CoV-2 infection in 
humans manifests itself as mild symptoms to severe 
respiratory failure. On binding to epithelial cells in 
the respiratory tract, SARS- CoV-2 starts replicating 
and migrating down to the airways and enters alveo-
lar epithelial cells in the lungs. The rapid replication of 
SARS- CoV-2 in the lungs may trigger a strong immune 
response. Cytokine storm syndrome causes acute res-
piratory distress syndrome and respiratory failure, which 
is considered the main cause of death in patients with 
COVID-19 (REFS60,61). Patients of older age (>60 years) 
and with serious pre- existing diseases have a greater risk 
of developing acute respiratory distress syndrome and 
death62–64 (FIG.!4). Multiple organ failure has also been 
reported in some COVID-19 cases9,13,65.

Histopathological changes in patients with COVID-19  
occur mainly in the lungs. Histopathology analyses 
showed bilateral diffused alveolar damage, hyaline 
membrane formation, desquamation of pneumocytes 
and fibrin deposits in lungs of patients with severe 
COVID-19. Exudative inflammation was also shown 
in some cases. Immunohistochemistry assays detected 
SARS- CoV-2 antigen in the upper airway, bronchiolar 
epithelium and submucosal gland epithelium, as well as 
in type I and type II pneumocytes, alveolar macrophages 
and hyaline membranes in the lungs13,60,66,67.

Animal models used for studying SARS- CoV-2 
infection pathogenesis include non- human primates 
(rhesus macaques, cynomolgus monkeys, marmosets 
and African green monkeys), mice (wild- type mice (with 
mouse- adapted virus) and human ACE2- transgenic 
or human ACE2- knock- in mice), ferrets and golden 
hamsters43,48,68–74. In non- human primate animal mod-
els, most species display clinical features similar to those 
of patients with COVID-19, including virus shedding, 
virus replication and host responses to SARS- CoV-2 
infection69,72,73. For example, in the rhesus macaque 
model, high viral loads were detected in the upper and 

lower respiratory tracts. Acute viral interstitial pneu-
monia and humoral and cellular immune responses 
were observed48,75. Moreover, prolonged virus shedding 
peaked early in the course of infection in asymptomatic 
macaques69, and old monkeys showed severer intersti-
tial pneumonia than young monkeys76, which is similar 
to what is seen in patients with COVID-19. In human 
ACE2- transgenic mice infected with SARS- CoV-2, typ-
ical interstitial pneumonia was present, and viral anti-
gens were observed mainly in the bronchial epithelial 
cells, macrophages and alveolar epithelia. Some human 
ACE2- transgenic mice even died after infection70,71. 
In!wide- type mice, a SARS- CoV-2 mouse- adapted strain 
with the N501Y alteration in the RBD of the S protein 
was generated at passage 6. Interstitial pneumonia and 
inflammatory responses were found in both young 
and aged mice after infection with the mouse- adapted 
strain74. Golden hamsters also showed typical symptoms 
after being infected with SARS- CoV-2 (REF.77). In other 
animal models, including cats and ferrets, SARS- CoV-2 
could efficiently replicate in the upper respiratory tract 
but did not induce severe clinical symptoms43,78. As!trans-
mission by direct contact and air was observed in infected 
ferrets and hamsters, these animals could be used to 
model different transmission modes of COVID-19  
(REFS77–79). Animal models offer important information 
for understanding the pathogenesis of SARS- CoV-2 
infection and the transmission dynamics of SARS- 
CoV-2, and are important to evaluate the efficacy of 
antiviral therapeutics and vaccines.

Clinical and epidemiological features
It appears that all ages of the population are susceptible to 
SARS- CoV-2 infection, and the median age of infection 
is around 50 years9,13,60,80,81. However, clinical manifesta-
tions differ with age. In general, older men (>60!years 
old) with co- morbidities are more likely to develop 
severe respiratory disease that requires hospitalization 

Disease onset

COVID-19 cases (percentage of all cases)

Age as major risk factor

~5 days
(1–14)

~8 days
(7–14)

~16 days
(12–20)

Likely Likely Likely

>68 years>60 years<50 years<10 years

Severe (14%)Asymptomatic... and mild disease (81%) Critical and deceased (5%)

• Fever, fatigue and dry cough
• Ground-glass opacities
• Pneumonia

Incubation period • Dyspnea
• Coexisting illness
• ICU needed

• ARDS
• Acute cardiac injury
• Multi-organ failure

Fig. 4 | Clinical features of COVID-19. Typical symptoms of coronavirus disease 2019 (COVID-19) are fever, dry cough 
and fatigue and in severer cases dyspnea. Many infections, in particular in children and young adults, are asymptomatic, 
whereas older people and/or people with co- morbidities are at higher risk of severe disease, respiratory failure and death. 
The incubation period is ~5 days, severe disease usually develops ~8 days after symptom onset and critical disease and 
death occur at ~16 days. ARDS, acute respiratory distress syndrome; ICU, intensive care unit.
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infect airway cells and immune cells (alveolar and 
interstitial macrophages and natural killer cells), 
SARS-CoV-2 can infect a wider range of cells, including 
cardiocytes and endothelial, testicular, and bile duct 
cells.66 The viral spike (S) glycoprotein mediates viral 
entry by binding to ACE2 on the epithelial cell surface, a 
process supported by transmembrane protease serine 2 
(TMPRSS2).67 ACE2 expression is high in the epithelial 
cells of the nasal cavity, supporting an initially 
localised infection by SARS-CoV-2.52,67 How SARS-CoV-2 
disseminates to the lower respiratory tract is unclear. 
Two theories predominate: first, (micro-)aspiration of 
SARS-CoV-2 particles causes spread from the oropharynx 
to the lungs;68 and second, airborne microparticles are 
transported directly into the lower respiratory tract by 
airflow, bypassing the upper airways.69,70 Of note, 
involvement of other receptors (eg, neuropilin 1) acting 
as co-factors to SARS-CoV-2 cellular entry and tropism 
has been suggested.71,72

Histopathology
In deceased patients with COVID-19, the average lung 
weight is typically increased with apparent oedema and 
congestion (figure 1).73 Microscopically, di!use damage to 
the respiratory tract occurs with mucus and cell debris 
deposits in the bronchi, and the alveoli are typically filled 

with fluid, fibrin, and hyaluran.74 At the cellular level, 
type II pneumocytes frequently have disrupted cell 
membranes and the lung parenchyma undergoes 
remodelling (hyperplastic, metaplastic, and necrotic 
pneumocytes).73,75 Microangiopathy predominates, 
leading to widespread platelet–fibrin micro thrombi in 
alveolar capillaries.73 Several markers of angiogenesis are 
upregulated.76 Leukocyte infiltration is common, 
including perivascular T cells and macrophages in the 
alveolar lumina, and lymphocytes and monocytes in the 
interstitium (figure 2).73 A subset of patients shows 
haemophagocytosis in the pulmonary lymph nodes,77 as 
observed in SARS and H1N1 influenza,78 suggesting a 
potential cytokine storm syndrome-like response in these 
patients.

COVID-!"-associated ARDS
COVID-19-associated ARDS shares some general 
characteristics of ARDS such as impaired gas exchange 
and characteristic CT findings. However, the combination 
of di!erent pathological mechanisms in COVID-19-
induced ARDS results in a more variable clinical 
appearance.

ARDS related to COVID-19 is often associated with an 
almost normal respiratory system compliance, unlike 
non-COVID-19-related ARDS (figure 1).79 However, 

Figure !: Inflammatory mechanisms, alveolar epithelial and endothelial damage, and coagulopathy in COVID-19
(A) In the early stage of disease, SARS-CoV-2 infects the bronchial epithelial cells as well as type I and type II alveolar pneumocytes and capillary endothelial cells. 
The serine protease TMPRSS2 promotes viral uptake by cleaving ACE2 and activating the SARS-CoV-2 S-protein. During early infection, viral copy numbers can be 
high in the lower respiratory tract. Inflammatory signalling molecules are released by infected cells and alveolar macrophages, in addition to recruited T lymphocytes, 
monocytes, and neutrophils. (B) With disease progression, plasma and tissue kallikreins release vasoactive peptides known as kinins that activate kinin receptors on 
the lung endothelium, which in turn leads to vascular smooth muscle relaxation and increased vascular permeability. This process is controlled by the ACE2 receptor. 
Without ACE2 blocking the ligands of kinin receptor B1, the lungs are prone to vascular leakage, angioedema, and downstream activation of coagulation. 
Dysregulated proinflammatory cytokine (TNF, IL-1, IL-6) and NO release and signalling contribute to these processes. As a consequence, pulmonary oedema fills the 
alveolar spaces, followed by hyaline membrane formation, compatible with early-phase acute respiratory distress syndrome. Anomalous coagulation frequently 
results in the formation of microthrombi and subsequent thrombotic sequelae. ACE2=angiotensin-converting enzyme 2. AT1 receptor=type 1 angiotensin II receptor. 
IL=interleukin. NO=nitric oxide. TMPRSS2=transmembrane protease serine 2. TNF=tumour necrosis factor. 
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responses among several coronaviruses are known to 
exist; in patients with SARS, antibodies reactive to 
human coronaviruses, MERS-CoV, and SARS-CoV have 
been found.45–47 However, antibody cross-neutralisation of 
live viruses appears to be rare.48,49 It will be crucial to 
define the role of pre-existing reactive T cells in COVID-19 
by undertaking large-scale population studies and 
preclinical tests.

Pneumonia and lung damage
The leading symptom of COVID-19 pneumonia is 
hypoxaemia, which can worsen and progress to various 
stages of acute respiratory distress syndrome (ARDS), 
defined as an impairment of oxygenation—ie, a ratio of 
partial pressure of arterial oxygen (PaO2) to fractional 
concentration of oxygen in inspired air (FiO2) of 300 
mm Hg or less. COVID-19 pneumonia in adults is 
characterised by clinical signs (fever, cough) and a 
respiratory rate of more than 30 breaths per min or 
respiratory distress evidenced by either impaired PaO2 
relative to FiO2 or oxygen saturation (SpO2) <93%.50 
About 80% of patients with COVID-19 develop mild-to-
moderate disease, 15% progress to severe stages 
requiring oxygen support, and 5% develop critical 
disease including ARDS, septic shock, or multiorgan 
failure.51 Age, various comorbidities (eg, diabetes, 
obesity, and muco-obstructive lung and cardiovascular 
diseases), and some genetic polymorphisms correlate 
with a higher risk of respiratory failure.52–54

An unusual phenomenon in COVID-19 compared 
with other causes of respiratory failure is so-called 
silent hypoxaemia, characterised by critically low PaO2 
but only mild respiratory discomfort and dyspnoea.55,56 
One study demonstrated shortness of breath in only 
about 19% of patients who had critical PaO2/FiO2 
ratios.57 Pathophysiologically, hypoxaemia has only a 
limited role in the sensation of breathlessness,58 but the 
response to low PaO2 (<60 mm Hg) increases the 
respiratory drive, defined as the intensity of the neural 
stimulus to breathe via regulation of respiratory rate 
and depth (tidal volume, Vt). Therefore, tachypnoea 
and high Vt (but not necessarily dyspnoea) are 
signs of hypoxia, especially in COVID-19 pneumonia.57,59 
Understanding this concept is fundamental for clinical 
management; an excessive respiratory drive could lead 
to further deterioration of lung function in a vicious 
cycle of patient-inflicted lung injury, although this 
concept remains controversial.60 Several hypotheses 
have been proposed to explain hypoxia, including 
SARS-CoV-2-specific e!ects on oxygen receptor chemo-
sensitivity,61 reduced di!usion capacity,62 and loss of 
hypoxic vasoconstrictive mechanisms.63 Indeed, many 
patho physiological events in COVID-19 a!ect either 
lung perfusion (Q) or ventilation (V; dead space 
ventilation or right-to-left shunt formation), all of which 
could lead to a V/Q mismatch. Altered lung mechanics 
due to progressive lung oedema related to sustained 

pulmonary inflammation, alveolar collapse, atelectasis, 
and fibrosis further impair global lung function, 
resulting in progressive tissue hypoxia (figures 1, 2). 
Other hallmarks of severe COVID-19 are endothelial 
inflammation, neovascularisation, and thrombotic 
events (see below).

Mechanisms of cellular infection and dissemination
SARS-CoV-2 invades ciliated cells in the superficial 
epithelium of the nasal cavity.52 A disseminated viral 
infection with viraemia and high viral loads in the 
airways on hospital admission are both associated with 
severe outcomes,64,65 although not all studies support this 
notion.31 In contrast to influenza viruses, which mainly 

Figure !: Hypoxia and lung failure in COVID-19
Conceptual and simplified view of COVID-19 lung pathogenesis. In most patients, hypoxia is the principal and 
most severe COVID-19 symptom; although still debated, compensatory mechanisms to maintain oxygen delivery 
such as increased respiratory e!ort, hypoxic vasoconstriction, and cardiac output are thought to eventually lose 
e"cacy with increasing COVID-19 severity. With a further reduction in functional lung capacity, hypoxia becomes 
life-threatening and frequently necessitates intensive care support. Mechanisms contributing to COVID-19 
severity include increased dead space ventilation secondary to endothelial inflammation and microthrombi, an 
elevated di!usion barrier secondary to alveolitis and pulmonary oedema, and right-to-left shunt formation 
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approach for caring for these patients, and to inform research prior-
ities. A comprehensive understanding of patient care needs beyond 
the acute phase will help in the development of infrastructure for 
COVID-19 clinics that will be equipped to provide integrated mul-
tispecialty care in the outpatient setting. While the definition of the 
post-acute COVID-19 timeline is evolving, it has been suggested 
to include persistence of symptoms or development of sequelae 
beyond 3 or 4 weeks from the onset of acute symptoms of COVID-
19 (refs. 16,17), as replication-competent SARS-CoV-2 has not been 
isolated after 3 weeks18. For the purpose of this review, we defined 
post-acute COVID-19 as persistent symptoms and/or delayed or 
long-term complications of SARS-CoV-2 infection beyond 4 weeks 
from the onset of symptoms (Fig. 1). Based on recent literature, 
it is further divided into two categories: (1) subacute or ongoing 
symptomatic COVID-19, which includes symptoms and abnor-
malities present from 4–12 weeks beyond acute COVID-19; and (2) 
chronic or post-COVID-19 syndrome, which includes symptoms 
and abnormalities persisting or present beyond 12 weeks of the 
onset of acute COVID-19 and not attributable to alternative diagno-
ses17,19. Herein, we summarize the epidemiology and organ-specific 
sequelae of post-acute COVID-19 and address management con-
siderations for the interdisciplinary comprehensive care of these 
patients in COVID-19 clinics (Box 1 and Fig. 2).

Epidemiology
Early reports have now emerged on post-acute infectious conse-
quences of COVID-19, with studies from the United States, Europe 
and China reporting outcomes for those who survived hospitaliza-
tion for acute COVID-19. The findings from studies reporting out-
comes in subacute/ongoing symptomatic COVID-19 and chronic/
post-COVID-19 syndrome are summarized in Table 1.

An observational cohort study from 38 hospitals in Michigan, 
United States evaluated the outcomes of 1,250 patients discharged 

alive at 60 d by utilizing medical record abstraction and telephone 
surveys (hereby referred to as the post-acute COVID-19 US study)20. 
During the study period, 6.7% of patients died, while 15.1% of 
patients required re-admission. Of 488 patients who completed the 
telephone survey in this study, 32.6% of patients reported persis-
tent symptoms, including 18.9% with new or worsened symptoms. 
Dyspnea while walking up the stairs (22.9%) was most commonly 
reported, while other symptoms included cough (15.4%) and per-
sistent loss of taste and/or smell (13.1%).

Similar findings were reported from studies in Europe. A 
post-acute outpatient service established in Italy (hereby referred 
to as the post-acute COVID-19 Italian study)3 reported persistence 
of symptoms in 87.4% of 143 patients discharged from hospital who 
recovered from acute COVID-19 at a mean follow-up of 60 d from 
the onset of the first symptom. Fatigue (53.1%), dyspnea (43.4%), 
joint pain (27.3%) and chest pain (21.7%) were the most commonly 
reported symptoms, with 55% of patients continuing to experience 
three or more symptoms. A decline in quality of life, as measured 
by the EuroQol visual analog scale, was noted in 44.1% of patients 
in this study. A study focused on 150 survivors of non-critical 
COVID-19 from France similarly reported persistence of symp-
toms in two-thirds of individuals at 60 d follow-up, with one-third 
reporting feeling worse than at the onset of acute COVID-19 (ref. 
21). Other studies, including in-person prospective follow-up stud-
ies of 110 survivors in the United Kingdom at 8–12 weeks after 
hospital admission22 and 277 survivors in Spain at 10–14 weeks 
after disease onset23, as well as survey studies of 100 COVID-19 
survivors in the United Kingdom at 4–8 weeks post-discharge24, 
183 individuals in the United States at 35 d post-discharge25 and 
120 patients discharged from hospital in France, at 100 d following 
admission26, reported similar findings. Fatigue, dyspnea and psy-
chological distress, such as post-traumatic stress disorder (PTSD), 
anxiety, depression and concentration and sleep abnormalities, 

Vi
ra

l lo
ad

Detection unlikely PCR positive PCR negative 
Fatigue

Decline in quality of life
Muscular weakness

Joint pain    

Dyspnea
Cough

Persistent oxygen requirement   

Anxiety/depression
Sleep disturbances

PTSD
Cognitive disturbances (brain fog)

Headaches     

Palpitations
Chest pain  

Thromboembolism 

Chronic kidney disease 

Hair loss 

Nasopharyngeal

After symptom onset

Viral isolation from
respiratory tract

SARS-CoV-2
exposure

Before symptom onset

Week 2 Week 3 Week 4 Week 12 6 monthsWeek 1 Week –1 Week –2 

Acute COVID-19 Post-acute COVID-19 

Subacute/ongoing COVID-19 Chronic/post-COVID-19
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IMMUNE RESPONSES TO SARS-COV-2
SARS-CoV-2 innate 
immune sensing
The importance of innate immunity in 
controlling viral infections in general, and 
SARS-CoV-2! in particular, is demon-
strated by the multiple pathways viruses 
use to block innate immunity at different 
stages of infection (Fig.!1). If successful, 
innate responses result in quick and 
effective protection or resolution of dis-
ease, which occurs in many instances of 
SARS-CoV-2 infection, for example, in 
adults with no or mild symptoms, the 
young, and bats that harbor the virus 
without disease.

Similar to other viruses, SARS-CoV-2 
comprises pathogen-associated molecular 
patterns (PAMPs) that are recognized by 
the innate immune system’s pattern rec-
ognition receptors (PRRs). SARS-CoV-2’s 
PAMPs include ssRNA that is recognized 
by the endosomal Toll-like receptors 
(TLRs) 7 and 8, the spike protein that 
directly activates TLR4, the envelope 
protein that is sensed by TLR2 (37), and 
double-stranded RNA intermediates that 
trigger endosomal TLR3 and/or the 
cytoplasmic PRRs RIG-I (retinoic acid- 
inducible gene I) and MDA5 (melanoma 
differentiation-associated protein 5) (Fig.!1) 
(38,!39). Direct RNA-induced activation 
of innate immunity by SARS-CoV-2 also 
occurs in epithelia via RNA-activated pro-
tein kinase (PKR) and 2’-5’-oligoadenylate 
synthetase-like (OASL) (40). Moreover, 
the cGAS/STING [cyclic guanosine 
monophosphate–adenosine monophos-
phate synthase/stimulator of interferon 
(IFN) genes] and AIM2/IFI16 (absent in 
melanoma 2/IFN-g-inducible protein 16) 
pathways are indirectly triggered by 
self-DNA released into the cytoplasm 
during apoptosis, a common event in 
viral infections, including with SARS-
CoV-2 (38). SARS-CoV-2 has fewer CpG- 
DNA motifs that are recognized by TLR9 
and/or the zinc-finger antiviral protein 
ZAP than other viruses (41).

Signaling events occurring in response 
to recognition of viral PAMPs by innate 
PRRs comprise activation of transcrip-
tion factors including nuclear factor kB 
(NF-kB), activating protein 1 (AP-1), and 
IFN regulatory factors (IRFs). The NF-kB 
and AP-1 pathways canonically induce 
proinflammatory cytokines such as IL-6, 
TNF and pro–IL-1b [which requires fur-
ther processing by inflammasomes (42)], 
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Fig. 2. COVID-19 disease course and clinical markers of severity. The clinical course of COVID-19 can be catego-
rized into three stages: preclinical/mild, moderate, and severe/critical. The corresponding scores on the modified 
WHO scale (ranging from 0 = uninfected to 10 = death) for a typical disease progression could be as follows: 0, before 
day 0; 1, days 2 to 5; 2, days 5 to 10; 3, days 10 to 11; 4, days 11 to 13; 5, days 13 to 14; 6, days 14 to 19; 7, days 19 to 21; 
8, days 21 to 23; and 9, days 23 to 25 (23). SARS-CoV-2 initially infects ACE2+ cells, in which it initiates a localized inflam-
matory response, before spreading more widely and ultimately to multiple organs. In severe cases, patients may 
suffer systemic hyperinflammation (i.e., the cytokine storm/CRS), immune exhaustion, or both alternatingly. Virus 
replication and viral load (yellow lines) peak ~1 week after infection; the disease advances beyond stage 1 if the anti- 
inflammatory checkpoints of the host’s immune responses fail and the balance between virus control and inflam-
mation is lost (solid lines in the top graph). Delayed or ineffective type I/III IFN (red solid line) and innate immune 
(green solid line) and/or adaptive responses (blue solid line) may lead to severe disease outcomes, whereas efficient 
responses usually effectively control viral replication and spread, reducing the overall immune response and allow-
ing an asymptomatic or mild course of disease with recovery in 2 weeks or less (dashed lines). T cell exhaustion and 
lymphopenia reduce T cell responsiveness during the later disease stages, whereas seroconversion of SARS-CoV-2 
antibodies appears to be delayed in severely affected patients (blue solid line). Therapeutic options are indicated by 
class in relation to disease stage (black and blue/green bars). The dashed parts of the black bar indicate that directly 
antiviral agents may be considered for the indicated disease stages but are under investigation. Several clinical, hema-
tological, and biochemical markers in blood and BAL fluid are emerging that may assist disease staging and clinical 
decision-making (orange, red, yellow, and purple bars). For example, the neutrophil-to-lymphocyte ratio can be cal-
culated from a differential blood count and is reportedly associated with disease severity. Note that presentation and 
course of COVID-19 may vary when the disease is caused by a variant SARS-CoV-2 strain. Hs-cTnI, high-sensitivity 
cardiac troponin I; CRP, C-reactive protein.
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IMMUNE RESPONSES TO SARS-COV-2
SARS-CoV-2 innate 
immune sensing
The importance of innate immunity in 
controlling viral infections in general, and 
SARS-CoV-2! in particular, is demon-
strated by the multiple pathways viruses 
use to block innate immunity at different 
stages of infection (Fig.!1). If successful, 
innate responses result in quick and 
effective protection or resolution of dis-
ease, which occurs in many instances of 
SARS-CoV-2 infection, for example, in 
adults with no or mild symptoms, the 
young, and bats that harbor the virus 
without disease.

Similar to other viruses, SARS-CoV-2 
comprises pathogen-associated molecular 
patterns (PAMPs) that are recognized by 
the innate immune system’s pattern rec-
ognition receptors (PRRs). SARS-CoV-2’s 
PAMPs include ssRNA that is recognized 
by the endosomal Toll-like receptors 
(TLRs) 7 and 8, the spike protein that 
directly activates TLR4, the envelope 
protein that is sensed by TLR2 (37), and 
double-stranded RNA intermediates that 
trigger endosomal TLR3 and/or the 
cytoplasmic PRRs RIG-I (retinoic acid- 
inducible gene I) and MDA5 (melanoma 
differentiation-associated protein 5) (Fig.!1) 
(38,!39). Direct RNA-induced activation 
of innate immunity by SARS-CoV-2 also 
occurs in epithelia via RNA-activated pro-
tein kinase (PKR) and 2’-5’-oligoadenylate 
synthetase-like (OASL) (40). Moreover, 
the cGAS/STING [cyclic guanosine 
monophosphate–adenosine monophos-
phate synthase/stimulator of interferon 
(IFN) genes] and AIM2/IFI16 (absent in 
melanoma 2/IFN-g-inducible protein 16) 
pathways are indirectly triggered by 
self-DNA released into the cytoplasm 
during apoptosis, a common event in 
viral infections, including with SARS-
CoV-2 (38). SARS-CoV-2 has fewer CpG- 
DNA motifs that are recognized by TLR9 
and/or the zinc-finger antiviral protein 
ZAP than other viruses (41).

Signaling events occurring in response 
to recognition of viral PAMPs by innate 
PRRs comprise activation of transcrip-
tion factors including nuclear factor kB 
(NF-kB), activating protein 1 (AP-1), and 
IFN regulatory factors (IRFs). The NF-kB 
and AP-1 pathways canonically induce 
proinflammatory cytokines such as IL-6, 
TNF and pro–IL-1b [which requires fur-
ther processing by inflammasomes (42)], 
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Fig. 2. COVID-19 disease course and clinical markers of severity. The clinical course of COVID-19 can be catego-
rized into three stages: preclinical/mild, moderate, and severe/critical. The corresponding scores on the modified 
WHO scale (ranging from 0 = uninfected to 10 = death) for a typical disease progression could be as follows: 0, before 
day 0; 1, days 2 to 5; 2, days 5 to 10; 3, days 10 to 11; 4, days 11 to 13; 5, days 13 to 14; 6, days 14 to 19; 7, days 19 to 21; 
8, days 21 to 23; and 9, days 23 to 25 (23). SARS-CoV-2 initially infects ACE2+ cells, in which it initiates a localized inflam-
matory response, before spreading more widely and ultimately to multiple organs. In severe cases, patients may 
suffer systemic hyperinflammation (i.e., the cytokine storm/CRS), immune exhaustion, or both alternatingly. Virus 
replication and viral load (yellow lines) peak ~1 week after infection; the disease advances beyond stage 1 if the anti- 
inflammatory checkpoints of the host’s immune responses fail and the balance between virus control and inflam-
mation is lost (solid lines in the top graph). Delayed or ineffective type I/III IFN (red solid line) and innate immune 
(green solid line) and/or adaptive responses (blue solid line) may lead to severe disease outcomes, whereas efficient 
responses usually effectively control viral replication and spread, reducing the overall immune response and allow-
ing an asymptomatic or mild course of disease with recovery in 2 weeks or less (dashed lines). T cell exhaustion and 
lymphopenia reduce T cell responsiveness during the later disease stages, whereas seroconversion of SARS-CoV-2 
antibodies appears to be delayed in severely affected patients (blue solid line). Therapeutic options are indicated by 
class in relation to disease stage (black and blue/green bars). The dashed parts of the black bar indicate that directly 
antiviral agents may be considered for the indicated disease stages but are under investigation. Several clinical, hema-
tological, and biochemical markers in blood and BAL fluid are emerging that may assist disease staging and clinical 
decision-making (orange, red, yellow, and purple bars). For example, the neutrophil-to-lymphocyte ratio can be cal-
culated from a differential blood count and is reportedly associated with disease severity. Note that presentation and 
course of COVID-19 may vary when the disease is caused by a variant SARS-CoV-2 strain. Hs-cTnI, high-sensitivity 
cardiac troponin I; CRP, C-reactive protein.
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The importance of innate immunity in 
controlling viral infections in general, and 
SARS-CoV-2! in particular, is demon-
strated by the multiple pathways viruses 
use to block innate immunity at different 
stages of infection (Fig.!1). If successful, 
innate responses result in quick and 
effective protection or resolution of dis-
ease, which occurs in many instances of 
SARS-CoV-2 infection, for example, in 
adults with no or mild symptoms, the 
young, and bats that harbor the virus 
without disease.

Similar to other viruses, SARS-CoV-2 
comprises pathogen-associated molecular 
patterns (PAMPs) that are recognized by 
the innate immune system’s pattern rec-
ognition receptors (PRRs). SARS-CoV-2’s 
PAMPs include ssRNA that is recognized 
by the endosomal Toll-like receptors 
(TLRs) 7 and 8, the spike protein that 
directly activates TLR4, the envelope 
protein that is sensed by TLR2 (37), and 
double-stranded RNA intermediates that 
trigger endosomal TLR3 and/or the 
cytoplasmic PRRs RIG-I (retinoic acid- 
inducible gene I) and MDA5 (melanoma 
differentiation-associated protein 5) (Fig.!1) 
(38,!39). Direct RNA-induced activation 
of innate immunity by SARS-CoV-2 also 
occurs in epithelia via RNA-activated pro-
tein kinase (PKR) and 2’-5’-oligoadenylate 
synthetase-like (OASL) (40). Moreover, 
the cGAS/STING [cyclic guanosine 
monophosphate–adenosine monophos-
phate synthase/stimulator of interferon 
(IFN) genes] and AIM2/IFI16 (absent in 
melanoma 2/IFN-g-inducible protein 16) 
pathways are indirectly triggered by 
self-DNA released into the cytoplasm 
during apoptosis, a common event in 
viral infections, including with SARS-
CoV-2 (38). SARS-CoV-2 has fewer CpG- 
DNA motifs that are recognized by TLR9 
and/or the zinc-finger antiviral protein 
ZAP than other viruses (41).

Signaling events occurring in response 
to recognition of viral PAMPs by innate 
PRRs comprise activation of transcrip-
tion factors including nuclear factor kB 
(NF-kB), activating protein 1 (AP-1), and 
IFN regulatory factors (IRFs). The NF-kB 
and AP-1 pathways canonically induce 
proinflammatory cytokines such as IL-6, 
TNF and pro–IL-1b [which requires fur-
ther processing by inflammasomes (42)], 
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Fig. 2. COVID-19 disease course and clinical markers of severity. The clinical course of COVID-19 can be catego-
rized into three stages: preclinical/mild, moderate, and severe/critical. The corresponding scores on the modified 
WHO scale (ranging from 0 = uninfected to 10 = death) for a typical disease progression could be as follows: 0, before 
day 0; 1, days 2 to 5; 2, days 5 to 10; 3, days 10 to 11; 4, days 11 to 13; 5, days 13 to 14; 6, days 14 to 19; 7, days 19 to 21; 
8, days 21 to 23; and 9, days 23 to 25 (23). SARS-CoV-2 initially infects ACE2+ cells, in which it initiates a localized inflam-
matory response, before spreading more widely and ultimately to multiple organs. In severe cases, patients may 
suffer systemic hyperinflammation (i.e., the cytokine storm/CRS), immune exhaustion, or both alternatingly. Virus 
replication and viral load (yellow lines) peak ~1 week after infection; the disease advances beyond stage 1 if the anti- 
inflammatory checkpoints of the host’s immune responses fail and the balance between virus control and inflam-
mation is lost (solid lines in the top graph). Delayed or ineffective type I/III IFN (red solid line) and innate immune 
(green solid line) and/or adaptive responses (blue solid line) may lead to severe disease outcomes, whereas efficient 
responses usually effectively control viral replication and spread, reducing the overall immune response and allow-
ing an asymptomatic or mild course of disease with recovery in 2 weeks or less (dashed lines). T cell exhaustion and 
lymphopenia reduce T cell responsiveness during the later disease stages, whereas seroconversion of SARS-CoV-2 
antibodies appears to be delayed in severely affected patients (blue solid line). Therapeutic options are indicated by 
class in relation to disease stage (black and blue/green bars). The dashed parts of the black bar indicate that directly 
antiviral agents may be considered for the indicated disease stages but are under investigation. Several clinical, hema-
tological, and biochemical markers in blood and BAL fluid are emerging that may assist disease staging and clinical 
decision-making (orange, red, yellow, and purple bars). For example, the neutrophil-to-lymphocyte ratio can be cal-
culated from a differential blood count and is reportedly associated with disease severity. Note that presentation and 
course of COVID-19 may vary when the disease is caused by a variant SARS-CoV-2 strain. Hs-cTnI, high-sensitivity 
cardiac troponin I; CRP, C-reactive protein.
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Fig. 2. COVID-19 disease course and clinical markers of severity. The clinical course of COVID-19 can be catego-
rized into three stages: preclinical/mild, moderate, and severe/critical. The corresponding scores on the modified 
WHO scale (ranging from 0 = uninfected to 10 = death) for a typical disease progression could be as follows: 0, before 
day 0; 1, days 2 to 5; 2, days 5 to 10; 3, days 10 to 11; 4, days 11 to 13; 5, days 13 to 14; 6, days 14 to 19; 7, days 19 to 21; 
8, days 21 to 23; and 9, days 23 to 25 (23). SARS-CoV-2 initially infects ACE2+ cells, in which it initiates a localized inflam-
matory response, before spreading more widely and ultimately to multiple organs. In severe cases, patients may 
suffer systemic hyperinflammation (i.e., the cytokine storm/CRS), immune exhaustion, or both alternatingly. Virus 
replication and viral load (yellow lines) peak ~1 week after infection; the disease advances beyond stage 1 if the anti- 
inflammatory checkpoints of the host’s immune responses fail and the balance between virus control and inflam-
mation is lost (solid lines in the top graph). Delayed or ineffective type I/III IFN (red solid line) and innate immune 
(green solid line) and/or adaptive responses (blue solid line) may lead to severe disease outcomes, whereas efficient 
responses usually effectively control viral replication and spread, reducing the overall immune response and allow-
ing an asymptomatic or mild course of disease with recovery in 2 weeks or less (dashed lines). T cell exhaustion and 
lymphopenia reduce T cell responsiveness during the later disease stages, whereas seroconversion of SARS-CoV-2 
antibodies appears to be delayed in severely affected patients (blue solid line). Therapeutic options are indicated by 
class in relation to disease stage (black and blue/green bars). The dashed parts of the black bar indicate that directly 
antiviral agents may be considered for the indicated disease stages but are under investigation. Several clinical, hema-
tological, and biochemical markers in blood and BAL fluid are emerging that may assist disease staging and clinical 
decision-making (orange, red, yellow, and purple bars). For example, the neutrophil-to-lymphocyte ratio can be cal-
culated from a differential blood count and is reportedly associated with disease severity. Note that presentation and 
course of COVID-19 may vary when the disease is caused by a variant SARS-CoV-2 strain. Hs-cTnI, high-sensitivity 
cardiac troponin I; CRP, C-reactive protein.
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IMMUNE RESPONSES TO SARS-COV-2
SARS-CoV-2 innate 
immune sensing
The importance of innate immunity in 
controlling viral infections in general, and 
SARS-CoV-2! in particular, is demon-
strated by the multiple pathways viruses 
use to block innate immunity at different 
stages of infection (Fig.!1). If successful, 
innate responses result in quick and 
effective protection or resolution of dis-
ease, which occurs in many instances of 
SARS-CoV-2 infection, for example, in 
adults with no or mild symptoms, the 
young, and bats that harbor the virus 
without disease.

Similar to other viruses, SARS-CoV-2 
comprises pathogen-associated molecular 
patterns (PAMPs) that are recognized by 
the innate immune system’s pattern rec-
ognition receptors (PRRs). SARS-CoV-2’s 
PAMPs include ssRNA that is recognized 
by the endosomal Toll-like receptors 
(TLRs) 7 and 8, the spike protein that 
directly activates TLR4, the envelope 
protein that is sensed by TLR2 (37), and 
double-stranded RNA intermediates that 
trigger endosomal TLR3 and/or the 
cytoplasmic PRRs RIG-I (retinoic acid- 
inducible gene I) and MDA5 (melanoma 
differentiation-associated protein 5) (Fig.!1) 
(38,!39). Direct RNA-induced activation 
of innate immunity by SARS-CoV-2 also 
occurs in epithelia via RNA-activated pro-
tein kinase (PKR) and 2’-5’-oligoadenylate 
synthetase-like (OASL) (40). Moreover, 
the cGAS/STING [cyclic guanosine 
monophosphate–adenosine monophos-
phate synthase/stimulator of interferon 
(IFN) genes] and AIM2/IFI16 (absent in 
melanoma 2/IFN-g-inducible protein 16) 
pathways are indirectly triggered by 
self-DNA released into the cytoplasm 
during apoptosis, a common event in 
viral infections, including with SARS-
CoV-2 (38). SARS-CoV-2 has fewer CpG- 
DNA motifs that are recognized by TLR9 
and/or the zinc-finger antiviral protein 
ZAP than other viruses (41).

Signaling events occurring in response 
to recognition of viral PAMPs by innate 
PRRs comprise activation of transcrip-
tion factors including nuclear factor kB 
(NF-kB), activating protein 1 (AP-1), and 
IFN regulatory factors (IRFs). The NF-kB 
and AP-1 pathways canonically induce 
proinflammatory cytokines such as IL-6, 
TNF and pro–IL-1b [which requires fur-
ther processing by inflammasomes (42)], 
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Fig. 2. COVID-19 disease course and clinical markers of severity. The clinical course of COVID-19 can be catego-
rized into three stages: preclinical/mild, moderate, and severe/critical. The corresponding scores on the modified 
WHO scale (ranging from 0 = uninfected to 10 = death) for a typical disease progression could be as follows: 0, before 
day 0; 1, days 2 to 5; 2, days 5 to 10; 3, days 10 to 11; 4, days 11 to 13; 5, days 13 to 14; 6, days 14 to 19; 7, days 19 to 21; 
8, days 21 to 23; and 9, days 23 to 25 (23). SARS-CoV-2 initially infects ACE2+ cells, in which it initiates a localized inflam-
matory response, before spreading more widely and ultimately to multiple organs. In severe cases, patients may 
suffer systemic hyperinflammation (i.e., the cytokine storm/CRS), immune exhaustion, or both alternatingly. Virus 
replication and viral load (yellow lines) peak ~1 week after infection; the disease advances beyond stage 1 if the anti- 
inflammatory checkpoints of the host’s immune responses fail and the balance between virus control and inflam-
mation is lost (solid lines in the top graph). Delayed or ineffective type I/III IFN (red solid line) and innate immune 
(green solid line) and/or adaptive responses (blue solid line) may lead to severe disease outcomes, whereas efficient 
responses usually effectively control viral replication and spread, reducing the overall immune response and allow-
ing an asymptomatic or mild course of disease with recovery in 2 weeks or less (dashed lines). T cell exhaustion and 
lymphopenia reduce T cell responsiveness during the later disease stages, whereas seroconversion of SARS-CoV-2 
antibodies appears to be delayed in severely affected patients (blue solid line). Therapeutic options are indicated by 
class in relation to disease stage (black and blue/green bars). The dashed parts of the black bar indicate that directly 
antiviral agents may be considered for the indicated disease stages but are under investigation. Several clinical, hema-
tological, and biochemical markers in blood and BAL fluid are emerging that may assist disease staging and clinical 
decision-making (orange, red, yellow, and purple bars). For example, the neutrophil-to-lymphocyte ratio can be cal-
culated from a differential blood count and is reportedly associated with disease severity. Note that presentation and 
course of COVID-19 may vary when the disease is caused by a variant SARS-CoV-2 strain. Hs-cTnI, high-sensitivity 
cardiac troponin I; CRP, C-reactive protein.
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IMMUNE RESPONSES TO SARS-COV-2
SARS-CoV-2 innate 
immune sensing
The importance of innate immunity in 
controlling viral infections in general, and 
SARS-CoV-2! in particular, is demon-
strated by the multiple pathways viruses 
use to block innate immunity at different 
stages of infection (Fig.!1). If successful, 
innate responses result in quick and 
effective protection or resolution of dis-
ease, which occurs in many instances of 
SARS-CoV-2 infection, for example, in 
adults with no or mild symptoms, the 
young, and bats that harbor the virus 
without disease.

Similar to other viruses, SARS-CoV-2 
comprises pathogen-associated molecular 
patterns (PAMPs) that are recognized by 
the innate immune system’s pattern rec-
ognition receptors (PRRs). SARS-CoV-2’s 
PAMPs include ssRNA that is recognized 
by the endosomal Toll-like receptors 
(TLRs) 7 and 8, the spike protein that 
directly activates TLR4, the envelope 
protein that is sensed by TLR2 (37), and 
double-stranded RNA intermediates that 
trigger endosomal TLR3 and/or the 
cytoplasmic PRRs RIG-I (retinoic acid- 
inducible gene I) and MDA5 (melanoma 
differentiation-associated protein 5) (Fig.!1) 
(38,!39). Direct RNA-induced activation 
of innate immunity by SARS-CoV-2 also 
occurs in epithelia via RNA-activated pro-
tein kinase (PKR) and 2’-5’-oligoadenylate 
synthetase-like (OASL) (40). Moreover, 
the cGAS/STING [cyclic guanosine 
monophosphate–adenosine monophos-
phate synthase/stimulator of interferon 
(IFN) genes] and AIM2/IFI16 (absent in 
melanoma 2/IFN-g-inducible protein 16) 
pathways are indirectly triggered by 
self-DNA released into the cytoplasm 
during apoptosis, a common event in 
viral infections, including with SARS-
CoV-2 (38). SARS-CoV-2 has fewer CpG- 
DNA motifs that are recognized by TLR9 
and/or the zinc-finger antiviral protein 
ZAP than other viruses (41).

Signaling events occurring in response 
to recognition of viral PAMPs by innate 
PRRs comprise activation of transcrip-
tion factors including nuclear factor kB 
(NF-kB), activating protein 1 (AP-1), and 
IFN regulatory factors (IRFs). The NF-kB 
and AP-1 pathways canonically induce 
proinflammatory cytokines such as IL-6, 
TNF and pro–IL-1b [which requires fur-
ther processing by inflammasomes (42)], 
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Fig. 2. COVID-19 disease course and clinical markers of severity. The clinical course of COVID-19 can be catego-
rized into three stages: preclinical/mild, moderate, and severe/critical. The corresponding scores on the modified 
WHO scale (ranging from 0 = uninfected to 10 = death) for a typical disease progression could be as follows: 0, before 
day 0; 1, days 2 to 5; 2, days 5 to 10; 3, days 10 to 11; 4, days 11 to 13; 5, days 13 to 14; 6, days 14 to 19; 7, days 19 to 21; 
8, days 21 to 23; and 9, days 23 to 25 (23). SARS-CoV-2 initially infects ACE2+ cells, in which it initiates a localized inflam-
matory response, before spreading more widely and ultimately to multiple organs. In severe cases, patients may 
suffer systemic hyperinflammation (i.e., the cytokine storm/CRS), immune exhaustion, or both alternatingly. Virus 
replication and viral load (yellow lines) peak ~1 week after infection; the disease advances beyond stage 1 if the anti- 
inflammatory checkpoints of the host’s immune responses fail and the balance between virus control and inflam-
mation is lost (solid lines in the top graph). Delayed or ineffective type I/III IFN (red solid line) and innate immune 
(green solid line) and/or adaptive responses (blue solid line) may lead to severe disease outcomes, whereas efficient 
responses usually effectively control viral replication and spread, reducing the overall immune response and allow-
ing an asymptomatic or mild course of disease with recovery in 2 weeks or less (dashed lines). T cell exhaustion and 
lymphopenia reduce T cell responsiveness during the later disease stages, whereas seroconversion of SARS-CoV-2 
antibodies appears to be delayed in severely affected patients (blue solid line). Therapeutic options are indicated by 
class in relation to disease stage (black and blue/green bars). The dashed parts of the black bar indicate that directly 
antiviral agents may be considered for the indicated disease stages but are under investigation. Several clinical, hema-
tological, and biochemical markers in blood and BAL fluid are emerging that may assist disease staging and clinical 
decision-making (orange, red, yellow, and purple bars). For example, the neutrophil-to-lymphocyte ratio can be cal-
culated from a differential blood count and is reportedly associated with disease severity. Note that presentation and 
course of COVID-19 may vary when the disease is caused by a variant SARS-CoV-2 strain. Hs-cTnI, high-sensitivity 
cardiac troponin I; CRP, C-reactive protein.
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SARS-CoV-2 innate 
immune sensing
The importance of innate immunity in 
controlling viral infections in general, and 
SARS-CoV-2! in particular, is demon-
strated by the multiple pathways viruses 
use to block innate immunity at different 
stages of infection (Fig.!1). If successful, 
innate responses result in quick and 
effective protection or resolution of dis-
ease, which occurs in many instances of 
SARS-CoV-2 infection, for example, in 
adults with no or mild symptoms, the 
young, and bats that harbor the virus 
without disease.

Similar to other viruses, SARS-CoV-2 
comprises pathogen-associated molecular 
patterns (PAMPs) that are recognized by 
the innate immune system’s pattern rec-
ognition receptors (PRRs). SARS-CoV-2’s 
PAMPs include ssRNA that is recognized 
by the endosomal Toll-like receptors 
(TLRs) 7 and 8, the spike protein that 
directly activates TLR4, the envelope 
protein that is sensed by TLR2 (37), and 
double-stranded RNA intermediates that 
trigger endosomal TLR3 and/or the 
cytoplasmic PRRs RIG-I (retinoic acid- 
inducible gene I) and MDA5 (melanoma 
differentiation-associated protein 5) (Fig.!1) 
(38,!39). Direct RNA-induced activation 
of innate immunity by SARS-CoV-2 also 
occurs in epithelia via RNA-activated pro-
tein kinase (PKR) and 2’-5’-oligoadenylate 
synthetase-like (OASL) (40). Moreover, 
the cGAS/STING [cyclic guanosine 
monophosphate–adenosine monophos-
phate synthase/stimulator of interferon 
(IFN) genes] and AIM2/IFI16 (absent in 
melanoma 2/IFN-g-inducible protein 16) 
pathways are indirectly triggered by 
self-DNA released into the cytoplasm 
during apoptosis, a common event in 
viral infections, including with SARS-
CoV-2 (38). SARS-CoV-2 has fewer CpG- 
DNA motifs that are recognized by TLR9 
and/or the zinc-finger antiviral protein 
ZAP than other viruses (41).

Signaling events occurring in response 
to recognition of viral PAMPs by innate 
PRRs comprise activation of transcrip-
tion factors including nuclear factor kB 
(NF-kB), activating protein 1 (AP-1), and 
IFN regulatory factors (IRFs). The NF-kB 
and AP-1 pathways canonically induce 
proinflammatory cytokines such as IL-6, 
TNF and pro–IL-1b [which requires fur-
ther processing by inflammasomes (42)], 
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Fig. 2. COVID-19 disease course and clinical markers of severity. The clinical course of COVID-19 can be catego-
rized into three stages: preclinical/mild, moderate, and severe/critical. The corresponding scores on the modified 
WHO scale (ranging from 0 = uninfected to 10 = death) for a typical disease progression could be as follows: 0, before 
day 0; 1, days 2 to 5; 2, days 5 to 10; 3, days 10 to 11; 4, days 11 to 13; 5, days 13 to 14; 6, days 14 to 19; 7, days 19 to 21; 
8, days 21 to 23; and 9, days 23 to 25 (23). SARS-CoV-2 initially infects ACE2+ cells, in which it initiates a localized inflam-
matory response, before spreading more widely and ultimately to multiple organs. In severe cases, patients may 
suffer systemic hyperinflammation (i.e., the cytokine storm/CRS), immune exhaustion, or both alternatingly. Virus 
replication and viral load (yellow lines) peak ~1 week after infection; the disease advances beyond stage 1 if the anti- 
inflammatory checkpoints of the host’s immune responses fail and the balance between virus control and inflam-
mation is lost (solid lines in the top graph). Delayed or ineffective type I/III IFN (red solid line) and innate immune 
(green solid line) and/or adaptive responses (blue solid line) may lead to severe disease outcomes, whereas efficient 
responses usually effectively control viral replication and spread, reducing the overall immune response and allow-
ing an asymptomatic or mild course of disease with recovery in 2 weeks or less (dashed lines). T cell exhaustion and 
lymphopenia reduce T cell responsiveness during the later disease stages, whereas seroconversion of SARS-CoV-2 
antibodies appears to be delayed in severely affected patients (blue solid line). Therapeutic options are indicated by 
class in relation to disease stage (black and blue/green bars). The dashed parts of the black bar indicate that directly 
antiviral agents may be considered for the indicated disease stages but are under investigation. Several clinical, hema-
tological, and biochemical markers in blood and BAL fluid are emerging that may assist disease staging and clinical 
decision-making (orange, red, yellow, and purple bars). For example, the neutrophil-to-lymphocyte ratio can be cal-
culated from a differential blood count and is reportedly associated with disease severity. Note that presentation and 
course of COVID-19 may vary when the disease is caused by a variant SARS-CoV-2 strain. Hs-cTnI, high-sensitivity 
cardiac troponin I; CRP, C-reactive protein.
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SARS-CoV-2 innate 
immune sensing
The importance of innate immunity in 
controlling viral infections in general, and 
SARS-CoV-2! in particular, is demon-
strated by the multiple pathways viruses 
use to block innate immunity at different 
stages of infection (Fig.!1). If successful, 
innate responses result in quick and 
effective protection or resolution of dis-
ease, which occurs in many instances of 
SARS-CoV-2 infection, for example, in 
adults with no or mild symptoms, the 
young, and bats that harbor the virus 
without disease.

Similar to other viruses, SARS-CoV-2 
comprises pathogen-associated molecular 
patterns (PAMPs) that are recognized by 
the innate immune system’s pattern rec-
ognition receptors (PRRs). SARS-CoV-2’s 
PAMPs include ssRNA that is recognized 
by the endosomal Toll-like receptors 
(TLRs) 7 and 8, the spike protein that 
directly activates TLR4, the envelope 
protein that is sensed by TLR2 (37), and 
double-stranded RNA intermediates that 
trigger endosomal TLR3 and/or the 
cytoplasmic PRRs RIG-I (retinoic acid- 
inducible gene I) and MDA5 (melanoma 
differentiation-associated protein 5) (Fig.!1) 
(38,!39). Direct RNA-induced activation 
of innate immunity by SARS-CoV-2 also 
occurs in epithelia via RNA-activated pro-
tein kinase (PKR) and 2’-5’-oligoadenylate 
synthetase-like (OASL) (40). Moreover, 
the cGAS/STING [cyclic guanosine 
monophosphate–adenosine monophos-
phate synthase/stimulator of interferon 
(IFN) genes] and AIM2/IFI16 (absent in 
melanoma 2/IFN-g-inducible protein 16) 
pathways are indirectly triggered by 
self-DNA released into the cytoplasm 
during apoptosis, a common event in 
viral infections, including with SARS-
CoV-2 (38). SARS-CoV-2 has fewer CpG- 
DNA motifs that are recognized by TLR9 
and/or the zinc-finger antiviral protein 
ZAP than other viruses (41).

Signaling events occurring in response 
to recognition of viral PAMPs by innate 
PRRs comprise activation of transcrip-
tion factors including nuclear factor kB 
(NF-kB), activating protein 1 (AP-1), and 
IFN regulatory factors (IRFs). The NF-kB 
and AP-1 pathways canonically induce 
proinflammatory cytokines such as IL-6, 
TNF and pro–IL-1b [which requires fur-
ther processing by inflammasomes (42)], 
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Fig. 2. COVID-19 disease course and clinical markers of severity. The clinical course of COVID-19 can be catego-
rized into three stages: preclinical/mild, moderate, and severe/critical. The corresponding scores on the modified 
WHO scale (ranging from 0 = uninfected to 10 = death) for a typical disease progression could be as follows: 0, before 
day 0; 1, days 2 to 5; 2, days 5 to 10; 3, days 10 to 11; 4, days 11 to 13; 5, days 13 to 14; 6, days 14 to 19; 7, days 19 to 21; 
8, days 21 to 23; and 9, days 23 to 25 (23). SARS-CoV-2 initially infects ACE2+ cells, in which it initiates a localized inflam-
matory response, before spreading more widely and ultimately to multiple organs. In severe cases, patients may 
suffer systemic hyperinflammation (i.e., the cytokine storm/CRS), immune exhaustion, or both alternatingly. Virus 
replication and viral load (yellow lines) peak ~1 week after infection; the disease advances beyond stage 1 if the anti- 
inflammatory checkpoints of the host’s immune responses fail and the balance between virus control and inflam-
mation is lost (solid lines in the top graph). Delayed or ineffective type I/III IFN (red solid line) and innate immune 
(green solid line) and/or adaptive responses (blue solid line) may lead to severe disease outcomes, whereas efficient 
responses usually effectively control viral replication and spread, reducing the overall immune response and allow-
ing an asymptomatic or mild course of disease with recovery in 2 weeks or less (dashed lines). T cell exhaustion and 
lymphopenia reduce T cell responsiveness during the later disease stages, whereas seroconversion of SARS-CoV-2 
antibodies appears to be delayed in severely affected patients (blue solid line). Therapeutic options are indicated by 
class in relation to disease stage (black and blue/green bars). The dashed parts of the black bar indicate that directly 
antiviral agents may be considered for the indicated disease stages but are under investigation. Several clinical, hema-
tological, and biochemical markers in blood and BAL fluid are emerging that may assist disease staging and clinical 
decision-making (orange, red, yellow, and purple bars). For example, the neutrophil-to-lymphocyte ratio can be cal-
culated from a differential blood count and is reportedly associated with disease severity. Note that presentation and 
course of COVID-19 may vary when the disease is caused by a variant SARS-CoV-2 strain. Hs-cTnI, high-sensitivity 
cardiac troponin I; CRP, C-reactive protein.
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Anti-SARS-CoV-2 Monoclonal Antibodies
- Neutralizing  antibodies - 
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hospitalized with COVID-19). Because the currently 
available data on CPT are derived predominantly from 
inpatient (severe or critical) COVID-19 RCTs, the suit-
ability of CPT as prophylaxis or treatment at the onset 
of COVID-19 symptoms remains to be determined by 
appropriately controlled clinical trials.

Monoclonal antibodies for COVID-19
The primary antigenic epitope on SARS- CoV and 
SARS- CoV-2 is the S protein, which facilitates target 
cell binding and fusion upon engaging the cell- surface 
angiotensin- converting enzyme 2 (ACE2) receptor, which 
is found on cells in the respiratory system, gastro intestinal 
tract and endothelium59–63. Thus, antibodies directed  

to the S protein can neutralize the ability of the virus to  
bind and fuse with the target host cell. Humanized 
murine technology or convalescent plasma from recov-
ered patients has been used to derive neutralizing mAbs 
targeted to the RBD of the S protein64–66 (FIG.!3). To date, 
most advanced research efforts for therapeutic use of 
neutralizing mAbs are focusing on a handful of pro-
ducts in clinical development, some of which are already 
authorized on the basis of phase I/II and phase II data for 
emergency use (TABLE!1).

REGN- COV2 therapy. REGN- COV2 is a combination 
of two potent neutralizing mAbs — namely, casirivimab 
and imdevimab, which are IgG1 mAbs with unmodified 
Fc regions. These two mAbs were chosen from a pool of 
more than 200 neutralizing mAbs present in the initial 
isolation of thousands of antibodies and were derived 
from parallel efforts using humanized mice and the 
sera of patients recovering from COVID-19 (REFS67,68). 
The antibodies bind two distinct and non- overlapping 
sites on the RBD3,67. The rationale for this antibody 
combination is that it is unlikely that a mutation in the  
S protein of SAR- CoV-2 will simultaneously render 
both antibodies ineffective. In extensive in!vitro testing, 
this combination retained its ability to neutralize all 
known S protein mutations67. Further, casirivimab and 
imdevimab combination therapy initiated antibody- 
mediated cytotoxicity and cellular phagocytosis in 
virally infected cells in!vitro3. This product was tested 
in rhesus macaques and golden hamsters infected with 
SARS- CoV-2, which serve as models for mild and severe 
disease, respectively69. In both models, prophylactic and 
therapeutic treatment with casirivimab and imdevimab 
not only resulted in a reduction in viral load but also 
diminished the incidence and severity of lung disease 
relative to a placebo.

An ongoing phase I/II/III placebo- controlled trial 
(NCT04425629) is investigating the safety and efficacy 
of a single infusion of casirivimab and imdevimab — 
2,400 mg (n = 266, interim), 8,000 mg (n = 267, interim) 
or matching placebo (n = 266) — for symptomatic adults 
who have not previously been hospitalized within 3!days 
of a positive active SARS- COV-2 diagnosis (and within 
7 days of the first symptoms)3. In the modified full anal-
ysis set for the phase I/II analysis, the median age was 
42 years (7% aged 65 years or older), 85% of patients 
were white, 9% were Black and 34% were considered at 
high risk (for example, they were elderly, had obesity 
or had underlying chronic medical conditions). Pooled 
treatment achieved the primary end point of time- 
weighted average change from the baseline in viral load 
(log10 copies per millilitre), collected from a nasopharyn-
geal swab, in patients with a positive baseline for viral 
RNA (n = 665). The difference in time- weighted average 
from day 1 through day 7 for the pooled doses of casiriv-
imab and imdevimab compared with placebo was "0.36 
log10 copies per millilitre (P < 0.0001). The combination 
was reported to reduce viral load particularly in patients 
with higher viral loads who were seronegative at the 
baseline3,70. On a key clinical end point, a lower propor-
tion of patients treated with casirivimab and imdevimab 
had COVID-19- related medically attended visits  

Bamlanivimab

S protein

SARS-CoV-2

Etesevimab

Casirivimab

Imdevimab

ACE2

RBD

RBD

Antibody prevents 
viral binding and/or 
fusion with host cell

Fig. 3 | Inhibition of SARS-CoV-2 target cell engagement 
by neutralizing monoclonal antibodies. Neutralizing 
monoclonal antibodies (mAbs) being developed to combat 
COVID-19 are generated against the receptor- binding 
domain (RBD) of the spike (S) protein of severe acute 
respiratory syndrome coronavirus 2 (SARS- CoV-2). 
The anti- RBD mAbs prevent binding of the S protein to 
its cognate receptor, angiotensin- converting enzyme 2 
(ACE2), on target host cells. Three neutralizing mAb 
regimens have been given emergency use authorization  
for treatment of COVID-19. (1) Casirivimab and imdevimab 
bind distinct epitopes on the RBD with dissociation 
constants KD of 46 and 47 pM, respectively. Imdevimab 
binds the S protein RBD from the front or lower- left side, 
while casirivimab targets the spike- like loop from the top 
direction (overlapping with the ACE2- binding site3,68).  
(2) Bamlanivimab binds an epitope on the RBD in both  
its open confirmation and its closed confirmation with 
dissociation constant KD = 71pM, covering 7 of the 
approximately 25 side chains observed to form contact 
with ACE2 (REF.4). (3) Bamlanivimab and etesevimab bind  
to distinct, but overlapping, epitopes within the RBD of  
the S protein of SARS- CoV-2. Etesevimab binds the  
up/active conformation of the RBD with dissociation 
constant KD = 6.45 nM (REF.5); it contains the LALA mutation 
in the Fc region, resulting in null effector function.

Time- weighted average
An average that takes both the 
numerical level and the time of 
a particular variable into 
consideration.

Medically attended visits
Medical visits such as 
telemedicine visits, in- person 
outpatient visits to or from a 
medical provider, urgent care 
or emergency department 
visits, or hospitalization.

NATURE REVIEWS | IMMUNOLOGY

REV IEWS

  VOLUME 21 | JUNE 2021 | 387

Nat Rev Immunol. 2021 Jun;21(6):382-393. doi: 10.1038/s41577-021-00542-x

�6]I[IcIQ69�㚏��Q=?cIQ69���6QO6SIcIQ69�㚏�
_?]?cIQ69�

❖̥ŨøŴñㅯ〺ڠ५㗱ᅦǎᒾᒺÿၷᯑЧ̚߾ę�㚈�㖖㖗�ᐽ
ÿ㊝�㚈�㖙㖕�̟ၦೠ�

❖ㅯ〺ڠ५Ё㗬�
‣ ୧㔬�㚈�㖛㖚�ᐽ�

‣ Ὶ�

‣ ో➙ᭉ㘾Ҳ㊠➙ߏ㙁�

‣ ෝŌ�����㚈�㖗㖚�㘾�㖖㖗㙘㖖㖜�ᐽ̋Ẩク৮୧�����⪴ⲆҘ㔬Ổ�
㖝㖚�ᯓͯƢ㙁�

‣ ̤Ŝㄜ̊ᬻύ≦ęᭉଖ᳄᭐ㅯ〺ڠ५⇍

⌎៍ᭉ⅗㙾ၯ̸ᑿഹᇝᄒ➠ຉỔ㖖㖙�㖗㖕㖗㖖㖖㖕㖖㖘

‣ ಎ⊒�

‣ ಎ∷ᭉ�

‣ ९

2021 第三屆臺灣藥學聯合學術研討會｜重症藥事照護討論會物Pharmacotherapy in COVID-19 / FEMH 張維倫藥師



142

$I]M��6;_U[]�AU[��I]?6]?� [UC[?]]IUS

Nat Rev Immunol. 2021 Jun;21(6):382-393. doi: 10.1038/s41577-021-00542-x

�?=I;6O��US=I_IUS]�U[��_G?[��6;_U[]�(G6_�.?[?�$?W[?]?S_?=�IS� 6_I?S_]�IS��OISI;6O�([I6O]
❖ �C?=�≥㖛㖚�j?6[]�㘽���6㙀��
❖ �9?]I_j�㘽����㚕㖘㖕㙀�㘽���6㙀��
❖ �6[=IUc6];aO6[�=I]?6]?�㘽IS;Oa=ISC�;USC?SI_6O�G?6[_�=I]?6]?㙀�
U[�GjW?[_?S]IUS�㘽���6㙀

❖ �I69?_?]�㘽���6㙀��
❖ �G[USI;�OaSC�=I]?6]?]�㘽?㘇C㘇㗮�;G[USI;�U9]_[a;_Ic?�WaOQUS6[j�

=I]?6]?㗮�QU=?[6_?㙘_U㙘]?c?[?�6]_GQ6㗮�IS_?[]_I_I6O�OaSC�=I]?6]?㗮�
;j]_I;�AI9[U]I]㗮�WaOQUS6[j�GjW?[_?S]IUS㙀�㘽���6㙀

�_G?[��US=I_IUS]�U[��6;_U[]�(G6_��6=��IQI_?=�$?W[?]?S_6_IUS�IS� 6_I?S_]�IS��OISI;6O�([I6O]�9a_��[?��US]I=?[?=�
$I]M��6;_U[]�AU[� [UC[?]]IUS�_U�&?c?[?���,��㙘㖖㖞�9j�_G?����
❖ �QQaSU;UQW[UQI]ISC�;US=I_IUS�U[�
IQQaSU]aWW[?]]Ic?�_[?6_Q?S_�㘽����㙀�

❖ �c?[f?ICG_�㘽����㖗㖚㙕㖘㖕㙀�㘽����㙀��
❖ �G[USI;�MI=S?j�=I]?6]?�㘽����㙀��
❖ &I;MO?�;?OO�=I]?6]?�㘽����㙀��
❖  [?CS6S;j�㘽����㙀

❖ �?a[U=?c?OUWQ?S_6O�=I]U[=?[]�㘽?㘇C㘇㗮�;?[?9[6O�W6O]j㙀�U[�
U_G?[�;US=I_IUS]�_G6_�;USA?[�Q?=I;6O�;UQWO?hI_j�㘽?㘇C㘇㗮�
C?S?_I;�U[�Q?_69UOI;�]jS=[UQ?]�6S=�]?c?[?�;USC?SI_6O�
6SUQ6OI?]㙀�㘽����㙀��

❖ �?=I;6O㙘[?O6_?=�_?;GSUOUCI;6O�=?W?S=?S;?�㘽?㘇C㘇㗮�
_[6;G?U]_UQj㗮�C6]_[U]_UQj㗮�U[�WU]I_Ic?�W[?]]a[?�c?S_IO6_IUS�
_G6_�I]�SU_�[?O6_?=�_U���,��㙘㖖㖞㙀�㘽����㙀

2021 第三屆臺灣藥學聯合學術研討會｜重症藥事照護討論會物Pharmacotherapy in COVID-19 / FEMH 張維倫藥師



143

�S_I㙘&�$&㙘�U,㙘㖗�Q�9]�≦߽⿺ƣ᭐᧚⌘ᑂĿ᧚

Viruses. 2021 Apr 7;13(4):628. doi: 10.3390/v13040628

([I6O�6S=�([?6_Q?S_
�U]WI_6OIl6_IUS�U[��?6_G�

9j��6j�㖗㖞㗮�㚡�㘽S㘕�㙀 �9]UOa_?�
$$㗮�㚡

$?O6_Ic?�
$$㗮�㚡 ��(

�SAa]IUS㙘
$?O6_?=�
�
]㗮�㚡

�UQQ?S_
Q�9  O6;?9U

 G6]?��������4
㙘㖖�㖖㗮㖗�
▪��㘕


㖗㘇㖖�
㘽㖖㖖㘕㖚㖖㖝㙀

㖜㘇㖕�
㘽㖘㖛㘕㖚㖖㖜㙀 㖙㘇㖝 㖜㖕 㖗㖕㘇㖝 㖖㘇㖖

❖ *]?�;6a_IUS�fG?S�_G?�
;UQ9IS?=�A[?Ya?S;j�UA�
Gamma㘕Beta�,��]�㚕㖚㚡�
=a?�_U�[?=a;?=�?AAI;6;j

 G6]?�������,㙘㖗㖕㖛㖜�㖘��
▪��㘕�

㖖㘇㖕�
㘽㖜㘕㖜㖘㖛㙀

㖘㘇㖗�
㘽㖗㖙㘕㖜㖙㖝㙀 㖗㘇㖗 㖜㖕 㖙㖚㘇㖚

㖕㘇㖗�
㘽�[�≥㖗㙀

❖�?=I6S�㖘�=6j]�&h�6_�
[6S=UQIl6_IUS�

❖ 㖖㖕�c]�㖖㖙�=6j]�_U�
[?]UOa_IUS

 G6]?��������
(㙘��
�㖙��
▪�&U_[UcIQ69

㖖㘇㖕�
㘽㖘㘕㖗㖞㖖㙀

㖜㘇㖗�
㘽㖗㖖㘕㖗㖞㖗㙀 㖛㘇㖗 㖝㖚 㖖㖛㘇㖖 㖖

❖ �OO�≤�㖚�=6j]�&h㗮�㖚㖝㚡�≤�㖘�
=6j]�

❖ �IS=]�;US]?[c?=�?WI_UW?

㗢��
㗮�6=c?[]?�?c?S_㘒��[㗮�C[6=?㘒�Q�9㗮�QUSU;OUS6O�6S_I9U=j㘒���(㘒�SaQ9?[�S??=?=�_U�_[?6_㘒�$$㗮�[I]M�[?=a;_IUS㘒�&h㗮�]jQW_UQ6_I;㘒�,��㗮�c6[I6S_�UA�;US;?[S㘇

㖖㘇 ��
SCO����?=㘇�㖗㖕㖗㖖��;_�㖜㘒㖘㖝㖚㘽㖖㖚㙀㗫㖖㖘㖝㖗㙘㖖㖘㖞㖗㘇�=UI㗫�㖖㖕㘇㖖㖕㖚㖛㘕�
��U6㖗㖖㖕㖗㖛㖝㖚�
㖗㘇 �6QO6SIcIQ69�6S=�?_?]IcIQ69㘇�
*���6;_�&G??_�AU[��� ]㘇��6]_�aW=6_?=��6j�㖗㖕㖗㖖㘇�

❖ Beta (B.1.351) & Gamma (P.1) VOCs includes the E484K and K417N mutations, which results in markedly reduced in vitro susceptibility to B/E.

㖘㘇 �6]I[IcIQ69�6S=�IQ=?cIQ69㘇�
*���6;_�&G??_�AU[��� ]㘇��6]_�aW=6_?=��aCa]_�㖗㖕㖗㖖㘇�
㖙㘇 &U_[UcIQ69㘇�
*���6;_�&G??_�AU[��� ]㘇��6]_�aW=6_?=��6j�㖗㖕㖗㖖㘇

2021 第三屆臺灣藥學聯合學術研討會｜重症藥事照護討論會物Pharmacotherapy in COVID-19 / FEMH 張維倫藥師



144

⪴㊠φⶩᯗ��㘕��⣢≦⿺ƣ�6S_I㙘]WIM?��C��]?[US?C6_Ic?�᭐ೠ⇍ęᑂĿ᧚

medRxiv 2021.06.15.21258542; doi: 10.1101/2021.06.15.21258542

❖ �S�_G?�$
��,
$2�_[I6O�UA�GU]WI_6OIl?=�W6_I?S_]�IS�_G?�*�㗮�㖗㖝㙘=6j�QU[_6OI_j�IS�_G?�]?[US?C6_Ic?�
]a9C[UaW㗫�㖗㖙㚡�fI_G�;6]I[IcIQ69�㖙㖕㖕㖕QC㘕IQ=?cIQ69�㖙㖕㖕㖕QC�c]�㖘㖕㚡�fI_G�]_6S=6[=�UA�;6[?�㘽&U�㙀㘇�

������㗢��9]UOa_?�[I]M�[?=a;_IUS㗫�㖛㚡������������㗢�$?O6_Ic?�[I]M�[?=a;_IUS㗫�㖗㖕㚡��������������㗢���(㗫�㖖㖛㘇㖜

Table 2: Effect of allocation to REGEN-COV on key study outcomes among seronegative 
participants  
 

 
 

 
REGEN-COV 

(n=1633) 
Usual Care 

(n=1520) RR (95% CI) 
    
Primary outcome    
Mortality at 28 days 396 (24%) 451 (30%) 0.80 (0.70-0.91) 
Secondary outcomes    
Median duration of hospitalisation, days 13 (7 to >28) 17 (7 to >28) - 
Discharged from hospital within 28 days 1046 (64%) 878 (58%) 1.19 (1.08-1.30) 
Invasive mechanical ventilation or death* 487/1599 (30%) 542/1484 (37%) 0.83 (0.75-0.92) 

Invasive mechanical ventilation 189/1599 (12%) 200/1484 (13%) 0.88 (0.73-1.06) 
Death 383/1599 (24%) 434/1484 (29%) 0.82 (0.73-0.92) 

Subsidiary outcomes    
Use of ventilation † 355/1267 (28%) 370/1143 (32%) 0.87 (0.77-0.98) 

Non-invasive ventilation 341/1267 (27%) 360/1143 (31%) 0.85 (0.75-0.97) 
Invasive mechanical ventilation 89/1267 (7%) 119/1143 (10%) 0.67 (0.52-0.88) 

Successful cessation of invasive mechanical ventilation ‡ 9/34 (26%) 12/36 (33%) 0.86 (0.36-2.03) 
Renal replacement therapy § 68/1616 (4%) 64/1498 (4%) 0.98 (0.71-1.38) 
 
Data are n (%). median (IQR) or n/N (%). RR=rate ratio for the outcomes of 28-day mortality, hospital discharge, and successful cessation of invasive 
mechanical ventilation, and risk ratio for other outcomes. 
* Analyses exclude those on invasive mechanical ventilation at randomisation. 
† Analyses exclude those on invasive or non-invasive ventilation at randomisation. 
‡ Analyses exclude those not receiving invasive mechanical ventilation at randomisation. 
§ Analyses exclude those on renal replacement therapy at randomisation. 
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Figure 2: Effect of allocation to REGEN−COV on 28−day mortality in: a) seronegative vs
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Table 2: Effect of allocation to REGEN-COV on key study outcomes among seronegative 
participants  
 

 
 

 
REGEN-COV 

(n=1633) 
Usual Care 

(n=1520) RR (95% CI) 
    
Primary outcome    
Mortality at 28 days 396 (24%) 451 (30%) 0.80 (0.70-0.91) 
Secondary outcomes    
Median duration of hospitalisation, days 13 (7 to >28) 17 (7 to >28) - 
Discharged from hospital within 28 days 1046 (64%) 878 (58%) 1.19 (1.08-1.30) 
Invasive mechanical ventilation or death* 487/1599 (30%) 542/1484 (37%) 0.83 (0.75-0.92) 

Invasive mechanical ventilation 189/1599 (12%) 200/1484 (13%) 0.88 (0.73-1.06) 
Death 383/1599 (24%) 434/1484 (29%) 0.82 (0.73-0.92) 

Subsidiary outcomes    
Use of ventilation † 355/1267 (28%) 370/1143 (32%) 0.87 (0.77-0.98) 

Non-invasive ventilation 341/1267 (27%) 360/1143 (31%) 0.85 (0.75-0.97) 
Invasive mechanical ventilation 89/1267 (7%) 119/1143 (10%) 0.67 (0.52-0.88) 

Successful cessation of invasive mechanical ventilation ‡ 9/34 (26%) 12/36 (33%) 0.86 (0.36-2.03) 
Renal replacement therapy § 68/1616 (4%) 64/1498 (4%) 0.98 (0.71-1.38) 
 
Data are n (%). median (IQR) or n/N (%). RR=rate ratio for the outcomes of 28-day mortality, hospital discharge, and successful cessation of invasive 
mechanical ventilation, and risk ratio for other outcomes. 
* Analyses exclude those on invasive mechanical ventilation at randomisation. 
† Analyses exclude those on invasive or non-invasive ventilation at randomisation. 
‡ Analyses exclude those not receiving invasive mechanical ventilation at randomisation. 
§ Analyses exclude those on renal replacement therapy at randomisation. 
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Remdesivir for Covid-19
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the two treatment groups despite their receiving 
the same therapy (Table S5). After adjustment 
for baseline clinical status, only serious adverse 
events were different between the two groups 
(Table S6). The most common serious adverse 
events that were more common in the 10-day 
group were acute respiratory failure (9%, vs. 
5%) and respiratory failure (5%, vs. 2%).

Laboratory abnormalities of grade 3 or higher 
occurred among 27% of patients in the 5-day 
group and 34% of patients in the 10-day group 
(Table 3). Most abnormalities were transient, with 
no significant difference between the median 
changes in the two groups at day 14. Grade 4 
creatinine clearance reductions were reported in 
12% of patients in the 10-day group, as com-
pared with 3% in the 5-day group. Most of these 
patients (71%) had been receiving either invasive 
mechanical ventilation or noninvasive positive 
pressure ventilation or high-flow nasal cannula 
at baseline, consistent with the observation that 
disease severity at baseline was associated with 
safety outcomes.

Discussion

In this open-label, randomized, multicenter, 
phase 3 trial among patients with severe Covid-19 
pneumonia due to infection with SARS-CoV-2, 
we did not find a significant difference in effi-
cacy between 5-day and 10-day courses of rem-
desivir. After adjustment for baseline imbalances 
in disease severity, outcomes were similar as mea-
sured by a number of end points: clinical status at 
day 14, time to clinical improvement, recovery, 
and death from any cause. However, these results 
cannot be extrapolated to critically ill patients 
receiving mechanical ventilation, given that few 
of the patients in our trial were receiving me-
chanical ventilation before beginning treatment 
with remdesivir.

The apparent trend toward better outcomes in 
patients treated with remdesivir for 5 days than 
in those treated for 10 days may have several 
causes. The 10-day group included a significantly 
higher percentage of patients in the most severe 
disease categories — those requiring invasive 

Figure!2.!Oxygen!Support!on!Day!14!According!to!Oxygen!Support!on!Day!5.

Shown is the distribution of oxygen-support status on day 14 for the 5-day and 10-day treatment groups according 
to oxygen-support status at day 5 of therapy. Percentages are based on patients with both day 5 and day 14 oxygen-
support data available and exclude those with missing oxygen-support data for day 14. Oxygen-support status is de-
rived from the clinical status according to the seven-point ordinal scale, as follows: 1, death; 2, receiving invasive 
mechanical ventilation; 3, receiving high-flow oxygen; 4, receiving low-flow oxygen; 5 or 6, breathing ambient air; 
and 7, discharge. Data on high-flow oxygen were missing for 1 patient in the 10-day group; data on low-flow oxygen 
were missing for 3 patients in the 5-day group and 6 patients in the 10-day group, and data on ambient air were 
missing for 3 patients in the 5-day group.
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No significant risk of AKI development in patients with
eCrCl < vs ≥ 30 mL/min who received RDV

42

AKI, acute kidney injury; ALT, alanine aminotransferase; CrCl, creatinine clearance; eCrCl, estimated CrCl; eGFR, estimated glomerular filtration rate; EOT, end of treatment; IQR, interquartile range; ns, not 
significant; NSAIDs, nonsteroidal anti-inflammatory drugs; SCr, serum creatinine; ULN, upper limit of normal. 
Ackley TW, et al. Antimicrob Agents Chemother 2021;65:e02290-20.

Baseline Characteristics
eCrCl < 30

n = 40
eCrCl ≥ 30

n = 307 P Value
Mean age, y (IQR) 80 (64, 89) 62 (54, 74) < 0.001
Male, n (%) 17 (43) 161 (52) 0.24
Comorbidities, n (%)

Diabetes mellitus 24 (60) 95 (31) < 0.001
Heart failure 18 (45) 33 (11) < 0.001
Hypertension 34 (85) 176 (57) < 0.001

Baseline median SCr, mg/dL (IQR) 1.2 (1.0, 2.1) 0.85 (0.7, 1.0) < 0.001
On RDV administration day

Median SCr, mg/dL (IQR) 2.8 (1.6, 4.2) 0.87 (0.7, 1.1) < 0.001
Median CrCl, mL/min (IQR) 20 (15, 26) 83 (58, 109) < 0.001
Median eGFR, mL/min/1.73 m2 (IQR) 21 (15, 34) 89 (64, 112) < 0.001
ALT ≥ 5x ULN, n (%) 2 (5) 10 (3.3) 0.64
AKI, n (%) 16 (40) 8 (2.6) < 0.001

During RDV use, n (%)
Mechanical ventilation 11 (28) 38 (12) 0.01
Vasopressor or inotrope use 12 (30) 39 (13) 0.003

Concomitant nephrotoxic drug, n (%)
Loop/thiazide diuretics 24 (60) 106 (35) 0.002
Vancomycin 5 (13) 52 (17) 0.65
NSAIDs 0 7 (2) > 0.99

Median d of RDV treatment (IQR) 5 (4, 5) 5 (5, 5) 0.002
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Safety Outcomes

Special Populations: Renal Impairment Population: eCrCl < vs ≥ 30 mL/min N = 347 Retrospective, multicenter chart review Location: USA May 11−Oct 18, 2020 ‡

AKI

Significantly higher rate in patients with eCrCl < 30 mL/min was attributed to 
older age; more comorbidities; and more frequent vasopressor/inotrope and 

mechanical ventilation use 
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RDV in patients with severe renal insufficiency (SRI) appeared to 
be safe and well tolerated compared with those without SRI*

*Severe renal insufficiency (SRI) defined as creatinine clearance (CrCl) <30 mL/min or receipt of renal replacement with hemodialysis (HD), peritoneal dialysis (PD), or continuous renal replacement therapy; †In 
patients with SRI, but not receiving renal replacement therapy at baseline; ‡Excluding patients on renal replacement therapy at baseline (n=15); §Serum creatinine (SCr) elevation of ≥1.5x baseline. AE, adverse 
event; ALT, alanine aminotransferase; AST, aspartate aminotransferase; BiPAP, bilevel positive airway pressure; DEX, dexamethasone; EOT, end of treatment; ESRD, end-stage renal disease; iHD, intermittent HD;
IQR, interquartile range; NS, not significant; SD, standard deviation. 
Pettit NN, et al. Clin Infect Dis 2020 Dec 14;ciaa1851.

§ Median length of stay, d (IQR): 8.5 (8, 13) in patients with SRI vs 
7 (5, 10) without SRI (p=0.01)

§ ALT/AST elevations were not attributed to RDV regardless of SRI

§ Acute kidney injury prior to starting RDV in 3 of 4 patients with SCr
elevation in SRI group

Baseline Characteristics SRI: n = 20 No SRI: n = 115 P Value

Mean age, y (SD) 70 (16) 54 (16) < 0.001
Male, n (%) 8 (40) 57 (50) 0.43
O2 requirement at RDV start, n (%)

Room air ≤94% 1 (5) 11 (10)

NS

Nasal cannula (1−3 L) 10 (50) 50 (43)
Nasal cannula (4−6 L) 5 (25) 27 (23)
BiPAP 0 (0) 2 (2)
High-flow nasal cannula 2 (10) 17 (15)
Mechanical ventilation 2 (10) 8 (7)

Median CrCl, mL/min (IQR) 26 (21, 28) 88 (63, 100) < 0.001
ESRD (iHD or PD), n (%) 5 (25) 0 (0) < 0.001
Median AST, U/L (IQR) 53 (34, 64) 44 (29, 55) 0.25
Median ALT, U/L (IQR) 29 (22, 37) 38 (19, 46) 0.60
Median RDV duration, d (IQR) 5 (5, 5) 5 (5, 5) 0.97
Concomitant DEX, n (%) 13 (65) 59 (51) 0.26
Median SCr, mg/dL (IQR)

Baseline 2.6 (1.8, 3.1)† 0.9 (0.8, 1.2)
EOT 1.8 (1.5, 4.2)† 0.8 (0.7, 1.1)

Special Populations: Renal Impairment Population: severe renal insufficiency N = 135 Retrospective, single center, chart review Location: USA May 1−Oct 31, 2020 ‡
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Figure!1.!Pathways!of!the!Inhibition!of!Inflammation!by!Corticosteroids!in!ARDS.

Corticosteroids can decrease the signs and symptoms of inflammation by reducing the extravasation of plasma 
through intercellular junctions of the capillary and inhibiting the adhesion and migration of leukocytes across the 
capillary wall. Corticosteroids diffuse across leukocyte cell membranes and bind to glucocorticoid receptors in the 
cytoplasm. The activated corticosteroid–receptor complexes translocate into the nucleus, where they bind to the 
promoter regions of corticosteroid-responsive genes called glucocorticosteroid-response elements, which may 
encode antiinflammatory proteins. Activated nuclear corticosteroid receptors also inhibit, or switch off, inflamma-
tion genes, thereby blocking the transcription of inflammatory proteins by nuclear factor-!B (NF-!B) and activator 
protein 1.4,5

The New England Journal of Medicine 
Downloaded from nejm.org at FAR EASTERN MEMORIAL HOSPITAL on November 4, 2021. For personal use only. No other uses without permission. 

 Copyright © 2006 Massachusetts Medical Society. All rights reserved. 

1

2

3 4

N Engl J Med. 2006 Apr 20;354(16):1739-42. doi: 10.1056/NEJMe068033



n engl j med 384;8 nejm.org February 25, 2021 699

Dexamethasone in Hospitalized Patients with Covid-19

(Fig. 2A). In a prespecified analysis according to 
the level of respiratory support that the patients 
were receiving at randomization, there was a 
trend showing the greatest absolute and pro-
portional benefit among patients who were re-
ceiving invasive mechanical ventilation (11.6 by 

chi-square test for trend) (Fig. 3). In the dexa-
methasone group, the incidence of death was 
lower than that in the usual care group among 
patients receiving invasive mechanical ventila-
tion (29.3% vs. 41.4%; rate ratio, 0.64; 95% CI, 
0.51 to 0.81) and in those receiving oxygen with-

Figure!2.!Mortality!at!28!Days!in!All!Patients!and!According!to!Respiratory!Support!at!Randomization.

Shown are Kaplan–Meier survival curves for 28-day mortality among all the patients in the trial (primary outcome) 
(Panel A) and in three respiratory-support subgroups according to whether the patients were undergoing invasive 
mechanical ventilation (Panel B), receiving oxygen (with or without noninvasive ventilation) and without invasive 
mechanical ventilation (Panel C), or receiving no supplemental oxygen (Panel D) at the time of randomization. The 
Kaplan–Meier curves have not been adjusted for age. The rate ratios have been adjusted for the age of the patients 
in three categories (<70 years, 70 to 79 years, and !80 years). Estimates of the rate ratios and 95% confidence inter-
vals in Panels B, C, and D were derived from a single age-adjusted regression model involving an interaction term 
between treatment assignment and level of respiratory support at randomization.
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Kaplan–Meier curves have not been adjusted for age. The rate ratios have been adjusted for the age of the patients 
in three categories (<70 years, 70 to 79 years, and !80 years). Estimates of the rate ratios and 95% confidence inter-
vals in Panels B, C, and D were derived from a single age-adjusted regression model involving an interaction term 
between treatment assignment and level of respiratory support at randomization.
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(Panel A) and in three respiratory-support subgroups according to whether the patients were undergoing invasive 
mechanical ventilation (Panel B), receiving oxygen (with or without noninvasive ventilation) and without invasive 
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In the RECOVERY trial (NCT!"#$%&#'), approximately %'%
ofpatients in the control group receiveddexamethasone. This
was regarded as reflecting usual practice,(( and was not
considered to introducea riskofbias in theeffectofassignment
to the intervention. Furthermore, any such bias would be
toward the null.

Therewere(((deaths among')$patients randomized to
corticosteroids and "(*deaths among %!(* patients random-
ized to usual care or placebo. Based on a fixed-effect meta-
analysis, the summary OR was !.'' (&*% CI, !.*#-!.$(;
P < .!!%) forall-causemortalitycomparingcorticosteroidswith
usual care or placebo (Figure !). This corresponds to an abso-
lutemortality risk of #(%with corticosteroids comparedwith
an assumedmortality risk of "!%with usual care or placebo.
There was little inconsistency between the trial results
(I! = %*.'%;P = .#% forheterogeneity), andthesummaryORwas
!.)! (&*% CI, !."$-%.!%; P = .!*#) based on a random-effects
meta-analysis.

In the analysis that excluded patients recruited to the
RECOVERY trial, the OR was !.)) (&*% CI, !.*'-%.!)) for all-
causemortality comparing corticosteroids with usual care or
placebo, which was consistent with the corresponding result
based on patients in the RECOVERY trial who were receiving
invasive mechanical ventilation at randomization (OR, !.*&
[&*% CI, !.""-!.)$]). This latter OR was not adjusted for age
and thereforediffers fromtheage-adjusted rate ratio in the re-
port of the RECOVERY trial.)

Theoverall inversevariance–weighted fixed-effect risk ra-
tio was !.$! (&*%CI, !.)!-!.&%) for all-cause mortality com-
paring corticosteroidswithusual care or placebo. TheGRADE
assessment of the certainty of the evidence that corticoste-
roids reduce all-cause mortality in critically ill patients with
COVID-%&wasmoderate due tominor concerns across (%) im-
precision, (() a small amount of heterogeneity, and (#) a small
risk of reporting bias due to some trials not responding to the
requests for data.

For all-causemortality comparing corticosteroids vs usual
careorplacebo, the fixed-effect summaryORwas!.'" (&*%CI,
!.*!-!.$(; P < .!!%) for trials of dexamethasone (# trials, %($(
patients, and *() deaths; corresponding absolute risk of #!%
for dexamethasone vs an assumed risk of "!% for usual care
or placebo) and theORwas!.'& (&*%CI,!."#-%.%(; P = .%#) for
trials of hydrocortisone (# trials, #)" patients, and &" deaths;
correspondingabsolute riskof#(%forhydrocortisonevsanas-
sumed risk of "!% for usual care or placebo). Using meta-
regression to compare the associations for hydrocortisone and
dexamethasone, the ratio of ORswas %.!' (&*%CI,!.#)-(.&&).
Fromthe random-effectsmeta-analyses, theORwas!.'* (&*%
CI,!.#'-%.%)) for dexamethasone and theORwas!.$) (&*%CI,
!.!)(-%!.*) forhydrocortisone; thewide&*%CIs reflect the im-
preciselyestimatedbetween-trial variancebecauseeachanaly-
sis included only # trials. Only % trial (NCT!"(""*&%), which
enrolled ") patients of whom (' died, evaluated
methylprednisolone and the OR was !.&% (&*%CI, !.(&, (.$);

Figure 2. Association Between Corticosteroids and 28-Day All-CauseMortality in Each Trial, Overall, and According to Corticosteroid Drug

Weight,
%

Favors
steroids

Favors no
steroids

0.2 41
Odds ratio (95% CI)

No. of deaths/total
No. of patientsInitial dose and

administrationDrug and trial
Dexamethasone

Odds ratio
(95% CI)Steroids No steroids

100.0Overall (fixed effect)
P = .31 for heterogeneity; I2 = 15.6%

0.66 (0.53-0.82)222/678 425/1025

Overall (random effectsa) 0.70 (0.48-1.01)222/678 425/1025

76.60Subgroup fixed effect 0.64 (0.50-0.82)166/459 361/823

0.92High: 20 mg/d intravenously 2/7 2/12DEXA-COVID 19 NCT04325061 2.00 (0.21-18.69)
18.69High: 20 mg/d intravenously 69/128 76/128CoDEX NCT04327401 0.80 (0.49-1.31)
57.00Low: 6 mg/d orally or intravenously 95/324 283/683RECOVERY NCT04381936 0.59 (0.44-0.78)

Hydrocortisone

19.94Subgroup fixed effect 0.69 (0.43-1.12)43/195 51/179

6.80Low: 200 mg/d intravenously 11/75 20/73CAPE COVID NCT02517489 0.46 (0.20-1.04)

Methylprednisolone
3.46High: 40 mg every 12 h intravenously 13/24 13/23Steroids-SARI NCT04244591 0.91 (0.29-2.87)

1.39Low: 200 mg/d intravenously 6/15 2/14COVID STEROID NCT04348305 4.00 (0.65-24.66)
11.75Low: 50 mg every 6 h intravenously 26/105 29/92REMAP-CAP NCT02735707 0.71 (0.38-1.33)

ClinicalTrials.gov
identifier

The area of the data marker for each trial is proportional to its weight in the
fixed-effect meta-analysis. The Randomized Evaluation of COVID-19 Therapy
(RECOVERY) trial result is for patients who were receiving invasive mechanical
ventilation at randomization. CAPE COVID indicates Community-Acquired
Pneumonia: Evaluation of Corticosteroids in Coronavirus Disease; CoDEX,
COVID-19 Dexamethasone; COVID STEROID, Hydrocortisone for COVID-19 and
Severe Hypoxia; DEXA-COVID 19, Efficacy of Dexamethasone Treatment for
Patients With ARDS Caused by COVID-19; REMAP-CAP, Randomized,
Embedded, Multifactorial Adaptive Platform Trial for Community-Acquired

Pneumonia; Steroids-SARI, Glucocorticoid Therapy for COVID-19 Critically Ill
Patients With Severe Acute Respiratory Failure.
a The random-effects analysis estimates both the average and variability of
effects across studies. The 95% CI for the average effect (shown here) is wide
because there is a small number of studies, some of which have very small
sample size. The prespecified primary analysis was the fixed-effect analysis,
which should be used to guide clinical interpretation of the results.

Research Original Investigation Association Between Systemic Corticosteroids andMortality Among Critically Ill Patients With COVID-19

1336 JAMA October 6, 2020 Volume 324, Number 13 (Reprinted) jama.com

© 2020 American Medical Association. All rights reserved.
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Six studies addressed secondary infections. More fre-
quently broad spectrum antibiotics were used in the 
corticosteroid group [39, 47, 53] and more secondary 
infections or sepsis episodes were described [35, 36]. 
Only Tomazini found a lower percentage of secondary 
infections in the corticosteroid group [37]. A dose e!ect 
of steroids on development of infections or antibiotic 
need could not be demonstrated.

Discussion
In this systematic review and meta-analysis on e!ective-
ness and safety of corticosteroids in COVID-19 patients, 
the pooled estimate of the observational retrospective 
studies and the RCTs supported the positive e!ect of cor-
ticosteroids therapy on mortality in COVID-19 disease as 
first reported in the RECOVERY trial. [23] Furthermore, 
in already respiratory compromised COVID-19 patients, 
the need for mechanical ventilation was lower in corti-
costeroid treated COVID-19 patients. And although data 
in the studies were too sparse to draw any firm conclu-
sions, there might be a signal of delayed viral clearance 
and an increase in antibiotic use and infections in the 
corticosteroid group. However, this did not seem to lead 
to prolonged hospital stay or increased mortality.

Besides reviews extrapolating knowledge on SARS-
CoV or MERS-CoV [21] or on non-viral ARDS [4], or 
combining studies on SARS-CoV and MERS-CoV [2, 18, 
74], to our knowledge, only three other meta-analyses on 
this subject were conducted with the conflicting results. 
[24, 75, 76] Sarkar et"al. found low!quality evidence with 
high variability, showing that in patients with COVID!19 
corticosteroids may be associated with an around twofold 
increase in mortality [75]. Tlayjeh et"al. [76] found no sig-
nificant di!erence in mortality or mechanical ventilation 
need, at the cost of a prolonged viral clearance time. #e 

investigators explained that the discordance in studies 
was due to bias in the large number of non-RCTs. In the 
third, very robust, prospective meta-analysis of published 
and pending trials (inclusion has pretty much stopped 
since the recovery trial was published), Sterne et"al. [24], 
found that in critically ill patients with COVID-19, the 
administration of systemic corticosteroids, compared 
with usual care or placebo, was associated with lower 
28-day all-cause mortality. A downside of this rather 
robust study was that almost 60 percent of the popula-
tion consisted of the RECOVERY study population and 
a reasonable amount of data was generated from unpub-
lished, unfinished studies.

Compared to these other systematic reviews on corti-
costeroids and COVID-19, ours was able to include the 
largest number of studies and COVID-19 patients. Fur-
thermore, we included both observational studies and 
RCTs to be able to assess adverse e!ects such as viral 
clearance and risk of infections. To obtain the highest 
possible quality, we excluded non-peer reviewed pre-
published manuscripts and furthermore, if available, we 
included adjusted estimates in the meta-analysis, reduc-
ing bias by incongruent study groups (Additional file"9).

Our review has several limitations. #e first is that 
we retrospectively registered our systematic review and 
meta-analysis. Indeed, it is very important, especially in 
COVID-19 pandemic times with a high number of pub-
lications on COVID-19, to register beforehand to avoid 
redundancy and ine$ciency and to prevent flooding. 
#e review arose from a clinical point of view to gather 
all literature on corticosteroids and COVID-19, as we cli-
nicians were in doubt whom to administer this drug to. 
Doing so, we thought it would be best to summarize our 
findings in a review, since we presumed other clinicians 
would be struggling with the same questions.
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from in vivo animal models have not been encouraging: 
mice deficient for gp130 do not survive after birth, and 
gp130 ablation in cardiac myocytes is a critical event in 
the onset of heart failure during biomechanical stress.37,38 
No pharmacological gp130 blockers are in clinical studies 
at present.

Interfering with JAK–STAT signalling
JAK1, JAK2, JAK3, and TYK2 make up the Janus kinase 
(JAK) family of cytoplasmic tyrosine kinases,39 with 
JAK1 thought to be the dominant kinase activated by 
IL-6 in vivo.40,41 However, the development of small 
molecules capable of selectively blocking JAK1 while 
preserving the other three kinases has been hampered 
by the extensive amino acid sequence homology among 
these kinases.42

Despite this challenge, a small number of JAK1-specific 
inhibitors, including filgotinib—which displays a 
30-times greater selectivity for JAK1 than JAK2,43 and is 
orally administered—and upadacitinib, have made it 
to phase 3 clinical trials in rheumatoid arthritis and 
inflammatory bowel disease.44–46 Other agents, such as 
ruxolitinib, tofacitinib, and baricitinib, competitively 
inhibit JAK1 but do not have the same degree of 
selectivity, and are associated with an increased risk of 
viral respiratory tract infection, presumably because 
of compromised interferon responses.47

The transcription factor signal transducer and activator 
of transcription 3 (STAT3) is phosphorylated by JAKs 
following their activation by IL-6. Once phosphorylated, 
STAT3 dimerises and translocates to the nucleus, where it 
binds to specific DNA tandem motifs and induces the 
transcription of target genes (figure 3). The inhibition of 
STAT3 is di!cult.2 The protein is essential for mammalian 
development, and its deletion in mice is lethal.48 
Furthermore, because STAT3 is an intracellular protein, it 
is impervious to antibodies, since they are unable to 
permeate the cell membrane. To date, e"orts to inhibit 
STAT3 have focused primarily on peptides that prevent 
STAT3 phosphorylation or dimerisation before its nuclear 
translocation.49

Inhibiting trans-signalling
In the event that targeted inhibition of the inflammation 
driven by IL-6 is required, specific inhibition of IL-6 trans-
signalling should preserve the anti-inflammatory and 
antibacterial properties of the cytokine, and might therefore 
represent a more beneficial and safer strategy. The sgp130Fc 
protein olamkicept,50 which is currently in phase 2 trials in 
inflammatory bowel disease, acts to supplement the sgp130 
component of the blood bu"er described earlier, leaving 
IL-6 signalling via membrane-bound IL-6R una"ected.23 
The concept of inhibiting trans-signalling with Fc proteins 
is informed by head-to-head animal studies comparing 
global IL-6R blockade versus sgp130Fc, in which sgp130Fc 
negated the pathological e"ects of IL-6 without 
compromising pathogen clearance.51,52 Similarly, trans genic 

mice that overexpressed sgp130Fc were protected from 
inflammation and displayed resistance to IL-6-mediated 
disease.53,54

IL-6 as a biomarker in critical illness
Measuring IL-6 concentrations
Measuring circulating concentrations of IL-6, and 
interpreting the results, is not straightforward. The 
cytokine peaks at di"erent times in di"erent illnesses, 
making the timing of sampling especially important. In 
the ProCESS sepsis trial, for example, plasma IL-6 
concentrations were 400–1100 pg/mL at the first blood 
draw after randomisation, but decreased to approximately 
55 pg/mL at 72 h.55

The magnitude of the IL-6 response to infection is, in 
absolute terms, also variable between patients and is age-
dependent.56 Furthermore, exercise, alterations to the 
circadian rhythm, concomitant pharmacotherapy, and 
immunometabolic comorbidities such as obesity can also 
influence circulating IL-6 concentrations and IL-6 
release.57–60 Factors relating to the processing and handling 
of samples also stand to influence assay measurements.61–65 
Delays in processing are particularly relevant, since IL-6 
and other cytokines are released spontaneously from blood 
cells over time or after the priming of these cells in samples 
that are agitated or shaken when being transported to the 

Figure !: Pharmacological approaches to inhibiting the biological e!ects of IL-6
IL-6 can be inhibited directly at site 1, site 2, or site 3. The IL-6R can be blocked at the IL-6-binding site by the 
monoclonal antibodies tocilizumab, sarilumab, and vobarilizumab. The sgp130Fc olamkicept blocks IL-6 trans-
signalling by neutralising the IL-6–sIL-6R complex before it can interact with cellular gp130. Within the cell, JAKs 
can be blocked by small-molecule kinase inhibitors of variable selectivity. IL-6=interleukin-6. IL-6R=interleukin-6 
receptor. JAK=Janus kinase. STAT=signal transducer and activator of transcription. Tyk=non-receptor tyrosine-
protein kinase.
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Timing of randomisation
Clinicians caring for hospitalised patients with severe 
COVID-19-related hypoxaemic respiratory failure often 
look retrospectively at two important time intervals: 
first, the time from onset of symptoms; and second, the 
time since clinical deterioration.34,35 Although viral 
replication probably peaks earlier, the peak of the 
inflammatory response to SARS-CoV-2 often coincides 
with or shortly precedes clinical deterioration.36 Once the 
inflammatory cascade achieves a state of hyperactivation, 
it might be too late to intervene, and it has therefore been 
hypothesised that a time window exists within which 
therapies targeting the inflammatory response (eg, IL-6 
inhibitors) will be most beneficial.37 This window might 
correlate with a time just before or just after clinical 
deterioration, perhaps when organ dysfunction is 
developing and potentially at its most reversible.38 
Although several trials have included subgroup analyses 

based on the interval between symptom onset and 
randomisation, the time of randomisation relative to 
clinical deterioration might be more important in 
defining the period of maximum e!cacy of IL-6R 
blockade.

The REMAP-CAP trial26 used a 24-h window for 
randomisation after the initiation of organ support 
(mainly invasive or non-invasive oxygenation strategies) 
irrespective of the time of symptom onset. The fact that 
this study showed benefit with the use of IL-6R 
blockade, coupled with the likely detrimental e"ects 
observed in a trial23 that intervened at a later stage, 
seems to suggest that IL-6R antagonists need to be 
administered specifically around the time of clinical 
deterioration. However, the RECOVERY trial27 did not 
show an important interaction between the use of 
tocilizumab and the time from symptom onset (#7 days 
vs >7 days). This finding is not inconsistent with the 

Figure: Proposed use of IL-6R blockade in patients with COVID-19-associated hypoxaemic respiratory failure
A conceptual model of the time-course of infection from the asymptomatic phase to more severe phases in patients who develop critical illness. The model includes 
completed RCTs and the main physiological features of disease in each phase. We propose a potential time window in which IL-6R blockade might be more e!ective. 
The length of each RCT box is proportional to the time from symptom onset or hospitalisation to randomisation in each trial population, and the location 
corresponds to the severity, on average, of enrolled patients. For many patients, the progression from the asymptomatic phase to critical illness occurs in a short 
period of time, and  the current representation might not be applicable in the case of rapid progression. Trials that appear in light orange are those that were positive 
for the primary outcome. ICU=intensive care unit. IL-6R=interleukin-6 receptor. RCT=randomised controlled trial. Figure originally created using BioRender.
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ratio of ORs (based on within-trial comparisons) was !."#
(#$%CI, !.$%-!.#&; P = .!!' for interaction). The correspond-
ing summary ORs for sarilumab (' trials, %(!" patients, and
$)' deaths) were &.&' (#$% CI, !.''-&.$') and !.#% (#$% CI,
!."&-&.)'), respectively. The summary ratio of ORs (based on
within-trial comparisons) was !.** (#$%CI, !.((-&.)); P = .)(
for interaction). The corresponding absolute mortality risks
in patients receiving corticosteroids were %!% for tocili-
zumab and %)% for sarilumab compared with an assumed
mortality risk of %$% for usual care or placebo. In additional
analyses, associations were compared in patients not receiv-
ing and receiving corticosteroids at randomization within the
respiratory support subgroups. The tendency for more
marked inverse associations among patients receiving corti-
costeroids appeared broadly consistent across respiratory
support subgroups; however, the associations were not esti-
mated precisely.

Detailedresults, forestplots,andcomparisonsbetweensub-
groups for %'-day all-causemortality appear in Supplements &
and %. Data on respiratory support at randomization were

available in %& trials (#')$ patients and %(#) deaths). The
summary ORs for %'-day all-cause mortality comparing IL-"
antagonists with usual care or placebo were !.'& (#$% CI,
!."*-!.#') in )#$( patients ($"! deaths) receiving supple-
mental oxygen at randomization, !.') (#$% CI, !.*%-!.#")
in )'"( patients (&&)% deaths) receiving noninvasive ventila-
tion or high-flow nasal cannula at randomization, and !.#$
(#$% CI, !.*'-&.&") in %!&* patients ('!& deaths) receiving
IMV or ECMO at randomization (P = .*& for the differences
between associations across these subgroups; Table %). The
corresponding summary ORs for tocilizumab were !.'% (#$%
CI, !."*-&.!!), !.'! (#$% CI, !."'-!.#)), and !.#% (#$% CI,
!.*%-&.&*), respectively (P = .() for differences between sub-
groups) and the corresponding summary ORs for sarilumab
were !.*( (#$% CI, !.(%-&.)!), &.%! (#$% CI, !.*'-&.'(), and
&.!$ (#$% CI, !.*(-&.$!), respectively (P = ."$ for differences
between subgroups).

The associationsbetween IL-" antagonists and%'-day all-
cause mortality within other subgroups defined by patient
characteristics at randomizationappearedconsistent acrossall

Figure 1. Association Between IL-6 Antagonists vs Usual Care or Placebo and Primary Outcome of 28-Day
All-CauseMortality

Weight, %

No. of events/total patients
Usual care
or placebo Anti–IL-6

Anti–IL-6 agent
and trial name
Tocilizumab

Odds ratio
(95% CI)

0.092/11 0/10ARCHITECTS 0.18 (0.01-4.27)

Sarilumab
1.0414/76 8/68CORIMUNO-SARI-1 0.59 (0.23-1.51)
1.0011/33 14/48CORIMUNO-SARI-ICU 0.82 (0.32-2.14)
2.9719/90 104/367REGENERON-P2 1.48 (0.85-2.57)
9.4564/286 264/1044REGENERON-P3 1.17 (0.86-1.60)
1.1919/65 10/48REMAP-CAPd 0.64 (0.26-1.53)
1.247/84 30/332SANOFI 1.09 (0.46-2.58)
0.090/10 2/20SARCOVID 2.84 (0.12-64.87)
0.384/39 3/76SARICOR 0.36 (0.08-1.69)
0.161/70 2/70SARTRE 2.03-0.18-22.91)

0.634/82 9/161BACC-Bay 1.15 (0.34-3.87)
0.798/67 7/63CORIMUNO-TOCI-1 0.92 (0.31-2.71)
0.8510/43 8/49CORIMUNO-TOCI-ICU 0.64 (0.23-1.82)
0.847/72 9/81COV-AIDa 1.16 (0.41-3.29)
3.6228/144 58/294COVACTA 1.02 (0.62-1.68)
0.092/8 0/19COVIDOSE2-SS-A 0.07 (<0.01-1.58)

0/13 0/26COVIDSTORM NAb

1.3015/88 11/91COVINTOC 0.67 (0.29-1.55)
COVITOZ 0/9 0/17 NAb

1.6711/128 26/249EMPACTA 1.24 (0.59-2.60)
0.658/17 11/37HMO-020-0224 0.48 (0.15-1.56)

2.6334/180 21/174PreToVidc 0.59 (0.33-1.06)
53.76729/2094 621/2022RECOVERY 0.83 (0.73-0.95)
8.43116/358 85/353REMAP-CAPd 0.66 (0.48-0.92)
5.1841/210 78/430REMDACTA 0.91 (0.60-1.39)
0.876/64 14/65TOCIBRAS 2.65 (0.95-7.42)

0/134 0/136TOCOVID NAb

81.611023/3749 960/4299Subgroup I2 = 3.3% 0.83 (0.74-0.92)

Siltuximab
0.877/72 10/77COV-AIDa 1.39 (0.50-3.86)
100.001158/4481 1407/6449Overall I2 = 18.2% 0.86 (0.79-0.95)

17.51139/753 437/2073Subgroup I2 = 0% 1.08 (0.86-1.36)

Favors
anti–IL-6

Favors
usual care
or placebo

81 20.125 0.5
Odds ratio (95% CI)

4

0.222/27 2/22ImmCoVA 1.25 (0.16-9.67)

The area of the data marker for each
trial is proportional to its weight in
the fixed-effects meta-analysis.
a Common control group across both
treatment comparisons of the
COV-AID trial.

bNA indicates not available; there
were insufficient data to estimate
odds ratio.

c The data for the PreToVid trial are
based on events up until 30 days
after randomization.

d There were 21 patients in the
control group for both treatment
comparisons. The analyses have
been adjusted to correct for this.
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ratio of ORs (based on within-trial comparisons) was !."#
(#$%CI, !.$%-!.#&; P = .!!' for interaction). The correspond-
ing summary ORs for sarilumab (' trials, %(!" patients, and
$)' deaths) were &.&' (#$% CI, !.''-&.$') and !.#% (#$% CI,
!."&-&.)'), respectively. The summary ratio of ORs (based on
within-trial comparisons) was !.** (#$%CI, !.((-&.)); P = .)(
for interaction). The corresponding absolute mortality risks
in patients receiving corticosteroids were %!% for tocili-
zumab and %)% for sarilumab compared with an assumed
mortality risk of %$% for usual care or placebo. In additional
analyses, associations were compared in patients not receiv-
ing and receiving corticosteroids at randomization within the
respiratory support subgroups. The tendency for more
marked inverse associations among patients receiving corti-
costeroids appeared broadly consistent across respiratory
support subgroups; however, the associations were not esti-
mated precisely.

Detailedresults, forestplots,andcomparisonsbetweensub-
groups for %'-day all-causemortality appear in Supplements &
and %. Data on respiratory support at randomization were

available in %& trials (#')$ patients and %(#) deaths). The
summary ORs for %'-day all-cause mortality comparing IL-"
antagonists with usual care or placebo were !.'& (#$% CI,
!."*-!.#') in )#$( patients ($"! deaths) receiving supple-
mental oxygen at randomization, !.') (#$% CI, !.*%-!.#")
in )'"( patients (&&)% deaths) receiving noninvasive ventila-
tion or high-flow nasal cannula at randomization, and !.#$
(#$% CI, !.*'-&.&") in %!&* patients ('!& deaths) receiving
IMV or ECMO at randomization (P = .*& for the differences
between associations across these subgroups; Table %). The
corresponding summary ORs for tocilizumab were !.'% (#$%
CI, !."*-&.!!), !.'! (#$% CI, !."'-!.#)), and !.#% (#$% CI,
!.*%-&.&*), respectively (P = .() for differences between sub-
groups) and the corresponding summary ORs for sarilumab
were !.*( (#$% CI, !.(%-&.)!), &.%! (#$% CI, !.*'-&.'(), and
&.!$ (#$% CI, !.*(-&.$!), respectively (P = ."$ for differences
between subgroups).

The associationsbetween IL-" antagonists and%'-day all-
cause mortality within other subgroups defined by patient
characteristics at randomizationappearedconsistent acrossall

Figure 1. Association Between IL-6 Antagonists vs Usual Care or Placebo and Primary Outcome of 28-Day
All-CauseMortality
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(95% CI)
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1.0414/76 8/68CORIMUNO-SARI-1 0.59 (0.23-1.51)
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0.090/10 2/20SARCOVID 2.84 (0.12-64.87)
0.384/39 3/76SARICOR 0.36 (0.08-1.69)
0.161/70 2/70SARTRE 2.03-0.18-22.91)

0.634/82 9/161BACC-Bay 1.15 (0.34-3.87)
0.798/67 7/63CORIMUNO-TOCI-1 0.92 (0.31-2.71)
0.8510/43 8/49CORIMUNO-TOCI-ICU 0.64 (0.23-1.82)
0.847/72 9/81COV-AIDa 1.16 (0.41-3.29)
3.6228/144 58/294COVACTA 1.02 (0.62-1.68)
0.092/8 0/19COVIDOSE2-SS-A 0.07 (<0.01-1.58)

0/13 0/26COVIDSTORM NAb

1.3015/88 11/91COVINTOC 0.67 (0.29-1.55)
COVITOZ 0/9 0/17 NAb

1.6711/128 26/249EMPACTA 1.24 (0.59-2.60)
0.658/17 11/37HMO-020-0224 0.48 (0.15-1.56)

2.6334/180 21/174PreToVidc 0.59 (0.33-1.06)
53.76729/2094 621/2022RECOVERY 0.83 (0.73-0.95)
8.43116/358 85/353REMAP-CAPd 0.66 (0.48-0.92)
5.1841/210 78/430REMDACTA 0.91 (0.60-1.39)
0.876/64 14/65TOCIBRAS 2.65 (0.95-7.42)

0/134 0/136TOCOVID NAb

81.611023/3749 960/4299Subgroup I2 = 3.3% 0.83 (0.74-0.92)

Siltuximab
0.877/72 10/77COV-AIDa 1.39 (0.50-3.86)
100.001158/4481 1407/6449Overall I2 = 18.2% 0.86 (0.79-0.95)

17.51139/753 437/2073Subgroup I2 = 0% 1.08 (0.86-1.36)

Favors
anti–IL-6

Favors
usual care
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81 20.125 0.5
Odds ratio (95% CI)
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0.222/27 2/22ImmCoVA 1.25 (0.16-9.67)

The area of the data marker for each
trial is proportional to its weight in
the fixed-effects meta-analysis.
a Common control group across both
treatment comparisons of the
COV-AID trial.

bNA indicates not available; there
were insufficient data to estimate
odds ratio.

c The data for the PreToVid trial are
based on events up until 30 days
after randomization.

d There were 21 patients in the
control group for both treatment
comparisons. The analyses have
been adjusted to correct for this.
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these subgroups (all P values for comparisons between sub-
groups were greater than .!!; Table " and Supplement ").

Association Between IL-6 Antagonists
and Progression to IMV or Death
Amongpatientsnot requiring IMVat randomization ("# trials),
!"$%of#%&' randomized to IL-% antagonists and !""'of$%'(
randomized to usual care or placebo progressed to requiring
IMV or ECMO or died within ") days. Most of the data ()*%)
were fromtrialsassessing tocilizumab.ThesummaryORscom-
pared with usual care or placebo were '.** ((&% CI, '.*'-
'.)&; P < .''!) for all IL-% antagonists, '.*# ((&% CI, '.%%-
'.)") for tocilizumab,and !.'' ((&%CI,'.*#-!.$&) for sarilumab

(Figure !). The corresponding absolute risks of progression to
IMVor deathwere ")%for all IL-% antagonists, "*%for tocili-
zumab, and$$%for sarilumabcomparedwithanassumedrisk
of $$% for usual care or placebo. There was little inconsis-
tency between the trial results (I! = '% for each meta-
analysis). The certainty in the overall result was assessed to
be high in the GRADE assessment. The ratio of ORs compar-
ing the associations for tocilizumab and sarilumab was '.*#
((&%CI, '.&#-!.'!; P = .'% for interaction).

The summary ORs for progression to IMV or death were
'.(% ((&%CI,'.*(-!.!*) in "&#& patients (*'* progressed) not
receiving corticosteroids and'.*! ((&%CI,'.%$-'.)') in &#)"
patients (!*!&progressed) receiving corticosteroids (Figure").

Figure 3. Association Between IL-6 Antagonists vs Usual Care or Placebo and Secondary Outcome of Progression to InvasiveMechanical Ventilation,
Extracorporeal Membrane Oxygenation, or Death

Weight, %

No. of events/total patients
Usual care
or placebo Anti–IL-6

Anti–IL-6 agent
and trial name
Tocilizumab

Odds ratio
(95% CI)

1/1 0/0ARCHITECTS NAa

Sarilumab
1.9020/76 21/68CORIMUNO-SARI-1 1.25 (0.61-2.58)
0.374/9 9/16CORIMUNO-SARI-ICU 1.61 (0.31-8.32)

REGENERON-P2 NAa

6.5843/182 142/631REGENERON-P3 0.94 (0.64-1.39)
1.4624/57 15/40REMAP-CAPd 0.83 (0.36-1.89)

SANOFI NAa

0.110/10 3/20SARCOVID 4.20 (0.20-89.61)
0.644/39 9/76SARICOR 1.18 (0.34-4.09)
0.424/70 3/70SARTRE 0.74 (0.16-3.43)

1.4510/81 17/161BACC-Bay 0.84 (0.37-1.92)
1.4018/67 11/63CORIMUNO-TOCI-1 0.58 (0.25-1.34)
0.406/12 6/13CORIMUNO-TOCI-ICU 0.86 (0.18-4.13)
1.4712/63 18/73COV-AIDb 1.39 (0.61-3.17)
2.6820/89 39/181COVACTA 0.95 (0.51-1.75)
0.102/8 0/19COVIDOSE2-SS-A 0.07 (<0.01-1.58)
0.232/13 2/26COVIDSTORM 0.46 (0.06-3.69)

11/84 9/86COVINTOC 0.78 (0.30-1.98) 1.14
COVITOZ 0/9 1/17 1.73 (0.06-46.77) 0.09

2.8824/128 29/249EMPACTA 0.57 (0.32-1.03)
0.243/5 11/17HMO-020-0224 1.22 (0.16-9.47)
0.436/27 3/22ImmCoVA 0.55 (0.12-2.52)
4.2056/179 35/172PreToVidc 0.56 (0.34-0.91)
54.40754/1800 619/1754RECOVERY 0.76 (0.66-0.87)
7.78127/239 102/249REMAP-CAPd 0.61 (0.43-0.88)
6.4054/188 91/365REMDACTA 0.82 (0.56-1.22)
1.4617/54 15/54TOCIBRAS 0.84 (0.37-1.91)
0.193/134 1/136TOCOVID 0.32 (0.03-3.15)
86.941126/3181 1009/3657Subgroup I2 = 0% 0.74 (0.66-0.82)

Siltuximab
1.5812/63 25/72COV-AIDb 2.26 (1.02-5.00)
100.001220/3609 1236/4650Overall I2 = 0% 0.77 (0.70-0.85)

11.4799/443 202/921Subgroup I2 = 0% 1.00 (0.75-1.35)

Favors
anti–IL-6

Favors
usual care
or placebo

81 20.125 0.5
Odds ratio (95% CI)

4

The area of the data marker for each trial is proportional to its weight in the
fixed-effects meta-analysis. Progression to requiring invasive mechanical
ventilation or extracorporeal membrane oxygenation or death among patients
not receiving invasive mechanical ventilation at randomization.
a NA indicates not available; there were insufficient data to estimate odds ratio
or the trial did not supply data for this outcome.

bCommon control group across both treatment comparisons of the COV-AID

trial.
c The data for the PreToVid trial are based on events up until 30 days after
randomization.

d There were 21 patients in the control group for both treatment comparisons.
The analyses have been adjusted to correct for this.
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these subgroups (all P values for comparisons between sub-
groups were greater than .!!; Table " and Supplement ").

Association Between IL-6 Antagonists
and Progression to IMV or Death
Amongpatientsnot requiring IMVat randomization ("# trials),
!"$%of#%&' randomized to IL-% antagonists and !""'of$%'(
randomized to usual care or placebo progressed to requiring
IMV or ECMO or died within ") days. Most of the data ()*%)
were fromtrialsassessing tocilizumab.ThesummaryORscom-
pared with usual care or placebo were '.** ((&% CI, '.*'-
'.)&; P < .''!) for all IL-% antagonists, '.*# ((&% CI, '.%%-
'.)") for tocilizumab,and !.'' ((&%CI,'.*#-!.$&) for sarilumab

(Figure !). The corresponding absolute risks of progression to
IMVor deathwere ")%for all IL-% antagonists, "*%for tocili-
zumab, and$$%for sarilumabcomparedwithanassumedrisk
of $$% for usual care or placebo. There was little inconsis-
tency between the trial results (I! = '% for each meta-
analysis). The certainty in the overall result was assessed to
be high in the GRADE assessment. The ratio of ORs compar-
ing the associations for tocilizumab and sarilumab was '.*#
((&%CI, '.&#-!.'!; P = .'% for interaction).

The summary ORs for progression to IMV or death were
'.(% ((&%CI,'.*(-!.!*) in "&#& patients (*'* progressed) not
receiving corticosteroids and'.*! ((&%CI,'.%$-'.)') in &#)"
patients (!*!&progressed) receiving corticosteroids (Figure").

Figure 3. Association Between IL-6 Antagonists vs Usual Care or Placebo and Secondary Outcome of Progression to InvasiveMechanical Ventilation,
Extracorporeal Membrane Oxygenation, or Death

Weight, %

No. of events/total patients
Usual care
or placebo Anti–IL-6

Anti–IL-6 agent
and trial name
Tocilizumab

Odds ratio
(95% CI)

1/1 0/0ARCHITECTS NAa

Sarilumab
1.9020/76 21/68CORIMUNO-SARI-1 1.25 (0.61-2.58)
0.374/9 9/16CORIMUNO-SARI-ICU 1.61 (0.31-8.32)

REGENERON-P2 NAa

6.5843/182 142/631REGENERON-P3 0.94 (0.64-1.39)
1.4624/57 15/40REMAP-CAPd 0.83 (0.36-1.89)

SANOFI NAa

0.110/10 3/20SARCOVID 4.20 (0.20-89.61)
0.644/39 9/76SARICOR 1.18 (0.34-4.09)
0.424/70 3/70SARTRE 0.74 (0.16-3.43)

1.4510/81 17/161BACC-Bay 0.84 (0.37-1.92)
1.4018/67 11/63CORIMUNO-TOCI-1 0.58 (0.25-1.34)
0.406/12 6/13CORIMUNO-TOCI-ICU 0.86 (0.18-4.13)
1.4712/63 18/73COV-AIDb 1.39 (0.61-3.17)
2.6820/89 39/181COVACTA 0.95 (0.51-1.75)
0.102/8 0/19COVIDOSE2-SS-A 0.07 (<0.01-1.58)
0.232/13 2/26COVIDSTORM 0.46 (0.06-3.69)

11/84 9/86COVINTOC 0.78 (0.30-1.98) 1.14
COVITOZ 0/9 1/17 1.73 (0.06-46.77) 0.09

2.8824/128 29/249EMPACTA 0.57 (0.32-1.03)
0.243/5 11/17HMO-020-0224 1.22 (0.16-9.47)
0.436/27 3/22ImmCoVA 0.55 (0.12-2.52)
4.2056/179 35/172PreToVidc 0.56 (0.34-0.91)
54.40754/1800 619/1754RECOVERY 0.76 (0.66-0.87)
7.78127/239 102/249REMAP-CAPd 0.61 (0.43-0.88)
6.4054/188 91/365REMDACTA 0.82 (0.56-1.22)
1.4617/54 15/54TOCIBRAS 0.84 (0.37-1.91)
0.193/134 1/136TOCOVID 0.32 (0.03-3.15)
86.941126/3181 1009/3657Subgroup I2 = 0% 0.74 (0.66-0.82)

Siltuximab
1.5812/63 25/72COV-AIDb 2.26 (1.02-5.00)
100.001220/3609 1236/4650Overall I2 = 0% 0.77 (0.70-0.85)

11.4799/443 202/921Subgroup I2 = 0% 1.00 (0.75-1.35)
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anti–IL-6

Favors
usual care
or placebo

81 20.125 0.5
Odds ratio (95% CI)

4

The area of the data marker for each trial is proportional to its weight in the
fixed-effects meta-analysis. Progression to requiring invasive mechanical
ventilation or extracorporeal membrane oxygenation or death among patients
not receiving invasive mechanical ventilation at randomization.
a NA indicates not available; there were insufficient data to estimate odds ratio
or the trial did not supply data for this outcome.

bCommon control group across both treatment comparisons of the COV-AID

trial.
c The data for the PreToVid trial are based on events up until 30 days after
randomization.

d There were 21 patients in the control group for both treatment comparisons.
The analyses have been adjusted to correct for this.
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Figure 2. Subgroup Analysis of 3 Outcomes by Treatment Group and Corticosteroid Use

P value
Favors

anti–IL-6
Favors
control

0.5 21
Odds ratio (95% CI)

Favors
anti–IL-6 with

corticosteroids

Favors
anti–IL-6 without
corticosteroidsI2, %

No. of events/total patients

Control Anti–IL-6Outcome and treatment
28-d mortality

Odds ratio
(95% CI)

Ratio of odds
ratios (95% CI) I2, %

AII anti–lL-6
0 0293/1280 537/2357No corticosteroid use 1.09 (0.91-1.30) 0.72 (0.56-0.92)
0 838/2848 827/3468Corticosteroid use 0.78 (0.69-0.88)

Tocilizumab
0 211/898 254/1192No corticosteroid use 1.06 (0.85-1.33) 0.69 (0.52-0.91)  0 .008
0 793/2585 693/2815Corticosteroid use 0.77 (0.68-0.87)

Sarilumab
0 83/384 283/1134No corticosteroid use 1.18 (0.88-1.58) 0.77 (0.44-1.33) 0 .34
0 48/281 124/607Corticosteroid use 0.92 (0.61-1.38)

Progression to IMV, ECMO, or death at 28 d
AII anti–lL-6

0 308/1004 399/1541No corticosteroid use 0.96 (0.79-1.17) 0.78 (0.59-1.02) 0 .07
0 893/2496 822/2986Corticosteroid use 0.71 (0.63-0.80)

Tocilizumab
0 250/791 266/1016No corticosteroid use 0.95 (0.76-1.20) 0.70 (0.52-0.94)  0 .02
0 859/2283 729/2518Corticosteroid use 0.69 (0.61-0. 78)

Sarilumab
0 59/214 126/498No corticosteroid use 0.98 (0.67-1.44) 1.41 (0.65-3.07) 0 .38
0 38/227 75/423Corticosteroid use 1.08 (0.67-1.75)

28-d secondary infectionsa

AII anti–lL-6
3 165/758 434/1820No corticosteroid use 0.92 (0.74-1.15) 0.96 (0.63-1.46)  0 .85
1 160/798 310/1378Corticosteroid use 1.04 (0.82-1.31)

Tocilizumab
0 86/385 146/659No corticosteroid use 0.79 (0.57-1.10) 0.94 (0.51-1.71) 11 .83
16 132/573 210/772Corticosteroid use 1.04 (0.80-1.36)

Sarilumab
8 79/373 285/1130No corticosteroid use 1.03 (0. 77-1.38) 0.94 (0.52-1.72) 6 .85
0 28/225 92/560Corticosteroid use 0.94 (0.58-1.52)

.008

0.4 41
Ratio of odds ratios (95% CI)

For the outcome of progression to invasive mechanical ventilation (IMV), extracorporeal membrane oxygenation
(ECMO), or death at 28 days, only patients not receiving IMV or ECMO at randomization were included in the
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Figure 2. Subgroup Analysis of 3 Outcomes by Treatment Group and Corticosteroid Use
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For the outcome of progression to invasive mechanical ventilation (IMV), extracorporeal membrane oxygenation
(ECMO), or death at 28 days, only patients not receiving IMV or ECMO at randomization were included in the
analyses. All trials supplied data until 28 days after randomization, except for the PreToVid trial for which data are
based on events up until 30 days after randomization. The ratios of odds ratios (ROR) compare the associations of
anti–IL-6 agents with outcomes between patients receiving and not receiving corticosteroids within each trial.
The displayed summary ROR for each comparison is based on ameta-analysis of trial-specific RORs. Only the trials
that recruited patients receiving and not receiving corticosteroids at randomization contribute to these

meta-analyses. The estimated RORs are not necessarily consistent with the ratios of the subgroup ORs (left
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corticosteroids at randomization.
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from in vivo animal models have not been encouraging: 
mice deficient for gp130 do not survive after birth, and 
gp130 ablation in cardiac myocytes is a critical event in 
the onset of heart failure during biomechanical stress.37,38 
No pharmacological gp130 blockers are in clinical studies 
at present.

Interfering with JAK–STAT signalling
JAK1, JAK2, JAK3, and TYK2 make up the Janus kinase 
(JAK) family of cytoplasmic tyrosine kinases,39 with 
JAK1 thought to be the dominant kinase activated by 
IL-6 in vivo.40,41 However, the development of small 
molecules capable of selectively blocking JAK1 while 
preserving the other three kinases has been hampered 
by the extensive amino acid sequence homology among 
these kinases.42

Despite this challenge, a small number of JAK1-specific 
inhibitors, including filgotinib—which displays a 
30-times greater selectivity for JAK1 than JAK2,43 and is 
orally administered—and upadacitinib, have made it 
to phase 3 clinical trials in rheumatoid arthritis and 
inflammatory bowel disease.44–46 Other agents, such as 
ruxolitinib, tofacitinib, and baricitinib, competitively 
inhibit JAK1 but do not have the same degree of 
selectivity, and are associated with an increased risk of 
viral respiratory tract infection, presumably because 
of compromised interferon responses.47

The transcription factor signal transducer and activator 
of transcription 3 (STAT3) is phosphorylated by JAKs 
following their activation by IL-6. Once phosphorylated, 
STAT3 dimerises and translocates to the nucleus, where it 
binds to specific DNA tandem motifs and induces the 
transcription of target genes (figure 3). The inhibition of 
STAT3 is di!cult.2 The protein is essential for mammalian 
development, and its deletion in mice is lethal.48 
Furthermore, because STAT3 is an intracellular protein, it 
is impervious to antibodies, since they are unable to 
permeate the cell membrane. To date, e"orts to inhibit 
STAT3 have focused primarily on peptides that prevent 
STAT3 phosphorylation or dimerisation before its nuclear 
translocation.49

Inhibiting trans-signalling
In the event that targeted inhibition of the inflammation 
driven by IL-6 is required, specific inhibition of IL-6 trans-
signalling should preserve the anti-inflammatory and 
antibacterial properties of the cytokine, and might therefore 
represent a more beneficial and safer strategy. The sgp130Fc 
protein olamkicept,50 which is currently in phase 2 trials in 
inflammatory bowel disease, acts to supplement the sgp130 
component of the blood bu"er described earlier, leaving 
IL-6 signalling via membrane-bound IL-6R una"ected.23 
The concept of inhibiting trans-signalling with Fc proteins 
is informed by head-to-head animal studies comparing 
global IL-6R blockade versus sgp130Fc, in which sgp130Fc 
negated the pathological e"ects of IL-6 without 
compromising pathogen clearance.51,52 Similarly, trans genic 

mice that overexpressed sgp130Fc were protected from 
inflammation and displayed resistance to IL-6-mediated 
disease.53,54

IL-6 as a biomarker in critical illness
Measuring IL-6 concentrations
Measuring circulating concentrations of IL-6, and 
interpreting the results, is not straightforward. The 
cytokine peaks at di"erent times in di"erent illnesses, 
making the timing of sampling especially important. In 
the ProCESS sepsis trial, for example, plasma IL-6 
concentrations were 400–1100 pg/mL at the first blood 
draw after randomisation, but decreased to approximately 
55 pg/mL at 72 h.55

The magnitude of the IL-6 response to infection is, in 
absolute terms, also variable between patients and is age-
dependent.56 Furthermore, exercise, alterations to the 
circadian rhythm, concomitant pharmacotherapy, and 
immunometabolic comorbidities such as obesity can also 
influence circulating IL-6 concentrations and IL-6 
release.57–60 Factors relating to the processing and handling 
of samples also stand to influence assay measurements.61–65 
Delays in processing are particularly relevant, since IL-6 
and other cytokines are released spontaneously from blood 
cells over time or after the priming of these cells in samples 
that are agitated or shaken when being transported to the 

Figure !: Pharmacological approaches to inhibiting the biological e!ects of IL-6
IL-6 can be inhibited directly at site 1, site 2, or site 3. The IL-6R can be blocked at the IL-6-binding site by the 
monoclonal antibodies tocilizumab, sarilumab, and vobarilizumab. The sgp130Fc olamkicept blocks IL-6 trans-
signalling by neutralising the IL-6–sIL-6R complex before it can interact with cellular gp130. Within the cell, JAKs 
can be blocked by small-molecule kinase inhibitors of variable selectivity. IL-6=interleukin-6. IL-6R=interleukin-6 
receptor. JAK=Janus kinase. STAT=signal transducer and activator of transcription. Tyk=non-receptor tyrosine-
protein kinase.
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Figure!2.!Kaplan–Meier!Estimates!of!Cumulative!Recoveries.

Cumulative recovery estimates are shown in the overall population (Panel A), in patients with a baseline score of 4 on the ordinal scale 
(not requiring oxygen; Panel B), in those with a baseline score of 5 (requiring oxygen; Panel C), in those with a baseline score of 6 (re-
ceiving high-flow oxygen or noninvasive mechanical ventilation; Panel D), and in those with a baseline score of 7 (receiving mechanical 
ventilation or extracorporeal membrane oxygenation [ECMO]; Panel E). Shaded areas indicate 95% confidence intervals.
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Figure!2.!Kaplan–Meier!Estimates!of!Cumulative!Recoveries.

Cumulative recovery estimates are shown in the overall population (Panel A), in patients with a baseline score of 4 on the ordinal scale 
(not requiring oxygen; Panel B), in those with a baseline score of 5 (requiring oxygen; Panel C), in those with a baseline score of 6 (re-
ceiving high-flow oxygen or noninvasive mechanical ventilation; Panel D), and in those with a baseline score of 7 (receiving mechanical 
ventilation or extracorporeal membrane oxygenation [ECMO]; Panel E). Shaded areas indicate 95% confidence intervals.

Pr
op

or
tio

n!
Re

co
ve

re
d

1.00

0.50

0.75

0.25

0.00
0 4 10 16 22 28

Days

A Overall

P=0.03

Baricitinib+RDV
Placebo+RDV

515
518

418
417

186
211

107
143

80
115

30
44

6 12 18 24

302
322

145
178

95
131

76
102

2 8 14 20 26

497
495

233
251

121
156

87
123

63
92

Placebo+RDV

Baricitinib+RDV

No.!at!Risk

Pr
op

or
tio

n!
Re

co
ve

re
d

1.00

0.50

0.75

0.25

0.00
0 4 10 16 22 28

Days

B Baseline!Ordinal!Score!of!4

Baricitinib+RDV
Placebo+RDV

70
72

53
46

13
12

4
1

2
1

0
0

6 12 18 24

29
28

9
7

4
1

2
0

2 8 14 20 26

66
64

18
19

4
2

4
1

2
0

Placebo+RDV

Baricitinib+RDV

No.!at!Risk

Pr
op

or
tio

n!
Re

co
ve

re
d

1.00

0.50

0.75

0.25

0.00
0 4 10 16 22 28

Days

C Baseline!Ordinal!Score!of!5

Baricitinib+RDV
Placebo+RDV

288
276

213
211

64
71

25
43

20
33

5
12

6 12 18 24

133
146

41
57

22
37

17
28

2 8 14 20 26

276
267

91
95

31
47

20
35

12
26

Placebo+RDV

Baricitinib+RDV

No.!at!Risk
Pr

op
or

tio
n!

Re
co

ve
re

d

1.00

0.50

0.75

0.25

0.00
0 4 10 16 22 28

Days

D Baseline!Ordinal!Score!of!6

Baricitinib+RDV
Placebo+RDV

103
113

100
106

60
78

36
57

23
41

10
16

6 12 18 24

88
95

47
67

29
52

22
36

2 8 14 20 26

102
110

73
86

40
62

25
46

19
32

Placebo+RDV

Baricitinib+RDV

No.!at!Risk

E Baseline!Ordinal!Score!of!7

Pr
op

or
tio

n!
Re

co
ve

re
d

1.00

0.50

0.75

0.25

0.00
0 4 10 16 22 28

Days

Baricitinib+RDV
Placebo+RDV

54
57

52
54

49
50

42
42

35
40

15
16

6 12 18 24

52
53

48
47

40
41

35
38

2 8 14 20 26

53
54

51
51

46
45

38
41

30
34

Placebo+RDV

Baricitinib+RDV

No.!at!Risk

The New England Journal of Medicine 
Downloaded from nejm.org at FAR EASTERN MEMORIAL HOSPITAL on November 5, 2021. For personal use only. No other uses without permission. 

 Copyright © 2021 Massachusetts Medical Society. All rights reserved. 

n engl j med 384;9 nejm.org March 4, 2021800

T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

Figure!2.!Kaplan–Meier!Estimates!of!Cumulative!Recoveries.

Cumulative recovery estimates are shown in the overall population (Panel A), in patients with a baseline score of 4 on the ordinal scale 
(not requiring oxygen; Panel B), in those with a baseline score of 5 (requiring oxygen; Panel C), in those with a baseline score of 6 (re-
ceiving high-flow oxygen or noninvasive mechanical ventilation; Panel D), and in those with a baseline score of 7 (receiving mechanical 
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(65·0 mg/L) and was similar in the baricitinib group 
(67·5 mg/L) and placebo group (62·0 mg/L). Select 
baseline demographics and clinical characteristics by 
baseline systemic corticosteroid use are presented in 
appendix 6 (p 22).

In population 1 (all randomly allocated participants), 
the proportion of patients who progressed to high-flow 
oxygen, non-invasive ventilation, invasive mechanical 
ventilation, or death by day 28 (the composite primary 
endpoint) was 27·8% in the baricitinib group and 
30·5% in the placebo group (odds ratio [OR] 0·85 
[95% CI 0·67–1·08], p=0·18; table 2). The absolute risk 
di!erence was –2·7 percentage points (95% CI 
–7·3 to 1·9). Of the 434 participants who progressed, 
95 (22%) progressed by day 1 (the day of randomisation) 
and 246 (57%) progressed by day 3 (appendix 6 p 23).

In population 2 (the subpopulation on oxygen and not 
receiving steroids at baseline), 28·9% participants in the 
baricitinib group and 27·1% in the placebo group 
met the composite primary endpoint (OR 1·12 [95% CI 
0·58–2·16], p=0·73; table 2). Because statistical signifi-
cance was not found in the primary analysis for population 
1 per the prespecified graphical testing scheme, none of 

the key secondary endpoints were considered statistically 
significant after adjusting for multiplicity. Subsequent 
p values reported are nominal and non-multiplicity-
controlled.

In population 1, by day 28, 162 participants had died 
(62 [8%] of 764 in the baricitinib group and 100 [13%] of 
761 in the placebo group). 28-day all-cause mortality was 
38% lower in the baricitinib group than in the placebo 
group (HR 0·57 [95% CI 0·41–0·78], nominal p=0·0018; 
table 2; figures 2A, 3) and showed an absolute risk 
di!erence of –5·0 percentage points. Overall, one 
additional death was prevented per 20 baricitinib-treated 
participants.

In population 2, 28-day all-cause mortality was 5% 
(five of 96 participants) in the baricitinib group and 15% 
(16 of 109) in the placebo group, equating to a 65% 
relative reduction (HR 0·31 [95% CI 0·11–0·88], nominal 
p=0·030; figures 2B, 3).

Other key secondary outcomes are described in table 2 
and other secondary outcomes are described in appendix 
6 (p 11, 18, 27–29).

All-cause mortality by day 60 was evaluated in a 
prespecified exploratory analysis. Between days 28 and 

Figure !: 28-day all-cause mortality by subgroup
HRs and 95% CIs were calculated with a Cox proportional hazards model. The treatment e!ect was adjusted by all baseline randomisation factors, except when 
redundant (eg, for age group [<65 or "65 years] in the age subgroup analyses). HR=hazard ratio. NIAID-OS=National Institute of Allergy and Infectious Disease 
Ordinal Scale. *Participants who, at baseline, required oxygen supplementation and were not receiving dexamethasone or other systemic corticosteroids for the 
primary study condition. 
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baseline demographics and clinical characteristics by 
baseline systemic corticosteroid use are presented in 
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ventilation, or death by day 28 (the composite primary 
endpoint) was 27·8% in the baricitinib group and 
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table 2; figures 2A, 3) and showed an absolute risk 
di!erence of –5·0 percentage points. Overall, one 
additional death was prevented per 20 baricitinib-treated 
participants.

In population 2, 28-day all-cause mortality was 5% 
(five of 96 participants) in the baricitinib group and 15% 
(16 of 109) in the placebo group, equating to a 65% 
relative reduction (HR 0·31 [95% CI 0·11–0·88], nominal 
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Other key secondary outcomes are described in table 2 
and other secondary outcomes are described in appendix 
6 (p 11, 18, 27–29).
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redundant (eg, for age group [<65 or "65 years] in the age subgroup analyses). HR=hazard ratio. NIAID-OS=National Institute of Allergy and Infectious Disease 
Ordinal Scale. *Participants who, at baseline, required oxygen supplementation and were not receiving dexamethasone or other systemic corticosteroids for the 
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Tofacitinib in Covid-19 Pneumonia

the placebo group (Table S9). Serious adverse 
events occurred in 20 patients (14.1%) in the 
tofacitinib group and in 17 (12.0%) in the pla-
cebo group (Table S10). Among the adverse 
events of special interest, deep-vein thrombosis, 
acute myocardial infarction, ventricular tachy-
cardia, and myocarditis occurred in 1 patient 
each in the tofacitinib group; hemorrhagic stroke 
and cardiogenic shock occurred in 1 patient 
each in the placebo group. The incidence of seri-
ous infection was 3.5% in the tofacitinib group 
and 4.2% in the placebo group. Adverse events 
other than death that led to the discontinuation 
of the trial regimen occurred in 11.3% of the 
patients in the tofacitinib group and in 3.5% of 
those in the placebo group (Table S11); the most 
common such events were an increase in amino-
transferase levels (in 4.2% of the patients in the 
tofacitinib group and in 0.7% of those in the pla-
cebo group) and lymphopenia (in 2.8% and 1.4%, 
respectively).

Discussion

In this randomized, double-blind, placebo-con-
trolled trial involving hospitalized patients with 
Covid-19 pneumonia, tofacitinib was superior to 
placebo in reducing the incidence of death or re-
spiratory failure through day 28. These effects were 
consistent regardless of sex, age, duration of symp-
toms, and use of glucocorticoids at baseline; they 
were also consistent across different levels of 
supplemental oxygen use at baseline. Although 
STOP-COVID was not powered to detect a differ-
ence in mortality or in the incidence of other 
secondary outcomes between the two groups, the 
direction of effects favored tofacitinib. Finally, 
tofacitinib was not associated with a higher risk 
of secondary infection or thromboembolic events.

The effects of JAK inhibition in patients with 
Covid-19 have been assessed previously.10-13 In 
the second stage of the Adaptive Covid-19 Treat-
ment Trial (ACTT-2), combination treatment with 
baricitinib and remdesivir was superior to rem-
desivir treatment alone in shortening the time to 
recovery, particularly among patients receiving 
high-flow oxygen or noninvasive mechanical 
ventilation.14 In addition, patients in the combi-
nation-treatment group had a higher likelihood 
of improved clinical status at day 15 than those 
who received only remdesivir.

In ACTT-2, only approximately 22% of the 

participants received glucocorticoid therapy dur-
ing the trial. In our trial, the majority (89.3%) of 
patients were treated with glucocorticoids dur-
ing hospitalization. The Randomized Evaluation 
of Covid-19 Therapy (RECOVERY) trial and a 
subsequent meta-analysis showed that the use of 
glucocorticoids reduced mortality among hospi-
talized patients with Covid-19 receiving oxygen 
therapy.15,16 On the basis of these results, gluco-
corticoids are recommended by current guide-
lines as part of the standard care for this patient 
population.17 Our findings show that tofacitinib, 
when added to standard care including gluco-
corticoids, led to a lower risk of clinical events 
among patients hospitalized with Covid-19 pneu-
monia than placebo.

The first stage of the Adaptive Covid-19 Treat-
ment Trial (ACTT-1) showed that treatment with 
the antiviral agent remdesivir was superior to 
use of placebo in shortening the time to recovery 
in patients with Covid-19.18 Given these results, 
remdesivir was approved by the Food and Drug 
Administration as a standard-of-care treatment 
for Covid-19.19 Remdesivir was not available in 
Brazil during the conduct of our trial; the only 

Figure!2.!Cumulative!Incidence!of!the!Primary!Outcome.

The primary outcome was death or respiratory failure through day 28. The 
risk ratio and P value for the primary outcome were calculated by means of 
binary regression with Firth correction, with trial group and inclusion of an-
tiviral therapy for Covid-19 as covariates. The inset shows the same data on 
an expanded y axis.
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表四、我國診治指引對 SARS-CoV-2確診病患用藥建議彙整 

 

註 1：請同時參閱個別藥物適用病患條件，並依臨床狀況調整 

註 2：同一欄內藥物必要時可合併使用 
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IMMUNE RESPONSES TO SARS-COV-2
SARS-CoV-2 innate 
immune sensing
The importance of innate immunity in 
controlling viral infections in general, and 
SARS-CoV-2! in particular, is demon-
strated by the multiple pathways viruses 
use to block innate immunity at different 
stages of infection (Fig.!1). If successful, 
innate responses result in quick and 
effective protection or resolution of dis-
ease, which occurs in many instances of 
SARS-CoV-2 infection, for example, in 
adults with no or mild symptoms, the 
young, and bats that harbor the virus 
without disease.

Similar to other viruses, SARS-CoV-2 
comprises pathogen-associated molecular 
patterns (PAMPs) that are recognized by 
the innate immune system’s pattern rec-
ognition receptors (PRRs). SARS-CoV-2’s 
PAMPs include ssRNA that is recognized 
by the endosomal Toll-like receptors 
(TLRs) 7 and 8, the spike protein that 
directly activates TLR4, the envelope 
protein that is sensed by TLR2 (37), and 
double-stranded RNA intermediates that 
trigger endosomal TLR3 and/or the 
cytoplasmic PRRs RIG-I (retinoic acid- 
inducible gene I) and MDA5 (melanoma 
differentiation-associated protein 5) (Fig.!1) 
(38,!39). Direct RNA-induced activation 
of innate immunity by SARS-CoV-2 also 
occurs in epithelia via RNA-activated pro-
tein kinase (PKR) and 2’-5’-oligoadenylate 
synthetase-like (OASL) (40). Moreover, 
the cGAS/STING [cyclic guanosine 
monophosphate–adenosine monophos-
phate synthase/stimulator of interferon 
(IFN) genes] and AIM2/IFI16 (absent in 
melanoma 2/IFN-g-inducible protein 16) 
pathways are indirectly triggered by 
self-DNA released into the cytoplasm 
during apoptosis, a common event in 
viral infections, including with SARS-
CoV-2 (38). SARS-CoV-2 has fewer CpG- 
DNA motifs that are recognized by TLR9 
and/or the zinc-finger antiviral protein 
ZAP than other viruses (41).

Signaling events occurring in response 
to recognition of viral PAMPs by innate 
PRRs comprise activation of transcrip-
tion factors including nuclear factor kB 
(NF-kB), activating protein 1 (AP-1), and 
IFN regulatory factors (IRFs). The NF-kB 
and AP-1 pathways canonically induce 
proinflammatory cytokines such as IL-6, 
TNF and pro–IL-1b [which requires fur-
ther processing by inflammasomes (42)], 

Viral load
Type I IFN response

Innate immune response
Humoral response Severe disease course

Mild disease course
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Days after infection (typical progression)

Intensity of care
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Immunostimulatory (e.g., type I & III IFN) Anti-in!ammatory (e.g., anti–IL-6, dexamethasone)

Prophylaxis Direct antiviral therapies

Full blood
count

Fig. 2. COVID-19 disease course and clinical markers of severity. The clinical course of COVID-19 can be catego-
rized into three stages: preclinical/mild, moderate, and severe/critical. The corresponding scores on the modified 
WHO scale (ranging from 0 = uninfected to 10 = death) for a typical disease progression could be as follows: 0, before 
day 0; 1, days 2 to 5; 2, days 5 to 10; 3, days 10 to 11; 4, days 11 to 13; 5, days 13 to 14; 6, days 14 to 19; 7, days 19 to 21; 
8, days 21 to 23; and 9, days 23 to 25 (23). SARS-CoV-2 initially infects ACE2+ cells, in which it initiates a localized inflam-
matory response, before spreading more widely and ultimately to multiple organs. In severe cases, patients may 
suffer systemic hyperinflammation (i.e., the cytokine storm/CRS), immune exhaustion, or both alternatingly. Virus 
replication and viral load (yellow lines) peak ~1 week after infection; the disease advances beyond stage 1 if the anti- 
inflammatory checkpoints of the host’s immune responses fail and the balance between virus control and inflam-
mation is lost (solid lines in the top graph). Delayed or ineffective type I/III IFN (red solid line) and innate immune 
(green solid line) and/or adaptive responses (blue solid line) may lead to severe disease outcomes, whereas efficient 
responses usually effectively control viral replication and spread, reducing the overall immune response and allow-
ing an asymptomatic or mild course of disease with recovery in 2 weeks or less (dashed lines). T cell exhaustion and 
lymphopenia reduce T cell responsiveness during the later disease stages, whereas seroconversion of SARS-CoV-2 
antibodies appears to be delayed in severely affected patients (blue solid line). Therapeutic options are indicated by 
class in relation to disease stage (black and blue/green bars). The dashed parts of the black bar indicate that directly 
antiviral agents may be considered for the indicated disease stages but are under investigation. Several clinical, hema-
tological, and biochemical markers in blood and BAL fluid are emerging that may assist disease staging and clinical 
decision-making (orange, red, yellow, and purple bars). For example, the neutrophil-to-lymphocyte ratio can be cal-
culated from a differential blood count and is reportedly associated with disease severity. Note that presentation and 
course of COVID-19 may vary when the disease is caused by a variant SARS-CoV-2 strain. Hs-cTnI, high-sensitivity 
cardiac troponin I; CRP, C-reactive protein.
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