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Histoire naturelle du COVID-19
• Description des premiers cas d’infection à 

SARS-Cov-2 (COVID-19) a rapidement 
montré des tableaux cliniques différents:
– 95% des patients présentent des formes faibles à 

modérées

– <5% évoluent vers une forme sévère à critique, 
avec syndrome de détresse respiratoire aigue

• Admission en unités de soins intensifs avec 
recours à la ventilation mécanique ou décès 
rapportée dans 6,1% des cas initiaux en Chine

• Taux de mortalité en France 0,53%

• Evolution classique en 2 phases avec une 
présentation clinique initiale modérée, suivie 
d’une possible aggravation après J7
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were sputum production (11 [28%] of 39), headache 
(three [8%] of 38), haemoptysis (two [5%] of 39), and 
diarrhoea (one [3%] of 38; table 1). More than half of 
patients (22 [55%] of 40) developed dyspnoea. The median 
duration from illness onset to dyspnoea was 8·0 days 
(IQR 5·0–13·0). The median time from onset of symp-
toms to first hospital admission was 7·0 days (4·0–8·0), 
to shortness of breath was 8·0 days (5·0–13·0), to ARDS 
was 9·0 days (8·0–14·0), to mechanical venti lation was 
10·5 days (7·0–14·0), and to ICU admission was 10·5 days 
(8·0–17·0; figure 2).

The blood counts of patients on admission showed 
leucopenia (white blood cell count less than 4 × 10⁹/L; 
ten [25%] of 40 patients) and lymphopenia (lymphocyte 
count <1·0 × 10⁹/L; 26 [63%] patients; table 2). Pro-
thrombin time and D-dimer level on admission were 
higher in ICU patients (median prothrombin time 
12·2 s [IQR 11·2–13·4]; median D-dimer level 2·4 mg/L 
[0·6–14·4]) than non-ICU patients (median prothrombin 
time 10·7 s [9·8–12·1], p=0·012; median D-dimer level 
0·5 mg/L [0·3–0·8], p=0·0042). Levels of aspartate 
amino transferase were increased in 15 (37%) of 
41 patients, including eight (62%) of 13 ICU patients 
and seven (25%) of 28 non-ICU patients. Hypersensitive 
troponin I (hs-cTnI) was increased substantially in 
five patients, in whom the diagnosis of virus-related 
cardiac injury was made.

Most patients had normal serum levels of procalcitonin 
on admission (procalcitonin <0·1 ng/mL; 27 [69%] patients; 
table 2). Four ICU patients developed secondary infec-
tions. Three of the four patients with secondary infection 
had procalcitonin greater than 0·5 ng/mL (0·69 ng/mL, 
1·46 ng/mL, and 6·48 ng/mL).

On admission, abnormalities in chest CT images were 
detected among all patients. Of the 41 patients, 40 (98%) 
had bilateral involvement (table 2). The typical findings 
of chest CT images of ICU patients on admission were 
bilateral multiple lobular and subsegmental areas of 
consolidation (figure 3A). The representative chest CT 
findings of non-ICU patients showed bilateral ground-
glass opacity and subseg mental areas of consolidation 
(figure 3B). Later chest CT images showed bilateral 
ground-glass opacity, whereas the consolidation had 
been resolved (figure 3C).

Initial plasma IL1B, IL1RA, IL7, IL8, IL9, IL10, basic 
FGF, GCSF, GMCSF, IFNγ, IP10, MCP1, MIP1A, MIP1B, 
PDGF, TNFα, and VEGF concentrations were higher in 
both ICU patients and non-ICU patients than in healthy 
adults (appendix pp 6–7). Plasma levels of IL5, IL12p70, 
IL15, Eotaxin, and RANTES were similar between healthy 
adults and patients infected with 2019-nCoV. Further 
comparison between ICU and non-ICU patients showed 
that plasma concentrations of IL2, IL7, IL10, GCSF, IP10, 
MCP1, MIP1A, and TNFα were higher in ICU patients 
than non-ICU patients.

All patients had pneumonia. Common compli cations 
included ARDS (12 [29%] of 41 patients), followed by 

RNAaemia (six [15%] patients), acute cardiac injury 
(five [12%] patients), and secondary infection (four [10%] 
patients; table 3). Invasive mechanical ventilation was 
required in four (10%) patients, with two of them (5%) had 
refractory hypoxaemia and received extracorporeal mem-
brane oxygenation as salvage therapy. All patients were 
administered with empirical antibiotic treatment, and 
38 (93%) patients received antiviral therapy (osel tamivir). 
Additionally, nine (22%) patients were given systematic 
corticosteroids. A comparison of clinical features between 
patients who received and did not receive systematic 
corticosteroids is in the appendix (pp 1–5).

As of Jan 22, 2020, 28 (68%) of 41 patients have been 
dis charged and six (15%) patients have died. Fitness 
for discharge was based on abatement of fever for at 
least 10 days, with improvement of chest radiographic 
evidence and viral clearance in respiratory samples from 
upper respiratory tract.

Discussion
We report here a cohort of 41 patients with laboratory-
confirmed 2019-nCoV infection. Patients had serious, 
sometimes fatal, pneumonia and were admitted to the 
designated hospital in Wuhan, China, by Jan 2, 2020. 
Clinical presentations greatly resemble SARS-CoV. 
Patients with severe illness developed ARDS and 
required ICU admission and oxygen therapy. The time 
between hospital admission and ARDS was as short 
as 2 days. At this stage, the mortality rate is high for 
2019-nCoV, because six (15%) of 41 patients in this cohort 
died.

The number of deaths is rising quickly. As of 
Jan 24, 2020, 835 laboratory-confirmed 2019-nCoV 
infec tions were reported in China, with 25 fatal 
cases. Reports have been released of exported cases in 
many provinces in China, and in other countries; 

Figure 2: Timeline of 2019-nCoV cases after onset of illness
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1. Physiopathologie de l’infection à SARS-Cov-2



La réponse immunitaire contre le SARS-Cov-2



1.1 Déficit de la Réponse IFN

Type I Type II

Produit principalement par 
les Cellules dendritiques et 
macrophages
Stimulation TLR

Interagissent avec 
le récepteur IFNα 
IFNAR
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Déficit de la Réponse IFN



Causes du déficit en IFN dans les formes graves

RESEARCH ARTICLE SUMMARY
◥

CORONAVIRUS

Inborn errors of type I IFN immunity in patients
with life-threatening COVID-19
Qian Zhang et al.

INTRODUCTION: Clinical outcomes of human
severe acute respiratory syndrome corona-
virus 2 (SARS-CoV-2) infection range from
silent infection to lethal coronavirus disease
2019 (COVID-19). Epidemiological studies have
identified three risk factors for severe disease:
being male, being elderly, and having other
medical conditions. However, interindividual
clinical variability remains huge in each demo-
graphic category. Discovering the root cause
and detailed molecular, cellular, and tissue- and
body-levelmechanismsunderlyinglife-threatening
COVID-19 is of the utmost biological and medical
importance.

RATIONALE:We established the COVIDHuman
Genetic Effort (www.covidhge.com) to test

the general hypothesis that life-threatening
COVID-19 in some or most patients may be
caused by monogenic inborn errors of immu-
nity to SARS-CoV-2 with incomplete or com-
plete penetrance. We sequenced the exome or
genome of 659 patients of various ancestries
with life-threatening COVID-19 pneumonia
and 534 subjectswith asymptomatic or benign
infection.We tested the specific hypothesis that
inborn errors of Toll-like receptor 3 (TLR3)–
and interferon regulatory factor 7 (IRF7)–
dependent type I interferon (IFN) immunity
that underlie life-threatening influenza pneu-
monia also underlie life-threatening COVID-19
pneumonia.We considered three loci identified
as mutated in patients with life-threatening
influenza: TLR3, IRF7, and IRF9. We also con-

sidered 10 loci mutated in patients with other
viral illnesses but directly connected to the three
core genes conferring influenza susceptibility:
TICAM1/TRIF, UNC93B1, TRAF3, TBK1, IRF3,
and NEMO/IKBKG from the TLR3-dependent
type I IFN induction pathway, and IFNAR1,
IFNAR2, STAT1, and STAT2 from the IRF7-
and IRF9-dependent type I IFN amplification
pathway. Finally, we considered variousmodes
of inheritance at these 13 loci.

RESULTS: We found an enrichment in variants
predicted to be loss-of-function (pLOF), with a
minor allele frequency <0.001, at the 13 can-
didate loci in the 659 patients with life-
threatening COVID-19 pneumonia relative to
the 534 subjects with asymptomatic or benign
infection (P = 0.01). Experimental tests for all
118 rare nonsynonymous variants (including
both pLOFand other variants) of these 13 genes
found in patientswith critical disease identified
23 patients (3.5%), aged 17 to 77 years, carrying
24 deleterious variants of eight genes. These
variants underlie autosomal-recessive (AR) defi-
ciencies (IRF7 and IFNAR1) and autosomal-
dominant (AD) deficiencies (TLR3,UNC93B1,
TICAM1,TBK1, IRF3, IRF7, IFNAR1, and IFNAR2)
in four and 19 patients, respectively. These
patients had never been hospitalized for other
life-threatening viral illness. Plasmacytoid den-
dritic cells from IRF7-deficient patients produced
no type I IFN on infectionwith SARS-CoV-2, and
TLR3−/−, TLR3+/−, IRF7−/−, and IFNAR1−/− fibro-
blasts were susceptible to SARS-CoV-2 infec-
tion in vitro.

CONCLUSION:At least 3.5%of patientswith life-
threatening COVID-19 pneumonia had known
(AR IRF7 and IFNAR1 deficiencies or AD TLR3,
TICAM1, TBK1, and IRF3 deficiencies) or new
(AD UNC93B1, IRF7, IFNAR1, and IFNAR2
deficiencies) genetic defects at eight of the
13 candidate loci involved in the TLR3- and
IRF7-dependent induction and amplification
of type I IFNs. This discovery reveals essential
roles for both the double-strandedRNA sensor
TLR3 and type I IFN cell-intrinsic immunity in
the control of SARS-CoV-2 infection. Type I IFN
administration may be of therapeutic benefit
in selected patients, at least early in the course
of SARS-CoV-2 infection.▪
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Production d’IFN chez les sujets à risque de COVID grave

Baisse associée à l’âge

(Table 2). No association was found with other inflammation or im-
mune parameters; neither with ESKD factors such as urea or time on
dialysis (Table 2). In multivariate analysis, INF-γ levels after stimula-
tion were analyzed according to age, lymphocyte count, uremia and IgG
level. Lymphocyte count was independent risk factor for low IFN-γ le-
vels after stimulation (p = 0.02) (data not shown).

3.3. Correlation between stimulated IFN-γ production in QuantiFERON
Monitor and serious infections

Nine out of 54 ESKD patients (17%) developed at least one serious

infection, in a median time of 2 months [1; 7]. One patient experienced
two episodes of infection and one presented three. Infection sites and
microbiologic documentation are shown in Fig. 3, with 33% urinary
tract infections, 25% airway infection, and 17% septicemia (Fig. 3A).
There was one Fournier’s gangrene and one PD peritonitis related to
gram-negative bacilli (Fig. 3A). Sixty-five percent of documented in-
fections were bacterial; 23% were viral (Fig. 3B).

Patients with serious infections had significantly lower levels of
stimulated IFN-γ in QuantiFERON-Monitor than those without infec-
tions (IFN-γ 13.9 [5.5–48.3] IU/mL vs 85.8 [35.5–236] IU/mL,
p = 0.007) (Fig. 4A). To discriminate the sub-group at higher risk of
infections, a stimulated IFN-γ level cutoff value of 63.55 IU/mL was
determined using ROC analysis with a sensitivity of 80.95% and a

Table 1
Baseline characteristics of the end-stage kidney disease cohort (n = 54).

Demographics Median Stimulated IFN-γ
(95%CI) IU/mL

Age (median, yr) 68 [32–88] 85.4 [26.2–280.5]
Sex
Male 38 (70%) 77.2 [13.2 – 181.3]
Female 16 (30%) 89.2 [27.1 – 339.5]

End-stage kidney disease
Conservative management 11 (18.0%) 42.3 [4.9–77.4]
Hemodialysis 30 (49.2%) 96.3 [23.6–261.3]
Peritoneal dialysis 13 (21.3%) 62.5 [25.3–347.5]

Etiology of nephropathy, n (%)
Diabetes 12 (22%) 53.0 [1.5–281.7]
Nephroangiosclerosis 7 (13%) 58.6 [2.7–238.1]
Toxic* 4 (8%) 49.6 [32.3–241.3]
Autoimmune nephropathy ** 6 (11%) 56.9 [19.1–174.3]
Uropathy 5 (9%) 62.5 [18.7–365.5]
ADPKD 3 (6%) 230.0 [2.5–372.0]
Others*** or unknown 17 (31%) 93.0 [30.1–190.5]

IFN-γ, interferon gamma; ADPKD, autosomal dominant polycystic kidney dis-
ease; * drug-induced kidney disease: penicillin, cotrimoxazole, non-steroidal
anti-inflammatory drugs; ** IgA nephropathy, membranous nephropathy, sys-
temic lupus erythematosus, ANCA vasculitis; *** amyloidosis, chronic inter-
stitial nephritis, septic shock, nephrectomy, cardiorenal syndrome
Categorical variables were expressed as frequencies. Continuous variables were
expressed as median and interquartile intervals.

Fig. 1. Median QuantiFERON Monitor results by etiology of end-stage kidney
disease (n = 54). IFN-γ: interferon-gamma; ADPKD: autosomal dominant
polycystic kidney disease. Medians of stimulated IFN-γ level according to
etiology of end-stage kidney disease were compared using Kruskal-Wallis test
(p = 0.96, n = 54).

Fig. 2. Comparisons of stimulated IFN-γ production by QuantiFERON Monitor
among various study groups: Healthy donors (n = 19); CKD 3–4 (n = 7) and
ESKD patients (n = 54): on HD (n = 30), on PD (n = 13) and on conservative
management (n = 11). Medians of stimulated IFN-γ level were compared using
Mann-Whitney test. IFN-γ: interferon-gamma; CKD 3–4: stages 3–4 chronic
kidney disease; * p < 0.0001 compared to healthy donors; +++ p < 0.001
compared to CKD-3–4; ++ p < 0.01 compared to CKD 3–4; + p = 0.03
compared to CKD 3–4.

Table 2
Univariate analysis for QuantiFERON-Monitor assay in end-stage kidney disease
patients (n = 54).

Coefficient p value 95% CI

Age −0.26 0.06 −0.5;0.2
Leukocytes 0.12 0.39 −0.16;0.38
Lymphocytes 0.41 0.002* 0.15;0.61
Neutrophils −0.09 0.52 −0.36;0.19
Urea −0.23 0.09 −0.48;0.05
Albumin −0.13 0.34 −0.39;0.15
CRP 0.02 0.89 −0.26;0.29
Ferritin 0.03 0.84 −0.25;0.30
C3 0.14 0.43 −0.22;0.46
C4 0.25 0.15 −0.10;0.54
IgG 0.29 0.09 −0.06;0.58
IgA −0.01 0.95 −0.36;0.34
IgM 0.13 0.47 −0.23;0.45
Dialysis duration −0.12 0.37 −0.16;0.39
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(Table 2). No association was found with other inflammation or im-
mune parameters; neither with ESKD factors such as urea or time on
dialysis (Table 2). In multivariate analysis, INF-γ levels after stimula-
tion were analyzed according to age, lymphocyte count, uremia and IgG
level. Lymphocyte count was independent risk factor for low IFN-γ le-
vels after stimulation (p = 0.02) (data not shown).

3.3. Correlation between stimulated IFN-γ production in QuantiFERON
Monitor and serious infections

Nine out of 54 ESKD patients (17%) developed at least one serious

infection, in a median time of 2 months [1; 7]. One patient experienced
two episodes of infection and one presented three. Infection sites and
microbiologic documentation are shown in Fig. 3, with 33% urinary
tract infections, 25% airway infection, and 17% septicemia (Fig. 3A).
There was one Fournier’s gangrene and one PD peritonitis related to
gram-negative bacilli (Fig. 3A). Sixty-five percent of documented in-
fections were bacterial; 23% were viral (Fig. 3B).

Patients with serious infections had significantly lower levels of
stimulated IFN-γ in QuantiFERON-Monitor than those without infec-
tions (IFN-γ 13.9 [5.5–48.3] IU/mL vs 85.8 [35.5–236] IU/mL,
p = 0.007) (Fig. 4A). To discriminate the sub-group at higher risk of
infections, a stimulated IFN-γ level cutoff value of 63.55 IU/mL was
determined using ROC analysis with a sensitivity of 80.95% and a

Table 1
Baseline characteristics of the end-stage kidney disease cohort (n = 54).

Demographics Median Stimulated IFN-γ
(95%CI) IU/mL

Age (median, yr) 68 [32–88] 85.4 [26.2–280.5]
Sex
Male 38 (70%) 77.2 [13.2 – 181.3]
Female 16 (30%) 89.2 [27.1 – 339.5]

End-stage kidney disease
Conservative management 11 (18.0%) 42.3 [4.9–77.4]
Hemodialysis 30 (49.2%) 96.3 [23.6–261.3]
Peritoneal dialysis 13 (21.3%) 62.5 [25.3–347.5]

Etiology of nephropathy, n (%)
Diabetes 12 (22%) 53.0 [1.5–281.7]
Nephroangiosclerosis 7 (13%) 58.6 [2.7–238.1]
Toxic* 4 (8%) 49.6 [32.3–241.3]
Autoimmune nephropathy ** 6 (11%) 56.9 [19.1–174.3]
Uropathy 5 (9%) 62.5 [18.7–365.5]
ADPKD 3 (6%) 230.0 [2.5–372.0]
Others*** or unknown 17 (31%) 93.0 [30.1–190.5]

IFN-γ, interferon gamma; ADPKD, autosomal dominant polycystic kidney dis-
ease; * drug-induced kidney disease: penicillin, cotrimoxazole, non-steroidal
anti-inflammatory drugs; ** IgA nephropathy, membranous nephropathy, sys-
temic lupus erythematosus, ANCA vasculitis; *** amyloidosis, chronic inter-
stitial nephritis, septic shock, nephrectomy, cardiorenal syndrome
Categorical variables were expressed as frequencies. Continuous variables were
expressed as median and interquartile intervals.

Fig. 1. Median QuantiFERON Monitor results by etiology of end-stage kidney
disease (n = 54). IFN-γ: interferon-gamma; ADPKD: autosomal dominant
polycystic kidney disease. Medians of stimulated IFN-γ level according to
etiology of end-stage kidney disease were compared using Kruskal-Wallis test
(p = 0.96, n = 54).

Fig. 2. Comparisons of stimulated IFN-γ production by QuantiFERON Monitor
among various study groups: Healthy donors (n = 19); CKD 3–4 (n = 7) and
ESKD patients (n = 54): on HD (n = 30), on PD (n = 13) and on conservative
management (n = 11). Medians of stimulated IFN-γ level were compared using
Mann-Whitney test. IFN-γ: interferon-gamma; CKD 3–4: stages 3–4 chronic
kidney disease; * p < 0.0001 compared to healthy donors; +++ p < 0.001
compared to CKD-3–4; ++ p < 0.01 compared to CKD 3–4; + p = 0.03
compared to CKD 3–4.

Table 2
Univariate analysis for QuantiFERON-Monitor assay in end-stage kidney disease
patients (n = 54).

Coefficient p value 95% CI

Age −0.26 0.06 −0.5;0.2
Leukocytes 0.12 0.39 −0.16;0.38
Lymphocytes 0.41 0.002* 0.15;0.61
Neutrophils −0.09 0.52 −0.36;0.19
Urea −0.23 0.09 −0.48;0.05
Albumin −0.13 0.34 −0.39;0.15
CRP 0.02 0.89 −0.26;0.29
Ferritin 0.03 0.84 −0.25;0.30
C3 0.14 0.43 −0.22;0.46
C4 0.25 0.15 −0.10;0.54
IgG 0.29 0.09 −0.06;0.58
IgA −0.01 0.95 −0.36;0.34
IgM 0.13 0.47 −0.23;0.45
Dialysis duration −0.12 0.37 −0.16;0.39
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(Table 2). No association was found with other inflammation or im-
mune parameters; neither with ESKD factors such as urea or time on
dialysis (Table 2). In multivariate analysis, INF-γ levels after stimula-
tion were analyzed according to age, lymphocyte count, uremia and IgG
level. Lymphocyte count was independent risk factor for low IFN-γ le-
vels after stimulation (p = 0.02) (data not shown).

3.3. Correlation between stimulated IFN-γ production in QuantiFERON
Monitor and serious infections

Nine out of 54 ESKD patients (17%) developed at least one serious

infection, in a median time of 2 months [1; 7]. One patient experienced
two episodes of infection and one presented three. Infection sites and
microbiologic documentation are shown in Fig. 3, with 33% urinary
tract infections, 25% airway infection, and 17% septicemia (Fig. 3A).
There was one Fournier’s gangrene and one PD peritonitis related to
gram-negative bacilli (Fig. 3A). Sixty-five percent of documented in-
fections were bacterial; 23% were viral (Fig. 3B).

Patients with serious infections had significantly lower levels of
stimulated IFN-γ in QuantiFERON-Monitor than those without infec-
tions (IFN-γ 13.9 [5.5–48.3] IU/mL vs 85.8 [35.5–236] IU/mL,
p = 0.007) (Fig. 4A). To discriminate the sub-group at higher risk of
infections, a stimulated IFN-γ level cutoff value of 63.55 IU/mL was
determined using ROC analysis with a sensitivity of 80.95% and a

Table 1
Baseline characteristics of the end-stage kidney disease cohort (n = 54).

Demographics Median Stimulated IFN-γ
(95%CI) IU/mL

Age (median, yr) 68 [32–88] 85.4 [26.2–280.5]
Sex
Male 38 (70%) 77.2 [13.2 – 181.3]
Female 16 (30%) 89.2 [27.1 – 339.5]

End-stage kidney disease
Conservative management 11 (18.0%) 42.3 [4.9–77.4]
Hemodialysis 30 (49.2%) 96.3 [23.6–261.3]
Peritoneal dialysis 13 (21.3%) 62.5 [25.3–347.5]

Etiology of nephropathy, n (%)
Diabetes 12 (22%) 53.0 [1.5–281.7]
Nephroangiosclerosis 7 (13%) 58.6 [2.7–238.1]
Toxic* 4 (8%) 49.6 [32.3–241.3]
Autoimmune nephropathy ** 6 (11%) 56.9 [19.1–174.3]
Uropathy 5 (9%) 62.5 [18.7–365.5]
ADPKD 3 (6%) 230.0 [2.5–372.0]
Others*** or unknown 17 (31%) 93.0 [30.1–190.5]

IFN-γ, interferon gamma; ADPKD, autosomal dominant polycystic kidney dis-
ease; * drug-induced kidney disease: penicillin, cotrimoxazole, non-steroidal
anti-inflammatory drugs; ** IgA nephropathy, membranous nephropathy, sys-
temic lupus erythematosus, ANCA vasculitis; *** amyloidosis, chronic inter-
stitial nephritis, septic shock, nephrectomy, cardiorenal syndrome
Categorical variables were expressed as frequencies. Continuous variables were
expressed as median and interquartile intervals.

Fig. 1. Median QuantiFERON Monitor results by etiology of end-stage kidney
disease (n = 54). IFN-γ: interferon-gamma; ADPKD: autosomal dominant
polycystic kidney disease. Medians of stimulated IFN-γ level according to
etiology of end-stage kidney disease were compared using Kruskal-Wallis test
(p = 0.96, n = 54).

Fig. 2. Comparisons of stimulated IFN-γ production by QuantiFERON Monitor
among various study groups: Healthy donors (n = 19); CKD 3–4 (n = 7) and
ESKD patients (n = 54): on HD (n = 30), on PD (n = 13) and on conservative
management (n = 11). Medians of stimulated IFN-γ level were compared using
Mann-Whitney test. IFN-γ: interferon-gamma; CKD 3–4: stages 3–4 chronic
kidney disease; * p < 0.0001 compared to healthy donors; +++ p < 0.001
compared to CKD-3–4; ++ p < 0.01 compared to CKD 3–4; + p = 0.03
compared to CKD 3–4.

Table 2
Univariate analysis for QuantiFERON-Monitor assay in end-stage kidney disease
patients (n = 54).

Coefficient p value 95% CI

Age −0.26 0.06 −0.5;0.2
Leukocytes 0.12 0.39 −0.16;0.38
Lymphocytes 0.41 0.002* 0.15;0.61
Neutrophils −0.09 0.52 −0.36;0.19
Urea −0.23 0.09 −0.48;0.05
Albumin −0.13 0.34 −0.39;0.15
CRP 0.02 0.89 −0.26;0.29
Ferritin 0.03 0.84 −0.25;0.30
C3 0.14 0.43 −0.22;0.46
C4 0.25 0.15 −0.10;0.54
IgG 0.29 0.09 −0.06;0.58
IgA −0.01 0.95 −0.36;0.34
IgM 0.13 0.47 −0.23;0.45
Dialysis duration −0.12 0.37 −0.16;0.39
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FIGURE 2 | The predictive value of IFNα and IFNγ after non-specific stimulation of innate and adaptive immune cells for the patients with COVID-19. The level of IFNα

(A; n = 55) and IFNγ (C; n = 89) differs between the patients with and without complications, and predicts the survival free of complications for patients with

COVID-19 (B,D). Differences between groups were compared with Mann-Whitney test, and log-rank test was used to compare survival data.

suggest that an uncontrolled infection maintains monocyte and
macrophagic activation, and that the regulatory T lymphocytes
remain inactivated due to a weak production of type II IFN,
thus reinforcing the cytokine storm and leading to severe
complications in patients with COVID-19.

This longitudinal study allowed us to conclude that a
functional analysis of IFN production at the beginning
of the hospitalization is a powerful tool to predict the
clinical evolution of patients infected with SARS-CoV-2. While
previous studies demonstrated opposing results with either
impaired (14, 28) or increased (61) type I IFN response
in severe COVID-19 patients, our results tip the balance
toward impaired IFN signaling. According to our study on
stimulated IFN production as well as in other studies (14,
21), type I IFN plays a major role in the activation of type
II IFN and represents a strategic target for early treatment
of COVID-19 patients, in order to destroy the immune
evasion caused by SARS-CoV-2 and to treat the specific
immune dysfunction.

However, there is increasing evidence that patients with severe
COVID-19 may have a robust type I IFN response, which
contrasts the delayed, possibly suppressed, IFN response seen
early in infection (27, 62). While limited by a small sample size of
eight and seven patients, respectively, Zhou et al. and Wilk et al.
demonstrated that many IFN-stimulated genes are overexpressed
in COVID-19 patients (62, 63).

Since more studies are needed to further illuminate the
role of IFNs in COVID-19, both from a clinical and a
molecular perspective, IFN treatment remains controversial as
well. Nevertheless, an in vitro study on cultured cells has shown
a potential benefit of IFNβ treatment (48), as well as a recent
clinical study NCT04276688 with favorable outcome for IFNβ

(33), while others are still in progress. Two recent retrospective
studies found that IFNα treatment may be beneficial for COVID-
19 patients (37, 38), however it seems that adequate timing in IFN
administrating is crucial for its efficacy since early administration
decreased mortality, while late administration had an opposite
effect (38).
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TABLE 4 | Multivariable analysis for the evaluation of the relationship between

considered variables at baseline and complications.

Odds ratio (95% CI) P-value

Age (years) 1.041 (0.977–1.110) 0.2157

Gender (M/F) 4.119 (0.466–36.402) 0.2029

BMI 1.218 (0.966–1.536) 0.0954

Plasma IL6 (pg/mL) 1.072 (1.015–1.133) 0.0128

Stimulated IFNγ (pg/mL) 0.980 (0.962–0.999) 0.0349

BMI, body mass index; IL, interleukin; IFN, interferon.

hospitalization (p = 0.0098 and p = 0.0002, respectively)
(Figures 2B,D). As confirmed also by multivariable analysis
(Table 4), stimulated IFNγ levels are an independent predictor of
complications in patients with COVID-19 [p= 0.0349OR= 0.98
(0.962; 0.999)].

The Evolution of Cytokine Levels
Depending on Clinical Outcome
We further assessed the evolution of cytokine production
and IFN response during hospitalization in moderate and
severe cases. During follow-up, non-stimulated plasma IL6
levels decreased between the moment of admission to the
hospital and at the last observation carried forward for
patients with favorable outcome (p = 0.02148) (Figure 3A
and Supplementary Figure 1A), while they remained
high in deceased patients (p = 0.5625) (Figure 3B and
Supplementary Figure 1B). The level of IFNγ after in vitro
stimulation, however, did not significantly differ between the
time of admission to the hospital and the last observed time
point (Figures 3C,D), which was likely due to a small number
of patients per group. Two individual cases were chosen to
better demonstrate the evolution of cytokine production during
the course of the disease. The first case resulted in recovery
with an increased stimulated IFNγ levels at the last point
(Supplementary Figure 1A), while the second case resulted
in death with stable low stimulated IFNγ levels throughout
hospitalization (Supplementary Figure 1B).

Effect of in vitro Treatment With
Therapeutic Molecules on the Restoration
of Cytokine Balance
Several drugs commonly used to treat COVID-19 patients
were tested for their potential to restore cytokine balance
in vitro, notably to increase IFNγ production and decrease
the production of inflammatory cytokines, while keeping the
secretion of regulatory cytokines constant. Chloroquine and
methylprednisolone proved efficient in reducing secretion of
all cytokines (Figure 4) while Adalimumab reduced only IL6
and IL10 secretion. Interestingly, IFNα had a more balanced
effect with a strong stimulation of IFNγ and a decrease
of inflammatory cytokine IL1β, while the secretion of T
regulatory cytokine IL10 and pro-inflammatory cytokine (IL6)

remained unchanged. The individual results are detailed in
Supplementary Table 3.

DISCUSSION

We report here a cohort of 101 patients with a symptomatology
of COVID-19 infection. We aimed to reveal their specific
immunological profiles and to correlate them to the evolution
and the extent of symptoms in individual patients. Our results
confirmed a functional exhaustion of type I (NK cells and
DCs) and type II IFN (T cells) production in moderate and
severe patients traducing an evasion of both innate and adaptive
immune response and in accordance with recent studies (14, 16,
18, 21, 47–49).

It is well-known that the innate immune response is
triggered by virally infected cells which can be recognized
by host pattern-recognition receptors (PRRs) expressed by
DCs that produce a variety of cytokines (50) such as type
I IFN, which in turn recruit lymphocytes and monocytes
to inflamed sites (51–54). Type I IFN primarily activates
epithelial cells and reduces the mononuclear macrophage-
mediated proinflammatory activity (55). Type II IFNs have
different functions, eliciting T helper 1 (Th1)-driven immune
responses, and also enabling induced regulatory T (Treg) cells
to control and regulate immune responses (56). Consequently,
SARS-CoV-2 has evolved several mechanisms to inhibit type I
IFN induction and signaling (57). During SARS-CoV-2 infection,
both innate and adaptive immune response are required for
successful virus clearance and must be adequately controlled to
minimize immunopathological damage (57). By assessing the
response of immune cells of infected patients after stimulation,
we demonstrate here a marked decrease in type I and type
II IFN response from mild to severe patients. The molecular
mechanism(s) of this IFN evasion remain to be confirmed,
however, several studies have suggested different pathways that
could contribute to the decreased amount of IFNs in severe
COVID-19 patients, from concealed viral production invisible
to PPARs to direct synthesis of structural and nonstructural
viral proteins that antagonize IFN signaling (47–49). Indeed,
SARS-CoV-2 induced an aberrant type-I IFN response in
cultured cells, characterized by a delayed antiviral response
which may provide a window for virus replication and an
improper recruitment of inflammatory monocyte macrophage
populations (21).

The originality of our work lies in the stimulation of TLR7
and TLR8 which reproduce in vitro a viral infection by the
activation of innate immune system and produce type I IFN
(58). On the other hand, the stimulation of T lymphocytes by
an anti-CD3 allowed us to quantify the production of type
II IFN and to evaluate the adaptive immune response. The
innate immune recognition of virus infection triggers antiviral
immune responses by residual genomic RNA recognized by
PRR expressed mainly by DCs (59). In moderate and severe
COVID-19 patients we observed that innate cells produce less
type I IFN, and consequently NK cells produce less type II
IFN. In accordance with previous studies (21, 60), our results
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TABLE 1 | Demographics and baseline characteristics of healthy donors and of patients with COVID-19.

Q7

Q31

All cases Healthy donors Mild cases Moderate cases Severe cases P-value

n = 151 n = 50 n = 41 n = 30 n = 30

Age (years) 51 (36; 62) 43 (36; 53) 31 (21; 49) 65 (53; 76) 66 (54; 72) <0.0001

Sex ratio (M/F) 66/85 11/39 17/24 17/13 21/9 0.0002

Co-morbidities (Y/N) 72/23a NA 23/17b 27/3 22/3c 0.0018

BMI 24.1 ± 4.6 NA 22.1 ± 3.5 25.2 ± 4.3 26.5 ± 4.9 0.0003

Days after first signs of COVID-19 11 (7; 17) NA 15 (10; 24) 9 (5; 13) 9 (5; 12) 0.0001

Lymphocytes (count/mm3) 1.5 (1.0; 1.9) NA 1.8 (1.6; 1.3) 1.2 (0.8; 1.7) 1.0 (0.8; 1.2) <0.0001

Monocytes (count/mm3) 0.5 (0.4; 0.7) NA 0.5 (0.4; 0.6) 0.5 (0.4; 0.8) 0.5 (0.3; 0.7) 0.2957

Data are presented as the median (IQR), average ± SD, or n. Global p-values comparing the differences between the groups are reported and are from one-way ANOVA, Chi-square

and Kruskal-Wallis test, as appropriate. BMI, body mass index; NA, not available.
aData missing for six patients and 51 healthy donors.
bData missing for one patient.
cData missing for five patients.

TABLE 2 | Non-stimulated plasma cytokine levels of healthy donors and of patients with COVID-19, at baseline. Q31

All cases Healthy donors Mild cases Moderate cases Severe cases P-value

n = 151 n = 50 n = 41 n = 30 n = 30

Plasma IL-1β

(pg/mL)

0.1 (0.0; 0.2) 0.0 (0.0; 0.1) 0.1 (0.0; 0.1) 0.2 (0.1; 0.2) 0.3 (0.2; 1.0) <0.0001

Plasma IL-6

(pg/mL)

1.5 (0.8; 12.6) 1.1 (0.7; 1.8) 0.8 (0.7; 1.3) 25.3 (4.3; 43.8) 53.7 (15.9; 74.3) <0.0001

Plasma IL-8

(pg/mL)

3.1 (2.3; 8.7) 2.7 (2.2; 3.6) 2.4 (1.8; 2.9) 6.4 (4.0; 19.0) 13.6 (8.7; 17.9) <0.0001

Plasma TNFα

(pg/mL)

7.0 (5.7; 10.6) 6.2 (5.3; 7.3) 5.9 (5.2; 6.8) 11.9 (8.1; 15.5) 13.8 (10.6; 19.8) <0.0001

Plasma IL17A

(pg/mL)

0.0 (0.0; 0.0) 0.0 (0.0; 0.0) 0.0 (0.0; 0.0) 0.0 (0.0; 0.0) 0.0 (0.0; 0.0) >0.9999

Plasma IFNα

(pg/mL)

0.0 (0.0; 0.0) 0.0 (0.0; 0.0) 0.0 (0.0; 0.0) 0.0 (0.0; 0.0) 0.0 (0.0; 0.0) >0.9999

Plasma IFNγ

(IU/mL)

0.0 (0.0; 0.0) 0.0 (0.0; 0.0) 0.0 (0.0; 0.0) 0.0 (0.0; 0.0) 0.0 (0.0; 0.0) >0.9999

Data are presented as the median (IQR). Global p-values comparing the differences between the groups are from Kruskal-Wallis test. IL, interleukin; IFN, interferon; NA, not available;

ND, not detected; TNF, tumor necrosis factor.

IL17A, as well as type I and type II IFN were not detectable
in non-stimulated plasma of COVID-19 patients (Table 2).
However, after in vitro stimulation of immune cells significant
differences in cytokine levels emerged between patients with
various severity of COVID-19 (Table 3, Figure 1), reflecting
the fitness of their immune system. On the innate immunity
side, DCs and NK cells of moderate and severe patients were
functionally exhausted as illustrated by lower IFNα (and IFNγ

from NK cells) levels upon in vitro stimulation (p < 0.0001)
(Figure 1A), as previously suggested (46), and the differences
remained significant after correction for monocyte count (p
< 0.0001 mild vs. moderate and mild vs. severe) (Figure 1B).
Levels of IL6, which is secreted by cells of both innate and
adaptive immunity, remained unchanged between groups upon
in vitro stimulation (p = 0.1247) (Figure 1C). On the adaptive
immunity side, functional exhaustion was observed for Th17
lymphocytes producing IL17A in severe COVID-19 patients in
comparison to mild forms and healthy subjects (p = 0.0004

and p = 0.002 respectively) (Figure 1D). Strikingly, lower
secretion of IFNγ correlated with increased severity of COVID-
19 (p < 0.0001) (Figure 1E). This lower production of IFNγ

remained significant even when corrected for lymphocyte count
(p = 0.0183 mild vs. moderate and p = 0.0009 mild vs.
severe) (Figure 1F).

Correlation Between IFNs Production After
in vitro Stimulation and COVID-19-Related
Complications
The level of IFNα and IFNγ production upon in vitro stimulation
of innate and adaptive immunity cells at admission and before
specific treatment was predictive of the risk of complications
(p= 0.003 and p < 0.0001, respectively) (Figures 2A,C). Indeed,
patients with a level of IFNα and IFNγ lower than 2.1 pg/mL
and 15 IU/mL, respectively, as defined by a ROC curve (data
not shown), were more likely to develop complications during

Frontiers in Medicine | www.frontiersin.org 4 December 2020 | Volume 7 | Article 603961

457

458

459

460

461

462

463

464

465

466

467

468

469

470

471

472

473

474

475

476

477

478

479

480

481

482

483

484

485

486

487

488

489

490

491

492

493

494

495

496

497

498

499

500

501

502

503

504

505

506

507

508

509

510

511

512

513

514

515

516

517

518

519

520

521

522

523

524

525

526

527

528

529

530

531

532

533

534

535

536

537

538

539

540

541

542

543

544

545

546

547

548

549

550

551

552

553

554

555

556

557

558

559

560

561

562

563

564

565

566

567

568

569

570

Ruetsch et al. Functional Exhaustion of Interferons Production in Severe COVID-19 Patients

TABLE 3 | Serum cytokine levels after non-specific stimulation of T lymphocytes and DCs, in healthy donors and in patients with COVID-19, at baseline. Q31

All cases Healthy donors Mild cases Moderate cases Severe cases P-value

n = 151 n = 50 n = 41 n = 30 n = 30

Stimulated

IL1β (pg/mL)

2,850 (1,846; 4,701) 3,819 (2,820; 5,407) 3,226 (1,930; 4,723) 2,241 (1,254; 3,824) 1,918 (1,252; 3,208) 0.0001

Stimulated IL6

(pg/mL)

36,792 (26,906; 51,355) 35,922 (27,333; 43,741) 32,890 (25,031; 46,975) 48,567 (35,469; 55,791) 36,263 (17,096; 54,257) 0.1247

Stimulated IL8

(pg/mL)

34,869 (22,395; 65,475) 30,284 (22,371; 39,873) 28,386 (15,100; 55,727) 62,032 (33,230; 135,877) 69,042 (33,065; 133,094) <0.0001

Stimulated

TNFα (pg/mL)

6,537 (4,435; 10,538) 9,844 (6,222; 13,167) 7,461 (6,089; 13,202) 4,571 (2,372; 6,420) 3,003 (1,162; 8,262) <0.0001

Stimulated

IL17A (pg/mL)

97 (37; 299) 234 (72; 331) 192 (46; 346) 62 (42; 140) 28 (10; 76) 0.0002

Stimulated

IFNα (pg/mL)

262 (13; 778) 544 (321; 1,109) 724 (241; 1,303) 6 (0; 37) 12 (1; 70) <0.0001

Stimulated

IFNγ (IU/mL)

82 (15; 230) 211 (93; 438) 98 (46; 245) 24 (8; 52) 7 (1; 36) <0.0001

Data are presented as the median (IQR). Global p-values comparing the differences between the groups are from Kruskal-Wallis test. DC, dendritic cell; IL, interleukin; IFN, interferon;

NA, not available; TNF, tumor necrosis factor.

FIGURE 1 | Serum cytokine levels after in vitro stimulation of innate and adaptive immune cells in healthy subjects and in COVID-19 patients with mild, moderate or

Q7

Q6

severe symptoms. The levels of IFNα (A: in mild COVID-19 3 points are missing, in moderate COVID-19 3 points are missing and in severe COVID-19 patients 6 points

Q29are missing), IL6 (C: 3, 3, and 6 points, respectively), IL17 (D; 3, 7, and 9 points, respectively) and IFNγ (E: 2, 3 and 9 points, respectively) were measured, and the

levels of IFNα and IFNγ were corrected for monocyte and count, respectively. Differences between groups were compared with Kruskal-Wallis test using Dunn’s post

hoc test.
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TABLE 3 | Serum cytokine levels after non-specific stimulation of T lymphocytes and DCs, in healthy donors and in patients with COVID-19, at baseline. Q31

All cases Healthy donors Mild cases Moderate cases Severe cases P-value

n = 151 n = 50 n = 41 n = 30 n = 30

Stimulated

IL1β (pg/mL)

2,850 (1,846; 4,701) 3,819 (2,820; 5,407) 3,226 (1,930; 4,723) 2,241 (1,254; 3,824) 1,918 (1,252; 3,208) 0.0001

Stimulated IL6

(pg/mL)

36,792 (26,906; 51,355) 35,922 (27,333; 43,741) 32,890 (25,031; 46,975) 48,567 (35,469; 55,791) 36,263 (17,096; 54,257) 0.1247

Stimulated IL8

(pg/mL)

34,869 (22,395; 65,475) 30,284 (22,371; 39,873) 28,386 (15,100; 55,727) 62,032 (33,230; 135,877) 69,042 (33,065; 133,094) <0.0001

Stimulated

TNFα (pg/mL)

6,537 (4,435; 10,538) 9,844 (6,222; 13,167) 7,461 (6,089; 13,202) 4,571 (2,372; 6,420) 3,003 (1,162; 8,262) <0.0001

Stimulated

IL17A (pg/mL)

97 (37; 299) 234 (72; 331) 192 (46; 346) 62 (42; 140) 28 (10; 76) 0.0002

Stimulated

IFNα (pg/mL)

262 (13; 778) 544 (321; 1,109) 724 (241; 1,303) 6 (0; 37) 12 (1; 70) <0.0001

Stimulated

IFNγ (IU/mL)

82 (15; 230) 211 (93; 438) 98 (46; 245) 24 (8; 52) 7 (1; 36) <0.0001

Data are presented as the median (IQR). Global p-values comparing the differences between the groups are from Kruskal-Wallis test. DC, dendritic cell; IL, interleukin; IFN, interferon;

NA, not available; TNF, tumor necrosis factor.

FIGURE 1 | Serum cytokine levels after in vitro stimulation of innate and adaptive immune cells in healthy subjects and in COVID-19 patients with mild, moderate or

Q7

Q6

severe symptoms. The levels of IFNα (A: in mild COVID-19 3 points are missing, in moderate COVID-19 3 points are missing and in severe COVID-19 patients 6 points

Q29are missing), IL6 (C: 3, 3, and 6 points, respectively), IL17 (D; 3, 7, and 9 points, respectively) and IFNγ (E: 2, 3 and 9 points, respectively) were measured, and the

levels of IFNα and IFNγ were corrected for monocyte and count, respectively. Differences between groups were compared with Kruskal-Wallis test using Dunn’s post

hoc test.
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Cremoni et al. HCWs and Immunity Against COVID-19

FIGURE 5 | Type I and II interferon response in patients with moderate or severe SARS-CoV-2 infection compared to infected HCWs. (A) Type I interferon (IFN-α)

response in patients with moderate or severe COVID-19 compared to infected HCWs. (B) Type II interferon (IFN-γ) response in patients with moderate or severe

COVID-19 compared to infected HCWs. A non-parametric Kruskal-Wallis test was used to compare the three subgroups and obtain a global p value. A Dunn’s

multiple comparisons test was used to compare the subgroups in pairs. (C) Type I interferon (IFN-α) response in severe COVID-19 patients after matching (1:2) for age

and gender with infected HCWs. (D) Type II interferon (IFN-γ) response in severe COVID-19 patients after matching (1:2) on age and gender with infected HCWs. A

Wilcoxon matched pairs signed rank test was used to compare IFN-α and IFN-γ levels in infected HCWs to COVID-19 patients. HCWs, health care workers; ICU,

Intensive care unit; IDU, Infectious diseases unit.

7 weeks of follow-up. In comparison, the IgA and IgG peaks of
HCWs were lower, which is consistent with their mild symptoms
(6). IgA and IgG levels increased during HCWs follow-up, but
most did not reach positivity for IgG levels (IgG OD ratio ≥

1.1), as shown previously (6). During SARS-CoV-2 infection,
the IgA response is earlier, stronger, and more persistent than
the IgM response (22, 23), but its protective efficacy is still
poorly understood, especially when this IgA response is isolated.
It is well known that the IgA response is a crucial first-line
defense in mucosal tissue, and SARS-CoV-2 infiltrates mainly
mucosal tissues. Sterlin et al. also suggested that IgA-mediated
mucosal immunity is an essential defense mechanism against
SARS-CoV-2 that may reduce the contagion of human secretions
and thus reduce viral transmission (24). Thus, some authors have
suggested that vaccination against SARS-CoV-2 should trigger
IgA responses (25). This explains why we chose to study the
prevalence of SARS-CoV-2-specific IgA antibodies rather than
IgM antibodies in our cohort. Additional serological surveys of
more symptomatic and asymptomatic individuals and longer
follow-up are needed to determine the duration of the antibody
response.Moreover, the low IgG levels found, or even the absence
of IgG, in asymptomatic individuals reinforce the need for a
serological survey including a search for IgA antibodies to study
the actual infection rate.

Our investigation showed impaired immune cellular
responses, illustrated by a type I and II interferons deficiency,

in patients with moderate and severe forms of COVID-19
compared to HCWs with mild or asymptomatic forms. It is
already well known that immune responses are altered by aging
(26), but these results remain significant after matching for age
and sex. Our data confirm the results of the study by Hadjadj
et al. (10) which suggests that a deficiency of type I interferon
in the blood could be a characteristic of severe COVID-19
and could justify therapeutic approaches combining the
administration of interferon and anti-inflammatory therapies.
However, it is well known that inflammation leads to a secondary
deficit of cellular immunity through the suppression of IL-12
expression. As a result, this lack of type I and II interferons
could also be secondary to the infection. Other studies showing
mutations in type I IFN-related genes (27) or the presence of
neutralizing autoantibodies against type I IFN (28) in patients
with severe COVID-19 support the hypothesis of a pre-existing
immune deficiency predisposing to severe forms of COVID-19
as described in other context (29). Additional studies are
needed to clarify this point. If the hypothesis of a pre-existing
immune deficiency is confirmed, the deficiency of type I and II
interferons revealed after in vitro immune stimulation could be
a functional blood immune biomarker predicting the severity of
the COVID-19. In addition, this immune assay is applicable for
routine use.

Our study brings new data but has several limitations.
First, difficulties in determining symptoms may have resulted

Frontiers in Medicine | www.frontiersin.org 9 January 2021 | Volume 7 | Article 608804
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COVID-19 within the 6 weeks preceding the onset of chil-
blains. The mean duration between suspected COVID-19 clini-
cal signs and the onset of chilblains was 18.5 days. We found
2 chilblain family clusters: 2 brothers, and a father and his
daughter. In those cases, chilblains occurred within the same
period.

Results of SARS-CoV-2 rt-PCR were negative in all cases
tested. Real-time PCR was not performed on 14 patients be-
cause of absence or excessive delay regarding previous symp-
toms before the onset of chilblains. Serology was performed
in all patients, and 12 (30%) had positive results (IgM positive
in 1 patient, IgA positive in 8 patients, and IgG positive in 5 pa-
tients) (Table) (eTable 2 in the Supplement).

The most common laboratory anomalies were increased
D-dimers in 24 patients (60.0%) with 5 above 500 μg/mL
and 2 above 2000 μg/mL. Antinuclear antibodies were
noted in 9 patients (22.5%) (only 2 with titer at 1/320) and
antiphospholipid antibodies in 4 (10%) with low titer.
Results are detailed in the Table and eTables 1 and 2 in the
Supplement.

The histopathologic analyses of the 19 skin biopsies
showed similar patterns, with 2 main features: lymphocytic
inflammation and vascular damage reminiscent of lupus-
like chilblain/interferonopathy lesions (Figure 1, C and D).
Importantly, interface dermatitis of the intra-epidermal por-
tion of acrosyringium, usually rare in lupus chilblain, was

observed in 15 patients (83%) (Figure 1D). In all cases, venu-
lar walls appeared mildly thickened, especially in the super-
ficial and reticular dermis (eFigure, A and B in the Supple-
ment). Immunostains demonstrated a proliferation of cells
positive for alpha smooth muscle actin (eFigure, C in the
Supplement) and negative for endothelial markers (CD34
and CD31) (eFigure, D in the Supplement) evocative of peri-
cyte hyperplasia. In 5 cases, direct immunofluorescence
revealed granular deposition of C3 and IgM in the wall of the
papillary dermal capillaries and only C3 deposition in all
other cases. One case showed an incomplete lupus band
with C3 and IgM.

A significant increase of IFN-α production after in vitro
stimulation was observed in the chilblain population com-
pared with patients with PCR-positive acute COVID-19 with a
range of severity (mild-severe) (Figure 2A). The results did not
change when patients were paired for age (Figure 2B). In ad-
dition, there was no difference in the IFN-α response of pa-
tients with chilblain who developed SARS-CoV-2 antibodies
(mean [range], 953.8 [224-2414] pg/mL; median, 765 pg/mL)
and those who did not (mean [range], 1132.0 pg/mL [3.3-
4086]; median, 765 pg/mL).

The course of chilblains was favorable in all cases, with
complete healing of the lesions (n = 40), but 14 patients (35%)
had cold toes or acrocyanosis at follow-up (median [range], 27
[18-68] days) (Table) (eTable 1 in the Supplement).

Figure 1. Clinical and Histologic Presentation of Chilblain-like Lesions

Purpuric lesions on the toesA Papules with bullous evolutionB

Original magnification ×25C Original magnification ×400D

500 µm 100 µm500 µm 100 µm

A, Red-to-violaceous purpuric lesions
on the toes. Note the bullous and
necrotic evolution.
B, Red-to-violaceous papules with
marked bullous evolution. C, Dense
superficial and deep lymphocytic
inflammation with perivascular and
peri-eccrine arrangement
(hematoxylin-eosin stain).
D, Interface dermatitis extending to
the intra-epidermis portion of
acrosyringium (hematoxylin-eosin
stain).
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Discussion

In less than 2 weeks, 40 patients presented with chilblains to our
dedicated multidisciplinary COVID-19 consultation clinic. This
occurrenceisunusual intemperateareas,andcorrespondedwith
the spread of SARS-CoV-2 in our region.7 One-third of patients
met clinical criteria for possible COVID-19 infection prior to pre-
sentation. Although no patient had positive rt-PCR results, one-
third had positive results on serologic analysis. On the basis of
these results, definitive proof of a causal link with chilblains and
COVID-19 is not demonstrated. However, it is important to em-
phasize that decreased test sensitivity has been reported in pa-
tients with asymptomatic COVID-19 infection, and an alterna-
tive immunologic or infectious etiology for these transient
chilblain-like lesions was not identified in this cohort.8,9

The clinical presentation was highly reproducible be-
tween patients. Typically, most of these patients were adoles-
cents and young adults without additional medical prob-
lems. It is important to stress that the chilblain-like changes
resolved in all cases. However, the recovery may be slow be-
cause 14 patients (35%) had cold toes or acrocyanosis at a me-
dian follow-up of 1 month.

An important finding of this study is that the clinical, bio-
logic, and histologic findings were suggestive of virus-
induced type I interferonopathy. Indeed, chilblains are one of
the hallmarks of the clinical presentation of genetic type I
interferonopathies.10,11 Importantly, chilblains observed in type
I interferonopathies are known to be sometimes more severe,
with bullous lesions and necrosis, as we observed in some of
these cases. Type I interferons are crucial in the early re-
sponse to viral infections, though an inappropriate type I in-

terferon response can contribute to immune pathologies.12 We
observed a significantly higher IFN-α response in the pa-
tients with chilblains compared with those with moderate or
severe COVID-19. The production of IFN-α is higher in in-
fancy and young adulthood, and then decreases with age.13

Severe COVID-19 cases, often observed in older populations,
are associated with a defect in the type I interferon response
leading to uncontrolled proliferation of the virus.14 Impor-
tantly, severe cases of COVID-19 in young men were associ-
ated with loss of function variants associated with an altered
type I interferon response.15 This is in accordance with the fact
that, to the best of our knowledge, chilblains were never re-
ported in the literature in any of the moderate and severe forms
of COVID-19. The exaggerated type I interferon response might
also explain the relatively low rate of seropositivity in pa-
tients with chilblains because those patients could clear SARS-
CoV-2 infection before humoral immunity occurs.

Limitations
The monocentric nature and the absence of cases with rt-PCR
testing for SARS-CoV-2 before the onset of the lesions are limi-
tations of this study. The absence of a healthy control group
for the IFN-α testing is also a limitation. However, the persis-
tence of the difference between groups when patients are
paired by age argues for an unbiased increase response in INFα
in the chilblain population.

Conclusions
Taken together, these results demonstrate that chilblain-like
lesions observed during the COVID-19 pandemic have char-

Figure 2. Comparison of IFN-α Response in Chilblain Population With Ambulatory and Hospitalized Mild or Severe Cases of Coronavirus Disease 2019
(COVID-19)
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A. Interferon alpha (IFN-α) levels after stimulation in the population with
chilblains compared with patients with ambulatory or hospitalized mild or
severe forms of COVID-19. Results are shown for all the patients tested. The
dots represent the level detected for each patient and the bar represents the
median. Chilblains: n = 25; median (range) age, 32 (16-38) years; mean (range)
IFN-α levels, 751 (224-1468) pg/mL; ambulatory: n = 10; median (range) age, 41
(16-73); mean (range) IFN-α levels, 262 (95.5-1015) pg/mL; hospitalized mild or
severe: n = 58; median (range) age: 64 (22-89) years; mean (range) IFN-α

levels, 9.8 (1.6-84.9) pg/mL. B. Results when population was paired by age. The
dots represent the level of IFN-α detected for each patient and the bar
represents the median. Chilblains: n = 25; median (range) age, 32 (16-38) years;
mean (range) IFN-α levels, 751 (224-1468) pg/mL; ambulatory: n = 10; median
(range) age, 41 (16-73) years; mean (range) IFN-α levels, 262 (95.5-1015) pg/mL;
hospitalized mild or severe: n; = 7; median (range) age: 42 (22-47) years; mean
(range) IFN-α levels, 89.2 (4.9-777) pg/mL.
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A range of cutaneous manifestations, including
chilblain-like lesions, have been described in asso-
ciation with severe acute respiratory syndrome coro-

navirus 2 (SARS-COV-2) infection during the coronavirus
2019 (COVID-19) pandemic.1 Chilblain-like lesions have
been occurring more frequently than expected, and studies
have begun to explore the potential link with SARS-CoV-2
infection vs other plausible etiologies.2-4 The aim of this
case series was to perform a systematic, prospective evalua-
tion of patients presenting with chilblain-like lesions to
characterize this condition occurring during the COVID-19
pandemic.

Methods
Departments dedicated to treating ambulatory and hospital-
ized patients suspected of having COVID-19 were opened at the
Nice University Hospital on March 14, 2020. On April 9, 2020,
consultation for skin manifestations suspected to be associ-
ated with COVID-19 began. All ambulatory and hospitalized pa-
tients with suspected COVID-19 infection referred for consul-
tation were evaluated for chilblain. Patients presenting with
chilblain-like lesions underwent thorough clinical, vascular,
and laboratory evaluations including white blood cell counts,
liver and kidney function, prothombin time, partial thrombo-
plastin time, erythrocyte sedimentation rate, C-reactive pro-
tein levels, D-dimer values, antinuclear antibodies, antiphos-
pholipid antibodies, hemolytic complement (C3, C4, CH50),
cryoglobulinemia, parvovirus serology, and interferon-alpha
(IFN-α) stimulation and detection. Urine was tested for pro-
teinuria, hematuria, and leucocyturia. Testing for SARS-
CoV-2, using real-time polymerase chain reaction (rt-PCR) on
nasopharyngeal swabs, stool samples, and serum serologic
analysis, was performed. A skin biopsy was performed at the
discretion of the physician. Laboratory and statistical meth-
ods are detailed in the eAppendix in the Supplement. The
European Centre for Disease Prevention and Control and pre-
vention for COVID-19 case definition and the World Health
Organization scale for severity were used.5,6 The institu-
tional review board at the Nice University Hospital indepen-
dently approved the study. Informed consent was obtained
from all patients.

Results
Overall, 40 consecutive outpatients seen between the April 9
and April 17, 2020, were included. No hospitalized patients for
COVID-19 presented with chilblain-like lesions. The demo-
graphic and clinical characteristics are described in the Table
and the eAppendix in the Supplement. The clinical presenta-
tion was highly reproducible, with first pruritus and pain of
the toes, rarely the heels and fingers, then pink-to-red pap-
ules or plaques that evolved to violaceous purpuric lesions with
frequent bullous and necrotic evolution (Figure 1, A and B). Ac-
rocyanosis (cyanotic extremities) or cold toes were reported
in 19 (47.5%) cases. None of the patients had clinical signs of

arterial disease, deep venous thrombosis, or pulmonary em-
bolism.

Twenty-four patients (60%) had contact with possible
COVID-19 cases, and 11 (27.5%) met the definition for possible

Table. Demographic and Clinical Characteristics of All Patients
With Chilblain-like Lesions

Characteristic No. (%)
Epidemiologic data

Age, median (range), y 22 (12-67)

Female sex, No./total No. (%) 21/40 (52.5)

Contact with patients presenting criteria
for possible COVID-19 infectiona

24 (60.0)

Patients with criteria for previous possible
COVID-19 infectiona

11 (27.5)

Clinical data

Delays between, median (range), d

Previous symptoms and onset of chilblain 21 (2-77)

Onset of chilblain and clinical assessment 14 (3-47)

Onset of chilblain and last follow-up 27 (18-68)

Other manifestations at clinical assessment

Livedo reticularis 3 (7.5)

Facial erythema 3 (7.5)

Cold toes/acrocyanosis (cyanotic extremities) 19 (47.5)

Laboratory test results

COVID-19 tests

Positive rt-PCR (nasopharyngeal
and/or stool swabs)

0

Serologic positive results 12 (30.0)

Abnormal d-dimers 24 (61.5)

Positive antinuclear antibodies 9 (22.5)

Positive antiphospholipid antibodies 5 (12.5)

Abnormal CH50 10 (25)

Cryoglobulinemia, No. positive/tested (%) 0/25

Parvovirus B19 serology, No. positive/tested (%) 0/33

Abbreviation: COVID-19, coronavirus disease 2019; rt-PCR, real-time
polymerase chain reaction.
a European Centre for Disease Prevention and Control Clinical Criteria for

Coronavirus Disease 2019.

Key Points
Question What are the clinical, pathologic, and laboratory
characteristics of patients with chilblain-like lesions during the
coronavirus 2019 (COVID-19) pandemic?

Findings In this series of 40 consecutive patients with
chilblain-like lesions, none had positive findings on polymerase
chain reaction (PCR) tests, and 12 (30%) had positive COVID-19
serologic results. Common findings included increased D-dimers,
lymphocytic inflammation, vascular damage on skin biopsy results,
and a significant interferon-alpha response compared with
patients with PCR-positive, acute COVID-19 infection.

Meaning Patients presenting with chilblain-like lesions during the
COVID-19 pandemic all had negative PCR results for COVID-19 at
the time of the diagnosis and developed antibodies in only 30% of
cases, and had histologic and biologic patterns of type I
interferonopathy.
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patients with cancer who either developed or did not develop CRS 
after CAR T cell therapies19,20.

We found that IL-6 (P < 0.0001), IL-8 (P < 0.0001) and TNF-α 
(P < 0.0001) were significantly elevated in COVID-19 serum 
compared to healthy donor serum or plasma isolated from CAR 
T cell-treated patients with no CRS (Fig. 1). The four cytokines 
assessed had different detection ranges, with IL-6 having the most 
dynamic profile, followed by IL-8 and TNF-α (Fig. 1 and Extended 
Data Fig. 1d). In line with previous reports, IL-1β levels were mostly 
low or at the limit of detection of 0.1 pg ml− 1, even though the assay 
was able to detect various levels of recombinant control cytokines 
(Extended Data Fig. 1b). The vast majority of patients, therefore, 
presented with elevated cytokines or cytokine storm, but, in con-
trast to the coordinated increase in cytokines during CAR T CRS 
(average Spearman’s r = 0.6), cytokine levels were not as highly cor-
related with each other in COVID-19 samples (average Spearman’s 
r = 0.4), suggesting differential patterns of cytokine expression and 
potentially distinct clinical presentations based on the relative pro-
file of each independent cytokine (Extended Data Fig. 1e,f). Because 
more than 70% of samples analyzed for each cytokine in COVID-19 
fell within the CRS range based on our post-CAR-T-defined cut-
offs, and because we did not have an established cutoff for IL-1β, we 
decided to separate high versus low values using a cutoff above the 
median for each cytokine in patients with COVID-19. After empiri-
cal testing as described in the Methods, the cutoffs chosen for fur-
ther statistical analyses were more than 70 pg ml− 1 for IL-6, more 
than 50 pg ml− 1 for IL-8, more than 35 pg ml− 1 for TNF-α and more 
than 0.5 pg ml− 1 for IL-1β.

Association with demographics and comorbidities. We used the 
first available cytokine measurement in each patient to measure  

correlations with demographics and comorbidities. We hypoth-
esized that cytokines are elevated in patients with COVID-19 
compared to healthy donors and non-CRS CAR-T-treated patients 
owing to SARS-CoV-2 infection. Of the 1,484 patients hospitalized 
with COVID-19 symptoms, 11.7% tested negative for SARS-CoV-2 
by PCR and, therefore, were excluded from further univariate anal-
yses. It should be noted that there might have been false-negative 
tests for SARS-CoV-2 viral detection based on subsequent tests 
demonstrating antibodies to SARS-CoV-2 S spike protein in three of 
five patients who tested negative for SARS-CoV-2 by PCR. Despite 
similar comorbidities, cytokine levels in this subset of patients were 
significantly lower compared to patients who tested positive for 
SARS-CoV-2 infection (Fig. 2a). Of the remaining patients who 
tested positive for SARS-CoV-2 by PCR, 1,097 had complete infor-
mation for demographics and comorbidities.

Men had significantly higher levels of IL-6 than women 
(P < 0.0001), but no sex differences were observed for the other 
three cytokines (Fig. 2b). With increased age brackets (<50, 50–70 
and >70 years old), levels of IL-6, IL-8 and TNF-α increased  
(Fig. 2b), and the same was observed for age when assessed as a 
continuous variable. There was no association of any cytokine mea-
sured with body mass index (BMI). Smoking and race/ethnicity 
showed weak but significant univariate associations with IL-6, IL-1β 
and/or TNF-α, which were not confirmed after adjusting for the 
other covariates, except for IL-1β and TNF-α, which remained sig-
nificantly higher when comparing Hispanics to African Americans.

We then assessed whether cytokine levels were associated with 
comorbidities listed in Table 1. We found that TNF-α and IL-8 
were significantly increased in patients with chronic kidney dis-
ease (CKD), diabetes and hypertension, whereas TNF-α was also 
increased in patients with congestive heart failure (CHF), based on 
univariate analyses. IL-6 and IL-8 were elevated in patients with a 
history of atrial fibrillation. No associations were found between 
cytokines and active cancer, asthma, chronic obstructive pulmo-
nary disease (COPD), human immunodeficiency virus (HIV) and  
sleep apnea.

Using multivariable regression models, we confirmed that CKD 
was the only comorbidity significantly associated with elevated cyto-
kine levels, whereas elevated TNF-α in patients with diabetes and 
hypertension were explained by other variables. Of demographic 
variables, age and sex (for IL-6) remained significantly associated 
with cytokine levels as seen in univariate analyses. Therefore, we 
included demographics and comorbidities as confounding variables 
in subsequent analyses. Cytokine levels, as measured by ELLA, were 
not significantly affected by timing of testing in relation to hospital 
admission. Therefore, this time difference was not considered as a 
potential confounder.

Association between cytokines and risk of death. Next, we con-
sidered factors affecting survival defined as time to death and cen-
sored regardless of cytokines in the overall cohort with univariate 
Kaplan–Meier analyses. We found that only age and CKD were sig-
nificantly associated with increased risk of death from COVID-19. 
We evaluated whether cytokines could distinguish patients based 
on overall survival and disease severity after COVID-19 hospitaliza-
tion. Stratifying patients by cytokine levels of high versus low using 
the cutoffs described in the statistical analysis section, we found that 
each cytokine could predict the overall survival of patients, based on 
the first available measurement after hospital admission. Each cyto-
kine was independently predictive of overall survival, after adjust-
ing for demographics and comorbidities—that is, sex, age, race/
ethnicity, smoking, CKD, hypertension, asthma and CHF (Fig. 3).

When considering all cytokines together in the model, all but 
IL-1β remained significant, even after adjustment for demograph-
ics and comorbidities (n = 1,097). This confirmed the relative 
independence of each cytokine tested, with only age (50–70 versus  
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Fig. 1 | Range of measured cytokines. Detection range of cytokines in 
all tested serum samples from patients with COVID-19 hospitalized at 
the Mount Sinai Health System (orange, n!=!1,959), in comparison with 
serum samples from healthy donors (black, n!=!9) and plasma samples 
from patients with multiple myeloma prior to (blue, n!=!151) and during 
(red, n!=!121) CRS induced by CAR T cell therapy. Heavy bars indicate 
median, and error bars represent 95% CI, each value indicated by a dot. 
Pairwise comparisons by the two-sided Mann–Whitney t-test show 
significantly higher levels of IL-6, IL-8 and TNF-α in COVID-19 samples 
compared to samples from healthy donors of patients with non-CRS cancer 
(****P!<!0.0001, ***P!<!0.001, **P!<!0.01 and *P!<!0.05; NS, not significant). 
Median, mean and range are shown in Extended Data Fig. 1d (error band 
indicates the median with 95% CI). HD, hemodialysis.
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Fig. 4 | Cytokine levels correlate with severity and independently predict survival. Correlation of cytokine levels with established inflammatory and 
severity measurements. a, Correlation of each cytokine with each metric (n!=!1,106 for fever, n!=!1,112 for O2 saturation, n!=!1,023 for CRP, n!=!926 for 
D-dimer, n!=!1,017 for ferritin, n!=!1,038 for platelets and n!=!1,023 for disease severity score), using the same univariate and multivariate analyses as in 
the Fig. 2 legend. Error bar indicates the median ± 95% CI. b, Competing risk analysis (n!=!671) showing survival differences by IL-6 and TNF-α levels, 
after adjusting the following variables: IL-6, IL-8, TNF-α, IL-1β, age, sex, race/ethnicity, smoking status, asthma, atrial fibrillation, cancer, CHF, CKD, COPD, 
diabetes, hypertension, sleep apnea, severity, systolic blood pressure max, O2 saturation min, D-dimer, albumin, calcium, chloride and platelet count.  
c, Kaplan–Meier univariate analyses of survival by IL-6 and TNF-α levels in patients with normal (n!=!257), low (n!=!258) or very low (n!=!287) O2 
saturation, or in patients with moderate (n!=!588) versus severe COVID-19 with end organ damage (n!=!136), as measured at the first available test.  
EOD, end organ damage.
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Objectif du traitement à Limiter l’inflammation



Sepsis Bactérien vs COVID

Blood Routine and Infection Biomarker
Results Were Similar for Both Types
of Sepsis
Overall, the results of blood routine (neutrophil, lymphocyte,
and monocyte counts) and infection biomarkers (C-reactive
protein, ferritin, and procalcitonin levels) in SARS-CoV-2
sepsis patients and bacterial sepsis patients showed the same
upward and downward trend relative to normal ranges (Figure 1).
Neutrophil counts and procalcitonin (PCT) levels increased more
significantly in bacterial sepsis patients, which is consistent with
the characteristics of bacterial infections (Figures 2A, F). PCT

levels were higher in SARS-CoV-2 sepsis nonsurvivors than in
survivors, which was due to secondary bacterial infections in
some nonsurvivors (Figure 2F). Lymphocyte and monocyte
counts, C-reactive protein and ferritin levels did not differ
significantly between the two sepsis groups (Figures 2B–E). In
addition, there was a difference in lymphocyte counts between
bacterial sepsis survivors and nonsurvivors, as well as between
SARS-CoV-2 sepsis survivors and nonsurvivors (Figure 2B).
Taken together, the two types of sepsis were similar in terms of
blood routine and infection biomarker results, except for
neutrophil counts and PCT levels.

FIGURE 1 | Flowchart of included and excluded patients.

TABLE 1 | Baseline characteristics of patients with bacterial sepsis and SARS-CoV-2 sepsis.

Bacterial sepsis SARS-CoV-2 sepsis

Total Survivors Nonsurvivors Total Survivors Nonsurvivors

(n = 64) (n = 41) (n = 23) (n = 43) (n = 29) (n = 14)
Agea,b, years 58.0 (51.0, 63.0) 54.0 (50.0, 62.0) 61.0 (57.0, 66.0) 57.0 (50.0, 68.0) 53 (48.5, 63.0) 63.5 (59.0, 71.0)
Age rangea,b, years
20–39 3 (4.7) 3 (7.3) 0 2 (4.7) 2 (6.9) 0
40–59 32 (50.0) 24 (58.5) 8 (34.8) 21 (48.8) 18 (62.1) 3 (21.4)
≥ 60 29 (45.3) 14 (34.1) 15 (65.2) 20 (46.5) 9 (31.0) 11 (78.6)

Female 23 (35.9) 15 (36.6) 8 (34.8) 14 (32.6) 10 (34.5) 4 (28.6)
SOFA scorea,b 5.5 (4.5, 7.0) 4.0 (3.0, 6.0) 6.5 (5.0, 8.0) 5.0 (4.0, 7.0) 4.5 (3.0, 5.0) 6.0 (4.5, 8.0)
APACHE II scorea,b 16.0 (12.0, 20.0) 14.5 (11.0, 18.5) 20.0 (16.0, 22.5) 17.0 (14.0, 18.5) 16.0 (13.5, 17.0) 19.0 (16.0, 20.0)
Chronic medical illness
Hypertension 13 (20.3) 7 (17.1) 6 (26.1) 10 (23.3) 6 (20.7) 4 (28.6)
Chronic obstructive pulmonary disease 9 (12.5) 5 (12.2) 4 (17.4) 3 (7.0) 2 (6.9) 1 (7.1)
Diabetes mellitus 7 (10.9) 5 (12.2) 2 (8.7) 5 (11.6) 3 (10.3) 2 (14.3)
Coronary artery disease 2 (3.1) 1 (2.4) 1 (4.3) 1 (2.3) 0 1 (7.1)
Cerebrovascular disease 1 (1.6) 1 (2.4) 0 0 0 0

Data are shown as median (interquartile range) and number (percentage). aBacterial sepsis survivors vs. nonsurvivors is statistically significant. bSARS-CoV-2 sepsis survivors vs.
nonsurvivors is statistically significant. SARS-CoV-2, severe acute respiratory coronavirus 2; SOFA, Sequential Organ Failure Assessment; APACHE II, Acute Physiology and Chronic
Health Evaluation II. Statistics obtained from chi-square tests and Fisher exact probability test.
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SARS-CoV-2 Sepsis and Bacterial Sepsis
Shared Alterations in Lymphocyte Subset
Counts and Functions Except for Slight
Differences
Reduction in the counts of all lymphocyte subsets (total T cells,
CD4+ T cells, CD8+ T cells, B cells, and NK cells) were common
for both bacterial sepsis and SARS-CoV-2 sepsis groups (Figures
5A–E). There were no significant differences in the total T cell,
CD4+ T cell, CD8+ T cell, or B cell counts, and the CD4+/CD8+
T cell ratios between the two types of sepsis groups (Figures 5A–
D, F). NK cell counts were higher in the SARS-CoV-2 sepsis
patients than in bacterial sepsis patients, as for their survivor and
nonsurvivor subgroups (Figure 5E). Besides, the total T cell,
CD4+ T cell, and CD8+ T cell counts, and the CD4+/CD8+ T cell
ratios did not differ between survivors of the two types of sepsis
groups (Figures 5A–C, F). The total T cell, CD4+ T cell, CD8+ T
cell, and B cell counts, and the CD4+/CD8+ T cell ratios did not
differ between nonsurvivors of the two types of sepsis groups
(Figures 5A–D, F). Furthermore, differences were found in the

total T cell, CD4+ T cell, and CD8+ T cell counts between
bacterial sepsis survivors and nonsurvivors (Figures 5A–C).
Similar results were also observed between survivors and
nonsurvivors of the SARS-CoV-2 sepsis group, with the only
discrepancy being a difference in B cell counts (Figures 5A–D).
These results indicated that the difference in lymphocyte subset
counts was not obvious between the two types of sepsis.
Additionally, the proportions of PMA/ionomycin-stimulated
IFN-g positive cells in CD4+, CD8+ T cells, and NK cells
showed no significant difference between the two types of
sepsis groups, nor for the survivor and nonsurvivor subgroups
(Figure 5G). That is, the changes in lymphocyte subset functions
were also similar in the two types of sepsis.

DISCUSSION

A large number of patients have died of COVID-19, and the death
toll is still growing rapidly. It is not difficult to imagine that almost
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FIGURE 3 | Cytokine levels in bacterial sepsis and severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) sepsis patients. Comparison of the levels of
IL-1b (A), IL-2R (B), IL-6 (C), IL-8 (D), IL-10 (E), and TNF-a (F) between bacterial sepsis and SARS-CoV-2 sepsis patients. The p-value of the comparison between
bacterial sepsis and SARS-CoV-2 sepsis groups is shown in italics, and the p-value of the comparison among the survivor (S) and nonsurvivor (NS) subgroups is
shown as regular font. The shaded region indicates the normal range of the indicated index. Bacterial represents the bacterial sepsis group (n = 64, S: n = 41, NS:
n = 23). SARS-CoV-2 represents the SARS-CoV-2 sepsis group (n = 43, S: n = 29, NS: n = 14). Statistics obtained from the Wilcoxon rank-sum test.
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the local inflammatory reaction in the lung, which causes severe
lung injury observed in these patients, and the plasma levels of
inflammatory factors cannot represent the degree of lung injury.
Second, dexamethasone is a broad-spectrum immunosuppressant
and can interfere with the normal function of T cells, B cells, and
macrophages (20). Some patients who received ventilator support
in this study may have already been immunocompromised,
and in theory, it may not be appropriate to further suppress the
immune response. An equilibrium that can benefit patients while
avoiding excessive immunosuppression needs to be found. Third,
cytokines are part of a well-maintained innate immune response
and are necessary for the effective elimination of infectious
pathogens. Most mediators related to cytokine storms exhibit
pleiotropic downstream effects often with interdependent
biological activities (21). Elevated cytokines may be a biomarker
of the severity of the disease, rather than a pathogenic mediator
(22); thus, blind intervention may worsen an already
compromised immune system. Lastly, glucocorticoids have been
studied previously in animal models and clinical trials of different
coronavirus infections, but the results have not been satisfactory.
Glucocorticoid therapy was also shown to be beneficial to patients
in the earliest study of the severe acute respiratory syndrome
coronavirus (SARS-CoV) outbreak in 2003, but a recent meta-
analysis pointed out that glucocorticoid therapy for SARS-CoV,
the Middle East respiratory syndrome coronavirus (MERS-CoV),

and SARS-CoV-2 may lead to delayed virus clearance and
failure to improve the prognosis of patients (23, 24). Similarly,
in studies investigating bacterial sepsis over the past few decades,
sepsis researchers initially had great expectations in the
therapeutic effects of suppressing the cytokine storm, but they
eventually found that this approach did not improve prognosis
and, in some cases, even worsened outcomes (25–28).
Considering these past results and the milder cytokine storm
observed in SARS-CoV-2 sepsis, we suggest that treatments
involving the suppression of the immune system with the aim
of counteracting the increased cytokine concentrations be
administered cautiously.

IgM levels, which are closely related to the prognosis of
bacterial sepsis, and their protective role in bacterial sepsis has
been demonstrated repeatedly in previous studies (29–32);
however, no difference in IgM levels was found in SARS-CoV-
2 sepsis survivors and nonsurvivors in our study. This suggests
that the decrease in IgM levels may not necessarily be associated
with the prognosis of SARS-CoV-2 sepsis. Further study is
necessary to investigate the underlying mechanism behind this
difference. Moreover, we found IgA and IgG levels were higher in
SARS-CoV-2 sepsis patients than those in bacterial sepsis
patients. It should also be noted that immunoglobulins are not
recommended in the treatment of bacterial sepsis (33). Thus, the
use of immunoglobulins to treat SARS-CoV-2 sepsis may be also
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FIGURE 5 | The results of the lymphocyte subset counts and functions in bacterial sepsis and severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
sepsis patients. The counts of total T lymphocytes (A), CD4+ T cells (B), CD8+ T cells (C), B cells (D), and NK cells (E), and the CD4+/CD8+ T cell ratios (F) were
compared between the two types of sepsis patients. The proportions of PMA/ionomycin-stimulated IFN-g positive cells in CD4+, CD8+ T cells, and NK cells were
also compared between the two types of sepsis patients (G). The p-value of the comparison of bacterial sepsis and SARS-CoV-2 sepsis groups is shown in italics,
and the p-value of the comparison of the survivor (S) and nonsurvivor (NS) subgroups is shown as regular. Shaded region showing the normal range of the indicated
index. Bacterial represents the bacterial sepsis group (n = 64, S: n = 41, NS: n = 23). SARS-CoV-2 represents the SARS-CoV-2 sepsis group (n = 43, S: n = 29,
NS: n = 14). Statistics obtained from the Wilcoxon rank-sum test.
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Fig. 2. Selective cytokine up-regulation in COVID-19 patients from the primary cohort. (A) Top panel: Principal 
component analysis (PCA) of 35 cytokines measured in COVID-19 subjects from the primary cohort. Red circles: 
patients with cytokine storm syndrome (CSS); green dots: all other subjects. Samples with missing cytokine data were 
excluded. Bottom panel: corresponding PCA loadings indicating effects of each cytokine. (B) Relative cytokine 
abundance plot, with each cytokine normalized to the respective median cytokine level in influenza subjects. The 
normalized median cytokine level in influenza patients (1) is represented by the vertical blue line. Bar graphs represent 
the normalized median COVID-19 cytokine level relative to the normalized median influenza cytokine level. Light red 
bars: cytokine levels lower in COVID-19 than influenza patients (normalized median < 1, n = 28); dark red bars: 
cytokines levels greater in COVID-19 than influenza patients (normalized median > 1, n = 7). (C) Box plots show 
cytokine concentrations in healthy, influenza, COVID-19, and CSS subjects, with raw values plotted on the log10 scale. 
P-values are from estimated marginal means (EMM) comparisons, averaging over all demographic and clinical factors 
included as covariates and adjusted for multiple comparisons. To the right of each box plot are EMM plots for the 
influenza-COVID-19 comparison. Black dot: estimated marginal mean for the log10 concentration of the cytokine, 
averaged over the levels of all other covariates; blue shading: corresponding 95% confidence interval; red arrows: 
standard error (SE) in one direction, with overlapping SE arrows indicating no significant difference between the EMM 
of a given cytokine in influenza subjects versus COVID-19 subjects. 
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Table 1. Demographics and clinical characteristics of primary cohort. Statistical analyses of primary cohort demographics include 
comparisons between COVID-19 and healthy groups for age, sex, and ethnicity using a multinomial logistic regression that includes 
the variation from influenza-infected individuals. Comparisons between COVID-19 and influenza groups were assessed using a multi-
variate logistic regression that included demographic and clinical variables but without including variation from the healthy group, as 
clinical characteristics were irrelevant to healthy controls. Results are reported as the corresponding p-value and, when significant, 
include the odds ratio (OR). COVID-19 serves as the reference condition in all analyses, “African American” serves as the reference 
for ethnicity comparisons, and the negative indication serves as the reference for all categorical clinical characteristics. A significant 
OR > 1 indicates a positive association between the comparator group and the variable (e.g., healthy individuals were more likely to 
self-identify as Caucasian than SARS-CoV-2 patients), whereas a significant OR < 1 indicates a negative association (e.g., influenza-
infected patients were likely to be younger than SARs-CoV-2 patients). The “Immunocompromised” comorbidity was not included in 
the logistic regression due to complete separation across conditions and was instead tested using Fisher’s exact test. P-values were 
adjusted for multiple testing by controlling the false discovery rate. SD denotes standard deviation, and IQR denotes interquartile 
range. 

  
SARS-
CoV-2 
(n = 79) 

Healthy 
Control 
(n = 16) 

Influenza 
(n = 26) 

COVID19-
Healthy 
comparison 

COVID19-
Influenza 
comparison 

Demographics           

Mean ± SD (range) age, in 
years 

61 ± 15 
(25-89) 
 

32 ± 7 
(22-49) 
 

42 ± 17 
(18-89) 
 

p < 0.001, 
OR = 0.85 
 

p = 0.007, 
OR = 0.93 
 

Female 
 

44% 
(35/44) 
 

50% (8/8) 
 

58% 
(15/26) 
 

p = 1, N.S. 
 

p = 1, N.S. 
 

Ethnicity           

African American 80% 
(63/79) 44% (7/16) 65% 

(17/26) - - 

White 18% 
(14/79) 56% (9/16) 27% 

(7/26) 
p < 0.05, OR = 
9.59 p = 0.718, N.S. 

Other <3% 
(2/79) 0% (0/16) 8% (2/26) - p = 1, N.S. 

Clinical characteristics           
Mean (IQR) symptom du-
ration at study enrollment, 
in days 

6.4 (3-9)   4.1 (2-7)   p = 0.229, N.S. 

Hospital admission 90% 
(71/79)   58% 

(15/26)   p = 0.229, N.S. 

ICU admission 56% 
(44/79)   35% 

(9/26)   p = 0.285, N.S. 

Intubation and mechanical 
ventilation 

44% 
(35/79)   27% 

(7/26)   p = 0.285, N.S. 

In-hospital death 
 

30% 
(24/79)   8% (2/26)   p = 0.234, N.S. 

Comorbidities           
Immunocompromised 6% (5/79)   0% (0/26)   p = 0.33, N.S. 
            

Chronic lung disease 34% 
(27/79)   42% 

(11/26)   p = 0.682, N.S. 

            

Chronic heart failure 13% 
(10/79)   23% 

(6/26)   p = 0.101, N.S. 

            
End stage renal failure 5% (4/79)   8% (2/26)   p = 0.582, N.S. 
            

Diabetes mellitus 
Active cancer 

43% 
(34/79) 
6% (5/79) 

  
27% 
(7/26) 
8% (2/26) 

  p = 0.628, N.S. 
p = 0.234, N.S. 
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Fig. 5. Single-cell gene expression analyses of PBMCs from COVID-19-infected, influenza-infected, and healthy 
subjects demonstrate profound differences in the relative abundance and transcriptional activity of cell subsets 
across conditions. (A) UMAP (uniform Manifold Approximation and Projection) plots depict transcriptional clusters, 
which (B) vary transcriptionally as a function of condition despite the presence of nearly all subsets across various 
conditions, as evidence in (C). (D) Violin plots demonstrate significant down-regulation of HLA-DRA among all cells from 
COVID-19-infected patients compared to influenza-infected patients (with healthy controls included for reference). 
Asterisks indicate significance at Bonferroni-corrected p-values < 0.001. (E) GSEA analysis of gene expression 
differences between COVID-19 and influenza groups across major cell subsets. In direct comparison to cells from 
influenza-infected patients, transcriptional patterns among cells from COVID-19-infected patients reveal significant up-
regulation (red bars) of metabolic pathways, stress pathways, and glucocorticoid signaling pathways across major cell 
subsets, particularly monocytes/macrophages. In contrast, interferon pathways were significantly down-regulated 
(blue bars) among subsets from COVID-19-infected patients compared to those from influenza-infected patients. Grey 
bars indicate that tests for enrichment did not meet statistical significance for a particular subset. (F) Violin plots 
demonstrate significant down-regulation of STAT1, STAT2, and STAT3 among monocytes/macrophages from COVID-
19-infected patients compared to influenza-infected patients (with healthy controls included for reference). Asterisks 
indicate significance at Bonferroni-corrected p-values < 0.001. 
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Figure 1. Réponse immunitaire au cours de l’infection à SARS-CoV-2 et thérapeutiques proposées 

2. Immunothérapie du COVID-19



2.1 Limiter l’entrée du virus dans la cellule cible

Objectif: Neutraliser l’interaction Spike / ACE2
à bloquer l’entrée du virus dans la cellule cible



2.1.1 Hydroxychloroquine

Fig. 1 (See legend on next page.)

Liu et al. Cell Discovery �����������(2020)�6:16� Page 2 of 4

• CQ et HCQ augmentent le Ph intracellulaire limiter fusion
membranaire

• Modifie glycosylation ACE et Spike limitant entrée du
virus

Non traité 34.3% des virions sont transportés endosome-lysosome 
(LAMP1)
CQ 2.4% et 0.03% HCQ p<0.001

EEA1: Early endosome
LAMP1: late endosome

Liu et al., Cell Discovery 2020



2.1.2 Anticorps polyclonaux thérapeutiques

1891-1894
Les premiers anticorps sur le marché…

Watier H. De la sérothérapie aux anticorps recombinants « nus », 
plus d’un siècle de succès en thérapie ciblée. Med Sci. 2009; 25: 999-1009.

Sérothérapie anti-tétanique, anti-diphtérique, anti-pesteuse ou anti-méningococcique

Sérum de chevaux 
immunisés

• Purification de la fraction Ig
• Recours plasmas humains

Améliorer la Tolérance



Mécanismes d’action des Ig polyvalentes issus de patients convalescents 
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Entrée du SRAS-CoV-2 
dans une cellule hôte

A. Neutralisation virale  B. Virolyse dépendante des anticorps 

 C. Présentation antigénique médiée par les anticorps 

Anticorps anti-SRAS-CoV-2 : 
Quatre mécanismes d’action possibles

 D. Cytotoxicité dépendante des anticorps 

Protéine à spicule 

Les anticorps empêchent la liaison d’une 
protéine à spicule à un récepteur de l’ECA2. 
Ce type d’immunité est le seul qui puisse être 
mesuré au moyen de tests de neutralisation.

Les anticorps peuvent activer le mécanisme classique du 
complément  et de la virolyse. Ce type d’immunité ne peut pas 
être mesuré au moyen de tests de neutralisation.

Les anticorps se lient aux particules virales, ce qui stimule 
les cellules présentatrices d’antigène et active une réponse 
immunitaire à médiation cellulaire. Ce type d’immunité ne 
peut pas être mesuré au moyen de tests de neutralisation.

Les anticorps se trouvant à la surface de la cellule infectée 
permettent aux cellules tueuses naturelle de la repérer et 
de la détruire. Ce type d’immunité ne peut pas être mesuré 
au moyen de tests de neutralisation.

Récepteur de l’ECA2
Cellule hôte

Cellule présentatrice 
d’antigène

Anticorps

Lymphocyte T
auxiliaire Cellule infectée

Peptide viral

ARN viral

Cellule tueuse
naturelle

Complexe d’attaque membranaire

Figure 1 : Mécanismes d’action possibles des anticorps contre le coronavirus du syndrome respiratoire aigu sévère 2 (SRAS-CoV-2) en cas de maladie à 
coronavirus 2019 (COVID-19). Cette figure illustre le mécanisme normal d’entrée du SRAS-CoV-2 dans une cellule hôte, au cours duquel la fusion mem-
branaire est induite par l’interaction entre les glycoprotéines à spicules du SRAS-CoV-2 (en rouge) et les récepteurs de l’enzyme de conversion de 
l’angiotensine 2 (ECA2) [en vert] de la cellule hôte, interaction qui se produit au niveau de la membrane plasmique ou d’une membrane endosomique. 
Les anticorps dirigés contre le domaine de liaison au récepteur (DLR) des glycoprotéines à spicules peuvent empêcher l’interaction des spicules avec 
les récepteurs de l’ECA2, prévenant ainsi la pénétration du virus dans la cellule (A). Les anticorps dirigés contre les épitopes du DLR peuvent également 
avoir un effet antiviral par d’autres mécanismes (B, C et D). On ignore l’importance relative du rôle que pourraient jouer ces diverses fonctions dans le 
traitement d’une infection active au SRAS-CoV-2. Fait important, les tests de neutralisation généralement utilisés pour qualifier les produits hyper-
immuns ne mesurent qu’un seul de ces 4 mécanismes et ne font pas nécessairement de liens avec les autres.
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Entrée du SRAS-CoV-2 
dans une cellule hôte

A. Neutralisation virale  B. Virolyse dépendante des anticorps 

 C. Présentation antigénique médiée par les anticorps 

Anticorps anti-SRAS-CoV-2 : 
Quatre mécanismes d’action possibles

 D. Cytotoxicité dépendante des anticorps 

Protéine à spicule 

Les anticorps empêchent la liaison d’une 
protéine à spicule à un récepteur de l’ECA2. 
Ce type d’immunité est le seul qui puisse être 
mesuré au moyen de tests de neutralisation.

Les anticorps peuvent activer le mécanisme classique du 
complément  et de la virolyse. Ce type d’immunité ne peut pas 
être mesuré au moyen de tests de neutralisation.

Les anticorps se lient aux particules virales, ce qui stimule 
les cellules présentatrices d’antigène et active une réponse 
immunitaire à médiation cellulaire. Ce type d’immunité ne 
peut pas être mesuré au moyen de tests de neutralisation.

Les anticorps se trouvant à la surface de la cellule infectée 
permettent aux cellules tueuses naturelle de la repérer et 
de la détruire. Ce type d’immunité ne peut pas être mesuré 
au moyen de tests de neutralisation.
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Figure 1 : Mécanismes d’action possibles des anticorps contre le coronavirus du syndrome respiratoire aigu sévère 2 (SRAS-CoV-2) en cas de maladie à 
coronavirus 2019 (COVID-19). Cette figure illustre le mécanisme normal d’entrée du SRAS-CoV-2 dans une cellule hôte, au cours duquel la fusion mem-
branaire est induite par l’interaction entre les glycoprotéines à spicules du SRAS-CoV-2 (en rouge) et les récepteurs de l’enzyme de conversion de 
l’angiotensine 2 (ECA2) [en vert] de la cellule hôte, interaction qui se produit au niveau de la membrane plasmique ou d’une membrane endosomique. 
Les anticorps dirigés contre le domaine de liaison au récepteur (DLR) des glycoprotéines à spicules peuvent empêcher l’interaction des spicules avec 
les récepteurs de l’ECA2, prévenant ainsi la pénétration du virus dans la cellule (A). Les anticorps dirigés contre les épitopes du DLR peuvent également 
avoir un effet antiviral par d’autres mécanismes (B, C et D). On ignore l’importance relative du rôle que pourraient jouer ces diverses fonctions dans le 
traitement d’une infection active au SRAS-CoV-2. Fait important, les tests de neutralisation généralement utilisés pour qualifier les produits hyper-
immuns ne mesurent qu’un seul de ces 4 mécanismes et ne font pas nécessairement de liens avec les autres.
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Applications au COVID19
10 patients présentant des formes sévères  àtraités 200 ml de Plasma de patients convalescents (Ac anti-SARS Cov2 1:640) 

and 9) in our study showed a rapid increase of lymphocyte counts
and a decrease of CRP, with remarkable absorption of lung lesions
in CT. Notably, patients who received CP transfusion after 14 dpoi
showed much less significant improvement, such as patient 10.
However, the dynamics of the viremia of SARS-CoV-2 was un-
clear, so the optimal transfusion time point needs to be deter-
mined in the future.
In the present study, no severe adverse effects were observed.

One of the risks of plasma transfusion is the transmission of the
potential pathogen. Methylene blue photochemistry was applied
in this study to inactivate the potential residual virus and to
maintain the activity of neutralizing antibodies as much as pos-
sible, a method known to be much better than ultraviolet (UV) C
light (25). No specific virus was detected before transfusion.
Transfusion-related acute lung injury was reported in an Ebola
virus disease woman who received CP therapy (26). Although
uncommon in the general population receiving plasma trans-
fusion, this specific adverse reaction is worth noting, especially
among critically ill patients experiencing significant pulmonary
injury (27). Another rare risk worth mentioning during CP
therapy is antibody-dependent infection enhancement, occurring
at subneutralizing concentrations, which could suppress innate
antiviral systems and thus could allow logarithmic intracellular
growth of the virus (28). The special infection enhancement also
could be found in SARS-CoV infection in vitro (29). No such
pulmonary injury and infection enhancement were observed in our
patients, probably owing to high levels of neutralizing antibodies,
timely transfusion, and appropriate plasma volume.
There were some limitations to the present study. First, except for

CP transfusion, the patients received other standard care. All patients
received antiviral treatment despite the uncertainty of the efficacy of
drugs used. As a result, the possibility that these antiviral agents could
contribute to the recovery of patients, or synergize with the therapeutic
effect of CP, could not be ruled out. Furthermore, some patients re-
ceived glucocorticoid therapy, which might interfere with immune
response and delay virus clearance. Second, the median time from
onset of symptoms to CP transfusion was 16.5 d (IQR, 11.0 d to 19.3
d). Although the kinetics of viremia during natural history remains
unclear, the relationship between SARS-CoV-2 RNA reduction and

CP therapy, as well as the optimal concentration of neutralizing an-
tibodies and treatment schedule, should be further clarified. Third, the
dynamic changes of cytokines during treatment were not investigated.
Nevertheless, the preliminary results of this trial seem promising, jus-
tifying a randomized controlled clinical trial in a larger patient cohort.
In conclusion, this pilot study on CP therapy shows a potential

therapeutic effect and low risk in the treatment of severe COVID-19
patients. One dose of CP with a high concentration of neutralizing
antibodies can rapidly reduce the viral load and tends to improve
clinical outcomes. The optimal dose and treatment time point, as
well as the definite clinical benefits of CP therapy, need to be
further investigated in randomized clinical studies.

Materials and Methods
Patients. From January 23, 2020, to February 19, 2020, 10 patients in three
participating hospitals (Wuhan Jinyintan Hospital; the Jiangxia District
Hospital of Integrative Traditional Chinese and Western Medicine, Wuhan;
and the First People’s Hospital of Jiangxia District, Wuhan) were recruited in
this pilot study. All patients were diagnosed as having severe COVID-19
according to the WHO Interim Guidance (30) and the Guideline of Di-
agnosis and Treatment of COVID-19 of National Health Commission of China
(version 5.0) (31), with confirmation by real-time RT-PCR assay. The enroll-
ment criteria were one of the conditions 2 to 4 plus condition 1: 1) age ≥ 18 y;
2) respiratory distress, RR ≥30 beats/min; 3) oxygen saturation level less
than 93% in resting state; and 4) partial pressure of oxygen (PaO2)/oxygen
concentration (FiO2) ≤ 300 mmHg (1 mmHg = 0.133 kPa). The exclusion
criteria were as follows: 1) previous allergic history to plasma or ingredients
(sodium citrate); 2) cases with serious general conditions, such as severe
organ dysfunction, who were not suitable for CP transfusion. Written in-
formed consent according to the Declaration of Helsinki was obtained from
each patient or legal relatives. This study was approved by the Ethics Com-
mittee of the China National Biotec Group Co., Ltd. (Approval number 2020-
0001). The registration number of this trial is ChiCTR2000030046.

Donors for Convalescent Plasma Transfusion. Ten donor patients who re-
covered from COVID-19 were recruited from three participating hospitals.
The recovery criteria were as follows: 1) normality of body temperature for
more than 3 d, 2) resolution of respiratory tract symptoms, and 3) two
consecutively negative results of sputum SARS-CoV-2 by RT-PCR assay (1-d
sampling interval). The donor’s blood was collected after 3 wk postonset

Table 4. Comparison of serum neutralizing antibody titers and SARS-CoV-2 RNA load before and after CP therapy

Patient no.
CP transfusion

date

Before CP transfusion After CP transfusion

Date
Serum neutralizing
antibody titers

Serum
SARS-CoV-2 RNA load

(Ct value) Date
Serum neutralizing
antibody titers

Serum
SARS-CoV-2 RNA load

(Ct value)

1 February 9 February 8 1:160 37.25 February
10

1:640 Negative

2 February 9 February 8 Unavailable 35.08 February
11

Unavailable Negative

3 February 13 February 12 1:320 38.07 February
14

1:640 Negative

4 February 13 February 12 1:160 37.68 February
14

1:640 Negative

5 February 12 February 11 1:640 Negative February
14

1:640 Negative

6 February 12 February 11 1:640 Negative February
14

1:640 Negative

7 February 12 February 11 1:320 34.64 February
14

1:640 Negative

8 February 12 February 11 1:640 35.45 February
14

1:640 Negative

9 February 12 February 11 1:160 Negative February
14

1:640 Negative

10 February 9 February 8 1:640 38.19 February
14

1:640 Negative

Duan et al. PNAS | April 28, 2020 | vol. 117 | no. 17 | 9495
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significantly higher than in those who did not require ICU con-
ditions (2, 18). CP, obtained from recovered COVID-19 patients
who had established humoral immunity against the virus, con-
tains a large quantity of neutralizing antibodies capable of neu-
tralizing SARS-CoV-2 and eradicating the pathogen from blood
circulation and pulmonary tissues (19). In the present study, all
investigated patients achieved serum SARS-CoV-2 RNA neg-
ativity after CP transfusion, accompanied by an increase of
oxygen saturation and lymphocyte counts, and the improve-
ment of liver function and CRP. The results suggest that the
inflammation and overreaction of the immune system were
alleviated by antibodies contained in CP. The case fatality rates
(CFRs) in the present study were 0% (0/10), which was com-
parable to the CFRs in SARS, which varied from 0% (0/10) to
12.5% (10/80) in four noncomparative studies using CP treat-
ment (9, 20–22). Based on our preliminary results, CP therapy

can be an easily accessible, promising, and safe rescue option
for severe COVID-19 patients. It is, nevertheless, worth men-
tioning that the absorption of pulmonary lesions often lagged
behind the improvement of clinical symptoms, as shown in pa-
tients 9 and 10 in this trial.
The first key factor associated with CP therapy is the neu-

tralizing antibody titer. A small sample study in MERS-CoV
infection showed that the neutralizing antibody titer should ex-
ceed 1:80 to achieve effective CP therapy (12). To find eligible
donors who have high levels of neutralizing antibody is a pre-
requisite. Cao et al. (23) showed that the level of specific neu-
tralizing antibody to SARS-CoV decreased gradually 4 mo after
the disease process, reaching undetectable levels in 25.6% (IgG)
and 16.1% (neutralizing antibodies) of patients at 36 mo after
disease status. A study from the MERS-CoV−infected patients
and the exposed healthcare workers showed that the prevalence
of MERS-CoV IgG seroreactivity was very low (2.7%), and the
antibodies titer decreased rapidly within 3 mo (24). These studies
suggested that the neutralizing antibodies represented short-
lasting humoral immune response, and plasma from recently
recovered patients should be more effective. In the present
study, recently recovered COVID-19 patients, who were infected
by SARS-CoV-2 with neutralizing antibody titer above 1:640 and
recruited from local hospitals, should be considered as suitable
donors. The median age of donors was lower than that of re-
cipients (42.0 y vs. 52.5 y). Among the nine cases investigated,
the neutralizing antibody titers of five patients increased to 1:640
within 2 d, while four patients kept the same level. The antibody
titers in CP in COVID-19 seem thus higher than those used in
the treatment of MERS patient (1:80) (12).
The second key factor associated with efficacy is the treatment

time point. A better treatment outcome was observed among
SARS patients who were given CP before 14 dpoi (58.3% vs.
15.6%; P < 0.01), highlighting the importance of timely rescue
therapy (9). The mean time from onset of illness to CP transfusion
was 16.5 d. Consistent with previous research, all three patients
receiving plasma transfusion given before 14 dpoi (patients 1, 2,

Table 3. Comparison of laboratory parameters before and after
CP transfusion

Clinical factors
Before CP
transfusion

After CP
transfusion

CRP (mg/L, normal range
0 to 6)

55.98 (15.57
to 66.67)

18.13 (10.92
to 71.44)

Lymphocyte (109 per L, normal
range 1.1 to 3.2)

0.65 (0.53
to 0.90)

0.76 (0.52
to 1.43)

Alanine aminotransferase (U/L,
normal range 9 to 50)

42.00 (28.25
to 61.85)

34.30 (25.75
to 53.90)

Aspartate aminotransferase
(U/L, normal range 15
to 40)

38.10 (28.50
to 44.00)

30.30 (17.30
to 38.10)

Total bilirubin (μmol/L, normal
range 0 to 26)

12.40 (11.71
to 22.05)

13.98 (12.20
to 20.80)

SaO2 (%, normal range
≥ 95)

93.00 (89.00
to 96.50)

96.00 (95.00
to 96.50)

SaO2, oxyhemoglobin saturation.
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Fig. 3. Change of laboratory parameters in patient 1. The x axis represents the day post-CP transfusion. The dotted horizontal line represents the reference
value range.
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à Etude Coviplasm en France

200 patients convalescents prélevés – 60 patients COVID inclus
Bras: plasma de patients convalescents pour le COVID 19

Bras: plasma de sujets contrôles

Duan et al., PNAS 2020
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 519 

Figure 2. Seven day (A, B) and 30-day (C, D) adjusted mortality stratified by antibody 520 
groupings in patients transfused with COVID-19 convalescent plasma. Adjusted mortality 521 
rate is presented on the vertical axis, and the height of each bar graph represents adjusted 522 
mortality with 95% confidence interval denoted. Data are stratified by groupings of antibody 523 
levels with semiquantitative groupings of low (<4.62 S/Co, orange bars), medium (4.62 to 18.45 524 
S/Co, blue bars) and high (> 18.45 S/Co, green bars). Values presented as text within the boxes 525 
are the estimated adjusted mortality rates. Values connecting various categories shown with the 526 
overbraces are bootstrapped estimates of relative risk and 95% bootstrap confidence intervals. 527 
Refer to the methods for the variables in the adjustment and the calculation of the relative risks.  528 
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opment of antimicrobial therapy in the 1940s (9). Convalescent 
plasma was used during the 1918 flu epidemic and reduced mortal-
ity among plasma recipients (10). More recently, 2 other epidemics 
caused by coronaviruses have been associated with high mortali-
ty, severe acute respiratory syndrome coronavirus 1 (SARS-CoV-1) 
in 2003 and Middle East respiratory syndrome (MERS) in 2012. 
The SARS-CoV-1 epidemic was contained, but MERS became 
endemic in the Middle East and triggered a secondary major out-
break in South Korea. In both viral outbreaks, the high mortality 
and absence of effective therapies led to the use of convalescent 
plasma. In the largest study of the SARS-CoV-1 outbreak, among 
80 patients in Hong Kong (11), patients treated within the first 14 
days of infection had an earlier discharge from the hospital. These 
results are consistent with the notion that convalescent plasma 
may be an effective treatment of coronavirus infections and that 
earlier administration is more likely to be successful.

with the Mayo Clinic and national blood banking community 
developed a national expanded access program (EAP) to collect 
and distribute convalescent plasma donated by individuals that 
have recovered from COVID-19. There is historical precedent 
for anticipating that human convalescent plasma is a viable 
option for mitigation and treatment of COVID-19 (7, 8). Human 
convalescent plasma uses antibodies harvested from recently 
infected and currently recovered patients with COVID-19 to 
treat currently infected patients with COVID-19. This approach 
is referred to as passive antibody therapy. As recently summa-
rized (7), convalescent plasma represents a promising treatment 
strategy with a strong historical precedence, biological plausi-
bility, and limited barriers for rapid development and deploy-
ment of this investigational therapy.

Passive antibody therapy was first described in the 1890s as the 
only means of treating certain infectious diseases before the devel-

Figure 1. Participation in the US 
COVID-19 convalescent plasma 
expanded access program, includ-
ing data extracted on May 11, 2020. 
(A) Choropleth map displaying the 
number of cumulatively enrolled 
patients in the expanded access 
program (EAP) within each state 
of the contiguous US, with lower 
enrollment values displayed in a 
lighter hue of blue and higher enroll-
ment values displayed in a darker 
hue of blue. Registered acute care 
facilities are represented as yellow 
circles, with larger circles indicat-
ing greater numbers of registered 
facilities within the metropolitan 
area of a city. The choropleth 
map does not display data from 
noncontiguous US locations, 
including registered facilities in 
Puerto Rico, Hawaii, Alaska, Guam, 
and Northern Mariana Islands. 
(B) The chronological line charts 
represent the cumulative number of 
enrolled patients (blue line) and the 
cumulative number of patients that 
have received a COVID-19 conva-
lescent plasma transfusion (yellow 
line). The chronological bar charts 
represent analogous values — the 
number of enrolled patients (blue 
bars) and number of patients that 
have received a COVID 19 convales-
cent plasma transfusion (yellow 
bars) by day. The difference between 
the blue and yellow bars highlights 
a fulfillment gap in COVID-19 con-
valescent plasma, which was most 
acute at the onset of the EAP and 
has substantially improved.

à Risque de sélection de souches
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FIGURE 5-9 The generation of monoclonal 
antibodies. In this procedure, spleen cells from 
a mouse that has been immunized with a known 
antigen or mixture of antigens are fused with 
an enzyme-deficient partner myeloma cell line, 
with use of chemicals such as polyethylene 
glycol that can facilitate the fusion of plasma 
membranes and the formation of hybrid cells 
that retain many chromosomes from both fusion 
partners. The myeloma partner used is one 
that does not secrete its own Ig. These hybrid 
cells are then placed in a selection medium 
that permits the survival of only immortalized 
hybrids; these hybrid cells are then grown as 
single cell clones and tested for the secretion 
of the antibody of interest. The selection 
medium includes hypoxanthine, aminopterin, 
and thymidine and is therefore called HAT 
medium. There are two pathways of purine 
synthesis in most cells, a de novo pathway that 
needs tetrahydrofolate and a salvage pathway 
that uses the enzyme hypoxanthine-guanine 
phosphoribosyltransferase (HGPRT). Myeloma 
cells that lack HGPRT are used as fusion partners, 
and they normally survive using de novo purine 
synthesis. In the presence of aminopterin, 
tetrahydrofolate is not made, resulting in a 
defect in de novo purine synthesis and also 
a specific defect in pyrimidine biosynthesis, 
namely, in generating TMP from dUMP. Hybrid 
cells receive HGPRT from the splenocytes and 
have the capacity for uncontrolled proliferation 
from the myeloma partner; if they are given 
hypoxanthine and thymidine, these cells can 
make DNA in the absence of tetrahydrofolate. 
As a result, only hybrid cells survive in HAT 
medium.

Mutant myeloma line;
unable to grow in HAT 
selection medium; does 
not produce antibody 

Mixture of spleen cells,
including some producing
anti-X antibody

Isolate spleen 
cells from mouse 

immunized
with antigen X

Mixture of 
fused and

unfused cells

Only fused cells
(hybridomas) 

grow

Antigen X

Hybridomas 
producing 

monoclonal 
anti-X antibody

In vitro selection
in HAT medium

Fusion

Screen supernatants of each clone for anti-X antibody
and expand positive clones

Isolate clones derived from single cells

2.1.3 Ac monoclonal
Technique de l’hybridome (1970):
Immortaliser et faire proliférer des clones de cellules B de souris produisant un 
seul type d’Ac par la fusion de clones B avec cellules myélomateuses immortelles. 
Polyclonaux à Monoclonaux : dirigés contre un seul épitope.
Souris à l’humain.

Par génie génétique
- Remplacement progressif des domaines constants
- Remplacement des régions charpentes des domaines 

variables des Ig murines par leurs homologues humains

Monoclonal Antibody

-zumab
-(m)umab

-ximab

chimérique

humanisé

humain

Ingénierie moléculaire :
anticorps recombinants

Faible efficacité des 
monoclonaux thérapeutiques 
murins lié à leur 
immunogénicité et leur faible 
demi-vie (x: OKT3)



Anticorps neutralisant : COVID19

Wang et al. Nature Com 2020

Sélection de l’hybridome

Souris tg codant pour Ig chimérique
Chaine lourde humaine
Chaine légère rat 
à Humanisé

Hybridoma SARS-Secto SARS-S1 SARS-S1A SARS2-S1
44B3 2,5 2,7 3,3 0,1
45E10 3,0 0,8 1,7 0,0
46F11 2,4 2,7 3,3 0,0
39F9 2,9 3,3 3,5 0,0
41A7 2,6 1,0 1,9 0,0
28 E3 2,4 2,3 3,2 0,0
34C10 1,3 1,0 1,9 0,0
16C10 2,4 0,6 1,7 0,1
14B1 2,6 2,9 3,3 0,1
30B1 0,6 0,5 1,1 0,0
28G10 1,0 1,3 2,6 0,0
28F6 2,4 2,9 3,0 0,0
40H10 1,2 0,7 1,9 0,0
39A4 1,7 1,5 2,8 0,0
37G1 1,3 0,9 1,7 0,0
44E11 2,8 3,3 3,5 0,1
19C1 1,9 0,4 1,2 0,1
58D2 2,6 2,8 3,4 0,1
14C1 2,8 1,2 2,6 0,0
45H1 2,3 3,1 3,6 0,0
24F5 3,3 3,4 3,6 0,0
52D9 1,5 1,6 2,3 1,3
45E6 2,4 2,6 3,3 0,0
47D11 3,4 3,0 0,0 1,5
47G10 2,6 2,8 0,1 0,0
48G1 3,3 3,4 0,1 0,0
49F1 1,8 2,0 0,0 1,3
43C6 3,1 3,4 0,1 0,1
22E10 3,2 3,4 0,1 0,0
28D11 2,7 3,1 0,1 0,0
28H3 2,8 1,8 0,0 0,0
25E7 3,1 3,3 0,1 0,1
22E8 1,2 1,2 0,1 0,0
35F4 3,2 3,6 0,1 0,0
43G5 3,2 3,3 0,1 0,1
47F8 1,4 1,4 0,0 0,0
43B4 3,2 3,3 0,1 0,0
49B10 1,1 0,6 0,0 0,2
51C11 1,9 1,9 0,0 0,0
36F6 1,7 2,7 0,1 0,3
65H8 3,2 3,3 0,1 0,1
65H9 1,6 1,7 0,1 2,5
48D5 3,3 3,5 0,1 0,0
35E2 2,5 3,3 0,2 0,0
44G3 2,4 2,8 0,1 0,0
9H9 1,8 0,1 0,0 0,1
25C3 3,0 0,1 0,1 0,1
29E6 1,1 0,1 0,1 0,0
43F11 2,8 0,1 0,1 0,0
47C4 1,5 0,0 0,1 0,0
13F11 3,0 0,0 0,0 0,0

Supplementary Table 1. ELISA cross-reactivity of antibody-containing
supernatants of SARS-S H2L2 hybridomas towards SARS2-S1. SARS-S
targeting hybridomas were developed by conventional hybridoma technology from
immunized H2L2 transgenic mice (Harbour Biomed)1. These mice - carrying genes
encoding the heavy and light chain human immunoglobulin repertoire - were
sequentially immunized with 2-week intervals with trimeric spike protein
ectodomains (Secto) of three human coronaviruses from the betacoronavirus genus
in the following order: 1. HCoV-OC43-Secto, 2. SARS-CoV-Secto, 3. MERS-CoV-
Secto, 4. HCoV-OC43-Secto, 5. SARS-CoV-Secto, 6. MERS-CoV-Secto. Four days after
the last immunization, splenocytes and lymph node lymphocytes were harvested
and hybridomas were generated. Antibodies in the cell supernatants were tested for
ELISA-reactivity against SARS-Secto, SARS-S1, SARS-S1A and SARS2-S1. Of the
51 hybridoma supernatants that reacted with SARS-Secto only, 23 reacted with
SARS-S1A, 22 with SARS-S1 but not SARS-S1A, 6 with SARS-Secto but not SARS-
S1. Four of the 51 SARS-Secto hybridoma supernatants reacted with SARS2-S1
(see column on the right). The table displays ELISA-signal intensities (OD450nm
values) of hybridoma supernatants for the different antigens.

ELISA reactivity hybr. sups # hybr sups
anti-SARS-S1A 23
anti-SARS-S1 (but not binding S1A) 22
anti-SARS-Secto (but not binding S1) 6
Total 51
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Fig. 1 47D11 neutralizes SARS-CoV and SARS-CoV-2. a Binding of 47D11 to HEK-293T cells expressing GFP-tagged spike proteins of SARS-CoV and
SARS-CoV-2 detected by immunofluorescence assay. The human mAb 7.7G6 targeting the MERS-CoV S1B spike domain was taken along as a negative
control, cell nuclei in the overlay images are visualized with DAPI. b Antibody-mediated neutralization of infection of luciferase-encoding VSV particles
pseudotyped with spike proteins of SARS-CoV and SARS-CoV-2. Pseudotyped VSV particles pre-incubated with antibodies at indicated concentrations
(see Methods) were used to infect VeroE6 cells and luciferase activities in cell lysates were determined at 24 h post transduction to calculate infection (%)
relative to non-antibody-treated controls. The average ± SD from at least three independent experiments with technical triplicates is shown. Iso-CTRL: an
anti-Strep-tag human monoclonal antibody11 was used as an antibody isotype control. c Antibody-mediated neutralization of SARS-CoV and SARS-CoV-2
infection on VeroE6 cells. The experiment was performed with triplicate samples, the average ± SD is shown. Source data are provided as a Source
Data file.
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control, cell nuclei in the overlay images are visualized with DAPI. b Antibody-mediated neutralization of infection of luciferase-encoding VSV particles
pseudotyped with spike proteins of SARS-CoV and SARS-CoV-2. Pseudotyped VSV particles pre-incubated with antibodies at indicated concentrations
(see Methods) were used to infect VeroE6 cells and luciferase activities in cell lysates were determined at 24 h post transduction to calculate infection (%)
relative to non-antibody-treated controls. The average ± SD from at least three independent experiments with technical triplicates is shown. Iso-CTRL: an
anti-Strep-tag human monoclonal antibody11 was used as an antibody isotype control. c Antibody-mediated neutralization of SARS-CoV and SARS-CoV-2
infection on VeroE6 cells. The experiment was performed with triplicate samples, the average ± SD is shown. Source data are provided as a Source
Data file.
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Regeneron (Casirivimab – Imdevimab) 

of overlaid sequences (fig. S2) showed strong
overlap in the repertoire of isolated kappa
chains between VI mouse and human-derived
antibodies. Although the repertoire of lambda
chains did not overlapwell, thatmay be because
only two lambda mice were included in this
trial. The average complementarity-determining
region (CDR) lengths (fig. S2D) for heavy chains
was similar between VI mouse and human-
derived antibodies, with average lengths of 13
and 14.5 amino acids, respectively. The average
kappa CDR length (fig. S2E) was the same for
VI mouse and human-derived antibodies at
9 amino acids, and the lengths were similar
for lambda chains (fig. S2F), with an average
length of 11.1 and 10.6 amino acids, respectively.
Approximately 40 antibodies with distinct

sequences and potent neutralization activ-
ities were chosen for additional characteri-
zation, as described below. The neutralization
potency of these mAbs spanned the single-digit
to triple-digit picomolar range in the VSV-based
pseudoparticle assay. Antibodies shown to
cross-neutralize SARS-CoV-1 and SARS-CoV-2
spike proteins were weakly neutralizing (12).
So instead of focusing on cross-neutralizers,
we focused on nine of the most potent neu-
tralizing mAbs, with neutralization potencies
ranging from 7 to 99 pM (Fig. 2A and table
S1). All of these neutralizing mAbs bound to
the RBD of SARS-CoV-2 spike and blocked its
ability to interact with ACE2 with double-digit
picomolar median inhibitory concentrations
(IC50s) (table S1), which supports ACE2 block-
ade as the primary mechanism for neutraliza-

tion. The antibodies bound specifically and
with high affinity to monomeric SARS-COV-2
RBD [dissociation constant (Kd) = 0.56 to
45.2 nM] and dimeric SARS-COV-2 RBD (Kd =
5.7 to 42.8 pM). Because recombinant ACE2
receptor is being considered as a COVID-19
therapeutic (13), we tested the potency of re-
combinant dimeric human ACE2-Fc (hACE2-hFc)
in our neutralization assay. Although recom-
binant ACE2 was able to mediate neutraliza-
tion of the VSV-based spike pseudoparticles
as previously reported, its potency was reduced
bymore than a factor of 1000 compared with
that of the best neutralizing mAbs (Fig. 2, A
and B).
A smaller collection of four antibodies was

chosen for further analyses to determinewhether
the above binding data to RBD reflected bind-
ing to trimeric spike protein, whether neutral-
ization potencies noted in the above assays
were consistent with those seen in other assays
including with SARS-CoV-2, and whether these
antibodies retainedneutralizationactivity against
pseudoparticles with mutations in the S1-S2
cleavage site. The binding affinity of these
four antibodies against trimeric SARS-CoV-2
spike (Kd = 37.1 to 42.8 pM) largely paral-
leled the affinity against the RBD (table S3).
Additionally, the potent neutralizing activity
of these four antibodies was confirmed in
the additional neutralization assays, includ-
ing neutralization of pVSV-SARS-CoV-2-S
(mNeon) in the human lung epithelial Calu-3
cell line, neutralization of replicating VSV-
SARS-CoV-2-S in Vero cells, and neutraliza-

tion of SARS-CoV-2 in VeroE6 cells (Fig. 2, B to
D). All neutralization assays generated similar
potency across the four mAbs, and no combi-
nations demonstrated synergistic neutrali-
zation activity (Fig. 2, C and D). As previous
studies indicate pseudoparticles contain-
ing the SARS-CoV-2 spike are precleaved by
furin-like proteases at the polybasic S1-S2
cleavage site during biogenesis in HEK293T
cells, we assessed the impact of this cleavage
onmAb neutralization potency. Spike-stabilized
pseudoparticles (fig. S3A) with a monobasic
cleavage site (FurMut) in the S1-S2 interface or
deleted region (FurKO) were produced as pre-
viously described (14, 15). No differences were
observed in neutralization of either FurMut-
or FurKO-containing pseudoparticles relative
to wild-type (WT) in Vero cells (fig. S3B). No-
tably, stabilized pseudoparticles had compa-
rable or greater infectivity to those with WT
cleavage sites in Vero cells, whereas substan-
tial loss of infectivity was observed in Calu-3
cells (fig. S3C). Authentic SARS-CoV-2 with a
natural deletion of the S1-S2 junction also had
defects in infectivity in Calu-3 but not in Vero
cells (16), which implicates differential prote-
ase usage between these two cell types. To in-
vestigate the mechanism of neutralization, we
generated antigen-binding fragments (Fabs)
for the four antibodies.We compared immuno-
globulin G (IgG) with corresponding Fabs side
by side for their ability to neutralize pseudo-
typed VSV (fig. S4). The IC50s of all the Fabs
were shifted compared with those of their
parental IgGs, which indicates that bivalent
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Fig. 1. Paired antibody repertoire for human- and mouse-derived SARS-CoV-2 neutralizing antibodies. (A and B) Variable (V) gene frequencies for paired heavy
(x axes) and light (y axes) chains of isolated neutralizing antibodies to SARS-CoV-2 for VI mice (A) (N = 185) and convalescent human donors (B) (N = 68). The color
and size of the circles correspond to the number of heavy and light chain pairs present in the repertoires of isolated neutralizing antibodies. Neutralization is defined
as >70% with 1:4 dilution of antibody (~2 mg/ml) in VSV-based pseudoparticle neutralization assay.
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binding, cross-linking, and steric hindrance
might all augment neutralization.
Although the role of antibody effector func-

tion in protection against SARS-CoV-2 is yet
unknown, it has been well established that it
plays an important role in mAb therapeutic
efficacy against other viruses such as Ebola
and influenza viruses (17–19). Effector cells
including macrophages and monocytes have
also been shown to be important for antibody-
mediated protection from SARS-CoV-1 infec-
tion (20). To understand whether our lead
antibodies are capable of mediating effector
function, we assessed both antibody-dependent
cellular cytotoxicity (ADCC) and antibody-
dependent cellular phagocytosis (ADCP) activ-
ity in primary human cell bioassays utilizing
natural killer (NK) cells and monocyte-derived
phagocytes. All four lead antibodies demon-
strated the ability to mediate ADCC and ADCP,
albeit to slightly different degrees. REGN10987
displayed superior ability to mediate ADCC rel-
ative to the other three mAbs, whereas it per-
formed similarly to REGN10989 and REGN10933

in the ADCP assay (fig. S5 and table S3). Al-
though REGN10934 was able to mediate both
ADCC and ADCP, it was not as strong of an in-
ducer in those assays as the other three mAbs
(fig. S6 and table S4). Further identification
of mAb epitopes through high-resolution struc-
tural analysis may help illuminate the relation-
ship between specific epitopes and effector
function of anti-spike mAbs.
A prospective goal of our effort was to iden-

tify highly potent individual antibodies that
could be paired in a therapeutic antibody cock-
tail, aiming to decrease the potential for de-
creased efficacy caused by variants arising as
the pandemic spreads or by virus escape mu-
tants that might be selected for in response to
pressure from a single-antibody treatment (7).
Thus, we examined our nine most-potent neu-
tralizing antibodies in cross-competition bind-
ing assays (fig. S7) and identified several pairs
of noncompeting mAbs with picomolar neu-
tralization potency that could potentially be
combined to form antibody cocktails. To fur-
ther study the binding regions of our mAbs on

spike protein RBD, we performed hydrogen-
deuterium exchange mass spectrometry (HDX-
MS) with the same nine antibodies (Fig. 3),
which revealed where each of the antibodies
contacts the surface of the RBD and allowed
comparison with the ACE2 binding site on the
RBD (Fig. 3). As might be expected, most of
our neutralizing antibodies contact the RBD
in a manner that overlaps the RBD residues
that comprise the ACE2 interface; further-
more, the antibodies can be grouped on the
basis of their pattern of contacting the RBD
surface. Comparing the cross-competition bind-
ing assays with the HDX-MS results provides
structural insights into themechanismbywhich
noncompeting pairs of antibodies can simul-
taneously bind the RBD and can thus be ideal
partners for a therapeutic antibody cocktail.
REGN10987 and REGN10933 represent such
a pair of antibodies: REGN10933 targets the
spike-like loop region on one edge of the ACE2
interface. Within that region, the residues that
show the most notable HDX protection by
REGN10933 face upward, which suggests that
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Fig. 2. Neutralization potency of anti–SARS-CoV-2 spike mAbs. (A) Serial
dilutions of anti-spike mAbs, IgG1 isotype control, and recombinant dimeric
ACE2 (hACE2.hFc) were added with pVSV-SARS-CoV-2-S(mNeon) to Vero
cells, and mNeon expression was measured 24 hours after infection as a
readout for virus infectivity. Data are graphed as percent neutralization relative
to virus-only infection control. (B) Neutralization potency of anti-spike mAbs,
recombinant dimeric ACE2, and IgG1 isotype control against nonreplicating

pVSV-SARS-CoV-2-S(mNeon) in Calu-3 cells. (C) Neutralization potency of
individual anti-spike mAbs and combinations of mAbs against replicating
VSV-SARS-CoV-2-S virus in Vero cells. Cells were infected with a multiplicity
of infection (MOI) 1 of the virus and stained for viral protein 24 hours after
infection to measure infectivity. (D) Neutralization potency of individual
anti-spike mAbs and combinations of mAbs against SARS-CoV-2-S virus
in VeroE6 cells.
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the Fab region of REGN10933 binds the RBD
from the top direction, where REGN10933will
have collisions with ACE2. To avoid competi-
tion with REGN10933, REGN10987 can only
bind to the HDX-defined protected regions
from the front or the lower left side (in the
front view of REGN10987 in Fig. 3). This would
be consistent with the neutralization data, as
REGN10987 would orient itself in a position
that has high probability to interferewithACE2.
Confirming the above data, single-particle cryo–
electron microscopy (cryo-EM) of the complex
of SARS-CoV-2 spike RBD bound to Fab frag-
ments of REGN10933 and REGN10987 shows
that the two antibodies in this cocktail can
simultaneously bind to distinct regions of the
RBD (Fig. 4 and table S5). A three-dimensional
(3D) reconstructed map of the complex with
nominal resolution of 3.9 Å shows that the two
Fab fragments bind at different epitopes on the
RBD, which confirms that they are noncom-
peting antibodies. REGN10933 binds at the top
of the RBD, extensively overlapping the binding
site for ACE2. On the other hand, the epitope for
REGN10987 is located on the side of the RBD,
away from the REGN10933 epitope, and has
little to no overlap with the ACE2 binding site.
We report notable similarities and consis-

tencies in the antibodies generated from
genetically humanized mice and from con-
valescent humans. The scale of the genetic-
engineering approach used to create the VI
mouse (involving genetic-humanization of
more than 6 Mb of mouse immune genes)
has resulted in the ability to effectively and
indistinguishablymimic the antibody responses
of normal humans. The genetically humanized–
mouse approach has the advantages that it
can potentially allow for further immuniza-
tion optimization strategies and that it can be
applied to noninfectious disease targets. By
combining the efforts from two parallel and
high-throughput approaches for generating
antibodies to the RBD of the SARS-CoV-2 spike
protein, we generated a sufficiently large col-
lection of potent and diverse antibodies that
we could meet our prospective goal of identi-
fying highly potent individual antibodies that
could be combined into a therapeutic anti-
body cocktail. Inclusion of such antibodies
into an antibody cocktailmay deliver optimal
antiviral potency while minimizing the odds
of virus escape (7)—two critical, desired fea-
tures of an antibody-based therapeutic for
treatment and prevention of COVID-19. Such
an antibody cocktail is now being tested in
human trials (clinicaltrials.gov NCT04426695
and NCT04425629).
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Fig. 3. HDX-MS determines mAb
interaction on spike protein
RBD. 3D surface models for the
structure of the spike protein RBD
domain showing the ACE2
interface and HDX-MS epitope
mapping results. RBD residues
that make contacts with ACE2
(21, 22) are indicated in yellow
(top). RBD residues protected by
anti–SARS-CoV2 spike antibodies
are indicated with colors that
represent the extent of protection,
as determined by HDX-MS
experiments. RBD residues in
purple and blue indicate sites of
lesser solvent exchange upon
antibody binding that have
greater likelihood to be antibody-
binding residues. The RBD
structure is reproduced from
PDB 6M17 (21).

Fig. 4. Complex of REGN10933 and REGN10987 with the SARS-CoV-2 RBD. (A) 3.9-Å cryo-EM map of
the REGN10933-RBD-REGN10987 complex, colored according to the chains in the refined model (B). RBD is
colored dark blue; REGN10933 heavy and light chains are green and cyan, respectively; and REGN10987
heavy and light chains are yellow and red, respectively.
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the Declaration of Helsinki and the ethical guide-
lines of the Council for International Organiza-
tions of Medical Sciences. All the patients pro-
vided written informed consent.

Outcomes
The primary outcome was the change from 
baseline in the SARS-CoV-2 viral load at day 11 
(±4 days) after positive results on testing. Data 
regarding virologic features and symptoms were 
collected up to day 29 in this trial. The viral load 
was measured by means of a nasopharyngeal 
swab, which was followed by quantitative reverse-
transcriptase–polymerase-chain-reaction (RT-PCR) 
assay at a central laboratory. (Details regarding 
testing are provided in the Methods section in 
the Supplementary Appendix.) Key secondary out-
comes were safety assessments, symptom burden 
as reported by the patient on a questionnaire, 
and clinical outcomes. The major clinical out-
come was defined as Covid-19–related in-patient 
hospitalization, a visit to the emergency depart-
ment, or death. No deaths were reported, and 
since most emergency department visits resulted 
in hospital admissions, we refer to a composite of 
emergency department visits and in-patient hos-
pitalizations simply as hospitalizations. This re-
port includes an analysis of the primary outcome 
as well as safety and adverse-event data, informa-
tion regarding symptoms, and clinical outcomes.

Statistical Analysis
To determine the sample size, we used a dynamic 
model to simulate viral load over time in patients 
treated with LY-CoV555 or placebo. This simu-
lated population was used to estimate the statis-
tical power and comparisons in the change from 
baseline in viral load. (Details are provided in 
Section 5.2 in the statistical analysis plan, which 
is included in the protocol document.) All the 
patients who had undergone randomization and 
who had received either LY-CoV555 or placebo 
were included in the primary analysis if their 
viral-load measures were available both at base-
line and at least once after baseline.

Treatment effects were compared with the 
use of two-sided tests with an alpha level of 0.05. 
Adjustments for multiple testing were not per-
formed. Significance testing for the primary out-
come was performed with the use of a repeated-
measures analysis as a mixed model. (Details 

regarding these methods are provided in Section 
6.10 in the statistical analysis plan.)

R esult s

Patients
From June 17 through August 21, 2020, a total 
of 467 patients underwent randomization to re-
ceive either LY-CoV555 (317 patients) or placebo 
(150 patients), and the patients in the LY-CoV555 
group were assigned to one of three dose sub-
groups. Of the patients who had undergone 
randomization, 452 met the criteria for inclusion 
in the primary analysis (309 in the LY-CoV555 
group and 143 in the placebo group). LY-CoV555 
was administered to these patients in doses of 
700 mg (101 patients), 2800 mg (107 patients), or 
7000 mg (101 patients) (Fig. 1). The two trial 
groups were well balanced regarding risk factors 
at the time of enrollment (Table 1). Nearly 70% 
of the patients had at least one risk factor — an 
age of 65 years or older, a body-mass index 
(BMI, the weight in kilograms divided by the 
square of the height in meters) of 35 or more, or 
at least one relevant coexisting illness — for 
severe Covid-19. After undergoing randomiza-
tion, patients received an infusion of LY-CoV555 
or placebo within a median of 4 days after the 
onset of symptoms; at the time of randomiza-
tion, more than 80% of the patients had only 
mild symptoms. The observed mean PCR cycle 
threshold (Ct) value of 23.9 on the day of infu-
sion (equating to approximately 2.5 million RNA 
equivalents) matched expectations that a recently 
diagnosed population would have a high viral 
burden. The conversion from Ct value to viral load 

Figure 1. Enrollment and Trial Design.

Interim Analysis
Positive SARS-CoV-2 test ≤3 days 

before infusion
Mild or moderate Covid-19 symptoms
Primary end point: change from 

baseline to day 11 (±4 days)
in SARS-CoV-2 viral load

Secondary end points include safety, 
symptom severity, hospitalization, 
and time points for viral clearance

107 Patients were enrolled and assigned
to 2800 mg of LY-CoV555 monotherapy

101 Patients were enrolled and assigned
to 7000 mg of LY-CoV555 monotherapy

101 Patients were enrolled and assigned
to 700 mg of LY-CoV555 monotherapy

143 Patients were enrolled and assigned
to placebo
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is described in Section 6.10 of the statistical analy-
sis plan.

Primary Outcome
By day 11, the majority of patients had a sub-
stantial trend toward viral clearance, including 
those in the placebo group. The observed mean 
decrease from baseline in the log viral load for 
the entire population was −3.81 (baseline mean, 
6.36; day 11 mean, 2.56); this value corresponded 
to a decrease by more than a factor of 4300 in the 
SARS-CoV-2 burden, for an elimination of more 
than 99.97% of viral RNA. For patients who re-
ceived the 2800-mg dose of LY-CoV555, the dif-
ference from placebo in the decrease from base-

line was −0.53 (95% confidence interval [CI], −0.98 
to −0.08; P = 0.02), for a lower viral load by a 
factor of 3.4 (Table 2). However, smaller differ-
ences from placebo in the decrease from base-
line were observed among the patients who re-
ceived the 700-mg dose (−0.20; 95% CI, −0.66 to 
0.25; P = 0.38) and the 7000-mg dose (0.09; 95% CI, 
−0.37 to 0.55; P = 0.70).

Secondary Viral Outcomes
On day 3, among the patients who received the 
2800-mg dose of LY-CoV555, the observed differ-
ence from placebo in the decrease from baseline 
in the mean log viral load was −0.64 (95% CI, 
−1.11 to −0.17) (Table 2). The other two doses of 
LY-CoV555 showed similar improvements in viral 
clearance at day 3, with a difference from pla-
cebo in the change from baseline of −0.42 (95% 
CI, −0.89 to 0.06) for the 700-mg dose and −0.42 
(95% CI, −0.90 to 0.06) for the 7000-mg dose. 
The difference from placebo in the change from 
baseline for the pooled doses of LY-CoV555 was 
−0.49 (95% CI, −0.87 to −0.11).

Exploratory Measures of Viral Clearance
In the pooled trial population, an association 
was observed between slower viral clearance and 
more hospitalization events. Figure 2A presents 
the absolute viral load among hospitalized pa-
tients (pooled across randomization strata) as 
well as a box plot of viral loads among nonhos-
pitalized patients. On day 7, all the available 
measures of viral load among hospitalized pa-
tients were higher than the median values among 
the nonhospitalized patients. Among the patients 
with a higher viral load on day 7, the frequency 
of hospitalization was 12% (7 of 56 patients) 
among those who had a Ct value of less than 
27.5, as compared with a frequency of 0.9% (3 of 
340 patients) among those with a lower viral 
load. (The SARS-CoV-2 N1 gene primer determines 
a Ct value that is equivalent to approximately 
570,000 nucleic acid–based amplification tests 
per milliliter with the use of the SARS-CoV-2 
reference panel of the Food and Drug Administra-
tion.) Since this difference was not anticipated 
and emerged from post hoc exploratory analysis, 
it is unclear whether it would be applicable to 
other populations. Figure 2B shows the cumula-
tive probability that patients in each trial group 
would have the indicated cycle threshold of viral 
load on day 7.

Table 1. Characteristics of the Patients at Baseline.*

Characteristic
LY-CoV555 
(N = 309)

Placebo 
(N = 143)

Age

Median (range) — yr 45 (18–86) 46 (18–77)

65 Yr or older — no. (%) 33 (10.7) 20 (14.0)

Female sex — no. (%) 171 (55.3) 78 (54.5)

Race or ethnic group — no./ 
total no. (%)†

White 269/305 (88.2) 120/138 (87.0)

Hispanic or Latino 135/309 (43.7) 63/143 (44.1)

Black 22/305 (7.2) 7/138 (5.1)

Body-mass index‡

Median 29.4 29.1

≥30 to <40 — no./total no. (%) 112/304 (36.8) 56/139 (40.3)

≥40 — no./total no. (%) 24/304 (7.9) 9/139 (6.5)

Risk factors for severe Covid-19  
— no. (%)§

215 (69.6) 95 (66.4)

Disease status — no. (%)

Mild 232 (75.1) 113 (79.0)

Moderate 77 (24.9) 30 (21.0)

Median no. of days since onset 
 of symptoms

4.0 4.0

Mean viral load — Ct value¶ 23.9 23.8

*  Covid-19 denotes coronavirus disease 2019.
†  Race or ethnic group was reported by the patients, who could choose more 

than one category.
‡  The body-mass index is the weight in kilograms divided by the square of the 

height in meters.
§  Risk factors were an age of 65 years or older, a body-mass index of 35 or 

more, or at least one coexisting illness in certain prespecified categories.
¶  Ct denotes the cycle threshold of the reverse-transcriptase–polymerase-chain-

reaction assay.
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Covid-19–Related Hospitalization
At day 29, the percentage of patients who were 
hospitalized with Covid-19 was 1.6% (5 of 309 
patients) in the LY-CoV555 group and 6.3% (9 of 
143 patients) in the placebo group (Table 3). The 
percentage of patients according to the LY-CoV555 
dose who were hospitalized was similar to the 
overall percentage, with 1.0% (1 of 101) in the 
700-mg subgroup, 1.9% (2 of 107) in the 2800-mg 
subgroup, and 2.0% (2 of 101) in the 7000-mg 
subgroup. In a post hoc analysis examining hos-
pitalization among patients who were 65 years 
of age or older and among those with a BMI of 
35 or more, the percentage who were hospital-
ized was 4% (4 of 95) in the LY-CoV555 group and 
15% (7 of 48) in the placebo group. Only 1 patient 
in the trial (in the placebo group) was admitted 
to an intensive care unit.

Symptom Score
To assess the effect of treatment on Covid-19 
symptoms, we compared the change from base-
line in symptom scores between the LY-CoV555 
group and the placebo group (Fig. 3 and Fig. S1 
in the Supplementary Appendix). The symptom 
score ranged from 0 to 24 and included eight 

domains that were graded from 0 (no symp-
toms) to 3 (severe symptoms). From day 2 to day 
6, the change in the symptom score from base-
line was better in the LY-CoV555 group than in 
the placebo group, with values of −0.79 (95% CI, 
−1.35 to −0.24) on day 2, −0.57 (95% CI, −1.12 
to −0.01) on day 3, −1.04 (95% CI, −1.60 to −0.49) 
on day 4, −0.73 (95% CI, −1.28 to −0.17) on day 5, 
and −0.79 (95% CI, −1.35 to −0.23) on day 6. The 
change from baseline in the symptom score con-
tinued to be better in the LY-CoV555 group than 
in the placebo group from day 7 to day 11, al-
though by these time points most of the patients 
in the two groups had fully recovered or had 
only very mild symptoms.

Safety
Serious adverse events occurred in none of the 
309 patients in LY-CoV555 group and in 0.7%  
(1 of 143 patients) in the placebo group (Ta-
ble 4). The percentage of patients who had an 
adverse event during treatment was 22.3% (69 of 
309) in the LY-CoV555 group and 24.5% (35 of 143) 
in the placebo group. Diarrhea was reported in 
3.2% of the patients (10 of 309) in the LY-CoV555 
group and in 4.9% (7 of 143) in the placebo 

Table 2. Change from Baseline in Viral Load.

Variable
LY-CoV555 
(N = 309)

Placebo 
(N = 143)

Difference 
(95% CI)

Primary outcome

Mean change from baseline in viral load at day 11 −3.47

700 mg, −3.67 −0.20 (−0.66 to 0.25)

2800 mg, −4.00 −0.53 (−0.98 to −0.08)

7000 mg, −3.38 0.09 (−0.37 to 0.55)

Pooled doses, −3.70 −0.22 (−0.60 to 0.15)

Secondary outcomes*

Mean change from baseline in viral load at day 3 −0.85

700 mg, −1.27 −0.42 (−0.89 to 0.06)

2800 mg, −1.50 −0.64 (−1.11 to −0.17)

7000 mg, −1.27 −0.42 (−0.90 to 0.06)

Pooled doses, −1.35 −0.49 (−0.87 to −0.11)

Mean change from baseline in viral load at day 7 −2.56

700 mg, −2.82 −0.25 (−0.73 to 0.23)

2800 mg, −3.01 −0.45 (−0.92 to 0.03)

7000 mg, −2.85 −0.28 (−0.77 to 0.20)

Pooled doses, −2.90 −0.33 (−0.72 to 0.06)

*   Data regarding hospitalization, another key secondary outcome, are provided in Table 3.
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group; vomiting was reported in 1.6% (5 of 309) 
and 2.8% (4 of 143), respectively. The most fre-
quently reported adverse event in the LY-CoV555 
group was nausea (3.9%), whereas diarrhea (4.9%) 
was the most frequent adverse event in the pla-
cebo group. Infusion-related reactions were re-

ported in 2.3% of the patients (7 of 309) in the 
LY-CoV555 group and in 1.4% (2 of 143) in the 
placebo group. Most of these events — which 
included pruritus, flushing, rash, and facial 
swelling — occurred during the infusion and 
were reported as mild in severity. No changes in 
vital signs were noted during these reactions, 
and the infusions were completed in all instanc-
es. In some patients, antihistamines were ad-
ministered to help resolve symptoms.

We used standard methods to sequence all 
viral samples to determine the potential for re-
sistance-associated treatment failure. According-
ly, we assessed the prevalence of variants with 
resistance to LY-CoV555 that were predicted in 
preclinical studies. Such variants were present 
with an allele fraction of more than 20% in at 
least one sample at any time point in 8.2% of the 
patients in the LY-CoV555 group (6.3% in the 
700-mg subgroup, 8.4% in the 2800-mg sub-
group, and 9.9% in the 7000-mg subgroup) and 
in 6.1% of those in the placebo group. The clini-
cal importance of the presence of these variants 
is not known.

Discussion

In this preplanned interim analysis of the 
BLAZE-1 trial, we examined the efficacy of LY-
CoV555 in the treatment of mild or moderate 
Covid-19. The trial was designed to enroll pa-
tients with a recent disease onset to evaluate the 
effect of early intervention with antibody therapy 
on viral-load biomarkers, symptoms, and severe 
clinical outcomes, such as hospitalization and 
death.

Among the patients who received LY-CoV555, 
the viral load at day 11 (the primary outcome) 
was lower than that in the placebo group only 
among those who received the 2800-mg dose. 
However, a decreased viral load at day 11 did not 
appear to be a clinically meaningful end point, 
since the viral load was substantially reduced 
from baseline for the majority of patients, includ-
ing those in the placebo group, a finding that 
was consistent with the natural course of the 
disease.20,21 However, the evaluation of the effect 
of LY-CoV555 therapy on patients’ symptoms at 
earlier time points during treatment (e.g., on day 3) 
showed a possible treatment effect, with no sub-
stantial differences observed among the three 
doses. It is unclear whether RT-PCR is an accurate 

Figure 2. SARS-CoV-2 Viral Load in All Patients and According to Trial 
Group on Day 7.

Panel A shows the SARS-CoV-2 viral load (as measured by the cycle thresh-
old on reverse-transcriptase–polymerase-chain-reaction assay) for all the 
patients who received either LY-CoV555 or placebo and for whom viral-load 
data were available at the time of the interim analysis. The box plots indi-
cate the patients who were not hospitalized, and the red squares indicate 
those who were hospitalized. Such hospital contact was found to be associ-
ated with a high viral load on day 7. The boxes represent interquartile rang-
es, with the horizontal line in each box representing the median and the 
whiskers showing the minimum and maximum values (excluding outliers 
that were more than 1.5 times the values represented at each end of the 
box). Panel B shows the cumulative probability that patients in each trial 
group would have the indicated cycle threshold of viral load on day 7.
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measure of viral neutralization, since viral RNA 
may persist for some time even in the absence of 
replication-competent virus. Since the severity of 
illness is primarily driven by lung injury from 
SARS-CoV-2 infection in the lower respiratory 
tract, the viral load in the air spaces would be a 
better reflection of the injury response than the 
viral load in nasopharyngeal secretions. However, 
assessments of the lower respiratory tract were 
not practical owing to precautions that were re-
quired in treating these highly infectious patients. 
Therefore, the nasopharyngeal viral swab was 
the most pragmatic way of getting a sense of viral 
load as a surrogate marker of the viral load in 
the lungs and to correlate with clinical outcomes. 
However, the nasopharyngeal viral load has not 
been validated as a predictor of clinical disease 
course.

An unanticipated observation in this trial was 
that patients with a higher viral load on day 7 
had a higher rate of hospitalization than those 
with better clearance of viral RNA on day 7, a 
finding that was consistent with the delayed vi-
ral clearance that was observed in patients with 
more severe disease.20,22,23 On day 7, no hospital-
ized patient had a viral load that was below the 
median value of the population. If this observa-
tion is prospectively confirmed in future studies, 
it would suggest the potential for an agent that 
lowers the viral load to reduce the rate of hospi-
talization.

To examine the potential of LY-CoV555 to im-
prove Covid-19 clinical outcomes, we evaluated 
the effect of LY-CoV555 therapy on the frequency 
of hospitalization, an important outcome given 
the association between hospitalization and sub-
sequent mortality in patients with Covid-19.23,24 
On day 29, the percentage of patients who were 
hospitalized was 1.6% in the LY-CoV555 group 
and 6.3% in the placebo group. In a post hoc 
analysis that was focused on high-risk subgroups 
(an age of ≥65 years or a BMI of ≥35), the percent-
age of hospitalization was 4.2% in the LY-CoV555 
group and 14.6% in the placebo group.

The data regarding symptoms (as measured 
by the change from baseline in the symptom 
score) were also consistent with the hospitaliza-
tion results, with findings that supported a pos-
sible reduction in symptom severity as early as 
day 2 in the LY-CoV555 group. This effect was 
maintained over time and across doses, which 
further supports the validity of a treatment ef-

fect on symptoms and suggests a mechanistic 
link between a lower viral load and a lower fre-
quency of hospitalization. Although the differenc-
es in the effects of the three doses of LY-CoV555 
were not clear, the 2800-mg dose was the only 
one to show evidence of accelerated viral clear-
ance. Nevertheless, further studies should con-
tinue to assess the efficacy of lower doses.

The safety profile of patients who received 
LY-CoV555 was similar to that of placebo-treated 
patients. These data indicate that the treatment 
is safe. In this interim analysis, the patients who 
received LY-CoV555 had fewer hospitalizations 

Table 3. Hospitalization.*

Key Secondary 
Outcome

LY-CoV555 Placebo Incidence

no. of patients/total no. %

Hospitalization 9/143 6.3

700 mg, 1/101 1.0

2800 mg, 2/107 1.9

7000 mg, 2/101 2.0

Pooled doses, 
5/309

1.6

*  Data for patients who presented to the emergency department are included in 
this category.

Figure 3. Symptom Scores from Day 2 to Day 11.

Shown is the difference in the change from baseline (delta value) in symp-
tom scores between the LY-CoV555 group and the placebo group from day 
2 to day 11. The symptom scores ranged from 0 to 24 and included eight 
domains, each of which was graded on a scale of 0 (no symptoms) to 3 
(severe symptoms). The I bars represent 95% confidence intervals. Details 
about the symptom-scoring methods are provided in the Supplementary 
Appendix.
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Table 1. Characteristics of the Patients at Randomization.*

Characteristic
LY-CoV555 
(N = 163)

Placebo 
(N = 151)

Total 
(N = 314)

Median age (IQR) — yr 63 (50–72) 59 (48–71) 61 (49–71)

Female sex — no. (%) 66 (40) 71 (47) 137 (44)

Current pregnancy — no. (%) 1 (1) 2 (1) 3 (1)

Race or ethnic group — no. (%)†

White 76 (47) 71 (47) 147 (47)

Hispanic 41 (25) 33 (22) 74 (24)

Black 33 (20) 34 (23) 67 (21)

Other 13 (8) 13 (9) 26 (8)

Body-mass index — no. (%)‡

≥30 81 (50) 83 (55) 164 (52)

≥40 20 (12) 22 (15) 42 (13)

Coexisting illness — no. (%)

Any 117 (72) 98 (65) 215 (68)

Hypertension requiring medication 82 (50) 72 (48) 154 (49)

Diabetes requiring medication 54 (33) 36 (24) 90 (29)

Renal impairment 24 (15) 9 (6) 33 (11)

Asthma 14 (9) 14 (9) 28 (9)

Heart failure 12 (7) 1 (1) 13 (4)

Median no. of days since symptom onset (IQR) 7 (5–9) 8 (5–9) 7 (5–9)

Medication — no. (%)

Remdesivir 60 (37) 66 (44) 126 (40)

Antibacterial agent 54 (33) 36 (24) 90 (29)

Glucocorticoid 80 (49) 74 (49) 154 (49)

Antiplatelet or anticoagulant agent§ 106 (65) 95 (63) 201 (64)

ACE inhibitor or ARB 41 (25) 31 (21) 72 (23)

NSAID 17 (10) 16 (11) 33 (11)

Oxygen requirement — no. (%)

Supplementary oxygen

None 44 (27) 42 (28) 86 (27)

<4 liters/min 60 (37) 57 (38) 117 (37)

≥4 liters/min 29 (18) 34 (23) 63 (20)

Noninvasive ventilation or high-flow device 30 (18) 18 (12) 48 (15)

Invasive ventilation or ECMO 0 0 0

Laboratory measures

Median C-reactive protein (IQR) — mg/liter 94 (47–156) 90 (45–139) 92 (47–151)

Median B-lymphocyte count (IQR) — cells/mm3 784 (560–1056) 810 (550–1310) 799 (552–1116)

*  Percentages may not total 100 because of rounding. ACE denotes angiotensin-converting enzyme, ARB angiotensin-
receptor blocker, ECMO extracorporeal membrane oxygenation, IQR interquartile range, and NSAID nonsteroidal anti-
inflammatory drug.

†  Race or ethnic group was reported by the patients.
‡  The body-mass index is the weight in kilograms divided by the square of the height in meters.
§  Details regarding the types of antiplatelet and anticoagulation medications that were used are provided in Table S1 in 

the Supplementary Appendix.
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each of the other categories, with a clear trend 
toward a longer sustained recovery time in pa-
tients with more severe illness.

 Organ Dysfunction and Serious Infection
The percentages of patients in whom organ dys-
function or serious infection developed during 
follow-up were similar in the LY-CoV555 group 

and the placebo group (16% and 14%, respectively) 
(Table S6). Most of the organ-dysfunction events 
were due to respiratory dysfunction (in 10% and 
11%, respectively), whereas other rarer events 
(i.e., seen in <4%) were thromboembolic events, 
acute delirium, and hypotension leading to vaso-
pressor treatment. Intercurrent serious coinfec-
tion was seen in only 3% of the cohort.

Figure 1. Pulmonary Ordinal Outcome at Day 5  and Time until Sustained Recovery and Hospital Discharge.

Panel A shows the pulmonary ordinal outcome at day 5 in the LY-CoV555 group and the placebo group. The summary odds ratio was es-
timated with the use of a proportional-odds model after adjustment for the baseline pulmonary category and trial pharmacy. In Panels B 
and C, the cumulative time until a sustained recovery and hospital discharge, respectively, are Aalen–Johansen estimates; rate ratios 
were calculated with the use of Fine–Gray models, stratified according to trial pharmacy. The rate ratios estimate the subdistribution 
hazard ratios after accounting for the competing risk of death. ECMO denotes extracorporeal membrane oxygenation, and NIHSS Na-
tional Institutes of Health Stroke Scale.
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The investigational neutralizing IgG1 monoclonal 
antibody bamlanivimab (LY-CoV555; Lilly) has 
been granted an FDA Emergency Use Authorization 
(EUA) for treatment of recently diagnosed mild 
to moderate COVID-19 in patients who are ≥12 
years old, weigh at least 40 kg, and are at high 
risk for progressing to severe disease and/or 
hospitalization (see Table 1).1

Monoclonal antibodies, such as bamlanivimab, may 
be associated with worse clinical outcomes when 
administered to hospitalized patients with COVID-19 
requiring high flow oxygen or mechanical ventilation. 
Bamlanivimab is not authorized for use in patients 
who are hospitalized or require oxygen therapy 
because of COVID-19.

placebo recipients. In a post-hoc analysis of patients 
at high risk (BMI ≥35 or ≥65 years old) for disease 
progression, 4 of 95 patients (4%) who were treated 
with LY-CoV555 were hospitalized or visited the 
emergency department, compared to 7 of 48 (15%) of 
those treated with placebo.2

Hospitalized Patients – The NIH ACTIV-3 trial, 
which is evaluating multiple investigational agents 
in hospitalized patients with COVID-19, stopped 
randomizing patients to treatment with LY-CoV555 
based on an analysis suggesting that the antibody 
was not benefi cial in this population.3

ADVERSE EFFECTS — In the BLAZE-1 trial, nausea 
occurred in 3.9%, dizziness in 3.2%, and mild infusion 
reactions in 2.3% of antibody recipients, compared 
to 3.5%, 2.1%, and 1.4%, respectively, of placebo 
recipients. According to the FDA’s fact sheet for the 
EUA, one anaphylactic reaction and one serious 

▶ An EUA for Bamlanivimab — A 
Monoclonal Antibody for COVID-19

 Table 1. Eligible Patients Considered High Risk1 

Patients with ≥1 of the following:

▶  BMI ≥35
▶  Chronic kidney disease
▶  Diabetes
▶  Immunosuppressive disease
▶  Currently receiving immunosuppressive treatment
▶  ≥65 years old
Patients ≥55 years old and ≥1 of the following:

▶  Cardiovascular disease
▶  Hypertension
▶  COPD or other chronic respiratory disease
Patients 12-17 years old and ≥1 of the following:

▶  BMI ≥85th percentile for their age and gender2

▶  Sickle cell disease
▶  Congenital or acquired heart disease
▶  Neurodevelopmental disorders (e.g., cerebral palsy)
▶  A medical-related technological dependence (e.g., tracheostomy, 

gastrostomy, or positive pressure ventilation [not related to 
COVID-19])

▶  Asthma, reactive airway or other chronic respiratory disease that 
requires daily treatment

BMI = body mass index; COPD = chronic obstructive pulmonary disease
1.  Patients ≥12 years old who weigh ≥40 kg with ≥1 of the criteria listed 

are considered at high risk for progressing to severe COVID-19 and/or 
hospitalization. FDA fact sheet for health care providers emergency use 
authorization (EUA) of bamlanivimab. Available at: https://www.fda.gov/
media/143603/download. Accessed November 19, 2020.

2.  Based on CDC growth charts (https://www.cdc.gov/growthcharts/
clinical_charts.htm).

Pronunciation Key
Bamlanivimab: bam’ lan i” vi mab 

MECHANISM OF ACTION — Bamlanivimab binds to 
the receptor binding domain of the spike protein of 
SARS-CoV-2, blocking the spike protein's attachment 
to the human ACE2 receptor. 

CLINICAL STUDIES — In an interim analysis of an 
ongoing phase 2 trial (BLAZE-1), 452 outpatients 
with recently diagnosed mild or moderate COVID-19 
(within 3 days of first positive test) were randomized 
to receive a single IV infusion of one of three doses 
of LY-CoV555 or placebo. The primary endpoint 
was the decrease from baseline in SARS-CoV-2 
viral load on day 11. The decrease was significantly 
greater with a 2800-mg dose of the antibody than 
with placebo, but not with 700- and 7000-mg 
doses, possibly because most patients, including 
those treated with placebo, had effectively cleared 
the virus by day 11.

The predefi ned secondary endpoint of hospitalization 
or emergency department visit for COVID-19 by day 
29 occurred in 1.6% of antibody recipients and 6.3% of 
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détection du SARS-CoV-2 positif, et étant à risque élevé d'évolution vers une
forme grave de la COVID-19. Les patients ne doivent pas nécessiter une
oxygénothérapie du fait de la COVID-19.
 
Pour être éligibles au traitement, les patients doivent être en capacité de
recevoir le traitement dans un délai maximum de 5 jours après le début
des symptômes.
La prescription de ces médicaments bénéficiant d’une ATU de cohorte (lien
vers le site internet de l’ANSM www.ansm.sante.fr, rubrique ATU) est réservée
à un médecin hospitalier et son administration intraveineuse doit être réalisée
dans un environnement hospitalier.
 
Tenant compte de l’avis de l’ANRS-Maladies Infectieuses Emergentes, les
populations éligibles à ces deux associations d’anticorps monoclonaux
sont définies comme suit :
 
1. Les patients ayant un déficit de l’immunité lié à une pathologie ou à
des traitements :
- Chimiothérapie en cours
- Transplantation d’organe solide
- Allogreffe de cellules souches hématopoïétiques
- Maladie rénale avec DFG <30 mL/min ou dialyse
- Lupus systémique ou vascularite avec traitement immunodépresseur
- Traitement par corticoïde >15 mg/semaine
- Traitement immunodépresseur incluant rituximab
 
2.       Les patients à risque de complications :
○ Les patients parmi la liste suivante quel que soit l'âge :
- Fibrose pulmonaire idiopathique
- Sclérose latérale amyotrophique
- Pathologies rares du foie y compris hépatites auto-immunes
- Myopathies avec capacité vitale forcée <70%
- Autres pathologies rares définies par les filières de santé maladies rares
(FSMR)
- Trisomie 21 17/03/2021 16:00DGS Urgent n°2021-30 : BITHERAPIES D’AC MONOCLONAUX : AP…QUE ELEVE D’EVOLUTION VERS LES FORMES GRAVES DE LA COVID
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○ Les patients entre 70 et 80 ans avec au moins une des pathologies
suivantes :
- Obésité (IMC>30)
- BPCO et insuffisance respiratoire chronique
- Hypertension artérielle compliquée
-  Insuffisance cardiaque
- Diabète (de type 1 et de type 2)
- Insuffisance rénale chronique
 
3. Les patients de plus de 80 ans
 
La population cible est susceptible d’évoluer en fonction de l'état des
connaissances scientifiques et du contexte épidémiologique.
Il convient de se référer régulièrement au protocole temporaire d’utilisation
(PUT) consultable sur le site de l’ANSM pour prendre connaissance des mises
à jour. 
 
 
II- Communications et informations mises à disposition
 
> Des infographies destinées au patient et une autre destinée aux
professionnels de santé téléchargeables sur le site internet du ministère
(https://solidarites-sante.gouv.fr/soins-et-maladies/maladies/maladies-
infectieuses/coronavirus/). Elles précisent notamment les critères
d’éligibilité et les modalités d’orientation des patients.
 
> La liste des établissements disposant d’un stock de ces médicaments
est mise en ligne sur Santé.fr depuis le 1er mars 2021.
 
 
III- Prise en charge des patients éligibles 
 
Votre rôle :
Le rôle du professionnel de santé (notamment médecin généraliste, médecin
spécialiste) est essentiel pour la réussite de la prise en charge par anticorps

Risque de sélection de souches
Risque de sélection de souches
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Ruetsch et al. Functional Exhaustion of Interferons Production in Severe COVID-19 Patients

FIGURE 3 | The evolution of cytokine levels in individual patients following their clinical outcome. The levels of IL6 in non-stimulated plasma (A,B; n = 13 and n = 6,

respectively) and the levels of IFNγ after in vitro non-specific stimulation of innate and adaptive immune cells (C,D; n = 6 and n = 3, respectively) were compared

between the patients who recovered from their SARS-CoV-2 infection (A,C) and the deceased patients (B,D). Differences between groups were compared with a

Wilcoxon matched pairs signed rank test.

FIGURE 4 | The efficacy of in vitro treatment with different drugs commonly used in COVID-19 to modulate cytokine expression. The levels of IFNγ (A), IL1β (B), IL6

(C), and IL10 (D) after in vitro pretreatment with drugs, followed by non-specific stimulation of innate and adaptive immune cells, in 18 COVID-19 patients. Differences

between groups were compared with Kruskal-Wallis test using Dunn’s post hoc test.
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n=446

angiotensin-converting enzyme 2 (ACE2), the docking protein for
SARS-CoV-2 (Zhou et al., 2020a), was recently demonstrated to
be an interferon-stimulated gene (ISG) upregulated by IFN-a
(Ziegler et al., 2020). Type I IFNs thus could pose potential risk
for enhancing SARS-CoV-2 entry to ACE2-expressing target
cells and delaying viral clearance (Acharya et al., 2020; Su and
Jiang, 2020). Despite these vital experimental findings, current
clinical evidence of the efficacy and safety profile of IFN-a in
treating COVID-19 patients is scarce (Zhou et al., 2020b; Zuo
et al., 2020).

Although randomized controlled trials are the optimal study
design to evaluate the clinical efficacy of IFNs in COVID-19
patients, the urgent need to clarify the role of IFNs, especially
type I IFNs, in SARS-CoV-2 infection warranted an observational
study to evaluate the association between IFN-based therapies
and clinical outcomes of COVID-19 patients. This retrospective
multicenter cohort study analyzed 446 admitted patients with
confirmed COVID-19 diagnosis who underwent anti-viral thera-
pies in two regional medical centers of adjacent cities in Hubei,
China. With input from first-line physicians, the aim of this study
was to evaluate the association of the use of IFN-a2b with
COVID-19 disease progress and uncover potential risk of IFN
therapy for COVID-19 patients.

RESULTS

From the two participating medical centers, a total of 730 pa-
tients were admitted and diagnosed with COVID-19 during

406 Patients admitted from 1/25 to 
3/31 with COVID-19 diagnosis

Medical Center 2

324 Patients admitted from 1/25 to 
3/31 with COVID-19 diagnosis

Medical Center 1

318 Patients with complete records 
prior to defined endpoint

227 Patients with complete records 
prior to defined endpoint

216 Received early IFN

99 Reviews not completed
58 Not underwent anti-viral            

therapies of interest
31 Extended hospital stay for 

unrelated conditions
6 Less than 2 CT scans
4 Hospital stay <5 days

446 Records included in analyses

545 Total records reviewed

26 Received late IFN 204 Received no IFN

83 Received
IFN + LPV/r

94 Received
IFN + UFV

39 Received
IFN alone

122 Received
LPV/r alone

82 Received
UFV alone

Figure 1. Sampling Strategy of COVID-19
Patient Records

January 15 through March 31, represent-
ing 29.4% of the total confirmed COVID-
19 cases in these two cities. Among
them, a significant part of the diagnosis
or treatment history was missing in 185
patient records, most of which were
mild patients deemed to not require in-
hospital care and those transferred to
isolation stations before recovery. After
reviewing the 545 complete records, a
further 99 records were excluded due to
not receiving any anti-viral therapies eval-
uated in this study, extended hospital
stays for COVID-19-unrelated conditions,
less than 2 computed tomography (CT)
scans available for comparison, or hospi-
tal stays less than 5 days. The remaining
446 records were abstracted and
included in the analyses (Figure 1). The
date of final follow-up was May 22,
2020, and all patients included in this
study were discharged or deceased prior
to this date.
Among the analyzed patients, the age

range was 8 to 96 with a median of 50,
and 47.1% of the patients were female.

For all patients, the median length from symptom onset to
admission was 6 days, and the median length of hospital stay
was 19 days. For survivors, the median length from admission
to CT scan improvement is 10 days, and the median length
from disease onset to hospital discharge was 26 days. Because
patients were re-tested for SARS-CoV-2 nucleic acids only when
symptoms and CT scans were improving, the length from admis-
sion to negative nucleic acids test, which represents viral shed-
ding period, could not be precisely determined in this study. The
most common preexisting confounders were hypertension
(21.1%) and diabetes (7.4%). High-risk exposures to SARS-
CoV-2 were reported in 62.6% of analyzed patients. Top symp-
toms at admission were fever (82.7%), cough (67.7%), fatigue,
body or muscle aches (20.2%), and chest pain or shortness of
breath (18.4%). Headache (5.2%) and diarrhea (2.5%) were not
as relevant in this sample of patients. Laboratory tests showed
61.3% of eosinopenia, 46.2% of lymphopenia, and 36.7% of
elevated lactic acid dehydrogenase (LDH) within 24 h of admis-
sion. During hospitalization, 6.1% patients required mechanical
ventilation, and 1.1% were given extracorporeal membrane
oxygenation (ECMO) treatment.
During January toMarch 2020, the Chinese Center for Disease

Prevention and Control (CDC) published and kept updating a na-
tional guideline for treatment of COVID-19 patients (‘‘Chinese
management guideline for COVID-19 version 7,’’ 2020), which
included antiviral agents such as IFNs, lopinavir/ritonavir (LPV/
r), and umifenovir (UFV). During the pandemic, each hospital
developed their own preferred drug regime based on both

ll
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Randomisation and masking 
All participants attended a single study site following 
enrollment. Eligible consenting adults were randomly 
assigned (1:1) to a single subcutaneous injection of 180 µg 
of peginterferon lambda or saline placebo. A computer-
generated randomisation list was created by the study 
statistician (BEH) with a randomisation schedule in 
blocks of four. At the time of randomisation, the study 
personnel received a sealed opaque envelope with the 
treatment allocation number that indicated which vial to 
administer to the participant. Study medications were 
stored in individual, numbered opaque bags in the study 
refrigerator until use. Because we did not have an 
identical matching placebo, one of two study personnel 
administering the medication was aware of the treatment 
allocation. All participants were instructed to look away 
during the administration and the syringe had no 
identifiable features on to unmask allocation to the 
participant. After administering the medication, all 
further follow-up (phone calls and study visits) was 
completed by study personnel unaware of treatment 
allocation. A second copy of sealed envelopes with 
treatment allocation was stored in a locked cabinet for 

emergency purposes in case of the need for unmasking, 
and the study statistician maintained the masked 
randomisation list on a secure server. Aside from the 
unblinded nurse administering the study medication, all 
other study personnel and study participants remained 
masked to treatment allocation until unmasking of the 
study. Unmasked data were provided to the data and 

30 received peginterferon lambda

1 lost to follow-up after
day 3

30 received placebo

60 enrolled

241 eligible patients

181 declined
141 not interested in clinical trials

14 no need for treatment
9 family decision

12 fear of side effects
4 fear of injection
1 general practitioner decision

359 referrals

29 completed follow up30 completed follow up

66 not eligible
51 >7 days since first symptoms
10 negative COVID-19 test result

3 aged >70 years
2 other medical conditions

52 other
45 could not reach

4 COVID-19 restrictions
3 language barrier

Figure 1: CONSORT diagram

Peginterferon 
lambda (n=30)

Placebo  
(n=30)

Sex

Female 18 (60%) 17 (57%)

Male 12 (40%) 13 (43%)

Age, years 48 (30–53) 39 (33–55)

Race or ethnicity

White 15 (50%) 16 (53%)

Black 1 (3%) 5 (17%)

Asian 8 (27%) 7 (23%)

Other 6 (20%) 2 (7%)

Comorbidity* 5 (17%) 4 (13%)

Body-mass index, kg/m² 27·3 (5·2) 26·1 (4·2)

Body-mass index category

<25 kg/m² 9 (30%) 11 (37%)

25–30 kg/m² 15 (50%) 13 (43%)

>30 kg/m² 6 (20%) 6 (20%)

Interferon lambda 4 genotype

TT 18 (60%) 16 (57%)

Non-TT 12 (40%) 12 (43%)

Asymptomatic 5 (17%) 6 (20%)

Time from symptom onset to 
injection, days

4·3 (1·7) 4·7 (1·7)

Time from positive SARS-CoV-2 
test to injection, days

3·2% (1·1) 3·3 (1·2)

Baseline laboratory results

Haemoglobin, g/L 14·7 (1·4) 14·9 (1·6)

White blood cells, ×10⁹/L 4·9 (2·1) 5·1 (1·7)

Lymphocytes, ×10⁹/L 1·5 (0·4) 1·5 (0·5)

Neutrophils, ×10⁹/L 2·9 (1·8) 3·1 (1·6)

Platelets, ×10⁹/L 221 (62) 213 (64)

Creatinine, µmol/L 80 (14) 81 (18)

Alanine aminotransferase, U/L 32 (16) 39 (52)

Aspartate aminotransferase, U/L 28 (11) 32 (24)

Total bilirubin, µmol/L 10 (5) 12 (10)

Baseline SARS-CoV-2 viral load, 
log copies per mL

6·16 (3·14) 4·87 (3·68)

SARS-CoV-2 RNA undetectable 
at baseline

5 (17%) 10 (33%)

SARS-CoV-2 RNA ≥10⁶ copies 
per mL at baseline

19 (63%) 16 (53%)

Anti-SARS-CoV-2 S protein IgG 
antibody at baseline†

0/27 5/24 (21%)

Data are n (%), n/N (%), median (IQR), or mean (SD). SARS-CoV-2=severe acute 
respiratory syndrome coronavirus 2. *Comorbidities were hypertension (n=6), 
diabetes (n=3), and heart disease (n=2). †Baseline antibody results were available 
in 51 participants (27 [53%] in the peginterferon lambda group and 24 [47%] in 
the placebo group).

Table 1: Baseline characteristics
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Demographic and baseline clinical characteristics 
were summarised using means with standard errors 
or medians with IQRs for continuous variables, and 
proportions for categorical variables. The main efficacy 
outcome was analysed by a χ² test following an 
intention-to-treat principle. Prespecified analysis of the 
primary endpoint adjusted for baseline viral load using 
bivariate logistic regression was done. Secondary 
outcomes were compared using χ² tests for proportions, 
or Wilcoxon or linear regression controlling for baseline 
values. The effect of treatment, baseline factors, and 
viral load on clearance by day 7 were assessed using 
logistic regression and time-to-clearance was assessed 
using Kaplan-Meier analysis. Generalised estimating 
equations were used to analyse differences between 
the peginterferon lambda and placebo groups in 
symptom and adverse event severity grade, and 
generalised linear models were  used for differences in 
laboratory and viral load patterns over time. All 
statistical analyses were done using SAS (version 9.4).

This trial is registered with ClinicalTrials.gov, 
NCT04354259.

Role of the funding source 
The funder of the study had no role in study design, data 
collection, data analysis, data interpretation, or writing of 
the report. 

Results 
Between May 10, and Sept 4, 2020, of 359 individuals 
approached for the study, 118 (33%) did not meet 
inclusion or met exclusion criteria, and 181 (50%) eligible 
individuals declined to participate (figure 1). All 
60 randomly assigned individuals (30 [50%] in the 
peginterferon lambda group and 30 [50%] in the placebo 
group) received an injection and 59 (98%) completed 
follow-up, with one lost to follow-up after day 3 in the 
peginterferon lambda group (figure 1). The median age 
was 46 years (IQR 32–54), 35 (58%) were female, 
and 11 (19%) were asymptomatic (table 1). 31 (52%) 

participants in both groups were white, with more non-
Hispanic Black participants in the placebo group than in 
the peginterferon group (17% vs 3%; table 1). The mean 
time from symptom onset to randomisation was 4·5 days 
(SD 1·7). The median baseline SARS-CoV-2 RNA 
concentration was 6·71 log copies per mL 
(IQR 1·92–8·01), with ten (33%) individuals in the 
placebo group and five (17%) in the peginterferon lambda 
group having undetectable viral load on the day of 
randomisation. Other baseline characteristics were 
similar between groups (table 1).

The baseline SARS-CoV-2 RNA concentration was 
higher in the peginterferon lambda group and was 
significantly associated with the probability of clearance 
by day 7 (odds ratio [OR] 0·69 [95% CI 0·51–0·87]; 
p=0·001). The mean decline in SARS-CoV-2 RNA was 
significantly greater in the peginterferon lambda group 
than in the placebo group (figure 2). By day 3, viral load 
decline was 0·81 log greater in the treatment group 
(p=0·14) than in the placebo group and this difference 
increased to 1·67 log copies per mL by day 5 (p=0.013) and 
2·42 log copies per mL by day 7 (p=0·0041; figure 2). In 
absolute terms, by day 7 the viral concentration decreased 
by 5·5 log copies per mL in the treatment group compared 
with 3·1 log copies per mL in the placebo group (figure 2). 
At day 14, the difference in viral decline was 1·77 log 
copies per mL greater in the peginterferon lambda group 
than in the placebo group (p=0·048; figure 2). The 
difference in viral load decline between groups was 
greatest in individuals with baseline viral load at or above 
10⁶ copies per mL, with a decline by day 7 of 7·17 log 
copies per mL in the peginterferon lambda group 
compared with 4·92 log copies per mL in the placebo 
group (p=0·004; figure 2). A similar effect was observed 
when restricted to those with detectable virus at baseline 
(appendix p 4). Viral decline and clearance was rapid in 
participants with low viral load in both groups (figure 2).

Overall, by day 7, 24 (80%) of 30 participants in 
the peginterferon lambda group were negative for 
SARS-CoV-2 RNA compared with 19 (63%) of 30 in the 
placebo group (p=0·15; figure 2). After adjusting for 
baseline viral load, peginterferon lambda treatment 
was significantly associated with clearance by day 7 
(OR 4·12 [95% CI 1·15–16·73]; p=0·029; table 2).

The odds of viral clearance by day 7 with peginterferon 
lambda compared with placebo increased with every log 
increase in baseline viral load (figure 3). For those with 
baseline RNA of 10⁶ copies per mL or greater, 15 (79%) of 
19 individuals had undetectable virus at day 7 in the 
peginterferon lambda group, compared with six (38%) of 
16 in the placebo group (OR 6·25 [95% CI 1·49–31·06]; 
p=0·012; figure 2), translating to a median time to viral 
clearance of 7 days (95% CI 6·2–7·8) with peginterferon 
lambda, compared with 10 days (7·8–12·2) with placebo 
(p=0·038; appendix p 4). Of those with baseline viral load 
at least 10⁶ copies per mL who were still positive at day 7, 
participants in the peginterferon lambda group had 

Figure 3: Probability of SARS-CoV-2 clearance by day 7 according to baseline 
viral load
The odds of clearance by day 7 in the peginterferon lambda group compared 
with in the placebo group for each baseline viral load (log copies per mL). 
OR=odds ratio. SARS-CoV-2=severe acute respiratory syndrome coronavirus 2.

0 2 41 3 6 8 95 7 10
0

100
90
80
70
60
50
40
30
20
10Pr

op
or

tio
n 

of
 p

at
ie

nt
s n

eg
at

iv
e f

or
SA

RS
-C

oV
-2

 R
N

A 
(%

) 

Viral load at baseline (log10)

Peginterferon lambda
Placebo

OR=0·41

OR=6·8

OR=5·2

Articles

8 www.thelancet.com/respiratory   Published online February 5, 2021   https://doi.org/10.1016/S2213-2600(20)30566-X

lower viral loads than did those in the placebo group, 
with three (75%) of four at 10⁴ copies per mL or lower, 
compared with six (60%) of ten above 10⁵ copies per mL 
in the placebo group (appendix p 9). By contrast, in those 
with baseline viral load below 10⁶ copies per mL, both 
groups cleared quickly; nine (82%) of 11 participants in 
the peginterferon lambda group and 13 (93%) of 14 in the 
placebo group had undetectable virus at day 7 (OR 0·35 
[0·01–4·15]; p=0·40; figure 2).

No baseline covariates modified the association 
between baseline viral load and treatment assignment 
with clearance by day 7 (table 2; appendix p 6). 
Participants who were asymptomatic were more likely to 
have baseline viral loads below 10⁶ copies per mL than 
were those with symptoms (ten [91%] of 11 vs 13 [27%] of 49; 
p<0·0001). At randomisation, five (10%) of 51 participants 
with available samples were seropositive for SARS-CoV-2 
S IgG antibodies, of whom four had undetectable 
SARS-CoV-2 RNA. Antibody positivity increased in both 
groups in the 14 days following drug administration 
(appendix p 7). The presence of antibodies at any 
timepoint was associated with a corresponding lower 
viral load, with the association weakening with time as 
more participants cleared virus (figure 2; appendix p 7).

Symptoms were grouped into seven categories 
(appendix p 10) and reported as absent, mild, moderate, 
or severe. Respiratory and fever or systemic symptoms 
were most common in both groups (figure 4). 
Documented temperature above 38°C was rare and only 
reported beyond day 2 in the peginterferon lambda group 
(appendix p 8). Overall, most symptoms in both groups 
were mild to moderate and we found no difference in 
frequency or severity of any of the seven symptom 
categories between treatment groups (figure 4). 
Participants with high baseline viral loads (≥10⁶ copies 
per mL) had higher symptom scores than did those with 
low baseline viral loads in all categories, except skin, 
respiratory, and mood symptoms (table 3).

A symptom was graded as severe on 20 occasions by 
seven (23%) patients in the peginterferon lambda group 
and on 30 occasions by seven (23%) patients in the 
placebo group with different patterns. In the 

peginterferon lambda group, severe symptoms were 
most commonly loss of taste and smell, whereas in the 
placebo group, fever and systemic symptoms were most 
frequently rated as severe (appendix p 12). Symptoms 
improved over time in both groups (appendix p 11). 
Using a linear generalised linear mixed model for time 
to improvement, the rate of improvement was generally 
similar between groups (appendix p 11); however, 
respiratory symptoms improved faster with pegin-
terferon lambda treatment compared with placebo 
(OR 4·67 [95% CI 0·91–23·91]; p=0·064). This effect 
was more evident in those with higher viral load 
(≥10⁶ copies per mL) for whom the OR with treatment 
compared with placebo was 5·88 (0·81–42·46; p=0·079) 
compared with those with low viral loads, for whom the 
OR was 3·67 (0·19–70·11; p=0·39).

Laboratory adverse events were mild and similar 
between groups (table 4). Aminotransferase concen-
trations were increased at baseline in three (11%) 
participants in both groups and increased mildly, more so 
in the peginterferon lambda group (table 4). However, 
only two individuals met the threshold of grade 3 increase, 
one in each group. No other grade 3 or 4 laboratory 
adverse events were reported in the peginterferon lambda 
group (table 4). We found no increases in bilirubin 
concentrations that were associated with increases 
in aminotransferase concentrations. Haemoglobin, white 
blood cell count, and platelet counts were similar, with no 
episodes of myelosuppression in either group (table 4). 
D-dimer concentrations were increased in both groups at 

Odds ratio (95% CI)* p value

Overall 5·88 (1·37–25·00) 0·017

Fever or systemic 6·06 (1·48–25·00) 0·012

Respiratory 4·93 (0·94–25·64) 0·060

Gastrointestinal 11·9 (2·24–62·50) 0·038

Musculoskeletal 5·81 (1·31–25·64) 0·020

Skin 0·37 (0·05–2·99) 0·36

Mood 8·00 (0·98–66·67) 0·052

Neurological and vascular 52·63 (1·93–infinity) 0·019

*Association with high viral load (yes vs no).

Table 3: Association between symptoms and a viral load of 10⁶ copies 
per mL or higher

Peginterferon lambda 
(n=30)

Placebo 
(n=30)

Severe symptoms

Reports (number of 
participants*)

20 (7) 30 (7)

AEs 2 1

SAEs 1 1

Treatment-related AEs 0 0

Treatment-related SAEs 0 0

Emergency room visits 1 4

Hospital admissions 1 1

Laboratory abnormalities (grade 3 or 4)

Haemoglobin 0 0

White blood cells 0 0

Lymphocytes 0 0

Neutrophils 0 1

Platelets 0 0

Creatinine 0 0

Alanine aminotransferase 1 3

Aspartate aminotransferase 1 1

Total bilirubin 0 0

AE=adverse event. SAE=serious adverse event. *Some participants reported 
multiple severe symptoms.

Table 4: Summary of AEs and SAEs by treatment group. 

Articles

8 www.thelancet.com/respiratory   Published online February 5, 2021   https://doi.org/10.1016/S2213-2600(20)30566-X

lower viral loads than did those in the placebo group, 
with three (75%) of four at 10⁴ copies per mL or lower, 
compared with six (60%) of ten above 10⁵ copies per mL 
in the placebo group (appendix p 9). By contrast, in those 
with baseline viral load below 10⁶ copies per mL, both 
groups cleared quickly; nine (82%) of 11 participants in 
the peginterferon lambda group and 13 (93%) of 14 in the 
placebo group had undetectable virus at day 7 (OR 0·35 
[0·01–4·15]; p=0·40; figure 2).

No baseline covariates modified the association 
between baseline viral load and treatment assignment 
with clearance by day 7 (table 2; appendix p 6). 
Participants who were asymptomatic were more likely to 
have baseline viral loads below 10⁶ copies per mL than 
were those with symptoms (ten [91%] of 11 vs 13 [27%] of 49; 
p<0·0001). At randomisation, five (10%) of 51 participants 
with available samples were seropositive for SARS-CoV-2 
S IgG antibodies, of whom four had undetectable 
SARS-CoV-2 RNA. Antibody positivity increased in both 
groups in the 14 days following drug administration 
(appendix p 7). The presence of antibodies at any 
timepoint was associated with a corresponding lower 
viral load, with the association weakening with time as 
more participants cleared virus (figure 2; appendix p 7).

Symptoms were grouped into seven categories 
(appendix p 10) and reported as absent, mild, moderate, 
or severe. Respiratory and fever or systemic symptoms 
were most common in both groups (figure 4). 
Documented temperature above 38°C was rare and only 
reported beyond day 2 in the peginterferon lambda group 
(appendix p 8). Overall, most symptoms in both groups 
were mild to moderate and we found no difference in 
frequency or severity of any of the seven symptom 
categories between treatment groups (figure 4). 
Participants with high baseline viral loads (≥10⁶ copies 
per mL) had higher symptom scores than did those with 
low baseline viral loads in all categories, except skin, 
respiratory, and mood symptoms (table 3).

A symptom was graded as severe on 20 occasions by 
seven (23%) patients in the peginterferon lambda group 
and on 30 occasions by seven (23%) patients in the 
placebo group with different patterns. In the 

peginterferon lambda group, severe symptoms were 
most commonly loss of taste and smell, whereas in the 
placebo group, fever and systemic symptoms were most 
frequently rated as severe (appendix p 12). Symptoms 
improved over time in both groups (appendix p 11). 
Using a linear generalised linear mixed model for time 
to improvement, the rate of improvement was generally 
similar between groups (appendix p 11); however, 
respiratory symptoms improved faster with pegin-
terferon lambda treatment compared with placebo 
(OR 4·67 [95% CI 0·91–23·91]; p=0·064). This effect 
was more evident in those with higher viral load 
(≥10⁶ copies per mL) for whom the OR with treatment 
compared with placebo was 5·88 (0·81–42·46; p=0·079) 
compared with those with low viral loads, for whom the 
OR was 3·67 (0·19–70·11; p=0·39).

Laboratory adverse events were mild and similar 
between groups (table 4). Aminotransferase concen-
trations were increased at baseline in three (11%) 
participants in both groups and increased mildly, more so 
in the peginterferon lambda group (table 4). However, 
only two individuals met the threshold of grade 3 increase, 
one in each group. No other grade 3 or 4 laboratory 
adverse events were reported in the peginterferon lambda 
group (table 4). We found no increases in bilirubin 
concentrations that were associated with increases 
in aminotransferase concentrations. Haemoglobin, white 
blood cell count, and platelet counts were similar, with no 
episodes of myelosuppression in either group (table 4). 
D-dimer concentrations were increased in both groups at 

Odds ratio (95% CI)* p value

Overall 5·88 (1·37–25·00) 0·017

Fever or systemic 6·06 (1·48–25·00) 0·012

Respiratory 4·93 (0·94–25·64) 0·060

Gastrointestinal 11·9 (2·24–62·50) 0·038

Musculoskeletal 5·81 (1·31–25·64) 0·020

Skin 0·37 (0·05–2·99) 0·36

Mood 8·00 (0·98–66·67) 0·052

Neurological and vascular 52·63 (1·93–infinity) 0·019

*Association with high viral load (yes vs no).

Table 3: Association between symptoms and a viral load of 10⁶ copies 
per mL or higher

Peginterferon lambda 
(n=30)

Placebo 
(n=30)

Severe symptoms

Reports (number of 
participants*)

20 (7) 30 (7)

AEs 2 1

SAEs 1 1

Treatment-related AEs 0 0

Treatment-related SAEs 0 0

Emergency room visits 1 4

Hospital admissions 1 1

Laboratory abnormalities (grade 3 or 4)

Haemoglobin 0 0

White blood cells 0 0

Lymphocytes 0 0

Neutrophils 0 1

Platelets 0 0

Creatinine 0 0

Alanine aminotransferase 1 3

Aspartate aminotransferase 1 1

Total bilirubin 0 0

AE=adverse event. SAE=serious adverse event. *Some participants reported 
multiple severe symptoms.

Table 4: Summary of AEs and SAEs by treatment group. 
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In the placebo group, five (10%) patients either 
underwent intubation or died (OSCI ≥6) between the 
first dose and day 15 or 16 versus three (6%) in the 
SNG001 group. There was no significant difference 
between treatment groups in the odds of intubation or 
the time to intubation or death (table 3).

Over the 14-day treatment period, patients in the 
SNG001 group were more than twice as likely to recover 
as those in the placebo group (21 [44%] of 48 with SNG001 
vs 11 [22%] of 49 with placebo; hazard ratio [HR] 2·19 
[95% CI 1·03–4·69]; p=0·043; table 3; figure 3). On 
day 28 (the final outcome assessment visit), 28 (58%) of 
48 patients in the SNG001 group and 17 (35%) of 49 in 
the placebo group had recovered (figure 3; appendix p 5). 
The odds of recovery on day 28 were more than three-fold 
greater in the SNG001 group than in the placebo group 
(OR 3·58 [95% CI 1·41–9·04]; p=0·007; figure 2).

By day 16, 33 (69%) of 48 patients in the placebo group 
and 35 (73%) of 48 patients in the SNG001 group had been 
discharged from hospital (appendix p 5). By day 28, 
39 (81%) of 48 patients had been discharged in the SNG001 
group compared with 36 (75%) of 48 in the placebo group. 
There was no significant difference between treatment 
groups in the odds of hospital discharge or time to hospital 
discharge (figures 2, 4; table 3).

Patients in the SNG001 group showed a greater 
improvement in the secondary outcome analysis of total 
BCSS score compared with placebo over the 14-day treat-
ment period (difference between SNG001 and placebo 
–0·8 [95% CI –1·5 to –0·1]; p=0·026; figure 5A). The 
improvement in patient-reported breathlessness on a 
scale of 0 to 4 (with 0 corresponding to no symptoms and 
4 corresponding to severe symptoms) was greater in the 
SNG001 group than in the placebo group over the 
treatment period (difference –0·6 [95% CI –1·0 to –0·2]; 
p=0·007; figure 5B). The improvement in patient-reported 
cough over the same period was not significant for 
patients receiving SNG001 versus those receiving placebo 
(difference –0·2 [95% CI –0·5 to 0·1]; p=0·285; figure 5C). 
The BCSS scores indicated that sputum production was 
not a problematic symptom for patients in this study 
(figure 5D).

Results in the per-protocol population were generally 
better than those in the intention-to-treat population 
(table 3); significant effects were observed with SNG001 
versus placebo for improvement on the OSCI on 
day 15 or 16 (OR 2·80 [95% CI 1·21–6·52]; p=0·017), odds 
of severe disease or death (OSCI ≥5) on day 15 or 16 
(OR 0·18 [95% CI 0·04–0·93]; p=0·041; post-hoc Firth 
logistic regression analysis), time to recovery over the 
treatment period (HR 2·29 [95% CI 1·07–4·91]; p=0·033), 
odds of recovery by day 15 or 16 (OR 3·18 [95% CI 1·21–8·39]; 
p=0·019), and a non-significant improvement in earlier 
hospital discharge over the treatment period (HR 1·53 
[95% CI 0·96–2·42]; p=0·072).

26 (54%) patients in the SNG001 group and 30 (60%) 
in the placebo group had treatment-emergent adverse 

Figure 2: Odds ratios of recovery (OSCI ≤1), hospital discharge, and improvement
Odds ratios of recovery (defined as unchanged post-baseline OSCI score of 0 or 1), hospital discharge, and 
improvement on the WHO OSCI on days 15 or 16 (end-of-treatment visit) and on day 28 (follow-up visit) are 
shown. Comparisons were made between the SNG001 group (n=48) and placebo group (n=50) in the intention-
to-treat population. OSCI=Ordinal Scale for Clinical Improvement.

Figure 3: Patient recovery (OSCI ≤1) during the study
The proportion of patients who recovered (defined as having an unchanged 
post-baseline OSCI score of 0 or 1) up to day 15 or 16 (end-of-treatment visit) 
and on day 28 (follow-up visit) is presented for the intention-to-treat 
population (SNG001: n=48; placebo: n=50). OSCI=Ordinal Scale for Clinical 
Improvement.
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Figure 4: Hospital discharge
The proportion of patients who were discharged from hospital up to day 15 or 
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intention-to-treat population (SNG001: n=48; placebo: n=50).
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In the placebo group, five (10%) patients either 
underwent intubation or died (OSCI ≥6) between the 
first dose and day 15 or 16 versus three (6%) in the 
SNG001 group. There was no significant difference 
between treatment groups in the odds of intubation or 
the time to intubation or death (table 3).

Over the 14-day treatment period, patients in the 
SNG001 group were more than twice as likely to recover 
as those in the placebo group (21 [44%] of 48 with SNG001 
vs 11 [22%] of 49 with placebo; hazard ratio [HR] 2·19 
[95% CI 1·03–4·69]; p=0·043; table 3; figure 3). On 
day 28 (the final outcome assessment visit), 28 (58%) of 
48 patients in the SNG001 group and 17 (35%) of 49 in 
the placebo group had recovered (figure 3; appendix p 5). 
The odds of recovery on day 28 were more than three-fold 
greater in the SNG001 group than in the placebo group 
(OR 3·58 [95% CI 1·41–9·04]; p=0·007; figure 2).

By day 16, 33 (69%) of 48 patients in the placebo group 
and 35 (73%) of 48 patients in the SNG001 group had been 
discharged from hospital (appendix p 5). By day 28, 
39 (81%) of 48 patients had been discharged in the SNG001 
group compared with 36 (75%) of 48 in the placebo group. 
There was no significant difference between treatment 
groups in the odds of hospital discharge or time to hospital 
discharge (figures 2, 4; table 3).

Patients in the SNG001 group showed a greater 
improvement in the secondary outcome analysis of total 
BCSS score compared with placebo over the 14-day treat-
ment period (difference between SNG001 and placebo 
–0·8 [95% CI –1·5 to –0·1]; p=0·026; figure 5A). The 
improvement in patient-reported breathlessness on a 
scale of 0 to 4 (with 0 corresponding to no symptoms and 
4 corresponding to severe symptoms) was greater in the 
SNG001 group than in the placebo group over the 
treatment period (difference –0·6 [95% CI –1·0 to –0·2]; 
p=0·007; figure 5B). The improvement in patient-reported 
cough over the same period was not significant for 
patients receiving SNG001 versus those receiving placebo 
(difference –0·2 [95% CI –0·5 to 0·1]; p=0·285; figure 5C). 
The BCSS scores indicated that sputum production was 
not a problematic symptom for patients in this study 
(figure 5D).

Results in the per-protocol population were generally 
better than those in the intention-to-treat population 
(table 3); significant effects were observed with SNG001 
versus placebo for improvement on the OSCI on 
day 15 or 16 (OR 2·80 [95% CI 1·21–6·52]; p=0·017), odds 
of severe disease or death (OSCI ≥5) on day 15 or 16 
(OR 0·18 [95% CI 0·04–0·93]; p=0·041; post-hoc Firth 
logistic regression analysis), time to recovery over the 
treatment period (HR 2·29 [95% CI 1·07–4·91]; p=0·033), 
odds of recovery by day 15 or 16 (OR 3·18 [95% CI 1·21–8·39]; 
p=0·019), and a non-significant improvement in earlier 
hospital discharge over the treatment period (HR 1·53 
[95% CI 0·96–2·42]; p=0·072).

26 (54%) patients in the SNG001 group and 30 (60%) 
in the placebo group had treatment-emergent adverse 

Figure 2: Odds ratios of recovery (OSCI ≤1), hospital discharge, and improvement
Odds ratios of recovery (defined as unchanged post-baseline OSCI score of 0 or 1), hospital discharge, and 
improvement on the WHO OSCI on days 15 or 16 (end-of-treatment visit) and on day 28 (follow-up visit) are 
shown. Comparisons were made between the SNG001 group (n=48) and placebo group (n=50) in the intention-
to-treat population. OSCI=Ordinal Scale for Clinical Improvement.

Figure 3: Patient recovery (OSCI ≤1) during the study
The proportion of patients who recovered (defined as having an unchanged 
post-baseline OSCI score of 0 or 1) up to day 15 or 16 (end-of-treatment visit) 
and on day 28 (follow-up visit) is presented for the intention-to-treat 
population (SNG001: n=48; placebo: n=50). OSCI=Ordinal Scale for Clinical 
Improvement.
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Figure 4: Hospital discharge
The proportion of patients who were discharged from hospital up to day 15 or 
16 (end-of-treatment visit) and on day 28 (follow-up visit) is presented for the 
intention-to-treat population (SNG001: n=48; placebo: n=50).
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were followed up for the full duration of the study. Results 
are presented for the intention-to-treat population.

Demographic and baseline characteristics, including 
comorbidities, disease severity, duration of symptoms, 
and smoking status are presented in table 2. Patients’ 
mean age was 57·1 (SD 13·26) years; 58 (59%) were 
male, and 78 (80%) were White. 53 (54%) patients had 
baseline comorbidities of hypertension, cardiovascular 
disease, diabetes, chronic lung condition, or cancer. 
In general, patients in the treatment groups were well 
matched by baseline characteristics, apart from disease 
severity measured with the OSCI and the frequencies of 
specific comorbidities. Patients in the SNG001 group had 
more severe disease as judged by 37 (77%) patients 
receiving oxygen therapy (OSCI ≥4) compared with 
29 (58%) in the placebo group (table 2). More patients in 
the placebo group than those in the SNG001 group had 
diabetes (nine [33%] vs three [12%]) or cardiovascular 
disease (eight [30%] vs five [19%]), and fewer had 
hypertension (11 [41%] vs 18 [69%]).

The median duration of COVID-19 symptoms before 
initiation of treatment was 10 days (IQR 7–11). 

Patients’ OSCI scores could have changed from the 
time of randomisation to the time of baseline assessment, 
which might have occurred later in the day. At baseline, 
two (2%) patients were receiving non-invasive ventilation 
or high-flow oxygen (OSCI=5), 64 (65%) were receiving 
oxygen by mask or nasal prongs (OSCI=4), 30 (31%) were 
not receiving oxygen therapy (OSCI=3), and two were 
admitted to hospital for reasons of isolation or quarantine 
and not because of the severity of their disease; one (1%) 
patient had a baseline OSCI score of 2 (limitation of 
activities), and one (1%) had a baseline OSCI score of 1 (no 
limitation of activities).

The results for the primary outcome of change in 
OSCI over the dosing period are described below and 
summarised in table 3. Results for the follow-up visit on 
day 28 are also presented.

The odds of improvement on the OSCI scale were more 
than two-fold greater in the SNG001 group than in the 
placebo group on day 15 or 16 (odds ratio [OR] 2·32 
[95% CI 1·07–5·04]; p=0·033; table 3; figure 2) and more 
than three-fold greater on day 28 (3·15 [1·39–7·14]; 
p=0·006; figure 2; appendix p 4).

Three patients died during the study; all deaths occurred 
in patients in the placebo group, so no modelling analysis 
was done. 11 (22%) patients in the placebo group developed 
severe disease or died (OSCI ≥5) between the first dose 
and day 16 compared with six (13%) patients in the SNG001 
group. SNG001 reduced the odds of developing severe 
disease or dying by 79% (OR 0·21 [95% CI 0·04–0·97]; 
p=0·046) in the prespecified logistic regression analysis. 
As quasi-complete separation of data was observed in 
some model covariates, an additional, post-hoc Firth 
logistic regression analysis was done in which the 
difference between groups was not significant (72·0% 
reduction; OR 0·28 [95% CI 0·07–1·08]; p=0·064; table 3).

Placebo (n=50) SNG001 (n=48)

Age at inclusion, years 56·5 (11·9) 57·8 (14·6)

Sex

Male 31 (62%) 27 (56%)

Female 19 (38%) 21 (44%)

Ethnicity

White 39 (78%) 39 (81%)

Non-White 11 (22%) 9 (19%)

Comorbidities

All 27 26

Hypertension 11/27 (41%) 18/26 (69%)

Chronic lung condition 12/27 (44%) 11/26 (42%)

Cardiovascular disease 8/27 (30%) 5/26 (19%)

Diabetes 9/27 (33%) 3/26 (12%)

Cancer 1/27 (4%) 0

Severity of disease at baseline*

No limitation of activities 1 (2%) 0

Limitation of activities 1 (2%) 0

Hospitalised (no oxygen therapy) 19 (38%) 11 (23%)

Oxygen by mask or nasal prongs 28 (56%) 36 (75%)

Non-invasive ventilation or 
high-flow oxygen

1 (2%) 1 (2%)

Duration of symptoms, days† 9·5 (7·0–12·0) 10·0 (8·0–11·0)

Current smoking status

Currently uses tobacco 1 (2%) 1 (2%)

Former smoker 16 (32%) 11 (23%)

Never smoked 33 (66%) 36 (75%)

Data are n (%) or mean (SD), unless otherwise indicated, and are presented for the 
intention-to-treat population. *Severity of disease at baseline followed the WHO 
Ordinal Scale for Clinical Improvement. †Duration of symptoms is presented as 
median (IQR). 

Table 2: Demographic and baseline characteristics of participants

Intention-to-treat population Per-protocol population

Ratio (95% CI) p value Ratio (95% CI) p value

Odds of improvement on the OSCI OR 2·32 (1·07–5·04) 0·033 OR 2·80 (1·21–6·52) 0·017

Time to severe disease or death 
(OSCI ≥5)

HR 0·50 (0·18–1·38) 0·179 Not calculated ··

Odds of severe disease or death 
(OSCI ≥5)

OR 0·28 (0·07–1·08) 0·064* OR 0·18 (0·04–0·93) 0·041*

Time to intubation or death (OSCI ≥6) HR 0·38 (0·09–1·65) 0·198 Not calculated ··

Odds of intubation or death (OSCI ≥6) OR 0·42 (0·09–1·83) 0·246* OR 0·31 (0·05–1·79) 0·189*

Time to recovery HR 2·19 (1·03–4·69) 0·043 HR 2·29 (1·07–4·91) 0·033

Odds of recovery OR 3·19 (1·24–8·24) 0·017 OR 3·18 (1·21–8·39) 0·019

Time to hospital discharge HR 1·37 (0·85–2·20) 0·196 HR 1·53 (0·96–2·42) 0·072

Odds of hospital discharge OR 1·63 (0·61–4·35) 0·330 OR 2·14 (0·64–7·12) 0·215

ORs relate to the end-of-treatment visit on day 15 or 16. Time-to-event analyses include all data up to and including 
the end-of-treatment visit. Recovery was defined as a post-baseline OSCI score of 0 or 1, which does not rise above 1 at 
any subsequent visits. Hospital discharge was defined as a post-baseline OSCI score of 2 or less, which does not rise 
above 2 at any subsequent visits. Three patients died during the study; all deaths occurred in patients randomly 
assigned to placebo, so no modelling analysis was done. OSCI=Ordinal Scale for Clinical Improvement. OR=odds ratio. 
HR=hazard ratio. *Post-hoc analysis done by use of Firth logistic regression analysis.

Table 3: Analysis of the WHO OSCI during the dosing period
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FIGURE 3 | The evolution of cytokine levels in individual patients following their clinical outcome. The levels of IL6 in non-stimulated plasma (A,B; n = 13 and n = 6,

respectively) and the levels of IFNγ after in vitro non-specific stimulation of innate and adaptive immune cells (C,D; n = 6 and n = 3, respectively) were compared

between the patients who recovered from their SARS-CoV-2 infection (A,C) and the deceased patients (B,D). Differences between groups were compared with a

Wilcoxon matched pairs signed rank test.

FIGURE 4 | The efficacy of in vitro treatment with different drugs commonly used in COVID-19 to modulate cytokine expression. The levels of IFNγ (A), IL1β (B), IL6

(C), and IL10 (D) after in vitro pretreatment with drugs, followed by non-specific stimulation of innate and adaptive immune cells, in 18 COVID-19 patients. Differences

between groups were compared with Kruskal-Wallis test using Dunn’s post hoc test.
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showed that these patients started with elevated IL-6 levels and then 
had a transient increase in serum IL-6, which has previously been 
explained by disrupted clearance after drug saturation of the IL-6 
receptor21. This transient elevation was observed only for IL-6, not 
IL-8, whereas TNF-α appeared to gradually decrease after therapy. 
Patients treated with corticosteroids and remdesivir showed, respec-
tively, a rapid and gradual reduction in IL-6 over time compared to 
patients who did not receive these drugs, but we observed no effect 
on TNF-α. Hydroxychloroquine, acetaminophen or anti-coagulants 
did not clearly appear to alter cytokine levels. Of corticosteroids, 
dexamethasone had the highest reduction effect on IL-6 (Fig. 5b), 
potentially supporting findings from the recent RECOVERY trial 
showing clinical benefit from this drug in hospitalized patients with 
severe disease22.

Discussion
We aimed to understand the role of inflammatory cytokines on 
COVID-19 disease course and outcome. We established a rapid 
multiplex cytokine test to measure IL-6, TNF-α and IL-1β, as known 
markers of inflammation and organ damage, along with CXCL8/
IL-8 because of its potent role in the recruitment and activation of 
neutrophils, commonly elevated in patients with COVID-19 (ref. 23).  
Notably, drugs blocking these cytokines are either FDA approved 
or in clinical trials. Studying over 1,400 hospitalized patients in a 
month, we established that COVID-19 is associated with high levels 
of all four cytokines at presentation. Importantly, our observations 
indicate that cytokine patterns are predictive of COVID-19 survival 
and mortality, independently of demographics and comorbidities, 
but also of standard clinical biomarkers of disease severity, includ-
ing laboratory and clinical factors. A model based on these observa-
tions was confirmed in a validation cohort of another 231 patents. 
We found that IL-6 was one of the most robust prognostic markers 
of survival, eclipsing or outperforming CRP, D-dimer and ferritin 
after adjusting for the demographic features and comorbidities. It 
remained independently associated with severity and predictive of 
outcome when including information about ventilation and end 

organ damage. Furthermore, elevated TNF-α, known to contribute 
to organ damage, was also a strong predictor of poor outcome even 
after adjusting for other risk factors such as age, sex, hypoxia, disease 
severity scoring based on clinical assessment and IL-6. Our cyto-
kine panel also included IL-8, which showed association with sur-
vival time, even though it was eclipsed by other severity factors after 
multivariate adjustments, and IL-1β, which was poorly detected 
and, as a result, had only marginal predictive value. Although clas-
sic markers used routinely to determine inflammation and severity 
were still useful to stratify patients on their own, when combined in 
multivariate analyses, many were no longer significant, likely due to 
collinearity, whereas IL-6 and TNF-α remained independently pre-
dictive of outcome. Both overall survival and competing risk mod-
els used here consistently showed the significant prognostic value 
of TNF-α and IL-6 when all tested cytokines were in the model, 
along with demographics, comorbidities and other clinical and 
laboratory measurements, highlighting the robustness of our find-
ings. Notably, the COVID-19-related cytokine response was quite 
distinct from the traditional cytokine storm associated with sepsis 
and CAR T cells, with sustained elevated cytokine levels over days 
and weeks, and relative absence of coordination between cytokines. 
This raises the possibility of mitigation strategies with anti-cytokine 
treatments, although which one(s) and the window of opportunity 
for their use remain to be established. Guiding such therapies based 
on mechanistic association with cytokine levels could provide a 
rational approach.

Trials to block IL-6 signaling with already FDA-approved 
drugs have been launched across the world, and some clinical 
benefits have been seen in a subset of patients in small, single- 
center, observational studies15,24. In contrast, interim analysis of 
randomized trials with the anti-IL-6 receptor monoclonal anti-
body sarilumab versus placebo identified potential benefit only 
in patients with severe but not moderate disease (https://investor. 
r e g e n e r o n . c o m / n e w s - r e l e a s e s / n e w s - r e l e a s e - d e t a i l s /
regeneron-and-sanofi-provide-update-us-phase-23-adaptive). 
There are no available data correlating levels of IL-6 and response 
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Effet sur l’IL-6



2.3.1 Corticothérapie

/

PHARMACODYNAMIE DES EFFETS UTILES EN CLINIQUE

Effets pharmacologiques Mécanisme d’action Conséquences biologiques

Effets anti-in�ammatoires Inhibition de la production de
cytokines pro-in�ammatoires (IL-1,
IL-6, IL-8, TNFalpha 
Inhibition de l’expression de
molécules d’adhésion (ICAM) 

Inhibition de la phospholipase A  et
de la cyclooxygénase de type 2 

Inhibition de la NO synthase
inductible

Diminution de l’a�ux de macrophages et
de granulocytes sur le site in�ammatoire 

Diminution de la migration
transendothéliale des cellules
phagocytaires 

Inhibition de la synthèse d’eicosanoïdes
pro-in�ammatoires (Prostaglandines,
thromboxane, leucotriènes) 
Diminution de la production d’espèces
radicalaires

Effets immunosuppresseurs Diminution de l’expression des
molécules du CMH II 
Inhibition de la production d’IL-2

Diminution de l’antigénicité des
protéines 
Diminution de la prolifération
lymphocytaire

Effets pro-apoptotiques Induction de gènes de mort
cellulaire ou répression de facteurs
ou de gènes indispensables à la vie
cellulaire

Mort cellulaire

CARACTÉRISTIQUES PHARMACOCINÉTIQUES UTILES EN CLINIQUE
Résorption 
Le cortisol et les anti-in�ammatoires stéroïdiens sont bien résorbés par voie digestive. Leur vitesse de résorption
varie selon la structure chimique. Sous forme d’esters hydrosolubles, ils peuvent être administrés par voie
parentérale. 
En application locale (muqueuse, cutanée, articulaire), ils diffusent facilement dans le reste de l’organisme, ce qui
peut entraîner des effets secondaires d’origine systémique. 

Transport 
Le cortisol est transporté dans le sang, dans les conditions basales, à 75/90 % par la transcortine (Corticoid Binding
Globuline, CBG) à laquelle il se lie de façon forte et spéci�que, et par l'albumine avec une liaison peu spéci�que et de
faible a�nité. Les autres médicaments corticoïdes, de même que d'autres dérivés hormonaux de structure stéroïde,
entrent en compétition sur ces sites de liaison. Seule la dexaméthasone circule sous forme libre. 

Biotransformation 
Le cortisol est presque complètement biotransformé, essentiellement dans le foie, avec disparition de la double
liaison 4-5 du cycle A, et de nombreuses autres réactions de fonctionnalisation qui rendent le produit inactif; une
glycuro ou sulfoconjugaison intervient ensuite en position 3. Sur les dérivés synthétiques, un halogène en 9, une
double liaison en 1-2 sur le cycle A, un groupement méthyle en 2 ou en 16 retarde la transformation et prolonge la
demi-vie de 50 % environ.
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Dexamethasone in Hospitalized Patients with Covid-19

Table 1. Characteristics of the Patients at Baseline, According to Treatment Assignment and Level of Respiratory Support.*

Characteristic Treatment Assignment
Respiratory Support Received 

at Randomization

Dexamethasone 
(N = 2104)

Usual Care 
(N = 4321)

No Receipt of 
Oxygen 

(N = 1535)

Oxygen 
Only 

(N = 3883)

Invasive 
Mechanical 
Ventilation 
(N = 1007)

Age†

Mean — yr 66.9±15.4 65.8±15.8 69.4±17.5 66.7±15.3 59.1±11.4

Distribution — no. (%)

<70 yr 1141 (54) 2504 (58) 659 (43) 2148 (55) 838 (83)

70 to 79 yr 469 (22) 859 (20) 338 (22) 837 (22) 153 (15)

≥80 yr 494 (23) 958 (22) 538 (35) 898 (23) 16 (2)

Sex — no. (%)

Male 1338 (64) 2749 (64) 891 (58) 2462 (63) 734 (73)

Female‡ 766 (36) 1572 (36) 644 (42) 1421 (37) 273 (27)

Median no. of days since symptom on-
set (IQR)§

8 (5–13) 9 (5–13) 6 (3–10) 9 (5–12) 13 (8–18)

Median no. of days since hospitalization 
(IQR)

2 (1–5) 2 (1–5) 2 (1–6) 2 (1–4) 5 (3–9)

Respiratory support received — no. (%)

No oxygen 501 (24) 1034 (24) 1535 (100) NA NA

Oxygen only 1279 (61) 2604 (60) NA 3883 (100) NA

Invasive mechanical ventilation 324 (15) 683 (16) NA NA 1007 (100)

Previous coexisting disease

Any 1174 (56) 2417 (56) 911 (59) 2175 (56) 505 (50)

Diabetes 521 (25) 1025 (24) 342 (22) 950 (24) 254 (25)

Heart disease 586 (28) 1171 (27) 519 (34) 1074 (28) 164 (16)

Chronic lung disease 415 (20) 931 (22) 351 (23) 883 (23) 112 (11)

Tuberculosis 6 (<1) 19 (<1) 8 (1) 11 (<1) 6 (1)

HIV infection 12 (1) 20 (<1) 5 (<1) 21 (1) 6 (1)

Severe liver disease¶ 37 (2) 82 (2) 32 (2) 72 (2) 15 (1)

Severe kidney impairment∥ 166 (8) 358 (8) 119 (8) 253 (7) 152 (15)

SARS-CoV-2 test result

Positive 1850 (88) 3848 (89) 1333 (87) 3416 (88) 949 (94)

Negative 247 (12) 453 (10) 193 (13) 452 (12) 55 (5)

Test result not yet known 7 (<1) 20 (<1) 9 (1) 15 (<1) 3 (<1)

*  Plus–minus values are means ±SD. HIV denotes human immunodeficiency virus, IQR interquartile range, NA not applicable, and SARS-
CoV-2 severe acute respiratory syndrome coronavirus 2.

†  There was a significant (P = 0.01) difference in the mean age between patients in the dexamethasone group and those in the usual care 
group, but there were no significant differences between the groups in any other baseline characteristic.

‡  Included in this category were 6 pregnant women.
§  Data regarding the number of days since symptom onset were missing for 4 patients in the dexamethasone group and 13 patients in the 

usual care group; these patients were excluded from estimates of the median number of days since onset.
¶  Severe liver disease was defined as requiring ongoing specialist care.
∥  Severe kidney impairment was defined as an estimated glomerular filtration rate of less than 30 ml per minute per 1.73 m2.
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the level of respiratory support that the patients 
were receiving at randomization, there was a 
trend showing the greatest absolute and propor-
tional benefit among patients who were receiving 
invasive mechanical ventilation (11.5 by chi-
square test for trend) (Fig. 3). In the dexametha-
sone group, the incidence of death was lower 
than that in the usual care group among pa-
tients receiving invasive mechanical ventilation 
(29.3% vs. 41.4%; rate ratio, 0.64; 95% CI, 0.51 
to 0.81) and in those receiving oxygen without 
invasive mechanical ventilation (23.3% vs. 26.2%; 

rate ratio, 0.82; 95% CI, 0.72 to 0.94) (Fig. 2B 
and 2C). However, there was no clear effect of 
dexamethasone among patients who were not 
receiving any respiratory support at randomiza-
tion (17.8% vs. 14.0%; rate ratio, 1.19; 95% CI, 
0.91 to 1.55) (Fig. 2D). The results were similar 
in a post hoc exploratory analysis restricted to the 
5698 patients (89%) with a positive SARS-CoV-2 
test result. Likewise, sensitivity analyses without 
adjustment for age resulted in similar findings 
(Table S2).

Patients who were receiving invasive mechan-

Figure 1. Enrollment, Randomization, and Inclusion in the Primary Analysis.

At the time of this analysis, completed follow-up forms were available for 2079 of 2104 patients (98.8%) in the dexa-
methasone group and 4278 of 4321 patients (99.0%) in the usual care group. The subgroup of patients who later  
underwent a second randomization to tocilizumab versus usual care in the RECOVERY trial included 95 of 2104  
patients (4.5%) in the dexamethasone group and 276 of 4321 patients (6.4%) in the usual care group. In addition,  
13 patients were randomly assigned to receive either convalescent plasma or usual care alone.

9355 (83%) Underwent randomization
between dexamethasone and

other treatments

11,303 Patients were recruited

1948 Were excluded (could have >1 reason)
357 (3%) Did not have dexamethasone

available
1707 (15%) Were not considered suitable

for randomization to dexamethasone

6425 (57%) Underwent randomization
between dexamethasone and usual

care alone

2930 Were assigned to receive other active
treatment

2104 (100%) Were assigned to receive dexa-
methasone

1975/2079 (95%) Received dexamethasone

4321 (100%) Were assigned to receive usual
care alone

336/4278 (8%) Received dexamethasone

6 Withdrew consent1 Withdrew consent

2104 (100%) Were included in the 28-day
intention-to-treat analysis

4321 (100%) Were included in the 28-day
intention-to-treat analysis

95 (4.5%) Proceeded to second
randomization

276 (6.4%) Proceeded to second
randomization
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ical ventilation at randomization were on aver-
age 10 years younger than those not receiving 
any respiratory support and had a history of 
symptoms before randomization for an average 
of 7 days longer (Table 1 and Table S3). The age-
adjusted absolute reductions in 28-day mortality 
associated with the use of dexamethasone were 
12.3 percentage points (95% CI, 6.3 to 17.6) among 

the patients who were receiving invasive mechan-
ical ventilation and 4.2 percentage points (95% 
CI, 1.4 to 6.7) among those receiving oxygen only.

Patients with a longer duration of symptoms 
(who were more likely to have been receiving in-
vasive mechanical ventilation at randomization) 
had a greater mortality benefit in response to 
treatment with dexamethasone. The receipt of 

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 only without 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 intervals in Panels B, C, and D were derived from a sin-
gle age-adjusted regression model involving an interaction term between treatment assignment and level of respira-
tory support at randomization.
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dexamethasone was associated with a reduction 
in 28-day mortality among those with symptoms 
for more than 7 days but not among those with 
a more recent symptom onset (12.3 by chi-square 
test for trend) (Fig. S1).

Secondary Outcomes
Patients in the dexamethasone group had a 
shorter duration of hospitalization than those in 
the usual care group (median, 12 days vs. 13 days) 
and a greater probability of discharge alive within 
28 days (rate ratio, 1.10; 95% CI, 1.03 to 1.17) 
(Table 2). The greatest effect regarding discharge 
within 28 days was seen among patients who 
were receiving invasive mechanical ventilation at 
randomization (11.5 by chi-square test for trend) 
(Fig. S2A).

Among the patients who were not receiving 
invasive mechanical ventilation at randomization, 
the number of patients who progressed to the 
prespecified composite secondary outcome of in-
vasive mechanical ventilation or death was lower 
in the dexamethasone group than in the usual 
care group (risk ratio, 0.92; 95% CI, 0.84 to 1.01) 
(Table 2). This effect was greater among the 
patients who were receiving oxygen at randomiza-
tion (6.2 by chi-square test for trend) (Fig. S2B).

Other Prespecified Clinical Outcomes
The risk of progression to invasive mechanical 
ventilation was lower in the dexamethasone 
group than in the usual care group (risk ratio, 
0.77; 95% CI, 0.62 to 0.95) (Table 2). Analyses 

are ongoing regarding cause-specific mortality, 
the need for renal dialysis or hemofiltration, and 
the duration of ventilation.

Discussion

Our preliminary results show that among hospi-
talized patients with Covid-19, the use of dexa-
methasone for up to 10 days resulted in lower 
28-day mortality than usual care in patients who 
were receiving invasive mechanical ventilation at 
randomization (by 12.3 age-adjusted percentage 
points, a proportional reduction of approximately 
one third) and those who were receiving oxygen 
without invasive mechanical ventilation (by 4.1 
age-adjusted percentage points, a proportional 
reduction of approximately one fifth). However, 
there was no evidence that dexamethasone pro-
vided any benefit among patients who were not 
receiving respiratory support at randomization, 
and the results were consistent with possible 
harm in this subgroup. The benefit was also clear 
in patients who were being treated more than 
7 days after symptom onset, when inflammatory 
lung damage is likely to have been more com-
mon. In a recent trial involving patients with 
acute respiratory distress syndrome who were 
undergoing mechanical ventilation, mortality at 
60 days was 15 percentage points lower among 
those receiving dexamethasone than among those 
receiving usual care, a finding that was consis-
tent with our results.22

The RECOVERY trial was designed to provide 

Figure 3. Effect of Dexamethasone on 28-Day Mortality, According to Respiratory Support at Randomization.

Shown are subgroup-specific rate ratios for all the patients and for those who were receiving no oxygen, receiving 
oxygen only, or undergoing invasive mechanical ventilation at the time of randomization. Rate ratios are plotted as 
squares, with the size of each square proportional to the amount of statistical information that was available; the 
horizontal lines represent 95% confidence intervals.
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a rapid and robust assessment of the effect of 
readily available potential treatments for Covid-19 
on 28-day mortality. Approximately 15% of all 
hospitalized patients with Covid-19 in the United 
Kingdom were enrolled in the trial, and mortality 
in the usual care group was consistent with the 
overall case fatality rate for hospitalized patients 
with Covid-19 in the United Kingdom.7 Only es-
sential data were collected at hospital sites, with 
additional information (including longer-term 
mortality) ascertained through linkage with rou-
tine data sources. We did not collect information 
on physiologic, laboratory, or virologic measures. 
The protocol combines the methods that were 
used in large, simple trials of treatments for 
acute myocardial infarction in the 1980s with the 
opportunities provided by digital health care in 
the 2020s.23-25 The trial has progressed rapidly, 
as is essential for studies during epidemics.26 
These preliminary results for dexamethasone 
were announced on June 16, 2020, nearly 100 days 
after the protocol was first drafted, and were 
adopted into U.K. practice later the same day.27

Glucocorticoids have been widely used in 
syndromes closely related to Covid-19, including 
SARS, Middle East respiratory syndrome (MERS), 
severe influenza, and community-acquired pneu-
monia. However, the evidence to support or dis-
courage the use of glucocorticoids under these 
conditions has been weak owing to the lack of 
data from sufficiently powered randomized, con-
trolled trials.28-31 In addition, the evidence base 
has suffered from heterogeneity in glucocorticoid 

doses, medical conditions, and disease severity. 
It is likely that the beneficial effect of glucocor-
ticoids in severe viral respiratory infections is 
dependent on a selection of the right dose, at the 
right time, in the right patient. High doses may 
be more harmful than helpful, as may such treat-
ment given at a time when control of viral repli-
cation is paramount and inflammation is mini-
mal. Slower clearance of viral RNA has been 
observed in patients with SARS, MERS, and in-
fluenza who were treated with systemic gluco-
corticoids, but the clinical significance of these 
findings is unknown.29,32,33 Unlike with SARS, in 
which viral replication peaks in the second week 
of illness,34 viral shedding in SARS-CoV-2 ap-
pears to be higher early in the illness and de-
clines thereafter.35-38 The greater mortality ben-
efit of dexamethasone in patients with Covid-19 
who are receiving respiratory support and among 
those recruited after the first week of their ill-
ness suggests that at that stage the disease may 
be dominated by immunopathological elements, 
with active viral replication playing a secondary 
role. This hypothesis would caution against ex-
trapolation of the effect of dexamethasone in 
patients with Covid-19 to patients with other 
viral respiratory diseases with a different natural 
history.

The RECOVERY trial provides evidence that 
treatment with dexamethasone at a dose of 6 mg 
once daily for up to 10 days reduces 28-day mor-
tality in patients with Covid-19 who are receiving 
respiratory support. We found no benefit (and 

Table 2. Primary and Secondary Outcomes.

Outcome
Dexamethasone 

(N = 2104)
Usual Care 
(N = 4321)

Rate or Risk Ratio 
(95% CI)*

no./total no. of patients (%)

Primary outcome

Mortality at 28 days 482/2104 (22.9) 1110/4321 (25.7) 0.83 (0.75–0.93)

Secondary outcomes

Discharged from hospital within 28 days 1413/2104 (67.2) 2745/4321 (63.5) 1.10 (1.03–1.17)

Invasive mechanical ventilation or death† 456/1780 (25.6) 994/3638 (27.3) 0.92 (0.84–1.01)

Invasive mechanical ventilation 102/1780 (5.7) 285/3638 (7.8) 0.77 (0.62–0.95)

Death 387/1780 (21.7) 827/3638 (22.7) 0.93 (0.84–1.03)

*   Rate ratios have been adjusted for age with respect to the outcomes of 28-day mortality and hospital discharge. Risk ra-
tios have been adjusted for age with respect to the outcome of receipt of invasive mechanical ventilation or death and 
its subcomponents.

†  Excluded from this category are patients who were receiving invasive mechanical ventilation at randomization.
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2.3.2 L’hydroxychloroquine comme 
Immunomodulateur

Ruestch*, Brglez* et al. Front Med 2020
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Ruetsch et al. Functional Exhaustion of Interferons Production in Severe COVID-19 Patients

FIGURE 3 | The evolution of cytokine levels in individual patients following their clinical outcome. The levels of IL6 in non-stimulated plasma (A,B; n = 13 and n = 6,

respectively) and the levels of IFNγ after in vitro non-specific stimulation of innate and adaptive immune cells (C,D; n = 6 and n = 3, respectively) were compared

between the patients who recovered from their SARS-CoV-2 infection (A,C) and the deceased patients (B,D). Differences between groups were compared with a

Wilcoxon matched pairs signed rank test.

FIGURE 4 | The efficacy of in vitro treatment with different drugs commonly used in COVID-19 to modulate cytokine expression. The levels of IFNγ (A), IL1β (B), IL6

(C), and IL10 (D) after in vitro pretreatment with drugs, followed by non-specific stimulation of innate and adaptive immune cells, in 18 COVID-19 patients. Differences

between groups were compared with Kruskal-Wallis test using Dunn’s post hoc test.
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ing at least one major coexisting illness that was 
recorded. In this analysis, 90% of the patients 
had laboratory-confirmed SARS-CoV-2 infection, 
with the result not known for less than 1%. At 
randomization, 17% were receiving invasive me-
chanical ventilation including extracorporeal 
membrane oxygenation, 60% were receiving oxy-
gen only (with or without noninvasive ventila-
tion), and 24% were receiving neither.

A total of 1430 patients in the hydroxychloro-
quine group (92%) received at least one dose 
(Table S2). The median duration of treatment 
was 6 days (interquartile range, 3 to 10 days). In 
addition, 12 patients (0.4%) in the usual-care 

group received hydroxychloroquine. The frequen-
cy of use of azithromycin or other macrolide 
drug during the follow-up period was similar in 
the hydroxychloroquine group and the usual-
care group (18.6% vs. 20.3%), as was the use of 
dexamethasone (9.1% vs. 9.2%). Remdesivir was 
administered to less than 0.1% of the patients in 
each group.

Primary Outcome
Death at 28 days occurred in 421 of 1561 pa-
tients (27.0%) in the hydroxychloroquine group 
and in 790 of 3155 patients (25.0%) in the usual-
care group (rate ratio, 1.09; 95% confidence in-
terval [CI], 0.97 to 1.23; P = 0.15) (Fig. 2). Similar 
results were seen across all six prespecified sub-
groups (Fig. 3). In a post hoc exploratory analysis 
that was restricted to the 4266 patients (90.5%) 
with a positive SARS-CoV-2 test result, the result 
was similar to the overall result (rate ratio, 1.09; 
95% CI, 0.96 to 1.23).

Secondary Outcomes
Patients in the hydroxychloroquine group had a 
longer duration of hospitalization than those in 
the usual-care group (median, 16 days vs. 13 days) 
and a lower probability of discharge alive within 
28 days (59.6% vs. 62.9%; rate ratio, 0.90; 95% 
CI, 0.83 to 0.98) (Table 2). Among the patients 

Figure 1. Enrollment and Outcomes in the RECOVERY 
Trial.

The enrollment number that is shown is the total num-
ber of patients in the RECOVERY platform trial during 
the period in which adult patients could be recruited 
for the comparison between hydroxychloroquine and 
usual care. Patients could have more than one reason 
for not participating in the hydroxychloroquine trial. At 
the time of this analysis, data from the trial follow-up 
form were available for 1553 of 1561 patients (99.5%) 
in the hydroxychloroquine group and for 3140 of 3155 
patients (99.5%) in the usual-care group. The subgroup 
of patients who later underwent a second randomiza-
tion to tocilizumab versus usual care in the RECOVERY 
trial included 37 of 1561 patients (2.4%) in the hydroxy-
chloroquine group and 89 of 3155 patients (2.8%) in 
the usual care group. In addition, 6 patients were ran-
domly assigned to receive either convalescent plasma 
or usual care alone (1 patient [0.1%] in the hydroxy-
chloroquine group and 5 patients [0.2%] in the usual-
care group) in accordance with protocol version 6.0. 
Among the 167 sites at which at least 1 patient was 
 assigned to receive hydroxychloroquine, the median 
number of patients who underwent randomization  
was 20 (interquartile range, 11 to 41).

7513 (67%) Underwent randomization to receive
hydroxychloroquine or other treatments

11,197 Patients were recruited

639 (6%) Did not have access 
to hydroxychloroquine at their
hospital 

3199 (29%) Were considered 
unsuitable for receiving 
hydroxychloroquine

4716 (42%) Underwent randomization to receive
hydroxychloroquine or usual care alone

2797 Were assigned to another
active treatment

1010 Were assigned to lopinavir–
ritonavir

1170 Were assigned to dexameth-
asone

617 Were assigned to azithro-
mycin

1561 (100%) Were assigned to receive
hydroxychloroquine

1430 of 1553 (92%) Received
hydroxychloroquine

3155 (100%) Were assigned to receive
usual care

12 of 3140 (0.4%) Received 
hydroxychloroquine

3 (0.2%) Withdrew consent 5 (0.2%) Withdrew consent

75 (4.8%) Proceeded to second
randomization

178 (5.6%) Proceeded to second
randomization

1561 (100%) Were included in the
28-day intention-to-treat analysis

3155 (100%) Were included in the
28-day intention-to-treat analysis
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those in the usual-care group (risk ratio, 1.14; 
95% CI, 1.03 to 1.27).

Other Prespecified Outcomes
There was no difference between the hydroxy-
chloroquine group and the usual-care group in 
28-day mortality that was ascribed to Covid-19 
(24.0% vs. 23.5%). However, patients in the hy-
droxychloroquine group had a greater risk of 
death from cardiac causes (mean [±SE] excess, 
0.4±0.2 percentage points) and from non–SARS-
CoV-2 infection (mean excess, 0.4±0.2 percent-
age points) (Table S3). Data regarding the occur-
rence of new major cardiac arrhythmia were 
collected for 735 of 1561 patients (47.1%) in the 
hydroxychloroquine group and 1421 of 3155 pa-
tients (45.0%) in the usual-care group, after col-
lection of this information was added to the 
follow-up form on May 12, 2020. Among these 
patients, there were no significant differences 
between the hydroxychloroquine group and the 
usual-care group in the frequency of supraven-
tricular tachycardia (7.6% vs. 6.0%), ventricular 
tachycardia or fibrillation (0.7% vs. 0.4%), or 

atrioventricular block requiring intervention 
(0.1% vs. 0.1%) (Table S4). There was one report 
of a serious adverse reaction that was deemed by 
investigators to be related to hydroxychloro-
quine: a case of torsades de pointes, from which 
the patient recovered without undergoing inter-
vention. Among the patients who were not re-
ceiving renal dialysis or hemofiltration at ran-
domization, the percentage who went on to 
receive such treatment during the follow-up 
period was the same in the hydroxychloroquine 
group and the usual-care group (7.9% vs. 7.9%) 
(Table S5).

Discussion

In this analysis of the RECOVERY trial, we de-
termined that hydroxychloroquine was not an 
effective treatment for patients hospitalized with 
Covid-19. The lower boundary of the confidence 
limit for the primary outcome ruled out any 
reasonable possibility of a meaningful mortality 
benefit. The results were consistent across sub-
groups according to age, sex, race, time since 
illness onset, level of respiratory support, and 
baseline-predicted risk. In addition, the results 
suggest that the patients who received hydroxy-
chloroquine had a longer duration of hospital-
ization and, among those who were not under-
going mechanical ventilation at baseline, a higher 
risk of invasive mechanical ventilation or death 
than those who received usual care.

The RECOVERY trial is a large, pragmatic, 
randomized, controlled platform trial designed 
to assess the effect of potential treatments for 
Covid-19 on 28-day mortality. Approximately 
15% of the patients who were hospitalized with 
Covid-19 in the United Kingdom during the trial 
period were enrolled, and the percentage of pa-
tients in the usual-care group who died was 
consistent with the hospitalized case fatality rate 
among hospitalized patients in the United King-
dom and elsewhere.7,30,31 Only essential data were 
collected at hospital sites, with additional infor-
mation (including long-term mortality) ascer-
tained through linkage with routine data sources. 
We did not collect information on physiologic, 
electrocardiographic, laboratory, or virologic 
measurements.

Hydroxychloroquine has been proposed as a 
treatment for Covid-19 largely on the basis of its 

Figure 2. Mortality at 28  Days.

Death at 28 days (the primary outcome) occurred in 421 patients (27.0%) 
in the hydroxychloroquine group and in 790 (25.0%) in the usual-care 
group. The inset shows the same data on an expanded y axis.
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Figure 3. Mortality at 28  Days, According to Subgroup.

The size of the squares representing rate ratios is proportional to the amount of statistical information that was 
available for each comparison. The method that was used for calculating the baseline-predicted risk in each sub-
group is described in the Supplementary Appendix. Race or ethnic group was recorded in the patient’s electronic 
health record.
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Table 2. Primary and Secondary Outcomes.

Outcome
Hydroxychloroquine 

(N = 1561)
Usual Care 
(N = 3155)

Rate or Risk Ratio 
(95% CI)

no./total no. (%)

Primary outcome: 28-day mortality 421/1561 (27.0) 790/3155 (25.0) 1.09 (0.97–1.23)*

Secondary outcomes

Discharge from hospital in ≤28 days 931/1561 (59.6) 1983/3155 (62.9) 0.90 (0.83–0.98)*

Invasive mechanical ventilation or death† 399/1300 (30.7) 705/2623 (26.9) 1.14 (1.03–1.27)‡

Invasive mechanical ventilation 128/1300 (9.8) 225/2623 (8.6) 1.15 (0.93–1.41)

Death 311/1300 (23.9) 574/2623 (21.9) 1.09 (0.97–1.23)

*  The between-group difference was calculated as a rate ratio.
†  Patients who were receiving invasive mechanical ventilation at randomization were excluded from this analysis.
‡  The between-group difference was calculated as a risk ratio.

The New England Journal of Medicine 
Downloaded from nejm.org on December 23, 2020. For personal use only. No other uses without permission. 

 Copyright © 2020 Massachusetts Medical Society. All rights reserved. 

n engl j med 383;21 nejm.org November 19, 2020 2037

Hydroxychloroquine in Patients with Covid-19

Figure 3. Mortality at 28  Days, According to Subgroup.

The size of the squares representing rate ratios is proportional to the amount of statistical information that was 
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0.75 1.0 2.01.5

Usual Care
Better

Hydroxychloroquine
Better

Age
<70 yr
≥70 to <80 yr
≥80 yr

Sex
Male
Female

Race or ethnic group
White
Black, Asian, or minority ethnic group

Days since symptom onset
≤7
>7

Respiratory support at randomization
No oxygen received
Oxygen only
Invasive mechanical ventilation

Baseline risk
<30%
≥30% to <45%
≥45%

All Participants

Hydroxychloroquine Rate Ratio (95% CI)Usual CareSubgroup

0.50

no. of events/total no. (%)

160/925 (17.3) 314/1873 (16.8) 1.03 (0.85−1.25) 
128/342 (37.4) 207/630 (32.9) 1.17 (0.93–1.47)
133/294 (45.2) 269/652 (41.3) 1.14 (0.92−1.42) 

276/960 (28.8) 543/1974 (27.5) 1.05 (0.91−1.22) 
145/601 (24.1) 247/1181 (20.9) 1.19 (0.96−1.47) 

335/1181 (28.4) 610/2298 (26.5) 1.09 (0.95–1.25)
65/264 (24.6) 115/593 (19.4) 1.32 (0.96–1.81)

177/622 (28.5) 339/1275 (26.6) 1.10 (0.91−1.32) 
242/930 (26.0) 445/1871 (23.8) 1.11 (0.94−1.30) 

58/362 (16.0) 99/750 (13.2) 1.24 (0.89−1.73) 
253/938 (27.0) 475/1873 (25.4) 1.08 (0.93−1.26) 
110/261 (42.1) 216/532 (40.6) 1.03 (0.81−1.30) 

146/994 (14.7) 274/1990 (13.8) 1.07 (0.88−1.32) 
135/317 (42.6) 246/635 (38.7) 1.12 (0.90−1.40) 
140/250 (56.0) 270/530 (50.9) 1.17 (0.95−1.45) 

421/1561 (27.0) 790/3155 (25.0)
P=0.15

1.09 (0.97−1.23) 

Table 2. Primary and Secondary Outcomes.

Outcome
Hydroxychloroquine 

(N = 1561)
Usual Care 
(N = 3155)

Rate or Risk Ratio 
(95% CI)

no./total no. (%)

Primary outcome: 28-day mortality 421/1561 (27.0) 790/3155 (25.0) 1.09 (0.97–1.23)*

Secondary outcomes

Discharge from hospital in ≤28 days 931/1561 (59.6) 1983/3155 (62.9) 0.90 (0.83–0.98)*

Invasive mechanical ventilation or death† 399/1300 (30.7) 705/2623 (26.9) 1.14 (1.03–1.27)‡

Invasive mechanical ventilation 128/1300 (9.8) 225/2623 (8.6) 1.15 (0.93–1.41)

Death 311/1300 (23.9) 574/2623 (21.9) 1.09 (0.97–1.23)

*  The between-group difference was calculated as a rate ratio.
†  Patients who were receiving invasive mechanical ventilation at randomization were excluded from this analysis.
‡  The between-group difference was calculated as a risk ratio.

The New England Journal of Medicine 
Downloaded from nejm.org on December 23, 2020. For personal use only. No other uses without permission. 

 Copyright © 2020 Massachusetts Medical Society. All rights reserved. 

Horby et al. NEJM 2020



2.3.2 Anti-IL6 : Tocilizumab



Tocilizumab plus standard of care vs 
Standard of care
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Figure 4: COVID-19 progression post-hoc analyses
(A) Proportions of patients with COVID-19 progression up to day 28. Time to progression of COVID-19 up to day 28 among all patients (B) and among those with 
severe disease at baseline (C). Median time to progression was not evaluable for 37 patients who did not complete 28 days of follow-up or who died after day 28, and 
data were censored for these patients (B, C).
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Procedures
Tocilizumab was administered as a single intravenous 
infusion at 6 mg/kg up to a maximum dose of 480 mg. An 
additional dose of 6 mg/kg (max 480 mg/kg) could 
be administered if clinical symptoms worsened or did not 
show improvement within 12 h to 7 days after administration 
of the first dose. The dosing regimen was selected on the 
basis of the cost and supply considerations in India and 
because a single dose between 4 mg/kg and 8 mg/kg plus 
an additional dose to a maximum of 800 mg, if required, 
has been recommended on the basis of initial reports on 
the use of tocilizumab in the treatment of COVID-19 in 
China.21 Standard care was provided according to the 
protocols at the individual study sites. It was recommended 
that patients undergo routine laboratory testing and 
undergo chest x-ray or CT and electrocardiography in the 
3 days before baseline. Other tests could be done as deemed 

necessary by the treating physician. Pharmacological 
treatment was administered on the basis of data available 
at the time from uncontrolled trials in accordance 
with policies at the individual hospitals. Corticosteroids 
equivalent to methylprednisolone at a dose of 1 mg/kg or 
less were permitted if deemed necessary by the treating 
physician. Supplemental oxygen was recommended to 
treat hypoxia, and high-flow nasal cannula, non-invasive 
ventilation, and mechanical ventilation could be considered 
if hypoxia and respiratory distress progressed. Treatments 
for shock or hypovolaemia, symptoms such as fever and 
myalgia, and comorbid conditions could be administered if 
deemed necessary by the treating physician. Randomly 
assigned patients were treated at the baseline visit 
(study day 0), monitored closely during hospital stay, and 
followed up for 30 days after randomisation. Scheduled 
visits were done at the clinic daily until hospital discharge 
then at day 14 (+2), day 21 (±2), and day 28 (±2), and by 
telephone on day 18 and day 24. Assessments at scheduled 
clinic visits included physical examination, vital signs, 
oxygen saturation, laboratory tests, and adverse events and 
serious adverse events. At telephone appointments, clinical 
complaints, adverse events and serious adverse events, 
clinical status, and concomitant medications were recorded.

Outcomes
The primary efficacy endpoint was the proportion of 
patients with progression of COVID-19 from moderate to 
severe or from severe to death up to day 14. Secondary 

Tocilizumab 
group (n=91)

Standard care 
group (n=88)

Sex

Female 15 (16%) 12 (14%)

Male 76 (84%) 76 (86%)

Age, years

Median (IQR) 56 (47–63) 54 (43–63)

18–60 years 62 (68%) 58 (66%)

>60 years 29 (32%) 30 (34%)

Body-mass index, kg/m² 27·0 (4·4) 26·8 (4·6)

Comorbidities

Type 2 diabetes 31 (34%) 43 (49%)

Hypertension 36 (40%) 34 (39%)

Chronic obstructive pulmonary 
disease

1 (1%) 3 (3%)

Respiratory, thoracic, and 
mediastinal disorders

4 (4%) 3 (3%)

Renal and urinary disorders 4 (4%) 4 (5%)

Cardiac disorders 15 (16%) 12 (14%)

Laboratory measures

IL-6, pg/mL 115·5 (245·6) 85·2 (232·2)

C-reactive protein, mg/L 110·7 (107·2) 88·1 (81·1)

Ferritin, ng/mL 920·6 (755·2) 692·7 (501·6)

Disease severity

Moderate 41 (45%) 47 (53%)

Severe 50 (55%) 41 (47%)

Received other medicines during the study

All patients

Remdesivir 39 (43%) 36 (41%)

Corticosteroids 83 (91%) 80 (91%)

Moderate COVID-19

Remdesivir 18/41 (44%) 21/47 (45%)

Corticosteroids 35/41 (85%) 42/47 (89%)

Severe COVID-19

Remdesivir 21/50 (42%) 15/41 (37%)

Corticosteroids 48/50 (96%) 38/41 (93%)

(Table 1 continues in next column

Tocilizumab 
group (n=91)

Standard care 
group (n=88)

(Continued from previous column)

Respiratory support

All patients

Supplemental oxygen 81 (89%) 80 (91%)

Non-invasive bilevel positive 
airway pressure ventilation

28 (31%) 20 (23%)

Mechanical ventilation 5 (5%) 4 (5%)

Intensive care unit 64 (70%) 54 (61%)

Moderate COVID-19

Supplemental oxygen 32/41 (78%) 39/47 (83%)

Non-invasive bilevel positive 
airway pressure ventilation

5/41 (12%) 6/47 (13%)

Mechanical ventilation 0 0

Intensive care unit 24/41 (59%) 22/47 (47%)

Severe COVID-19

Supplemental oxygen 49/50 (98%) 41/41 (100%)

Non-invasive bilevel positive 
airway pressure ventilation

23/50 (46%) 14/41 (34%)

Mechanical ventilation 5/50 (10%) 4/41 (10%)

Intensive care unit 40/50 (80%) 32/41 (78%)

Data are n (%) or mean (SD) unless otherwise stated. 

Table 1: Baseline demographics and clinical characteristics (modified 
intention-to-treat population)
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Procedures
Tocilizumab was administered as a single intravenous 
infusion at 6 mg/kg up to a maximum dose of 480 mg. An 
additional dose of 6 mg/kg (max 480 mg/kg) could 
be administered if clinical symptoms worsened or did not 
show improvement within 12 h to 7 days after administration 
of the first dose. The dosing regimen was selected on the 
basis of the cost and supply considerations in India and 
because a single dose between 4 mg/kg and 8 mg/kg plus 
an additional dose to a maximum of 800 mg, if required, 
has been recommended on the basis of initial reports on 
the use of tocilizumab in the treatment of COVID-19 in 
China.21 Standard care was provided according to the 
protocols at the individual study sites. It was recommended 
that patients undergo routine laboratory testing and 
undergo chest x-ray or CT and electrocardiography in the 
3 days before baseline. Other tests could be done as deemed 

necessary by the treating physician. Pharmacological 
treatment was administered on the basis of data available 
at the time from uncontrolled trials in accordance 
with policies at the individual hospitals. Corticosteroids 
equivalent to methylprednisolone at a dose of 1 mg/kg or 
less were permitted if deemed necessary by the treating 
physician. Supplemental oxygen was recommended to 
treat hypoxia, and high-flow nasal cannula, non-invasive 
ventilation, and mechanical ventilation could be considered 
if hypoxia and respiratory distress progressed. Treatments 
for shock or hypovolaemia, symptoms such as fever and 
myalgia, and comorbid conditions could be administered if 
deemed necessary by the treating physician. Randomly 
assigned patients were treated at the baseline visit 
(study day 0), monitored closely during hospital stay, and 
followed up for 30 days after randomisation. Scheduled 
visits were done at the clinic daily until hospital discharge 
then at day 14 (+2), day 21 (±2), and day 28 (±2), and by 
telephone on day 18 and day 24. Assessments at scheduled 
clinic visits included physical examination, vital signs, 
oxygen saturation, laboratory tests, and adverse events and 
serious adverse events. At telephone appointments, clinical 
complaints, adverse events and serious adverse events, 
clinical status, and concomitant medications were recorded.

Outcomes
The primary efficacy endpoint was the proportion of 
patients with progression of COVID-19 from moderate to 
severe or from severe to death up to day 14. Secondary 

Tocilizumab 
group (n=91)

Standard care 
group (n=88)

Sex

Female 15 (16%) 12 (14%)

Male 76 (84%) 76 (86%)

Age, years

Median (IQR) 56 (47–63) 54 (43–63)

18–60 years 62 (68%) 58 (66%)

>60 years 29 (32%) 30 (34%)

Body-mass index, kg/m² 27·0 (4·4) 26·8 (4·6)

Comorbidities

Type 2 diabetes 31 (34%) 43 (49%)

Hypertension 36 (40%) 34 (39%)

Chronic obstructive pulmonary 
disease

1 (1%) 3 (3%)

Respiratory, thoracic, and 
mediastinal disorders

4 (4%) 3 (3%)

Renal and urinary disorders 4 (4%) 4 (5%)

Cardiac disorders 15 (16%) 12 (14%)

Laboratory measures

IL-6, pg/mL 115·5 (245·6) 85·2 (232·2)

C-reactive protein, mg/L 110·7 (107·2) 88·1 (81·1)

Ferritin, ng/mL 920·6 (755·2) 692·7 (501·6)

Disease severity

Moderate 41 (45%) 47 (53%)

Severe 50 (55%) 41 (47%)

Received other medicines during the study

All patients

Remdesivir 39 (43%) 36 (41%)

Corticosteroids 83 (91%) 80 (91%)

Moderate COVID-19

Remdesivir 18/41 (44%) 21/47 (45%)

Corticosteroids 35/41 (85%) 42/47 (89%)

Severe COVID-19

Remdesivir 21/50 (42%) 15/41 (37%)

Corticosteroids 48/50 (96%) 38/41 (93%)

(Table 1 continues in next column

Tocilizumab 
group (n=91)

Standard care 
group (n=88)

(Continued from previous column)

Respiratory support

All patients

Supplemental oxygen 81 (89%) 80 (91%)

Non-invasive bilevel positive 
airway pressure ventilation

28 (31%) 20 (23%)

Mechanical ventilation 5 (5%) 4 (5%)

Intensive care unit 64 (70%) 54 (61%)

Moderate COVID-19

Supplemental oxygen 32/41 (78%) 39/47 (83%)

Non-invasive bilevel positive 
airway pressure ventilation

5/41 (12%) 6/47 (13%)

Mechanical ventilation 0 0

Intensive care unit 24/41 (59%) 22/47 (47%)

Severe COVID-19

Supplemental oxygen 49/50 (98%) 41/41 (100%)

Non-invasive bilevel positive 
airway pressure ventilation

23/50 (46%) 14/41 (34%)

Mechanical ventilation 5/50 (10%) 4/41 (10%)

Intensive care unit 40/50 (80%) 32/41 (78%)

Data are n (%) or mean (SD) unless otherwise stated. 

Table 1: Baseline demographics and clinical characteristics (modified 
intention-to-treat population)

Soin et al. Lancet 2021
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Figure 2: Proportion of 
patients negative for SARS-

CoV-2 RNA and mean 
absolute and change in 

SARS-CoV-2 viral load
The proportion of patients 

negative for SARS-CoV-2 RNA 
per day after the injection, 

including all treated 
patients (A) and stratified by 
baseline viral load, above 10⁶ 
copies per mL (B), and below 
10⁶ copies per mL (C). Figure 

shows the mean SARS-CoV-2 
viral load and viral load decline 

from baseline for the 
peginterferon lambda and 

placebo groups per day after  
the injection and stratified by 

baseline viral load above or 
below 10⁶ copies per mL. The 
error bars represent standard 

error. SARS-CoV-2=severe 
acute respiratory syndrome 

coronavirus 2. *p<0·05 at 
indicated timepoints.
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each of the other categories, with a clear trend 
toward a longer sustained recovery time in pa-
tients with more severe illness.

 Organ Dysfunction and Serious Infection
The percentages of patients in whom organ dys-
function or serious infection developed during 
follow-up were similar in the LY-CoV555 group 

and the placebo group (16% and 14%, respectively) 
(Table S6). Most of the organ-dysfunction events 
were due to respiratory dysfunction (in 10% and 
11%, respectively), whereas other rarer events 
(i.e., seen in <4%) were thromboembolic events, 
acute delirium, and hypotension leading to vaso-
pressor treatment. Intercurrent serious coinfec-
tion was seen in only 3% of the cohort.

Figure 1. Pulmonary Ordinal Outcome at Day 5  and Time until Sustained Recovery and Hospital Discharge.

Panel A shows the pulmonary ordinal outcome at day 5 in the LY-CoV555 group and the placebo group. The summary odds ratio was es-
timated with the use of a proportional-odds model after adjustment for the baseline pulmonary category and trial pharmacy. In Panels B 
and C, the cumulative time until a sustained recovery and hospital discharge, respectively, are Aalen–Johansen estimates; rate ratios 
were calculated with the use of Fine–Gray models, stratified according to trial pharmacy. The rate ratios estimate the subdistribution 
hazard ratios after accounting for the competing risk of death. ECMO denotes extracorporeal membrane oxygenation, and NIHSS Na-
tional Institutes of Health Stroke Scale.
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measure of viral neutralization, since viral RNA 
may persist for some time even in the absence of 
replication-competent virus. Since the severity of 
illness is primarily driven by lung injury from 
SARS-CoV-2 infection in the lower respiratory 
tract, the viral load in the air spaces would be a 
better reflection of the injury response than the 
viral load in nasopharyngeal secretions. However, 
assessments of the lower respiratory tract were 
not practical owing to precautions that were re-
quired in treating these highly infectious patients. 
Therefore, the nasopharyngeal viral swab was 
the most pragmatic way of getting a sense of viral 
load as a surrogate marker of the viral load in 
the lungs and to correlate with clinical outcomes. 
However, the nasopharyngeal viral load has not 
been validated as a predictor of clinical disease 
course.

An unanticipated observation in this trial was 
that patients with a higher viral load on day 7 
had a higher rate of hospitalization than those 
with better clearance of viral RNA on day 7, a 
finding that was consistent with the delayed vi-
ral clearance that was observed in patients with 
more severe disease.20,22,23 On day 7, no hospital-
ized patient had a viral load that was below the 
median value of the population. If this observa-
tion is prospectively confirmed in future studies, 
it would suggest the potential for an agent that 
lowers the viral load to reduce the rate of hospi-
talization.

To examine the potential of LY-CoV555 to im-
prove Covid-19 clinical outcomes, we evaluated 
the effect of LY-CoV555 therapy on the frequency 
of hospitalization, an important outcome given 
the association between hospitalization and sub-
sequent mortality in patients with Covid-19.23,24 
On day 29, the percentage of patients who were 
hospitalized was 1.6% in the LY-CoV555 group 
and 6.3% in the placebo group. In a post hoc 
analysis that was focused on high-risk subgroups 
(an age of ≥65 years or a BMI of ≥35), the percent-
age of hospitalization was 4.2% in the LY-CoV555 
group and 14.6% in the placebo group.

The data regarding symptoms (as measured 
by the change from baseline in the symptom 
score) were also consistent with the hospitaliza-
tion results, with findings that supported a pos-
sible reduction in symptom severity as early as 
day 2 in the LY-CoV555 group. This effect was 
maintained over time and across doses, which 
further supports the validity of a treatment ef-

fect on symptoms and suggests a mechanistic 
link between a lower viral load and a lower fre-
quency of hospitalization. Although the differenc-
es in the effects of the three doses of LY-CoV555 
were not clear, the 2800-mg dose was the only 
one to show evidence of accelerated viral clear-
ance. Nevertheless, further studies should con-
tinue to assess the efficacy of lower doses.

The safety profile of patients who received 
LY-CoV555 was similar to that of placebo-treated 
patients. These data indicate that the treatment 
is safe. In this interim analysis, the patients who 
received LY-CoV555 had fewer hospitalizations 

Table 3. Hospitalization.*

Key Secondary 
Outcome

LY-CoV555 Placebo Incidence

no. of patients/total no. %

Hospitalization 9/143 6.3

700 mg, 1/101 1.0

2800 mg, 2/107 1.9

7000 mg, 2/101 2.0

Pooled doses, 
5/309

1.6

*  Data for patients who presented to the emergency department are included in 
this category.

Figure 3. Symptom Scores from Day 2 to Day 11.

Shown is the difference in the change from baseline (delta value) in symp-
tom scores between the LY-CoV555 group and the placebo group from day 
2 to day 11. The symptom scores ranged from 0 to 24 and included eight 
domains, each of which was graded on a scale of 0 (no symptoms) to 3 
(severe symptoms). The I bars represent 95% confidence intervals. Details 
about the symptom-scoring methods are provided in the Supplementary 
Appendix.

C
ha

ng
e 

fr
om

 B
as

el
in

e 

0

−2

−4

−6

Trial Day

Delta Value (95% CI)

Day 2 −0.79 (−1.35 to −0.24)
Day 3 −0.57 (−1.12 to −0.01)
Day 4 −1.04 (−1.60 to −0.49)
Day 5 −0.73 (−1.28 to −0.17)
Day 6 −0.79 (−1.35 to −0.23)
Day 7 −0.50 (−1.06 to 0.07)
Day 8 −0.65 (−1.28 to −0.02)
Day 9 −0.15 (−0.75 to 0.45)
Day 10 −0.32 (−0.94 to 0.29)
Day 11 −0.44 (−1.02 to 0.15)

1 5 6 7 8 9 1110432

Placebo

LY-CoV555
(pooled)

n engl j med   nejm.org 7

Dexamethasone in Hospitalized Patients with Covid-19

ical ventilation at randomization were on aver-
age 10 years younger than those not receiving 
any respiratory support and had a history of 
symptoms before randomization for an average 
of 7 days longer (Table 1 and Table S3). The age-
adjusted absolute reductions in 28-day mortality 
associated with the use of dexamethasone were 
12.3 percentage points (95% CI, 6.3 to 17.6) among 

the patients who were receiving invasive mechan-
ical ventilation and 4.2 percentage points (95% 
CI, 1.4 to 6.7) among those receiving oxygen only.

Patients with a longer duration of symptoms 
(who were more likely to have been receiving in-
vasive mechanical ventilation at randomization) 
had a greater mortality benefit in response to 
treatment with dexamethasone. The receipt of 

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 only without 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 intervals in Panels B, C, and D were derived from a sin-
gle age-adjusted regression model involving an interaction term between treatment assignment and level of respira-
tory support at randomization.
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In the placebo group, five (10%) patients either 
underwent intubation or died (OSCI ≥6) between the 
first dose and day 15 or 16 versus three (6%) in the 
SNG001 group. There was no significant difference 
between treatment groups in the odds of intubation or 
the time to intubation or death (table 3).

Over the 14-day treatment period, patients in the 
SNG001 group were more than twice as likely to recover 
as those in the placebo group (21 [44%] of 48 with SNG001 
vs 11 [22%] of 49 with placebo; hazard ratio [HR] 2·19 
[95% CI 1·03–4·69]; p=0·043; table 3; figure 3). On 
day 28 (the final outcome assessment visit), 28 (58%) of 
48 patients in the SNG001 group and 17 (35%) of 49 in 
the placebo group had recovered (figure 3; appendix p 5). 
The odds of recovery on day 28 were more than three-fold 
greater in the SNG001 group than in the placebo group 
(OR 3·58 [95% CI 1·41–9·04]; p=0·007; figure 2).

By day 16, 33 (69%) of 48 patients in the placebo group 
and 35 (73%) of 48 patients in the SNG001 group had been 
discharged from hospital (appendix p 5). By day 28, 
39 (81%) of 48 patients had been discharged in the SNG001 
group compared with 36 (75%) of 48 in the placebo group. 
There was no significant difference between treatment 
groups in the odds of hospital discharge or time to hospital 
discharge (figures 2, 4; table 3).

Patients in the SNG001 group showed a greater 
improvement in the secondary outcome analysis of total 
BCSS score compared with placebo over the 14-day treat-
ment period (difference between SNG001 and placebo 
–0·8 [95% CI –1·5 to –0·1]; p=0·026; figure 5A). The 
improvement in patient-reported breathlessness on a 
scale of 0 to 4 (with 0 corresponding to no symptoms and 
4 corresponding to severe symptoms) was greater in the 
SNG001 group than in the placebo group over the 
treatment period (difference –0·6 [95% CI –1·0 to –0·2]; 
p=0·007; figure 5B). The improvement in patient-reported 
cough over the same period was not significant for 
patients receiving SNG001 versus those receiving placebo 
(difference –0·2 [95% CI –0·5 to 0·1]; p=0·285; figure 5C). 
The BCSS scores indicated that sputum production was 
not a problematic symptom for patients in this study 
(figure 5D).

Results in the per-protocol population were generally 
better than those in the intention-to-treat population 
(table 3); significant effects were observed with SNG001 
versus placebo for improvement on the OSCI on 
day 15 or 16 (OR 2·80 [95% CI 1·21–6·52]; p=0·017), odds 
of severe disease or death (OSCI ≥5) on day 15 or 16 
(OR 0·18 [95% CI 0·04–0·93]; p=0·041; post-hoc Firth 
logistic regression analysis), time to recovery over the 
treatment period (HR 2·29 [95% CI 1·07–4·91]; p=0·033), 
odds of recovery by day 15 or 16 (OR 3·18 [95% CI 1·21–8·39]; 
p=0·019), and a non-significant improvement in earlier 
hospital discharge over the treatment period (HR 1·53 
[95% CI 0·96–2·42]; p=0·072).

26 (54%) patients in the SNG001 group and 30 (60%) 
in the placebo group had treatment-emergent adverse 

Figure 2: Odds ratios of recovery (OSCI ≤1), hospital discharge, and improvement
Odds ratios of recovery (defined as unchanged post-baseline OSCI score of 0 or 1), hospital discharge, and 
improvement on the WHO OSCI on days 15 or 16 (end-of-treatment visit) and on day 28 (follow-up visit) are 
shown. Comparisons were made between the SNG001 group (n=48) and placebo group (n=50) in the intention-
to-treat population. OSCI=Ordinal Scale for Clinical Improvement.

Figure 3: Patient recovery (OSCI ≤1) during the study
The proportion of patients who recovered (defined as having an unchanged 
post-baseline OSCI score of 0 or 1) up to day 15 or 16 (end-of-treatment visit) 
and on day 28 (follow-up visit) is presented for the intention-to-treat 
population (SNG001: n=48; placebo: n=50). OSCI=Ordinal Scale for Clinical 
Improvement.
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Figure 4: Hospital discharge
The proportion of patients who were discharged from hospital up to day 15 or 
16 (end-of-treatment visit) and on day 28 (follow-up visit) is presented for the 
intention-to-treat population (SNG001: n=48; placebo: n=50).
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of days after onset. Lymphadenopathy, which 
generally resolved within 10 days, is likely to 
have resulted from a robust vaccine-elicited im-
mune response. The incidence of serious adverse 
events was similar in the vaccine and placebo 
groups (0.6% and 0.5%, respectively).

This trial and its preliminary report have 
several limitations. With approximately 19,000 
participants per group in the subset of partici-

pants with a median follow-up time of 2 months 
after the second dose, the study has more than 
83% probability of detecting at least one adverse 
event, if the true incidence is 0.01%, but it is not 
large enough to detect less common adverse events 
reliably. This report includes 2 months of follow-
up after the second dose of vaccine for half the 
trial participants and up to 14 weeks’ maximum 
follow-up for a smaller subset. Therefore, both 

Figure 3. Efficacy of BNT162b2 against Covid-19  after the First Dose.

Shown is the cumulative incidence of Covid-19 after the first dose (modified intention-to-treat population). Each 
symbol represents Covid-19 cases starting on a given day; filled symbols represent severe Covid-19 cases. Some 
symbols represent more than one case, owing to overlapping dates. The inset shows the same data on an enlarged  
y axis, through 21 days. Surveillance time is the total time in 1000 person-years for the given end point across all 
participants within each group at risk for the end point. The time period for Covid-19 case accrual is from the first 
dose to the end of the surveillance period. The confidence interval (CI) for vaccine efficacy (VE) is derived accord-
ing to the Clopper–Pearson method.
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• Peu d’avancées thérapeutiques malgré 
l’amélioration des connaissances physiopathologie

• Corticothérapie + Ventilation
• Espoirs: IFN+++
• Meilleure Immunothérapie COVID préventive 
Vaccination


