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ABSTRACT Recombinant human severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) monoclonal antibody JS016 showed neutralizing and therapeutic
effects in preclinical studies. The clinical efficacy and safety of the therapy needed to
be evaluated. In this phase 2/3, multicenter, randomized, open-label, controlled trial,
hospitalized patients with moderate or severe coronavirus disease 2019 (COVID-19)
were randomly assigned in a 1:1 ratio to receive standard care or standard care plus
a single intravenous infusion of JS016. The primary outcome was a six-level ordinal
scale of clinical status on day 28 since randomization. Secondary outcomes include
adverse events, 28-day mortality, ventilator-free days within 28 days, length of hospi-
tal stay, and negative conversion rate of SARS-CoV-2 nucleic acid on day 14. A total
of 199 patients were randomized, and 197 (99 in the JS016 group and 98 in the con-
trol group) were analyzed. Most patients, 95 (96%) in the JS016 group and 97 (99%)
in the control group were in the best category on day 28 since randomization. The
odds ratio of being in a better clinical status was 0.31 (95% confidence interval [CI],
0.03 to 3.19; P = 0.33). Few adverse events occurred in both groups (3% in the
JS016 group and 1% in the control group, respectively; P = 0.34). SARS-CoV-2 neu-
tralizing antibody JS016 did not show clinical efficacy among hospitalized Chinese
patients with moderate to severe COVID-19 disease. Further studies are needed to
assess the efficacy of the neutralizing antibody to prevent disease deterioration and
its benefits among groups of patients specified by disease course and severity. (This
study has been registered at ClinicalTrials.gov under identifier NCT04931238.)
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Since the first reports of coronavirus disease 2019 (COVID-19) caused by severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2), the illness is still far from optimal

control. The World Health Organization (WHO) declared the COVID-19 outbreak a global
pandemic on March 11, 2020. Globally, as of September 2021, there have been more than
200 million confirmed cases, including more than 4 million deaths, reported to WHO. In
total, 5 to 32% of patients required ICU admission, and mortality rates vary between 1.4
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and 33% (1–9). However, except dexamethasone which has been shown to decrease mor-
tality (10), there is a lack of additional effective and safe therapies.

Recombinant human SARS-CoV-2 monoclonal antibody JS016, obtained from a B
lymphocyte of a COVID-19 survivor, binds with high-affinity to the receptor-binding
domain within the S1 subunit of the SARS-CoV-2 spike protein, thus blocking the bind-
ing between the virus and the cell surface receptor angiotensin-converting enzyme 2
(ACE2). In vitro study and animal models showed prominent neutralizing and therapeu-
tic effects of JS016 on SARS-CoV-2 infection (11). A phase 1 trial among healthy volun-
teers has demonstrated a tolerable and safe drug profile of JS016 (12). To evaluate the
efficacy and safety of JS016 in patients hospitalized with COVID-19, we performed a
phase 2/3, multicenter, randomized, open-label, controlled trial with the support of the
China National Health Commission and the Ministry of Science and Technology.

RESULTS
Patient characteristics. From January 18, 2021 to February 2, 2021, 199 patients

were enrolled and randomized. A total of 100 patients were randomly assigned to
receive standard care plus JS016, and 99 to receive standard care. After excluding
patients receiving convalescent plasma (1 in JS016 group) or antiviral drugs (1 in the
control group), 99 patients of the JS016 group and 98 of the control group entered
final analyses. Patient characteristics at randomization were similar between the two
groups (Table 1). The median age was 59, and 106 (54%) were male. There were 63
(32%) patients with coexisting diseases, including hypertension (25%), coronary heart
disease (8%), diabetes (7%), and chronic pulmonary disease (3%). One hundred and 70
(86%) patients had moderate disease, and 27 (14%) had severe disease at randomiza-
tion. Sixty-eight (35%) patients were from Hebei Province and 129 (65%) from
Heilongjiang Province. Median days from symptom onset to randomization were 7,
and median days from hospitalization to randomization were 4.

All patients received traditional Chinese medicine, and a few patients received glu-
cocorticoid (Table S2). Other baseline characteristics are in Table S1.

Primary and secondary outcomes.Most patients, 95 (96%) in the JS016 group and
97 (99%) in the control group were in the best category on day 28 since randomiza-
tion. The distribution of patients across the six-level ordinal scale was similar between
the two groups. The odds ratio (OR) of being in a more favorable category in the JS016
group than in the control group was 0.31 (95% confidence interval [95% CI], 0.03 to
3.19; P = 0.33). The distribution of patients across the clinical ordinal scale were also
similar between the two groups on day 7, 14, and 21. (Table 2, Fig. 1, and Table S3).

There were no significant differences between the two groups in terms of 28-day
mortality (P = 0.99), ventilator-free days within 28 days (OR, 0.57 [95% CI, 0.27 to 1.24];
P = 0.16), and length of hospital stay (OR, 0.55 [95% CI, 0.13 to 2.31]; P = 0.42) (Table 2).

Negative conversion rates of SARS-CoV-2 nucleic acid on day 14 since randomiza-
tion were similar between two groups (OR, 1.35 [95% CI, 0.65 to 2.83]; P = 0.43), as well
as on day 7 and 21 (Table 2 and Table S4). Cox proportional-hazards model showed no
significant difference of the probability of negative conversion of SARS-CoV-2 nucleic
acid (HR, 1.17 [95% CI, 0.88 to 1.55]; P = 0.23), ORF gene (HR, 1.03 [95% CI, 0.77 to 1.37];
P = 0.83), and N gene (HR, 1.17 [95% CI, 0.88 to 1.55]; P = 0.23) (Fig. S1).

Serum SARS-CoV-2 specific IgG was significantly higher in the JS016 group than in
the control group from day 2 through day 14 since randomization. Serum-specific IgM
was similar between the two groups across 21 days of follow-up. (Fig. S2 and Table S5)

Only 3 (3%) and 1 (1%) adverse events occurred in the JS016 group and the control
group, respectively, including secondary infection, elevated liver enzymes, acute kid-
ney injury, and acute myocardial infarction. There were no between-group differences
in terms of the safety outcomes. (Table 2)

Post hoc and subgroup analyses. Post hoc analyses showed that JS016 group had
lower risk of clinical status deterioration (8% versus 17%; OR, 0.37 [95% CI, 0.14 to
0.97]; P = 0.04) and development of supplemental oxygen requirement (2% versus
11%; OR, 0.16 [95% CI, 0.04 to 0.76]; P = 0.02) compared with control group.
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Subgroup analyses among patients with moderate or severe illness, with or without
supplemental oxygen requirement at randomization, and within or beyond 4 days
since symptom onset, showed similar primary outcomes between the treatment and
control group (Table S6). For patients without supplemental oxygen requirement at
randomization, the negative conversion rate of SARS-CoV-2 nucleic acid on day 14 was
higher among the JS016 group compared with the control group (90% versus 77%;
OR, 2.90 [95% CI,1.03 to 8.16]; P = 0.04), and there was a trend of shorter hospital stay

TABLE 1 Characteristics of the patients at randomization

Characteristics
JS016
(n = 99)

Control
(n = 98)

Total
(n = 197)

Male, n (%) 59 (60%) 47 (48%) 106 (54%)
Age, yr, median (IQR) 58 (47-68) 61 (51-67) 59 (50-67)
Body mass index, kg/m2, median (IQR) 23 (21-26) 25 (22-27) 24 (22-26)

Coexisting disease, n (%)
Any 32 (32%) 31 (32%) 63 (32%)
Diabetes 6 (6%) 8 (8%) 14 (7%)
Hypertension 25 (25%) 25 (26%) 50 (25%)
Coronary heart disease 7 (7%) 9 (9%) 16 (8%)
Chronic pulmonary disease 4 (4%) 2 (2%) 6 (3%)
Chronic renal disease 0 (0%) 0 (0%) 0 (0%)
Cancer 0 (0%) 0 (0%) 0 (0%)

Site, n (%)
Hebei 34 (34%) 34 (35%) 68 (35%)
Heilongjiang 65 (66%) 64 (65%) 129 (65%)

Days since symptom onset, median (IQR) 6 (5-9) 7 (4-9) 7 (5-9)
Days since hospitalization*, median (IQR) 4 (2-5) 3 (1-5) 4 (2-5)

Symptoms, n (%)
Fever 32 (33%) 39 (40%) 71 (36%)
Cough 38 (39%) 31 (32%) 69 (35%)
Dyspnea 5 (5%) 3 (3%) 8 (4%)
Others 10 (10%) 11 (11%) 21 (11%)

Laboratory measures
Lymphocytes, cells/mm3, median (IQR) 1240

(900-1630)
1210
(840-1600)

1230
(895-1605)

C-reactive protein*, mg/liter, median (IQR) 5.2
(1.0-26.7)

8.9
(1.2-34.0)

7.4
(1.1-31.9)

SARS-CoV-2 antibody, g/liter, median (IQR)
IgM* 0.50

(0.10-4.30)
0.38
(0.10-2.96)

0.44
(0.10-3.68)

IgG 0.26
(0.08-5.20)

0.23
(0.06-2.90)

0.23
(0.07-4.52)

Oxygen requirement, n (%)
None 63 (64%) 60 (62%) 123 (62.4%)
Nasal cannula 28 (28%) 34 (35%) 62 (31.5%)

Noninvasive ventilation or high flow nasal cannula 8 (8%) 3 (3%) 11 (5.6%)
Invasive ventilation or ECMO 0 (0%) 1 (1%) 1 (0.5%)

Severity, n (%)
Moderatea 86 (87%) 84 (86%) 170 (86%)
Severeb 13 (13%) 14 (14%) 27 (14%)

*P, 0.05.
aModerate illness was defined as fever or respiratory symptoms with pulmonary infiltration.
bSevere illness was defined if patients presented with any of the following conditions: (i) dyspnea or respiratory
rate$30 per minute; (ii) arterial oxygen saturation#93% on room air at sea level; (iii) a ratio of arterial partial
pressure of oxygen to fraction of inspired oxygen (PaO2/FiO2)#300mm Hg; (iv) progressive exacerbation of
symptoms, and pulmonary infiltration progressing by more than 50 percent within 24 to 48 h.
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(12 versus 14 days; OR 0.19 [95% CI, 0.04 to 1.07]; P = 0.06). For patients within 4 days
from symptom onset, JS016 group had higher negative conversion rate of SARS-CoV-2
nucleic acid on day 14 (92% versus 58%; OR, 22.58 [95% CI,1.03 to 493.31], P = 0.048)
and shorter hospital stay (13 versus 18 days; OR, 0.01 [95% CI, 0 to 0.17]; P = 0.003)
than control group.

DISCUSSION

Our study showed that JS016, compared with the standard care group, did not gen-
erate better clinical outcomes among Chinese patients hospitalized with moderate or
severe COVID-19 illness. Meanwhile, viral clearance was not improved by the neutraliz-
ing antibody.

Several neutralizing monoclonal antibodies targeting various epitopes on the SARS-
CoV-2 spike protein are under investigation (13–15). Bamlanvimab (LY-CoV555) with or
without the combination of etesevimab (LY-CoV06 or JS016) decreased viral load and
risk of COVID-19 related hospitalization among outpatients compared with those who
received placebo but did not improve clinical outcomes among hospitalized patients
(16–19). Further analyses showed a potentially higher rate of sustained recovery among
patients without intrinsic neutralizing antibodies at study entry (20). REGN-COV2, a neu-
tralizing antibody cocktail of casirivimab (REGN10933) and imdevimab (REGN10987),
improved viral clearance and possibly prevented hospitalization among nonhospitalized
patients within 7 days since symptom onset, especially those who had an incompetent
immune response or high viral load at baseline (21). For hospitalized patients without
anti-spike IgG at enrollment, REGN-COV2 improved survival compared with the control
group (22). According to the futility analysis of 217 patients requiring low-flow oxygen
who were SARS-CoV-2 seronegative at baseline, REGN-COV2 was found to reduce viral

TABLE 2 Primary and secondary outcomes

Outcome
JS016
(n = 99)

Control
(n = 98)

Comparison
(95% CI) P value

Primary outcomea 0.31 (0.03-3.19) 0.33
1 95 (96%) 97 (99%)
2 0 (0%) 0 (0%)
3 1 (1%) 1 (1%)
4 0 (0%) 0 (0%)
5 2 (2%) 0 (0%)
6 1 (1%) 0 (0%)

Secondary outcomes
28-day mortality 1 (1%) 0 (0%) 0.99
Ventilator-free days within 28 days, median (IQR) 28 (28-28) 28 (28-28) 0.57 (0.27-1.24) 0.16
Length of hospital stay, days, median (IQR) 13 (11-15) 14 (11-17) 0.55 (0.13-2.31) 0.42
Negative conversion rate of SARS-CoV-2

nucleic acid on day 14b
82% (80/97) 78% (76/97) 1.35 (0.65-2.83) 0.43

ORF gene 82% (80/97) 79% (77/97) 1.27 (0.60-2.68) 0.53
N gene 82% (80/97) 78% (76/97) 1.35 (0.65-2.83) 0.43

Adverse events
Any 3 (3%) 1 (1%) 3.16 (0.30-33.64) 0.34
Secondary infection 1 (1%) 0 (0%) 0.99
Elevated ALT or ASTc 2 (2%) 1 (1%) 1.81 (0.15-22.57) 0.65
Acute kidney injury 1 (1%) 0 (0%) 0.99
Acute myocardial infarction 1 (1%) 0 (0%) 0.99
Allergic reaction 0 (0%) 0 (0%)
Septic shock 0 (0%) 0 (0%)
Gastrointestinal bleeding 0 (0%) 0 (0%)

aA score of 1 indicated not hospitalized; 2, hospitalized without supplemental oxygen; 3, supplemental oxygen; 4, noninvasive ventilation or high flow nasal cannula; 5,
invasive ventilation or ECMO; and 6, death.

bSARS-CoV-2 nucleic acid was defined as negative if both ORF and N gene turned negative.
cALT, alanine transaminase; AST, aspartate transaminase.
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load at day 11 and lower the risk of death or receiving mechanical ventilation compared
with the placebo group (14).

Reasons for unfavorable efficacy outcomes might include the following. First, there is
still no consensus on the optimal definition and timing of the outcome measurement for
evaluating clinical benefit from COVID-19 treatment. The studied group of patients hospi-
talized with moderate to severe COVID-19 disease presented with a lower rate of supple-
mental oxygen requirement (38%) and coexisting diseases (32%), which are associated
with mortality and severe illness, compared with previous studies (17, 22). Clinical out-
comes such as clinical status on day 28 and mortality were too positive for this population
to reveal the presence of clinical efficacy of the studied neutralizing antibody. Other stud-
ies among out-patients, who share several characteristics as stated above with our stud-
ied population, focused on the risk of disease exacerbation, i.e., COVID-19-related, medi-
cally attended visit (16, 18, 21). In our study, post hoc analyses showed that JS016 might
reduce the risk of clinical deterioration and the development of supplemental oxygen
requirements. Meanwhile, JS016 might potentially improve viral clearance and recovery
rate among the subgroup without supplemental oxygen requirement at study entry, who
largely overlap with ambulatory patients with moderate COVID-19 disease in other parts
of the world. Second, the infection might have reached hyperinflammation status rather
than the virus itself as the duration of symptoms extended, with the former unlikely to be
dampened by neutralizing antibodies. Similar to the trial of bamlanivimab among hospi-
talized patients with COVID-19 (21), the median duration of symptoms at randomization

FIG 1 Distribution of ordinal scores over time since randomization. The 6-level ordinal scale of clinical
status was defined as follows: a score of 1 indicated not hospitalized; 2, hospitalized without supplemental
oxygen; 3, hospitalized with supplemental oxygen; 4, hospitalized with noninvasive ventilation or high flow
nasal cannula; 5, hospitalized with invasive ventilation or ECMO; and 6, death.
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was 7 days in our study. Both trials yielded no clinical efficacy of neutralizing antibody
therapy. Nonetheless, nonhospitalized patients within 7 days since symptom onset
seemed to benefit from neutralizing antibodies (16, 18, 19). In our study, subgroup analy-
ses among patients within 4 days since symptom onset showed shorter hospital stay and
higher negative conversion rate of SARS-CoV-2 nucleic acid for the JS016 group, suggest-
ing potential virological and clinical efficacy of the neutralizing antibody among patients
with early COVID-19. Third, patients with an incompetent immune response or high viral
load might be more likely to benefit from neutralizing antibody therapy. The presence of
intrinsic neutralizing antibodies was unknown in our study, but studies on bamlanivimab
and REGN-COV2 both reported greater clinical benefits from neutralizing antibody treat-
ment for patients without the presence of neutralizing antibodies at study entry, espe-
cially those with elevated antigen or viral RNA levels (20–22). Fourth, viruses may develop
mutations leading to neutralizing antibody resistance either through natural evolution or
due to the selection pressure of treatment (23, 24). We did not assess the prevalence and
mutations of escape mutants in this trial, but another study on bamlanvimab monother-
apy reported an increase of escape mutants in the intervention group compared with the
placebo group (16). Viral mutations that could escape either casirivimab, imdevimab, or
etesevimab were mapped and found to be present among circulating SARS-CoV-2
sequences (25). In vitro and human studies showed antibody cocktails targeting different
epitopes of SARS-CoV-2 spike protein might prevent rapid mutational escape seen with
individual antibodies (24, 26). Fifth, a low rate of penetration into the airway mucus may
impair the efficacy of neutralizing antibodies (27, 28).

Our study was conducted before the emerging variants of SARS-CoV-2 circulated in
China, but there is an urgent need to answer questions about the efficacy of neutraliz-
ing antibodies against the variants. In vitro studies showed that the neutralizing activity
of JS016 retained for B.1.617 variant detected in India (i.e., delta) (29), but reduced or
vanished for B.1.1.7 variant detected in the United Kingdom (i.e., alpha) (30, 31),
B.1.351 in South Africa (i.e., beta) (30–32), and B.1.1.28 in Brazil (i.e., gamma) (31–33). In
vivo studies are required to examine the potency of JS016 against current variants.

JS016 demonstrated a good safety profile in our study. None of the currently stud-
ied neutralizing antibodies were reported to have major safety concerns (15), which
supports their anticipated safe use.

Our study has several limitations. First, we only enrolled hospitalized patients with
moderate to severe disease. The efficacy and safety profiles could not be generalized
to nonhospitalized patients with mild symptoms. Second, the rate of SARS-CoV-2
nucleic acid testing was relatively low. However, we imputed nucleic acid tests as neg-
ative if patients had already been discharged (Table S7) according to local practice.
Third, we could not assess the immune response of patients at study entry and immu-
nogenicity of JS016 since neutralizing antibody was not tested. Fourth, the trial was
not blinded so the potential Hawthorne effect might have influenced clinical practice
and decision making. Fifth, subgroup analyses were not prespecified, and the sample
size was limited.

Our multicenter, open-label, randomized, controlled trial did not show clinical or
virological efficacy of JS016 among Chinese hospitalized patients with moderate or
severe COVID-19 illness. Potential benefits remain to be evaluated among groups of
patients specified by disease course and severity. Further studies might be needed to
assess the efficacy of the neutralizing antibody to prevent disease deterioration.

MATERIALS ANDMETHODS
Trial design. The trial was designed by the executive committee and conducted at three hospitals

in Hebei and Heilongjiang Province, China. The protocol was approved by ethics committees at the par-
ticipating sites, and written informed consent was obtained from all the patients or their legally author-
ized representatives. The trial was funded by the National Health Commission and the Ministry of
Science and Technology. The trial was overseen by an independent data and safety monitoring commit-
tee. The executive committee vouches for the completeness and accuracy of the data and the fidelity of
the trial to the protocol. The trial was registered at ClincalTrials.gov (NCT04931238).
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Participants. We enrolled 18 to 85-year-old patients who were hospitalized to participating hospitals
with confirmed moderate or severe COVID-19 and who had a duration of symptoms of 7 days or less for
moderate disease or duration of severe disease of 4 days or less. Definitions of disease severity were based
on the Eighth Edition of Clinical Practice of COVID-19 issued by China National Health Commission (http://
www.nhc.gov.cn/yzygj/s7653p/202104/7de0b3837c8b4606a0594aeb0105232b.shtml) and detailed in the
protocol (Supplemental File 1). Patients were excluded if they had a critical disease or tested positive of
SARS-CoV-2 specific immunoglobulin G (IgG) or immunoglobulin M (IgM) before enrollment. Other reasons
for exclusion were class III or IV heart failure, left ventricular ejection fraction lower than 30%, confirmed or
suspected active tuberculosis, chronic renal failure requiring renal replacement therapy, malignancy, preg-
nancy, and breastfeeding.

Randomization, interventions, and data collection. Patients were randomly assigned in a 1:1 ratio
to receive standard care (control group) or standard care plus a single intravenous infusion of JS016, strati-
fied by sites and disease severity at randomization (i.e., moderate or severe disease). A dose of 50 mg/kg
was based on tolerability, safety, and pharmacokinetic data (12). The standard care was based on the
Eighth Edition of Clinical Practice of COVID-19 issued by China National Health Commission (http://www
.nhc.gov.cn/yzygj/s7653p/202104/7de0b3837c8b4606a0594aeb0105232b.shtml). Other medications were
allowed except for those providing exogenous antibodies against SARS-CoV-2. Data were collected on ran-
domization and day 7, 14, 21, and 28 since randomization.

Outcomes. The primary outcome was a six-level ordinal scale of clinical status on day 28 since randomiza-
tion (34–36), which was defined as follows: a score of 1 indicated not hospitalized; 2, hospitalized without sup-
plemental oxygen; 3, hospitalized with supplemental oxygen; 4, hospitalized with noninvasive ventilation or
high flow nasal cannula; 5, hospitalized with invasive ventilation or extracorporeal membrane oxygenation
(ECMO); and 6, death.

Secondary outcomes included 28-day mortality, ventilator-free days within 28 days, length of hospi-
tal stay, negative conversion rate of SARS-CoV-2 nucleic acid on day 14. Safety outcomes included aller-
gic reaction, secondary infection, elevated alanine or aspartate transaminase (ALT or AST), acute kidney
injury, acute myocardial infarction, septic shock, and gastrointestinal bleeding.

Statistical analyses. According to the distribution across the six-level ordinal outcome of another
study among similar patients (37), we calculated that the initial enrollment of 200 patients would have
80% power to detect an odds ratio of 1.50 for a better outcome category with a one-sided type I error of
0.3. We chose a high type I error rate to prevent enrolling too many patients in an investigational drug
that is unlikely to be effective.

To eliminate the confounding effect of antibody-based and antiviral therapy, patients receiving con-
valescent plasma (1 in the treatment group) or antiviral drugs (1 in the control group) were also
excluded from the final analyses.

Post hoc analyses were performed evaluating deterioration of clinical status, defined as an increase
of the six-level ordinal scale of clinical status through 28 days from randomization, and development of
supplemental oxygen requirement. Subgroup analyses were also conducted among patients with mod-
erate or severe illness, with or without supplemental oxygen requirement at study entry, and within or
beyond 4 days since symptom onset.

The primary outcome was analyzed by mixed ordinal logistic regression. Binary outcomes were com-
pared with the use of a mixed logistic regression model. 28-day mortality and negative conversion rates
of SARS-CoV-2 nucleic acid were analyzed by the Cox proportional-hazards model. Continuous out-
comes were assessed with the use of generalized linear models or general linear models for repeated
measures. All models were adjusted for age, site, and clinical ordinal scale at randomization. P value less
than 0.05 was considered statistically significant. Statistical analyses were performed by SPSS 22.0.

SUPPLEMENTAL MATERIAL

Supplemental material is available online only.
SUPPLEMENTAL FILE 1, PDF file, 0.5 MB.
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