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Fig 2 | After the initial exposure, patients typically develop symptoms within 5-6 days (incubation period). SARS-CoV-2 generates a diverse range of clinical manifestations,
ranging from mild infection to severe disease accompanied by high mortality. In patients with mild infection, initial host immune response is capable of controlling the
infection. In severe disease, excessive immune response leads to organ damage, intensive care admission, or death. The viral load peaks in the first week of infection, declines
thereafter gradually, while the antibody response gradually increases and is often detectable by day 14 (figure adapted with permission from https://www.sciencedirect.com/sci-
ence/article/pii/S009286742030475X; https://www.thelancet.com/journals/lanres/article/PIIS2213-2600(20)30230-7/fulltext)

Quantitative reverse transcription polymerase chain reaction
(qRT-PCR) technology can detect viral SARS-CoV-2 RNA in the upper
respiratory tract for a mean of 17 days (maximum 83 days) after
symptom onset.7 However, detection of viral RNA by qRT-PCR does
not necessarily equate to infectiousness, and viral culture from PCR
positive upper respiratory tract samples has been rarely positive
beyond nine days of illness.5 This corresponds to what is known
about transmission based on contact tracing studies, which is that
transmission capacity is maximal in the first week of illness, and
that transmission after this period has not been documented.8
Severely ill or immune-compromised patients may have relatively
prolonged virus shedding, and some patients may have intermittent
RNA shedding; however, low level results close to the detection
limit may not constitute infectious viral particles. While
asymptomatic individuals (those with no symptoms throughout the
infection) can transmit the infection, their relative degree of
infectiousness seems to be limited.9 -11 People with mild symptoms
(paucisymptomatic) and those whose symptom have not yet
appeared still carry large amounts of virus in the upper respiratory
tract, which might contribute to the easy and rapid spread of
SARS-CoV-2.7 Symptomatic and pre-symptomatic transmission (one
to two days before symptom onset) is likely to play a greater role in
the spread of SARS-CoV-2.10 12 A combination of preventive
measures, such as physical distancing and testing, tracing, and
self-isolation, continue to be needed.

Route of transmission and transmission dynamics
Like other coronaviruses, the primary mechanism of transmission
of SARS-CoV-2 is via infected respiratory droplets, with viral

infection occurring by direct or indirect contact with nasal,
conjunctival, or oral mucosa, when respiratory particles are inhaled
or deposited on these mucous membranes.6 Target host receptors
are found mainly in the human respiratory tract epithelium,
including the oropharynx and upper airway. The conjunctiva and
gastrointestinal tracts are also susceptible to infection and may
serve as transmission portals.6

Transmission risk depends on factors such as contact pattern,
environment, infectiousness of the host, and socioeconomic factors,
as described elsewhere.12 Most transmission occurs through close
range contact (such as 15 minutes face to face and within 2 m),13

and spread is especially efficient within households and through
gatherings of family and friends.12 Household secondary attack
rates (the proportion of susceptible individuals who become infected
within a group of susceptible contacts with a primary case) ranges
from 4% to 35%.12 Sleeping in the same room as, or being a spouse
of an infected individual increases the risk of infection, but isolation
of the infected person away from the family is related to lower risk
of infection.12 Other activities identified as high risk include dining
in close proximity with the infected person, sharing food, and taking
part in group activities 12 The risk of infection substantially increases
in enclosed environments compared with outdoor settings.12 For
example, a systematic review of transmission clusters found that
most superspreading events occurred indoors.11 Aerosol
transmission can still factor during prolonged stay in crowded,
poorly ventilated indoor settings (meaning transmission could occur
at a distance >2 m).12 14 -17
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Clinical Pr actice

respiratory pathogens, close monitoring of pa-
tients with Covid-19 who have these conditions
is warranted.

Laboratory findings in hospitalized patients
may include lymphopenia and elevated levels of 
D-dimer, lactate dehydrogenase, C-reactive pro-
tein, and ferritin. At presentation, the procalci-
tonin level is typically normal. Findings associ-
ated with poor outcomes include an increasing 
white-cell count with lymphopenia, prolonged 
prothrombin time, and elevated levels of liver en-
zymes, lactate dehydrogenase, D-dimer, interleu-
kin-6, C-reactive protein, and procalcitonin.21,27,30-32

When abnormalities are present on imaging, 
typical findings are ground-glass opacifications
or consolidation.33

Diagnosis
Diagnostic testing to identify persons currently 
infected with SARS-CoV-2 usually involves the 

detection of SARS-CoV-2 nucleic acid by means 
of PCR assay. Just before and soon after symp-
tom onset, the sensitivity of PCR testing of naso-
pharyngeal swabs is high.34 If testing is negative 
in a person who is suspected to have Covid-19, 
then repeat testing is recommended.35 The spec-
ificity of most SARS-CoV-2 PCR assays is nearly 
100% as long as no cross-contamination occurs
during specimen processing.

The Food and Drug Administration (FDA) has 
issued emergency use authorizations (EUAs) for 
commercial PCR assays validated for use with 
multiple specimen types, including nasopharyn-
geal, oropharyngeal, and mid-turbinate and an-
terior nares (nasal) swabs, as well as the most 
recently validated specimen type, saliva.36 (A video 
demonstrating how to obtain a nasopharyngeal 
swab specimen is available at NEJM.org.) The
FDA EUA allows patient collection of an anterior
nares specimen with observation by a health 

Figure 1. Characteristics, Diagnosis, and Management of Covid-19 According to Disease Stage or Severity.

Adapted from Gandhi.41 According to the Centers for Disease Control and Prevention, “Diagnostic testing for SARS-CoV-2 [severe acute 
respiratory syndrome coronavirus 2] is intended to identify current infection in individuals and is performed when a person has signs 
or symptoms consistent with Covid-19, or when a person is asymptomatic but has recent known or suspected exposure to SARS-CoV-2. 
Screening testing for SARS-CoV-2 is intended to identify infected persons who are asymptomatic and without known or suspected ex-
posure to SARS-CoV-2. Screening testing is performed to identify persons who may be contagious so that measures can be taken to 
prevent further transmission.”39
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SARS-CoV-2 entry 
into host cell

A. Virus neutralization B. Antibody-dependent virolysis 

C. Antibody-mediated presentation of antigen

Anti–SARS-CoV-2 antibodies: 
Four potential mechanisms of action

D. Antibody-dependent cell cytotoxicity 

Spike protein

Antibodies interfere with the binding of the spike 
protein and the ACE2 receptor. This type of 
immunity is the only one that can be measured 
with neutralization assay.

Antibodies can activate the classical pathway of complement 
and virolysis. This type of immunity cannot be measured with 
neutralization assay.

Antibodies combine with viral particles, which promotes uptake 
by antigen-presenting cells and activates a cellular-mediated 
immune response. This type of immunity cannot be measured 
with neutralization assay.

Antibodies on the host cell membrane allow natural killer cells 
to target infected cells for apoptosis. This type of immunity 
cannot be measured with neutralization assay.
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Figure 1: Potential mechanisms of action of anti–severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) antibodies in coronavirus disease 2019 
(COVID-19). This figure illustrates the normal entry of SARS-CoV-2 in a host cell, in which membrane fusion is mediated by the interaction between the 
SARS-CoV-2 spike glycoprotein (red) and the angiotensin-converting enzyme 2 (ACE2) receptor (green) on the host cell, either through the cytoplasmic 
or endosomal route. Antibodies directed against the receptor-binding domain (RBD) of the spike protein can interfere with its interaction with the ACE2 
receptor and prevent viral entry in the host cell (panel A). Antibodies directed against epitopes outside the RBD can also exert antiviral functions 
through other mechanisms (panels B, C and D). The relative importance of these various functions in rescuing patients from an active SARS-CoV-2 infec-
tion is unknown. Importantly, neutralization assays generally used to qualify hyperimmune products measure only 1 of the 4 mechanisms depicted 
here and do not necessarily correlate with the others. 

Potential mechanisms of action of anti‒
SARS-CoV-2 antibodies in COVID-19.
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Schematic of the use of convalescent plasma for COVID-19
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Role of the funding source
The funders of the trial had no role in trial design, data 
collection, data analysis, data interpretation, or writing of 
the report.

Results
Between May 28, 2020, and Jan 15, 2021, 13127 (81%) of 
16 287 patients enrolled into the RECOVERY trial were 
eligible to receive convalescent plasma (figure 1). 
1569 (12%) were randomly assigned to the REGN-COV-2 
group and are not included in the analyses reported 
here. Of the remaining 11558 patients, 5795 (50%) were 
randomly assigned to the convalescent plasma 
group and 5763 (50%) to the usual care group. The 
mean age of the patients was 63·5 (SD 14·7) years, 
and the median time from symptom onset to ran-
domisation was 9 days (IQR 6–12; table 1; appendix 
p 51). At randomisation, 617 (5%) of 11 558 patients 
were receiving invasive mechanical ventilation, 
10 044 (87%) were receiving oxygen only (with or 
without non-invasive respiratory support), and 897 (8%) 
were receiving no oxygen therapy (appendix p 51). 
10 681 (92%) of 11 558 patients were receiving cortico-
steroids at time of randomisation. By chance, a slightly 
lower proportion of men were randomly assigned to the 
convalescent plasma group than the usual care group, 
so Cox regression analyses adjusted for sex are provided Figure !: E!ect of allocation to convalescent plasma on 28-day mortality
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Figure ": E!ect of allocation to convalescent plasma on 28-day mortality by prespecified characteristics at randomisation
The ethnicity, days since onset, and use of corticosteroids subgroups exclude those with missing data, but these patients are included in the overall summary. 
Information on use of corticosteroids was collected from June 18, 2020, onwards following announcement of the results of the dexamethasone comparison from the 
RECOVERY trial. RR=rate ratio.
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Convalescent plasma in patients admitted to hospital with 
COVID-19 (RECOVERY): a randomised controlled, open-label, 
platform trial
RECOVERY Collaborative Group*

Summary
Background Many patients with COVID-19 have been treated with plasma containing anti-SARS-CoV-2 antibodies. 
We aimed to evaluate the safety and e!cacy of convalescent plasma therapy in patients admitted to hospital with 
COVID-19.

Methods This randomised, controlled, open-label, platform trial (Randomised Evaluation of COVID-19 Therapy 
[RECOVERY]) is assessing several possible treatments in patients hospitalised with COVID-19 in the UK. The trial is 
underway at 177 NHS hospitals from across the UK. Eligible and consenting patients were randomly assigned (1:1) to 
receive either usual care alone (usual care group) or usual care plus high-titre convalescent plasma (convalescent 
plasma group). The primary outcome was 28-day mortality, analysed on an intention-to-treat basis. The trial is 
registered with ISRCTN, 50189673, and ClinicalTrials.gov, NCT04381936.

Findings Between May 28, 2020, and Jan 15, 2021, 11558 (71%) of 16287 patients enrolled in RECOVERY were eligible 
to receive convalescent plasma and were assigned to either the convalescent plasma group or the usual care group. 
There was no significant di"erence in 28-day mortality between the two groups: 1399 (24%) of 5795 patients in the 
convalescent plasma group and 1408 (24%) of 5763 patients in the usual care group died within 28 days (rate ratio 1·00, 
95% CI 0·93–1·07; p=0·95). The 28-day mortality rate ratio was similar in all prespecified subgroups of patients, 
including in those patients without detectable SARS-CoV-2 antibodies at randomisation. Allocation to convalescent 
plasma had no significant e"ect on the proportion of patients discharged from hospital within 28 days 
(3832 [66%] patients in the convalescent plasma group vs 3822 [66%] patients in the usual care group; rate ratio 0·99, 
95% CI 0·94–1·03; p=0·57). Among those not on invasive mechanical ventilation at randomisation, there was no 
significant di"erence in the proportion of patients meeting the composite endpoint of progression to invasive 
mechanical ventilation or death (1568 [29%] of 5493 patients in the convalescent plasma group vs 1568 [29%] of 
5448 patients in the usual care group; rate ratio 0·99, 95% CI 0·93–1·05; p=0·79).

Interpretation In patients hospitalised with COVID-19, high-titre convalescent plasma did not improve survival or 
other prespecified clinical outcomes.

Funding UK Research and Innovation (Medical Research Council) and National Institute of Health Research.

Copyright © 2021 The Author(s). Published by Elsevier Ltd. This is an Open Access article under the CC BY 4.0 license.

Introduction
A substantial proportion of individuals with SARS-CoV-2 
require hospital care, which can progress to critical illness 
with hypoxic respiratory failure. In patients with severe 
COVID-19, immunomodulation with corticosteroids and 
IL-6 receptor antagonists has been shown to improve 
survival.1,2 Treatments that e!ectively inhibit viral replica-
tion might reduce tissue damage and allow time for the 
host to develop an adaptive immune response that can 
clear the infection. However, no treatment directed against 
the virus has been shown to reduce mortality (although 
remdesivir might shorten the duration of hospital stay).3

Humoral immunity is a key component of the immune 
response to SARS-CoV-2, and it matures over several 
weeks following infection. Anti-SARS-CoV-2 antibodies 
are detectable at a mean of 13 days after symptom onset, 
but neutralising titres do not peak until day 23, and there 

is wide variation in both the timing of seroconversion 
and peak antibody concentrations between infected 
individuals.4 Although patients with severe COVID-19 
generally have higher final antibody concentrations than 
those with mild disease, their antibody responses are 
delayed.5 Antibodies might modulate acute viral disease 
either through a direct antiviral e!ect—by binding and 
neutralising free virus—or indirectly by activating 
antiviral pathways—such as the complement cascade, 
phagocytosis, and cellular cytotoxicity. Conversely, there 
is also a possibility that antibodies might enhance disease, 
either by promoting viral entry or by proinflammatory 
mechanisms, such as Fc" receptor stimulation.6

Convalescent plasma has been used for more than 
100 years as passive immunotherapy for influenza 
pneumonia, and more recently for SARS-CoV.7 Although 
observational studies have suggested that convalescent 
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Safety Update: COVID-19 Convalescent
Plasma in 20,000 Hospitalized Patients

Michael J. Joyner, MD; Katelyn A. Bruno, PhD; Stephen A. Klassen, PhD;
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Peter Marks, MD, PhD; Arturo Casadevall, MD, PhD; DeLisa Fairweather, PhD;
Rickey E. Carter, PhD; and R. Scott Wright, MD

Abstract

Objective: Toprovide anupdateonkey safetymetrics after transfusionof convalescentplasma inhospitalized
coronavirus 2019 (COVID-19) patients, having previously demonstrated safety in 5000 hospitalized patients.
Patients and Methods: From April 3 to June 2, 2020, the US Food and Drug Administration Expanded
Access Program for COVID-19 convalescent plasma transfused a convenience sample of 20,000
hospitalized patients with COVID-19 convalescent plasma.
Results: The incidence of all serious adverse events was low; these included transfusion reactions
(n!78; <1%), thromboembolic or thrombotic events (n!113; <1%), and cardiac events (n!677,
~3%). Notably, the vast majority of the thromboembolic or thrombotic events (n!75) and cardiac
events (n!597) were judged to be unrelated to the plasma transfusion per se. The 7-day mortality rate
was 13.0% (12.5%, 13.4%), and was higher among more critically ill patients relative to less ill
counterparts, including patients admitted to the intensive care unit versus those not admitted (15.6 vs
9.3%), mechanically ventilated versus not ventilated (18.3% vs 9.9%), and with septic shock or
multiple organ dysfunction/failure versus those without dysfunction/failure (21.7% vs 11.5%).
Conclusion: These updated data provide robust evidence that transfusion of convalescent plasma is
safe in hospitalized patients with COVID-19, and support the notion that earlier administration of
plasma within the clinical course of COVID-19 is more likely to reduce mortality.

ª 2020 Mayo Foundation for Medical Education and Research n Mayo Clin Proc. 2020;95(9):1888-1897

C oronavirus disease 2019 (COVID-
19) continues to be a worldwide
pandemic, and the number of

deaths attributed to COVID-19 in the United
States at the time of this writing (~150,000)
exceeds that of any other nation in the
world.1 The overall case fatality rate for

diagnosed COVID-19 ranges from approxi-
mately 4% to greater than 50%,2-6 with
higher mortality rates observed in more crit-
ically ill patients. In response to the COVID-
19 outbreak in the United States and report-
edly high case-fatality rates, the US Food and
Drug Administration (FDA) in collaboration

For editorial
comment,
see page 1813

Af!liations continued at
the end of this article.
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[TACO] and transfusion-related acute lung
injury [TRALI]) occurred within 6 hours of
the transfusion. All transfusion-related
SAEs occurred within 4 hours of the transfu-
sion and thus, were all reported on the trans-
fusion form. All other SAEs were reported on
the SAE form. The attribution scale used by
treating physicians for evaluating SAE relat-
edness to convalescent plasma transfusion
included unrelated, possibility related, prob-
ably related, or de!nitely related. All
transfusion-related SAEs were independently
adjudicated over the course of the study by
the Investigational New Drug sponsor
(M.J.J.) and trained designee (A.M.K.) using
the National Healthcare Safety Network Bio-
vigilance Component Hemovigilance Mod-
ule Surveillance Protocol as a conceptual
framework.16

Statistics
Data presented in this safety report may un-
dergo additional data quality control mea-
sures as the study continues. The

proportion of each of a series of SAEs was
summarized using a point estimate and
95% score CI as outlined in Table 2. The
point estimates for mortality were estimated
at day 7 based on the crude mortality and
Wilson con!dence interval calculation for
binomial proportions. All analyses and
graphics were produced with R version
3.6.2 (Vienna, Austria).

RESULTS
From April 3 to June 11, 2020, a total of
30,117 patients were enrolled in the EAP
and a total of 21,987 enrolled patients
received a COVID-19 convalescent plasma
transfusion (Figure 1). Data from the !rst
5000 transfused patients have been re-
ported previously.10 This update reports
data from 20,000 patients including the
initial 5000 and subsequent 15,000 trans-
fused patients. By June 2, 2020, a total of
20,000 patients had been transfused with
COVID-19 convalescent plasma, thus,

TABLE 2. SAE Characteristics in Patients Transfused With COVID-19 Convalescent Plasma (N!20,000)a

SAE: Transfusion reactions Reported Related % Estimateb (95% CI)

Mortality within four hours of transfusion 63 10 0.05 (0.03-0.09)

TACO 36 36 0.18 (0.13-0.25)

TRALI 21 21 0.10 (0.07-0.16)

Severe allergic transfusion reaction 21 21 0.10 (0.07-0.16)

7-day SAE reports
Thrombolic or thromboembolic complication 113 38 0.19 (0.14-0.26)
Sustained hypotensionc 457 54 0.27 (0.21-0.35)
Cardiac eventsd 677 80 0.40 (0.32-0.50)

7-day mortality Reported

Crude Estimate 2592 12.96 (12.50-13.44)

Clinical status

No ICU admission (n!8323) 772 9.28 (8.67-9.92)
ICU admission (n!11,560) 1806 15.62 (14.97-16.30)
No mechanical ventilation (n!12,147) 1220 9.85 (9.34-10.38)
Mechanical ventilation (n!6864) 1258 18.33 (17.43-19.26)

Clinical symptoms

No MOF or septic shock (n!17,081) 1952 11.45 (10.98-11.94)
MOF or septic shock (n!2919) 640 21.72 (20.27-23.24)

aICU ! intensive care unit; MOF ! multiple organ failure or dysfunction; SAE ! severe adverse event; TACO ! transfusion-associated
circulatory overload; TRALI ! transfusion-related acute lung injury.
bPoint estimate of related serious adverse event incidence relative to 20,000 transfusions.
cSustained hypotension included events requiring intravenous pressor support.
dCardiac events included ventricular or atrial !brillation or arrhythmia requiring treatment, and cardiac arrest.

MAYO CLINIC PROCEEDINGS

1892 Mayo Clin Proc. n September 2020;95(9):1888-1897 n https://doi.org/10.1016/j.mayocp.2020.06.028
www.mayoclinicproceedings.org

Mayo Clin Proc. 2020 Sep; 95(9): 1888‒1897.

Safety report of 20000 patients who received convalescent plasma: the incidence of all 
serious adverse events was low and included allergic reactions (n=78, <1%), thromboembolic 
events (n=113, <1%), and cardiac events (n=677, ~3%). There was no ADE (antibody-
dependent immune enhancement) and the safety was concluded to be high.
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SARS-CoV-2 501Y.V2 (B.1.351), a novel lineage of coronavirus 
causing COVID-19, contains substitutions in two immuno-
dominant domains of the spike protein. Here, we show that 
pseudovirus expressing 501Y.V2 spike protein completely 
escapes three classes of therapeutically relevant antibodies. 
This pseudovirus also exhibits substantial to complete escape 
from neutralization, but not binding, by convalescent plasma. 
These data highlight the prospect of reinfection with antigeni-
cally distinct variants and foreshadows reduced efficacy of 
spike-based vaccines.

Individuals infected with severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2), the virus that causes coronavirus 
disease 2019 (COVID-19), develop neutralizing antibodies that can 
persist for months1,2. Neutralizing antibodies are considered the pri-
mary correlate of protection from infection and are being pursued 
as therapeutics3,4. Interim analyses with monoclonal neutralizing 
antibodies have shown success, facilitating their authorization for 
emergency use5,6.

The SARS-CoV-2 receptor binding domain (RBD) exists in 
either an ‘up’ (receptor-accessible) or ‘down’ (receptor-shielded) 
conformation. RBD is the dominant neutralization target for this 
and other human coronaviruses7,8. These antibodies can be broadly 
divided into four main classes, of which two overlap with the angio-
tensin converting enzyme 2 (ACE2) receptor binding site (Fig. 1a 
and Supplementary Fig. 1a)9. Class 1 antibodies are most frequently 
elicited in SARS-CoV-2 infection and include a public antibody 
response to an epitope only accessible in the RBD ‘up’ conforma-
tion10. Class 2 antibodies use more diverse VH-genes and bind to 
RBD ‘up’ and RBD ‘down’ conformations of spike. After RBD, the 
N-terminal domain (NTD) of spike is the next most frequently 
targeted by neutralizing antibodies, most of which target a single 
immunodominant site11.

We, and others, recently described a new SARS-CoV-2 lin-
eage in South Africa, defined as Nextstrain clade 20H/501Y.V2 
(PANGOLin lineage B.1.351)12. This lineage is defined by nine 

changes in the spike protein (Supplementary Fig. 1b) relative to the 
Wuhan-1 D614G spike mutant that previously dominated in South 
Africa (here referred to as the original lineage)13. These changes 
include N501Y, which confers enhanced affinity for ACE2 (ref. 14) 
and clusters of substitutions in two immunodominant regions of 
spike, suggesting escape from neutralization. Indeed, substitutions 
at E484 reduce neutralization sensitivity to convalescent plasma15. 
We therefore compared neutralization by monoclonal antibodies 
and convalescent plasma of 501Y.V2 to Wuhan-1 D614G, using a 
spike-pseudotyped lentivirus neutralization assay.

An analysis of 17 class I antibody structures revealed their epi-
topes to be centered on spike residue K417, one of three substitu-
tions in the RBD of the 501Y.V2 lineage. These antibodies contact 
60–100% of residue K417 side-chain-accessible surface area, includ-
ing key hydrogen bonds at this site (Fig. 1b). Three representative 
antibodies were assessed by ELISA and achieved saturated binding 
to recombinant RBD from the original lineage but not 501Y.V2 RBD 
(Fig. 1c). Similarly, all three antibodies potently neutralized the 
original lineage, but not the 501Y.V2 pseudovirus (at 25 !g ml"1), 
confirming dependence on the K417 residue (Fig. 1d).

A structural analysis of 15 class 2 antibodies and 6 nanobodies 
revealed key interactions with spike residue E484 (Fig. 1e). Each 
contacted 40–100% of the E484 side-chain-accessible surface area 
and formed critical hydrogen bonds or charged interactions at this 
site. As with class 1 antibodies, three representative class 2 antibod-
ies failed to bind 501Y.V2 RBD (Fig. 1f) and were unable to neutral-
ize the 501Y.V2 pseudovirus (Fig. 1g). Thus, the SARS-CoV-2 501Y.
V2 lineage has effectively escaped two major classes of neutralizing 
antibodies targeting an immunodominant, highly antigenic site in 
the RBD of the spike protein.

501Y.V2 is also defined by several changes in the NTD, including 
a three-amino-acid deletion preceding the N5-loop supersite (Fig. 
1h and Supplementary Fig. 1b). An analysis of NTD-bound anti-
body structures showed that roughly half their neutralization inter-
faces with spike comprised the N5-loop supersite, often involving 
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PCR-confirmed SARS-CoV-2 infection, including individuals who 
were hospitalized with severe COVID-19. Samples were divided 
into two groups, half with higher titer neutralizing antibodies (22 of 
44, 50% inhibitory dilution (ID50) > 400) and half with lower titers 
(22 of 44, 400 ! ID50 > 25) to the original SARS-CoV-2 D614G lin-
eage (Fig. 2 and Supplementary Fig. 2a). Consistent with previous 
studies, when stratified by disease severity, convalescent individu-
als who reported mild-to-moderate disease developed substantially 
lower neutralizing antibody titers (average ID50 titer 488, n = 30) 
than severely ill individuals from the hospitalized cohorts (average 
ID50 titer 4,212, n = 14).

When these same samples were assessed against the 501Y.V2 
pseudovirus, nearly half (21 of 44, 48%) had no detectable neu-
tralization activity (and 71% had ID50 < 100). Only three samples 
(7%) retained titers of ID50 > 400 (Fig. 2 and Supplementary Fig. 
2a). Notably, these three samples were obtained from individuals 
reporting severe disease and had among the highest neutralization 
titers against the original virus. Conversely, four samples with bor-
derline neutralization of the original virus were unaffected by 501Y.
V2 substitutions, perhaps representing additional, less-potent spec-
ificities. To define the location of dominant escape substitutions, 
neutralization was also assessed against the RBD chimeric pseudo-
virus containing only three 501Y.V2 substitutions (K417N, E484K 
and N501Y) (Fig. 2 and Supplementary Fig. 2a). Substantial loss 
of neutralization was also observed against the RBD-only mutant, 
with 27% of the samples losing all activity against the RBD triple 
mutants (63% had ID50 < 100) and only 23% retaining higher titers 

of ID50 > 400. These data provide more evidence for the dominance 
of class 1 and class 2 neutralizing antibodies in polyclonal sera; how-
ever, differences in neutralization between RBD-only chimera and 
501Y.V2 also highlight the contribution of 501Y.V2 NTD substitu-
tions (L18F, D80A, D215G and "242-244) to neutralization escape. 
This was particularly evident in higher titer samples, which retained 
an average ID50 titer of 680 against the RBD-only mutant.

While neutralizing antibodies to SARS-CoV-2 are dominated by 
the specificities defined above, non-neutralizing antibodies are also 
elicited during SARS-CoV-2 infection. To determine whether 501Y.
V2 is still recognized by non-neutralizing antibodies, the bind-
ing of polyclonal sera (from Fig. 2) to a recombinant protein that 
includes the RBD and subdomain 1 (RBD + SBD1) of 501Y.V2 or 
the original lineage was assessed by ELISA (Supplementary Fig. 2b). 
These data revealed that binding of polyclonal plasma to 501Y.V2 
RBD + SBD1 was only substantially affected in a minority of cases 
(14 of 44 with more than a fivefold reduction, 32%). Most of the 
convalescent plasma/serum suffered less than a four-fold reduction 
in total binding activity (as calculated by area under the curve), sug-
gesting a considerable non-neutralizing antibody component is still 
able to bind the 501Y.V2 spike.

Among previous emerging lineages, only D614G has subsequently 
become globally dominant16. The repeated, independent evolution 
of spike position 501 in 501Y.V1 (https://virological.org/t/576), 
501Y.V2 (ref. 12) and 501Y.V3 https://virological.org/t/586), strongly 
argues for a selective advantage, likely enhanced transmissibility, of 
these new variants. Here we have shown that the 501Y.V2 lineage, 
containing nine spike substitutions, and rapidly emerging in South 
Africa during the second half of 2020, is resistant to neutralizing 
antibodies found in 48% of individuals infected with previously cir-
culating lineages. These data, showing a 13-fold reduction in mean 
titer, are corroborated by vesicular stomatitis virus-pseudotyped 
and live virus assays showing an 11- to 33-fold and 6- to 204-fold 
reduction in mean titer (including complete knock out) relative to 
the original lineage, respectively17,18. The 501Y.V3 lineage has simi-
lar changes including 417T and 484K (in RBD) as well as 18F and 
20N (in NTD), thus also having strong potential for high levels of 
neutralization resistance. The independent emergence and subse-
quent selection of 501Y lineages with key substitutions conferring 
neutralization resistance strongly argues for selection by neutraliz-
ing antibodies as the dominant driver for SARS-CoV-2 spike diver-
sification and makes these lineages of considerable public health 
concern. This suggests that, despite the many people who have 
already been infected with SARS-CoV-2 globally and are presumed 
to have accumulated some level of immunity, new variants such as 
501Y.V2 may pose a substantial reinfection risk.

While higher titers of neutralizing antibodies are common in 
hospitalized individuals, most people infected with SARS-CoV-2 
develop low-to-moderate neutralization titers2. Therefore, the 
data herein suggest that most individuals infected with previous 
SARS-CoV-2 lineages will have greatly reduced neutralization 
activity against 501Y.V2. This dramatic effect on plasma neutral-
ization can be explained by the dominance of RBD-directed neu-
tralizing antibodies, supported by studies showing reduced plasma 
neutralization titers mediated by the E484K change alone15. Notably, 
here we show that the K417N change also has a crucial role in viral 
escape, effectively abrogating neutralization by a well-defined, mul-
tidonor class of VH3-53/66 germline-restricted public antibodies 
that comprise some of the most common and potent neutralizing 
antibodies to SARS-CoV-2 (ref 8).

The marked loss of neutralization against 501Y.V2 pseudovirus 
compared to the RBD-only chimeric pseudovirus demonstrates 
the important role that substitutions in the NTD play in mediat-
ing immune escape. For 501Y.V2 this resistance to neutralization 
is likely mediated by a three-amino-acid deletion that completely 
disrupts a dominant public antibody response to the N5-loop 
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Fig. 2 | SARS-CoV-2 501Y.V2 increased resistance to neutralization by 
convalescent plasma/serum. Plasma/serum collected from individuals 
infected with SARS-CoV-2 was assessed for neutralization to the original 
lineage (Wuhan-1 D614G, left), an RBD chimeric mutant containing 
K417N, E484K and N501Y substitutions only (middle) or the 501Y.V2 
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hospitalized for >10!d with COVID-19 (black). The graph is colored 
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Pie charts above each set of data points summarize the proportion of 
samples in each titer group.

NATURE MEDICINE | VOL 27 | APRIL 2021 | 622–625 | www.nature.com/naturemedicine624

Nat Med . 2021 Apr;27(4):622-625.



Neutralizing 
Monoclonal Antibody



https://doi.org/10.1038/s41577-021-00542-x

0123456789();: 

the most efficacious use of these novel and potentially 
life- saving treatments, as we discuss herein.

Passive immunization
More than 125 years ago, the first major success in 
modern immunological intervention was developed: a 
therapeutic serum from animals actively immunized 
against diphtheria toxin8,9. Paul Ehrlich later produced 
a seminal article tying the curative antiserum to neu-
tralizing antibodies10. Today, passive immunization 
involves infusion of antigen- specific mAbs or polyclonal 
antibodies derived from non- human or human blood 
products. While polyclonal antibodies collected from 
immunized animals are the primary source of antisera, 
there is a risk of ‘serum sickness’, especially after repeated 
exposures, as the recipient may generate an immune 
response against antibodies of non- human origin. These 
risks are mitigated with the use of convalescent plasma 
from human patients. With careful screening (for exam-
ple, to assess for the presence of infectious agents and 
to establish antibody titre and neutralizing capacity), 
convalescent plasma therapy (CPT) can be effective with 
minimal safety risks.

Before the current pandemic, CPT was used to treat 
infections with influenza virus11,12, respiratory syncytial  
virus (RSV)13, Ebola virus14 and other coronaviruses12,15–17. 
CPT appears most efficacious when used early after 
the onset of symptoms, rather than during severe or 
prolonged infection12,15,18. It also has the potential to 
provide protection for the immunocompromised or 
unvaccinated high- risk individuals recently exposed to 
infection13,15. Administration of plasma with higher titres 
of neutralizing antibodies is associated with improved 
clinical outcomes17; however, the antibody titres of 
convalescent plasma differ considerably19. CPT can 

be convenient and adaptable for use in resource- poor 
settings14 and can be rapidly deployed to combat novel 
virus outbreaks.

The antipathogen antibodies from convalescent 
plasma can mitigate infection by two main mecha-
nisms: namely, antibody effector activity and pathogen 
neutralization. However, in rare cases, pathogen- specific 
antibodies can augment virulence in a process termed 
‘antibody- dependent enhancement’ (ADE) (FIG.! 2). 
ADE can occur via two distinct mechanisms. First, 
pathogen- specific antibodies could increase infec-
tion by promoting virus uptake and replication in 
Fc! receptor- expressing immune cells (for example, 
as is seen in dengue haemorrhagic virus infection of 
macrophages). With SARS- CoV and SARS- CoV-2 
(REF.20), in"vitro evidence amassed to date indicate that 
these non- lymphotropic coronaviruses are unable to 
productively replicate within haematopoietic cells21. 
Alternatively, ADE can be mediated via increased 
immune activation by Fc- mediated effector functions 
or immune complex formation22. In the case of respira-
tory virus infections, the resulting immune cascade can 
contribute to lung disease. While the hallmarks of severe 
COVID-19 have features that overlap with this type  
of ADE, there is currently no definitive evidence to show 
ADE occurs with SARS- CoV-2 infection22.

Nonetheless, steps may be considered to mitigate the 
potential risk of ADE. When feasible (as with neutral-
izing mAb therapy), the Fc region of the antibody can 
be modified to render it incapable of engaging effector 
immune responses. In the case of CPT, the potential 
risk of ADE can be reduced by administrating high 
amounts of pathogen- specific antibodies and using 
plasma with high- affinity neutralizing antibodies20. 
However, these strategies must be balanced with the 
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hospitalized with COVID-19). Because the currently 
available data on CPT are derived predominantly from 
inpatient (severe or critical) COVID-19 RCTs, the suit-
ability of CPT as prophylaxis or treatment at the onset 
of COVID-19 symptoms remains to be determined by 
appropriately controlled clinical trials.

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

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

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

An ongoing phase I/II/III placebo- controlled trial 
(NCT04425629) is investigating the safety and efficacy 
of a single infusion of casirivimab and imdevimab — 
2,400 mg (n = 266, interim), 8,000 mg (n = 267, interim) 
or matching placebo (n = 266) — for symptomatic adults 
who have not previously been hospitalized within 3!days 
of a positive active SARS- COV-2 diagnosis (and within 
7 days of the first symptoms)3. In the modified full anal-
ysis set for the phase I/II analysis, the median age was 
42 years (7% aged 65 years or older), 85% of patients 
were white, 9% were Black and 34% were considered at 
high risk (for example, they were elderly, had obesity 
or had underlying chronic medical conditions). Pooled 
treatment achieved the primary end point of time- 
weighted average change from the baseline in viral load 
(log10 copies per millilitre), collected from a nasopharyn-
geal swab, in patients with a positive baseline for viral 
RNA (n = 665). The difference in time- weighted average 
from day 1 through day 7 for the pooled doses of casiriv-
imab and imdevimab compared with placebo was "0.36 
log10 copies per millilitre (P < 0.0001). The combination 
was reported to reduce viral load particularly in patients 
with higher viral loads who were seronegative at the 
baseline3,70. On a key clinical end point, a lower propor-
tion of patients treated with casirivimab and imdevimab 
had COVID-19- related medically attended visits  
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Fig. 3 | Inhibition of SARS-CoV-2 target cell engagement 
by neutralizing monoclonal antibodies. Neutralizing 
monoclonal antibodies (mAbs) being developed to combat 
COVID-19 are generated against the receptor- binding 
domain (RBD) of the spike (S) protein of severe acute 
respiratory syndrome coronavirus 2 (SARS- CoV-2). 
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(ACE2), on target host cells. Three neutralizing mAb 
regimens have been given emergency use authorization  
for treatment of COVID-19. (1) Casirivimab and imdevimab 
bind distinct epitopes on the RBD with dissociation 
constants KD of 46 and 47 pM, respectively. Imdevimab 
binds the S protein RBD from the front or lower- left side, 
while casirivimab targets the spike- like loop from the top 
direction (overlapping with the ACE2- binding site3,68).  
(2) Bamlanivimab binds an epitope on the RBD in both  
its open confirmation and its closed confirmation with 
dissociation constant KD = 71pM, covering 7 of the 
approximately 25 side chains observed to form contact 
with ACE2 (REF.4). (3) Bamlanivimab and etesevimab bind  
to distinct, but overlapping, epitopes within the RBD of  
the S protein of SARS- CoV-2. Etesevimab binds the  
up/active conformation of the RBD with dissociation 
constant KD = 6.45 nM (REF.5); it contains the LALA mutation 
in the Fc region, resulting in null effector function.

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

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

www.nature.com/nri

R E V I E W S

https://doi.org/10.1038/s41577-021-00542-x

LY-CoV555

REGN-COV2

LY-CoV016

スパイク蛋白



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

n engl j med   nejm.org 1

From the Department of Medicine, 
Women’s Guild Lung Institute, Cedars–
Sinai Medical Center, Los Angeles (P.C.), 
and Long Beach Clinical Trials, Long 
Beach (B.H.) — both in California; Eli 
Lilly, Indianapolis (A.N., A.C.A., J.V.N., 
K.L.C., L.S., M.D., G.O., A.E.S., J.S., 
D.R.P., P.K., D.M.S.), and Franciscan 
Health, Greenwood (I.S.) — both in Indi-
ana; Baylor University Medical Center 
and Baylor Scott and White Research In-
stitute, Dallas (R.L.G.); Vitalink Research, 
Union, SC (J.B.); Imperial Health, Lake 
Charles, LA (J.M.); Cook County Health 
(G.H.) and Northwestern University 
Feinberg School of Medicine (V.S.), Chi-
cago; Indago Research and Health Cen-
ter, Hialeah, FL (J.C.); and Las Vegas 
Medical Research Center, Las Vegas 
(B.M.). Address reprint requests to Dr. 
Skovronsky at Eli Lilly, 893 Delaware St., 
Indianapolis, IN 46225, or at  skovronsky_
daniel@  lilly . com.

*A list of the BLAZE-1 investigators is 
provided in the Supplementary Appen-
dix, available at NEJM.org.

Drs. Chen and Nirula contributed equally 
to this article.

This article was published on October 28, 
2020, at NEJM.org.

DOI:!10.1056/NEJMoa2029849
Copyright © 2020 Massachusetts Medical Society.

BACKGROUND
Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) causes coronavirus 
disease 2019 (Covid-19), which is most frequently mild yet can be severe and life-
threatening. Virus-neutralizing monoclonal antibodies are predicted to reduce viral 
load, ameliorate symptoms, and prevent hospitalization.

METHODS
In this ongoing phase 2 trial involving outpatients with recently diagnosed mild 
or moderate Covid-19, we randomly assigned 452 patients to receive a single intra-
venous infusion of neutralizing antibody LY-CoV555 in one of three doses (700 mg, 
2800 mg, or 7000 mg) or placebo and evaluated the quantitative virologic end 
points and clinical outcomes. The primary outcome was the change from baseline 
in the viral load at day 11. The results of a preplanned interim analysis as of Sep-
tember 5, 2020, are reported here.

RESULTS
At the time of the interim analysis, the observed mean decrease from baseline in 
the log viral load for the entire population was !3.81, for an elimination of more 
than 99.97% of viral RNA. For patients who received the 2800-mg dose of LY-
CoV555, the difference from placebo in the decrease from baseline was !0.53 (95% 
confidence interval [CI], !0.98 to !0.08; P = 0.02), for a viral load that was lower 
by a factor of 3.4. Smaller differences from placebo in the change from baseline 
were observed among the patients who received the 700-mg dose (!0.20; 95% CI, 
!0.66 to 0.25; P = 0.38) or the 7000-mg dose (0.09; 95% CI, !0.37 to 0.55; P = 0.70). 
On days 2 to 6, the patients who received LY-CoV555 had a slightly lower severity 
of symptoms than those who received placebo. The percentage of patients who had 
a Covid-19–related hospitalization or visit to an emergency department was 1.6% 
in the LY-CoV555 group and 6.3% in the placebo group.

CONCLUSIONS
In this interim analysis of a phase 2 trial, one of three doses of neutralizing antibody 
LY-CoV555 appeared to accelerate the natural decline in viral load over time, where-
as the other doses had not by day 11. (Funded by Eli Lilly; BLAZE-1 ClinicalTrials.gov 
number, NCT04427501.)
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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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Effect of Bamlanivimab as Monotherapy or in Combination With
Etesevimab on Viral Load in Patients With Mild to Moderate COVID-19
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IMPORTANCE Coronavirus disease 2019 (COVID-19) continues to spread rapidly worldwide.
Neutralizing antibodies are a potential treatment for COVID-19.

OBJECTIVE To determine the effect of bamlanivimab monotherapy and combination therapy
with bamlanivimab and etesevimab on severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) viral load in mild to moderate COVID-19.

DESIGN, SETTING, AND PARTICIPANTS The BLAZE-1 study is a randomized phase 2/3 trial at 49
US centers including ambulatory patients (N = 613) who tested positive for SARS-CoV-2
infection and had 1 or more mild to moderate symptoms. Patients who received bamlanivimab
monotherapy or placebo were enrolled first (June 17-August 21, 2020) followed by patients who
received bamlanivimab and etesevimab or placebo (August 22-September 3). These are the
final analyses and represent findings through October 6, 2020.

INTERVENTIONS Patients were randomized to receive a single infusion of bamlanivimab (700 mg
[n = 101], 2800 mg [n = 107], or 7000 mg [n = 101]), the combination treatment (2800 mg of
bamlanivimab and 2800 mg of etesevimab [n = 112]), or placebo (n = 156).

MAIN OUTCOMES AND MEASURES The primary end point was change in SARS-CoV-2 log viral
load at day 11 (±4 days). Nine prespecified secondary outcome measures were evaluated with
comparisons between each treatment group and placebo, and included 3 other measures of
viral load, 5 on symptoms, and 1 measure of clinical outcome (the proportion of patients with
a COVID-19–related hospitalization, an emergency department [ED] visit, or death at day 29).

RESULTS Among the 577 patients who were randomized and received an infusion (mean age, 44.7
[SD, 15.7] years; 315 [54.6%] women), 533 (92.4%) completed the efficacy evaluation period (day
29). The change in log viral load from baseline at day 11 was –3.72 for 700 mg, –4.08 for 2800 mg,
–3.49for7000mg,–4.37forcombinationtreatment,and–3.80forplacebo.Comparedwithplacebo,
the differences in the change in log viral load at day 11 were 0.09 (95% CI, –0.35 to 0.52; P = .69) for
700 mg, –0.27 (95% CI, –0.71 to 0.16; P = .21) for 2800 mg, 0.31 (95% CI, –0.13 to 0.76; P = .16)
for 7000 mg, and –0.57 (95% CI, –1.00 to –0.14; P = .01) for combination treatment. Among the
secondary outcome measures, differences between each treatment group vs the placebo group
werestatisticallysignificantfor10of84endpoints.TheproportionofpatientswithCOVID-19–related
hospitalizationsorEDvisitswas5.8%(9events)forplacebo,1.0%(1event)for700mg,1.9%(2events)
for 2800 mg, 2.0% (2 events) for 7000 mg, and 0.9% (1 event) for combination treatment.
Immediate hypersensitivity reactions were reported in 9 patients (6 bamlanivimab, 2 combination
treatment, and 1 placebo). No deaths occurred during the study treatment.

CONCLUSIONS AND RELEVANCE Among nonhospitalized patients with mild to moderate
COVID-19 illness, treatment with bamlanivimab and etesevimab, compared with placebo, was
associated with a statistically significant reduction in SARS-CoV-2 viral load at day 11; no
significant difference in viral load reduction was observed for bamlanivimab monotherapy.
Further ongoing clinical trials will focus on assessing the clinical benefit of antispike
neutralizing antibodies in patients with COVID-19 as a primary end point.

TRIAL REGISTRATION ClinicalTrials.gov Identifier: NCT04427501

JAMA. 2021;325(7):632-644. doi:10.1001/jama.2021.0202
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P < .!!"). However, viral clearance (defined as # consecu-
tive negative test results for SARS-CoV-#) did not differ
among any of the treatment groups at any time point
(Table #).

Compared with the placebo group, the change in mean
total symptom score from baseline to day "" was statistically
significantly different for the $!! mg monotherapy group
(mean difference, –!.$% [&'% CI, –".($ to –!.#!]; P = .!!&)

and for the combination group (mean difference, –!.)!
[&'% CI, –"."% to –!.!(]; P = .!*), but the change was not
significantly different for the #%!! mg monotherapy group
(mean difference, –!.(# [&'% CI, –!.&" to !.#)]; P = .#$) or
for the $!!! mg group (mean difference, –!.*' [&'% CI,
–".!* to !."(]; P = ."().

Compared with the placebo group, the change in symp-
tom improvement from baseline to day "" was statistically

Figure 2. Change in Log Viral Load and in Viral Load Cycle Threshold Over Time With Bamlanivimab
Monotherapy and Bamlanivimab and Etesevimab Combination Therapy
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BACKGROUND
Recent data suggest that complications and death from coronavirus disease 2019 
(Covid-19) may be related to high viral loads.
METHODS
In this ongoing, double-blind, phase 1–3 trial involving nonhospitalized patients 
with Covid-19, we investigated two fully human, neutralizing monoclonal antibod-
ies against severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) spike 
protein, used in a combined cocktail (REGN-COV2) to reduce the risk of the emer-
gence of treatment-resistant mutant virus. Patients were randomly assigned (1:1:1) 
to receive placebo, 2.4 g of REGN-COV2, or 8.0 g of REGN-COV2 and were pro-
spectively characterized at baseline for endogenous immune response against 
SARS-CoV-2 (serum antibody–positive or serum antibody–negative). Key end points 
included the time-weighted average change in viral load from baseline (day 1) 
through day 7 and the percentage of patients with at least one Covid-19–related 
medically attended visit through day 29. Safety was assessed in all patients.
RESULTS
Data from 275 patients are reported. The least-squares mean difference (combined 
REGN-COV2 dose groups vs. placebo group) in the time-weighted average change 
in viral load from day 1 through day 7 was !0.56 log10 copies per milliliter (95% 
confidence interval [CI], !1.02 to !0.11) among patients who were serum antibody–
negative at baseline and !0.41 log10 copies per milliliter (95% CI, !0.71 to !0.10) 
in the overall trial population. In the overall trial population, 6% of the patients in 
the placebo group and 3% of the patients in the combined REGN-COV2 dose groups 
reported at least one medically attended visit; among patients who were serum anti-
body–negative at baseline, the corresponding percentages were 15% and 6% (differ-
ence, !9 percentage points; 95% CI, !29 to 11). The percentages of patients with 
hypersensitivity reactions, infusion-related reactions, and other adverse events were 
similar in the combined REGN-COV2 dose groups and the placebo group.
CONCLUSIONS
In this interim analysis, the REGN-COV2 antibody cocktail reduced viral load, 
with a greater effect in patients whose immune response had not yet been initi-
ated or who had a high viral load at baseline. Safety outcomes were similar in the 
combined REGN-COV2 dose groups and the placebo group. (Funded by Regeneron 
Pharmaceuticals and the Biomedical and Advanced Research and Development 
Authority of the Department of Health and Human Services; ClinicalTrials.gov 
number, NCT04425629.)
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Clinical Pr actice

respiratory pathogens, close monitoring of pa-
tients with Covid-19 who have these conditions 
is warranted.

Laboratory findings in hospitalized patients 
may include lymphopenia and elevated levels of 
D-dimer, lactate dehydrogenase, C-reactive pro-
tein, and ferritin. At presentation, the procalci-
tonin level is typically normal. Findings associ-
ated with poor outcomes include an increasing 
white-cell count with lymphopenia, prolonged 
prothrombin time, and elevated levels of liver en-
zymes, lactate dehydrogenase, D-dimer, interleu-
kin-6, C-reactive protein, and procalcitonin.21,27,30-32

When abnormalities are present on imaging, 
typical findings are ground-glass opacifications 
or consolidation.33

 Diagnosis
Diagnostic testing to identify persons currently 
infected with SARS-CoV-2 usually involves the 

detection of SARS-CoV-2 nucleic acid by means 
of PCR assay. Just before and soon after symp-
tom onset, the sensitivity of PCR testing of naso-
pharyngeal swabs is high.34 If testing is negative 
in a person who is suspected to have Covid-19, 
then repeat testing is recommended.35 The spec-
ificity of most SARS-CoV-2 PCR assays is nearly 
100% as long as no cross-contamination occurs 
during specimen processing.

The Food and Drug Administration (FDA) has 
issued emergency use authorizations (EUAs) for 
commercial PCR assays validated for use with 
multiple specimen types, including nasopharyn-
geal, oropharyngeal, and mid-turbinate and an-
terior nares (nasal) swabs, as well as the most 
recently validated specimen type, saliva.36 (A video 
demonstrating how to obtain a nasopharyngeal 
swab specimen is available at NEJM.org.) The 
FDA EUA allows patient collection of an anterior 
nares specimen with observation by a health 

Figure!1.!Characteristics,!Diagnosis,!and!Management!of!Covid-19!According!to!Disease!Stage!or!Severity.

Adapted from Gandhi.41 According to the Centers for Disease Control and Prevention, “Diagnostic testing for SARS-CoV-2 [severe acute 
respiratory syndrome coronavirus 2] is intended to identify current infection in individuals and is performed when a person has signs 
or symptoms consistent with Covid-19, or when a person is asymptomatic but has recent known or suspected exposure to SARS-CoV-2. 
Screening testing for SARS-CoV-2 is intended to identify infected persons who are asymptomatic and without known or suspected ex-
posure to SARS-CoV-2. Screening testing is performed to identify persons who may be contagious so that measures can be taken to 
 prevent further transmission.”39
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convalescent patients of COVID-19
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Loss!of!Anti–SARS-CoV-2!Antibodies!in!Mild!Covid-19

To the Editor: The results reported in the letter 
by Ibarrondo et al. (Sept. 10)1 regarding the rapid 
decay of anti–severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2) antibodies in patients 
who had recovered from Covid-19 are in contrast 
to our findings and those of other research groups, 
such as Wang et al. from China.2 In their study, 
Wang et al. showed that IgG responses were de-
tected in most patients with either severe disease 
or mild disease at 9 days after the onset of infec-
tion, and the IgG levels remained high through-
out the study (35 to 40 days). These findings are 
in accordance with those from our investigation 
of the longitudinal profile of IgA and IgG antibod-
ies against SARS-CoV-2 in samples of convalescent 
plasma obtained from 151 donors. We found that 
the IgA levels remained high until 50 to 60 days 
after the onset of symptoms and that the IgG lev-
els remained elevated, with only a slight decrease, 
at 120 days after the onset of symptoms. There-
fore, we need more data regarding the kinetics of 
SARS-CoV-2 antibodies from different research 
groups to understand the human antibody re-
sponse against this disease.
Edwin Bölke, M.D. 
Christiane Matuschek, M.D. 
Johannes C. Fischer, M.D.
Heinrich Heine University 
Düsseldorf, Germany 
boelke@  med . uni-duesseldorf . de
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To the Editor: Ibarrondo et al. reported a reduc-
tion in anti–SARS-CoV-2 antibody levels in pa-
tients with mild Covid-19 infection. Here, we re-

port our findings in 259 donors who participated 
in a phase 2 study that investigated the role of 
convalescent plasma in Covid-19 (ClinicalTrials 
.gov number, NCT04408209). Testing for the de-
tection of IgG and IgA antibodies against the 
spike protein of SARS-CoV-2 (S1 domain) was 
performed at the time of screening and at the 
time of plasmapheresis.

The median time from the day of the first 
symptom or a positive polymerase-chain-reaction 
test (for asymptomatic patients) to the day of 
screening was 62 days. IgG antibodies were de-
tected in 229 donors (88%). To date, plasma-
pheresis has been performed in the first 74 of 
the 229 donors. The median time from the date 
of screening to the date of plasmapheresis was 
12 days (range, 8 to 19). There were significant 
reductions in IgG and IgA antibody titers between 
the time of screening and the time of plasma-
pheresis (Fig. 1, next page). These results suggest 
that there is a rapid reduction in anti–SARS-CoV-2 
antibody levels in patients who have recovered 
from Covid-19 and highlight the need for a new 
antibody measurement at the time of plasma-
pheresis in studies of convalescent plasma.1,2
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National and Kapodistrian University of Athens School of 
Medicine 
Athens, Greece 
eterpos@  med . uoa . gr

Andreas Mentis, M.D.
Hellenic Pasteur Institute 
Athens, Greece

Meletios A. Dimopoulos, M.D.
National and Kapodistrian University of Athens School of 
Medicine 
Athens, Greece

No potential conflict of interest relevant to this letter was 
reported.

This letter was published on September 23, 2020, at NEJM.org.

1. Li L, Zhang W, Hu Y, et al. Effect of convalescent plasma 
therapy on time to clinical improvement in patients with severe 
and life-threatening COVID-19: a randomized clinical trial. 
JAMA 2020; 324: 460-70.

The New England Journal of Medicine 
Downloaded from nejm.org at National Center for Global Health and Medicine on September 23, 2020. For personal use only. No other uses without permission. 

 Copyright © 2020 Massachusetts Medical Society. All rights reserved. 

Correspondence

n engl j med   nejm.org 3

ters are higher in patients with a greater severity 
of disease, they will eventually decline.
Satoshi Kutsuna, M.D., Ph.D. 
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Akihiko Matsunaga, Ph.D.
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logical assessment of asymptomatic SARS-CoV-2 infections. Nat 
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2. Okba NMA, Müller MA, Li W, et al. Severe acute respiratory 
syndrome coronavirus 2-specific antibody responses in corona-
virus disease patients. Emerg Infect Dis 2020; 26: 1478-88.
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The authors reply: Since our initial letter, we 
have further confirmed our results regarding 
anti–SARS-CoV-2 antibody decay. However, there 

has been controversy; some groups, including 
Terpos et al. and Kutsuna et al., have obtained 
findings similar to ours, whereas others, includ-
ing Bölke et al. and most notably Wajnberg et al.,1 
have obtained conflicting results that suggest 
stability over time. Several factors probably ex-
plain these apparent contradictions.

One factor is the varying methods used in the 
studies. We measured the anti–receptor-binding 
domain of spike antibodies; others measure re-
sponses against whole spike (S) or nucleocapsid 
(N). We focused on anti–receptor-binding domain 
antibodies because of the lower cross-reactivity 
with common coronaviruses than with other S 
regions, thus yielding greater specificity.2 More-
over, there is tight correlation between anti-S 
and viral neutralizing activity.2 Also, we believe 
that our assay is more precise than other ELISAs 
(Fig. 1A). Many groups relied on raw optical-
density readings, which are prone to interexperi-
mental variability from minor variations in re-
agents or environmental conditions. Others, such 

Figure!1.!Highly!Quantitative!Measurement!of!Anti-RBD!IgG!and!Stability!in!Three!Persons!Who!Recovered!!
from!Severe!Covid-19.

Panel A shows an example of a standard curve of the relationship between optical density and the concentration of 
an internal standard control IgG monoclonal antibody, anti–receptor-binding domain (RBD) monoclonal antibody 
CR3022 (solid circles). Also shown is an example of the calculation of the binding equivalent in a serum sample;  
a 1:120 dilution yields an optical density of 1.994, which corresponds to binding activity that is equivalent to a con-
centration of 14.01 ng per milliliter of CR3022, resulting in an undiluted equivalent concentration of 1681 ng per 
milli liter (120 ! 14.01). Note that because the relationship between optical density and antibody concentration is log- 
linear, small experimental errors in optical density values correspond to large errors in calculated antibody concen-
trations unless controlled with an internal standard control antibody, such as CR3022 in this case. Panel B shows 
the levels of anti-RBD IgG in three persons who were hospitalized for Covid-19. One person (squares) underwent 
mechanical ventilation, and two persons (triangles and circles) received supplemental oxygen.
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To the Editor: Ibarrondo et al. found that titers 
of anti–receptor-binding domain IgG antibodies 
in patients with mild cases of Covid-19 were 
attenuated after 90 days from the onset of symp-
toms. These results are consistent with the re-
duced antibody titers in patients with asymptom-
atic and mild cases, as reported by Long et al.1

We examined the trends in antibody titers not 
only in patients with mild disease but also in 
those with moderate disease who received oxy-
gen inhalation therapy and in those with severe 

disease who underwent intubation. We measured 
anti–SARS-CoV-2 spike protein antibody titers 
using an enzyme-linked immunosorbent assay 
(ELISA)2 in 81 patients with Covid-19 (46 with 
mild disease, 19 with moderate disease, and 16 
with severe disease). Each sample was assayed in 
triplicate, and all measurement values were nor-
malized against the mean value of the positive 
control sample.

Antibody titers tended to be higher in patients 
with severe disease than in those with mild or 
moderate disease. However, patients with moder-
ate and severe disease, as well as those with mild 
disease, seemed to show a decrease in antibody 
titers after 60 days from the onset of symptoms. 
These results suggest that although antibody ti-

Figure!1.!Longitudinal!Changes!in!Anti–SARS-CoV-2!IgG!Antibody!Titer!between!the!Time!of!Screening!and!the!Time!
of!Plasmapheresis.

Shown is a ratio-based analysis (ratio of the optical density of the patient sample to the optical density of the cali-
brator) of anti–SARS-CoV-2 (S1 domain) IgG antibody titer between the time of screening and the time of plasma-
pheresis in a cohort of 74 donors undergoing plasmapheresis; both patient samples were tested on the same run. 
The median ratio of anti-S1 IgG antibody titer, as assessed by an enzyme-linked immunosorbent assay (Euroimmun 
Medizinische Labordiagnostika), was 6.67 (interquartile range, 4.29 to 10.45) at the time of screening and 6.09 (inter-
quartile range, 3.95 to 9.10) at the time of plasmapheresis (P<0.001 by the Wilcoxon matched-pairs signed-rank test).
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ters are higher in patients with a greater severity 
of disease, they will eventually decline.
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The authors reply: Since our initial letter, we 
have further confirmed our results regarding 
anti–SARS-CoV-2 antibody decay. However, there 

has been controversy; some groups, including 
Terpos et al. and Kutsuna et al., have obtained 
findings similar to ours, whereas others, includ-
ing Bölke et al. and most notably Wajnberg et al.,1 
have obtained conflicting results that suggest 
stability over time. Several factors probably ex-
plain these apparent contradictions.

One factor is the varying methods used in the 
studies. We measured the anti–receptor-binding 
domain of spike antibodies; others measure re-
sponses against whole spike (S) or nucleocapsid 
(N). We focused on anti–receptor-binding domain 
antibodies because of the lower cross-reactivity 
with common coronaviruses than with other S 
regions, thus yielding greater specificity.2 More-
over, there is tight correlation between anti-S 
and viral neutralizing activity.2 Also, we believe 
that our assay is more precise than other ELISAs 
(Fig. 1A). Many groups relied on raw optical-
density readings, which are prone to interexperi-
mental variability from minor variations in re-
agents or environmental conditions. Others, such 

Figure!1.!Highly!Quantitative!Measurement!of!Anti-RBD!IgG!and!Stability!in!Three!Persons!Who!Recovered!!
from!Severe!Covid-19.

Panel A shows an example of a standard curve of the relationship between optical density and the concentration of 
an internal standard control IgG monoclonal antibody, anti–receptor-binding domain (RBD) monoclonal antibody 
CR3022 (solid circles). Also shown is an example of the calculation of the binding equivalent in a serum sample;  
a 1:120 dilution yields an optical density of 1.994, which corresponds to binding activity that is equivalent to a con-
centration of 14.01 ng per milliliter of CR3022, resulting in an undiluted equivalent concentration of 1681 ng per 
milli liter (120 ! 14.01). Note that because the relationship between optical density and antibody concentration is log- 
linear, small experimental errors in optical density values correspond to large errors in calculated antibody concen-
trations unless controlled with an internal standard control antibody, such as CR3022 in this case. Panel B shows 
the levels of anti-RBD IgG in three persons who were hospitalized for Covid-19. One person (squares) underwent 
mechanical ventilation, and two persons (triangles and circles) received supplemental oxygen.

O
pt

ic
al

!D
en

si
ty

4.0

3.0

3.5

2.5

2.0

1.0

0.5

1.5

0.0
1 10 100

CR3022!IgG!(ng/ml)

BA

Calculated
concentration
for the diluted
serum sample,
equivalent to
14.01 ng/ml
of CR3022

Optical density
for a diluted

serum sample,
1.994

R2=0.99305

Lo
g 1

0!
An

ti-
RB

D
!Ig

G
!(n

g/
m

l)
6

4

5

3

2

1
0 10050 150

Days!since!Onset!of!Symptoms

The New England Journal of Medicine 
Downloaded from nejm.org at National Center for Global Health and Medicine on September 23, 2020. For personal use only. No other uses without permission. 

 Copyright © 2020 Massachusetts Medical Society. All rights reserved. 

DOI: 10.1056/NEJMc2027051



Kutsuna et al. DOI: https://doi.org/10.1016/j.jiac.2021.01.006

Factors associated with anti-SARS-CoV-2 IgG antibody production 
in patients convalescing from COVID-19



Nomoto H, Kutsuna S, et al. DOI:https://doi.org/10.1016/j.jiac.2021.01.004

been reported in case series in China, Korea, and the U.S [2,3]. A
randomized controlled trial conducted in China revealed that
adding CPT to the standard of care reduced the time taken for
clinical improvement (within 28 days); however, the study was
underpowered [4]. Under the given circumstances, we designed the
collection of convalescent plasma and determination of its anti-
SARS-CoV-2 spike protein antibody titer including the neutral-
izing activity, foreseeing its use in treating COVID-19 in Japan.
While strict quality control of donor blood is important in CPT, little
is known about the persistence of SARS-CoV-2 RNA (RNAemia) in
the convalescent plasma of donors. While some reports recom-
mend proof of viral disappearance from the blood before CPT [5],
the FDA does not recommend viral screening in asymptomatic
donors after 14 days of symptom resolution [6], because there has
been no report of blood transmission of SARS-CoV-2, and blood
transfusion from donors in pre-symptomatic phase did not trans-
mit the virus [7]. For the safe use of convalescent plasma, we aimed
to investigate RNAemia in 100 blood donor samples.

Transfusion product procurement in Japan was launched by the
National Center for Global Health and Medicine (NCGM) in Tokyo,
in collaboration with the Japanese Red Cross Society (JRC) and the
National Institute of Infectious Disease (NIID). NCGM and NIID have
been pivotal organizations in Japan's response to COVID-19. The
former is a tertiary care national hospital, and the latter is a
government-managed national research institution. JRC, the blood
banking organization in Japan, plays a key role in the blood dona-
tion scheme. In this study, the NCGM took responsibility for the
patients' recruitment, collected data on the patients' demographics,
and !nally con!rmed the eligibility of the patients for blood do-
nors. The NIID conducted real-time polymerase chain reaction (RT-
PCR) assay for SARS-CoV-2 detection in the plasma to rule out
RNAemia in patients.

We initially recruited patients from our hospital and then
expanded to external resources. Accessing only to patients who
were admitted to NCGM did not suf!ce the number of donors we
needed, and we approached patients from outside sources. On
reaching out to external resources, social networking services such

as Facebook and Twitter were used. External cooperating medical
institutions, where posters and lea"ets were placed to recruit blood
donors, were also approached. Our activities were covered by Jap-
anese television stations, and thus audiences volunteered to
participate in the study.

Between April 30 and July 30, 2020, we measured RNAemia in
the plasma samples of donors with resolved COVID-19 (COVID-19
was previously con!rmed in each patient by the presence of SARS-
CoV-2 RNA in their respiratory specimens). Information on patient
demographics, comorbidities, presence of pneumonia, treatment,
and results of RT-PCR for SARS-CoV-2 in the plasma was collected.
The date of onset was determined based on the patients’ self-
reported initial symptoms, or the date of positive testing if they
were asymptomatic. Disease severity was de!ned as follows: a
patient without oxygen demand, mild; a patient with oxygen de-
mand but not a ventilator, moderate; and a patient requiring a
ventilator to treat respiratory failure, severe. The study protocol
was approved by the institutional review board (approval no.:
NCGM-G-003536-01), and written informed consent was obtained
from each patient.

Of 100 donors (males, 58 (58.0%); median age, 47 [range 22e69]
years) screened as of July 30, 2020, 77 (77.0%); 19 (19.0%); and 4
(4.0%) hadmild, moderate, and severe disease, respectively. Median
time between onset and testing was 68.5 (range, 21e167) days
(Table 1).

To increase the sensitivity of RT-PCR for detecting SARS-CoV-2
RNA, we used the maximum volume and concentration of RNA.
RNA was extracted from 2-mL plasma using the QIAsymphony DSP
virus/pathogen midi kit (Qiagen, GmbH), with a minimum elution
volume of 60 mL; then, 25 mL of extracted RNAwas added to the RT-
PCR mixture with a total volume of 60 mL. Additionally, to increase
the speci!city of the RT-PCR, SARS-CoV-2 RNAwas con!rmed using
two RT-PCR methods: 2019-nCoV_N2, developed by the Centers for
Disease Control and Prevention [8], and a probe generated in-house
[9]. The method was constructed to detect SARS-CoV-2 RNA in
plasma at the concentration of 100 copies/mL reproducibly. SARS-
CoV-2 RNA was not detected in any of the plasma samples.

Table 1
Patient demographics, comorbidities, presence of pneumonia, treatment, and results of SARS-CoV-2 RT-PCR in the convalescent plasma by disease severity (n ! 100).

Disease severity

Variables Mild (n ! 77, 77.0%) Moderate (n ! 19, 19.0%) Severe (n ! 4, 4.0%)

Demographics
Median age, years (range) 45 (21e167) 55 (31e67) 63.5 (52e69)
Males 40 (51.9%) 16 (84.2%) 2 (50.0%)
Comorbidities
Hypertension 11 (14.3%) 9 (47.4%) 0 (0%)
Diabetes mellitus 5 (6.5%) 4 (2.1%) 1 (25.0%)
Dyslipidemia 11 (14.3%) 6 (3.2) 0 (0%)
Chronic obstructive pulmonary disease 1 (0.01%) 0 (0%) 0 (0%)
Cardiovascular disease 0 (0%) 0 (0%) 0 (0%)
Presence of pneumonia by imaging studies 0 (0%) 19 (100.0%) 4 (100.0%)
Supportive therapy
Oxygen administration 0 (0%) 19 (100.0%) 4 (100.0%)
Mechanical ventilation 0 (0%) 0 (0%) 4 (100.0%)
ECMO 0 (0%) 0 (0%) 2 (50.0%)
Medications
Steroid 0 (0%) 8 (42.1%) 2 (50.0%)
Lopinavir/ritonavir 0 (0%) 2 (10.5%) 2 (50.0%)
Favipiravir 0 (0%) 3 (15.8%) 1 (25.0%)
Hydroxychloroquine 0 (0%) 5 (26.3%) 0 (0%)
Remdesivir 0 (0%) 4 (21.1%) 0 (0%)
Tocilizumab 0 (0%) 1 (10.5%) 0 (0%)
Days from disease onset to the test (range) 74 (21e167) 65 (27e102) 98.5 (57e162)
RT-PCR in the plasma UND UND UND

SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; ECMO, extracorporeal membrane oxygenation; RT-PCR, real-time polymerase chain reaction; UND,
undetected.
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1 46 M HIV infection REM
/DEX 10 1 L/min 4 L/min None None Recovery

2 59 M Diabetes, hypertension, COPD, 
hyperlipidemia

REM
/DEX 8 NHF NHF None None Recovery

3 46 M Hypertension, obesity REM
/DEX 7 1 L/min 2 L/min None None Recovery

4 39 M Previous history of hepatitis B DEX 12 2 L/min 5 L/min None None Recovery

5 61 M Membranous nephropathy, bronchial 
asthma, hyperuricemia, dyslipidemia

REM
/DEX 12 4 L/m 5 L/min None None Recovery

6 61 M Interstitial pneumonia REM
/DEX 7 2 L/m 2 L/min None None Recovery

7 60 M Hypertension REM
/DEX 8 2 L/m 2 L/min None None Recovery

8 64 F Osteoporosis REM
/DEX 10 4 L/min NHF None Erythema at the 

infusion site Recovery

9 90 F Interstitial pneumonia, hypertrophic 
heart disease, hypertension

REM
/DEX 9 5 L/min NHF Yes None Death

10 66 M Hypertension REM
/DEX 7 3 L/min NHF None None Recovery

11 86 F Hypertension, dyslipidemia REM
/DEX 6 1 L/min 1 L/min None None Recovery

11 patients who received convalescent plasma for safety validation.
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Changes in viral load in 11 COVID patients who received plasma



• Design: Multicenter open-label randomized controlled trial 

• Patients: COVID-19 patients who met all of the following criteria: (1) 
within 5 days of onset, (2) SpO2 >95% by room air, and (3) age >60 
years or underlying disease. 

• Primary endpoint: Time-weighted mean change in SARS-CoV-2 viral load 
in nasopharyngeal swabs from day 0 to days 3 and 5 

• Secondary endpoints: avoidance of ventilatory management or death, 
mortality, duration of oxygen use, symptom reduction (time to clinical 
improvement), and safety assessment 

• Cases: 200 patients 

• Started on February 24, 2021

Validating the efficacy of convalescent plasma therapy for COVID-19
Randomized controlled trial





• Antibody therapy includes convalescent plasma, monoclonal 
antibodies, and advanced immunoglobulin preparations, which are 
expected to be therapeutic agents for COVID-19. Each has its 
advantages and disadvantages, such as simplicity and rapidity, time 
to manufacture, cost, and uniformity of antibody titer. 

• Both antibody therapies have been shown to be effective when 
administered early in the course of the disease, but many studies 
have shown that they are not effective when administered after the 
disease has become severe. 

• No major safety problems have been reported, including ADEs. 

• A system for the implementation of plasma therapy for convalescent 
patients has been established in Japan, and randomized controlled 
trials are currently being conducted to verify efficacy.

Summary


