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Abstract

Background

Convalescent plasma (CP), despite limited evidence on its efficacy, is being widely used as

a compassionate therapy for hospitalized patients with COVID-19. We aimed to evaluate

the efficacy and safety of early CP therapy in COVID-19 progression.

Methods and findings

The study was an open-label, single-center randomized clinical trial performed in an aca-

demic medical center in Santiago, Chile, from May 10, 2020, to July 18, 2020, with final fol-

low-up until August 17, 2020. The trial included patients hospitalized within the first 7 days of

COVID-19 symptom onset, presenting risk factors for illness progression and not on

mechanical ventilation. The intervention consisted of immediate CP (early plasma group)
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versus no CP unless developing prespecified criteria of deterioration (deferred plasma

group). Additional standard treatment was allowed in both arms. The primary outcome was

a composite of mechanical ventilation, hospitalization for >14 days, or death. The key sec-

ondary outcomes included time to respiratory failure, days of mechanical ventilation, hospi-

tal length of stay, mortality at 30 days, and SARS-CoV-2 real-time PCR clearance rate. Of

58 randomized patients (mean age, 65.8 years; 50%male), 57 (98.3%) completed the trial.

A total of 13 (43.3%) participants from the deferred group received plasma based on clinical

aggravation. We failed to find benefit in the primary outcome (32.1% versus 33.3%, odds

ratio [OR] 0.95, 95% CI 0.32–2.84, p > 0.999) in the early versus deferred CP group. The in-

hospital mortality rate was 17.9% versus 6.7% (OR 3.04, 95% CI 0.54–17.17 p = 0.246),

mechanical ventilation 17.9% versus 6.7% (OR 3.04, 95% CI 0.54–17.17, p = 0.246), and

prolonged hospitalization 21.4% versus 30.0% (OR 0.64, 95% CI, 0.19–2.10, p = 0.554) in

the early versus deferred CP group, respectively. The viral clearance rate on day 3 (26%

versus 8%, p = 0.204) and day 7 (38% versus 19%, p = 0.374) did not differ between groups.

Two patients experienced serious adverse events within 6 hours after plasma transfusion.

The main limitation of this study is the lack of statistical power to detect a smaller but clini-

cally relevant therapeutic effect of CP, as well as not having confirmed neutralizing antibod-

ies in donor before plasma infusion.

Conclusions

In the present study, we failed to find evidence of benefit in mortality, length of hospitaliza-

tion, or mechanical ventilation requirement by immediate addition of CP therapy in the early

stages of COVID-19 compared to its use only in case of patient deterioration.

Trial registration

NCT04375098.

Author summary

Whywas this study done?

• The severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) pandemic has

become a matter of worldwide concern, and except for corticosteroids, no other vali-

dated treatment against SARS-CoV-2 has been found so far.

• Plasma from convalescent patients containing antibodies against the virus is being

widely used as a treatment alternative against this virus, but few randomized clinical tri-

als have been carried out to show any clinical benefit for patients with COVID-19.

What did the researchers do and find?

• We conducted a randomized clinical trial. Fifty-eight hospitalized patients in the early

stages of COVID-19 (�7 days of symptoms) and with a high risk of progression into

respiratory failure were recruited.
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• Patients were randomized into 2 groups: The early plasma group received convalescent

plasma at enrollment, and the deferred plasma group received convalescent plasma only

in case of respiratory aggravation or if the patient still required hospitalization for symp-

tomatic COVID-19>7 days after enrollment.

• The proportion achieving the combined primary outcome of mechanical ventilation,

prolonged hospitalization, or in-hospital death was 32.1% with immediate plasma versus

33.3% in the arm deferring plasma until aggravation, a non-significant difference.

What do these findings mean?

• Our study failed to show that early convalescent plasma administration improves the

outcome compared to convalescent plasma use only in case of clinical deterioration.

• The small sample size of the study precludes any definitive conclusions, but the results

are in agreement with observations from other trials on convalescent plasma for patients

hospitalized with COVID-19.

Introduction

The SARS-CoV-2 pandemic resulted in over 24 million infections and 833,000 deaths by

August 29, 2020 [1]. During the early months of the pandemic, case series and cohorts from

China and the United States analyzed demographic and outcome data for hundreds of inpa-

tients admitted for COVID-19. These showed an intensive care unit (ICU) admission rate

between 5% and 26%, and overall mortality from 1.4% to 28.3% [2,3]. Older age, male sex, and

preexisting hypertension and/or diabetes rapidly stood out among risk factors correlating with

case fatality rate, in the first large case series of sequentially hospitalized patients with con-

firmed COVID-19 in the US [4]. The scientific community is desperate to find effective treat-

ments and immunization against SARS-CoV-2, and so far, dexamethasone is the only drug

that has shown a survival benefit, among those patients who are receiving either invasive

mechanical ventilation or oxygen alone at randomization [5]. The antiviral remdesivir has

shown a shorter time to recovery in adults hospitalized with COVID-19 and with evidence of

lower respiratory tract infection, but its effect on overall mortality remains controversial [6].

An additional promising therapeutic alternative is immune plasma from convalescent patients

[7]. This strategy has been used with some success in other viral diseases with significant lethal-

ity such as hantavirus, influenza, SARS-CoV, and MERS-CoV infections [8–11].

The use of convalescent plasma for COVID-19 was reported early in this pandemic. The

initial case series studies suggested faster clinical recovery, viral clearance, and radiological

improvement, although the lack of a control group limited the accurate interpretation of these

results [12–14]. Subsequently, a preliminary report of a matched controlled study showed that

convalescent plasma improved survival for non-intubated patients [15]. However, the first 2

randomized controlled trials showed no clear clinical benefit, and, furthermore, 1 of these tri-

als was stopped early due to concerns based on finding high preexisting SARS-CoV-2 neutral-

izing antibody (NAb) titers in patients before transfusion [16,17].

Considering that COVID-19 likely involves at least 2 phases—an early phase in which viral

replication is a component of tissue injury and a later phase in which a dysregulated and pro-
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inflammatory immune response leads to the damage—the most useful therapeutic window for

convalescent plasma administration is currently unknown [18]. Indeed, the lack of efficacy in

previous studies has been attributed to a late timing of plasma administration in the disease’s

course. This hypothesis is consistent with the recent finding of lower mortality for patients

receiving convalescent plasma within the first 3 days after COVID-19 diagnosis in a large

uncontrolled study [19].

The objective of this study was to assess the efficacy and safety of convalescent plasma ther-

apy in reducing disease progression, complications, and death in patients in the early phase of

COVID-19.

Methods

This study consisted of a randomized, controlled, open-label phase II trial done in a single

Chilean academic medical center in Santiago, Chile. Patients were randomized fromMay 10,

2020, to July 18, 2020, with follow-up until August 17, 2020.

Inclusion criteria

Inclusion criteria for patients were the following: (1) over 18 years old; (2) hospitalized, with

COVID-19 symptoms present at enrollment and confirmed with a positive SARS-CoV-2 real-

time PCR in nasopharyngeal swab, or pending PCR result and with imaging consistent with

COVID-19 pneumonia and confirmed COVID-19 close contact; (3)�7 days from COVID-19

symptom onset to enrollment; (4) a CALL score� 9 points at enrollment (predicts high risk of

progression into respiratory failure, based on age, comorbidities, lactate dehydrogenase

[LDH], and lymphocyte count) [20]; and (5) Eastern Cooperative Oncology Group (ECOG)

performance status before SARS-CoV-2 infection 0–2.

Inclusion criterion number 2 considered initially only SARS-CoV-2 confirmed PCR posi-

tive infections. Based on the 24- to 48-hour delays for PCR results in the peak of the pandemic,

this criterion was modified after the trial initiation to allow the inclusion of patients with pend-

ing PCR test results. All the patients enrolled with pending PCR results (n = 2) had subse-

quently confirmed real-time PCR SARS-CoV-2 infection.

Exclusion criteria

Exclusion criteria were the following: (1) PaO2/FiO2< 200 or need for mechanical ventilation

at enrollment; (2) coinfection with other relevant respiratory pathogens on admission; (3)

pregnancy or lactation; (4) known IgA nephropathy or IgA deficiency; (5) previous immuno-

globulin or plasma administration within the last 60 days; (6) previous severe transfusion reac-

tions; (7) do not resuscitate indication; (8) participating in another COVID-19 interventional

study; and (9) having, under investigator criteria, any condition that made them unsuitable for

study participation.

Convalescent plasma donation protocol

Plasma was obtained from volunteer participants who had recovered from SARS-CoV-2 infec-

tion, having been asymptomatic for at least 28 days, with a negative SARS-CoV-2 real-time

PCR both in nasopharyngeal swab and in plasma, and anti-SARS-CoV-2 (S1) IgG

titer� 1:400. Donors were males, females who had never been pregnant, or females who had

been tested for anti-HLA antibodies. Most of the donors (91%) had a history of symptomatic

COVID-19, of which 5% had been hospitalized, but none with severe disease. Plasma collec-

tion occurred between 33 and 73 days after symptoms resolved (mean of 44 days). Donor
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plasma was tested for standard infectious diseases before administration, and extracted plasma

was immediately frozen at −20˚C according to standard national safety measures [21].

Given that for the Euroimmun SARS-CoV-2 IgG ELISA, a positive assay (defined as a ratio

of sample optical density [OD]/calibrator OD� 1.1) is determined—as per the provider—

with a basal dilution of 1:100, we decided to further semi-quantify the IgG in donor plasma

with an additional fourth fold dilution, and established the 1:400 cutoff as the requirement for

our plasma donors (considering again an OD ratio� 1.1 as a positive result for that new

dilution).

Randomization and intervention

Eligible patients were randomly assigned via computer-generated numbering by a block ran-

domization sequence into 2 groups: early or deferred plasma transfusion. Randomization was

done by an independent researcher, and the sequence was concealed from study investigators.

The early plasma group received the first plasma unit at enrollment. The deferred plasma

group received convalescent plasma only if a prespecified worsening respiratory function crite-

rion was met during hospitalization (PaO2/FiO2< 200) or if the patient still required hospitali-

zation for symptomatic COVID-19>7 days after enrollment.

Transfusions consisted of a total of 400 ml of ABO compatible convalescent plasma, infused

as two 200-ml units, each separated by 24 hours. In both groups, cointerventions, including

antibiotics, antivirals, heparin thromboprophylaxis, and immunomodulators, were allowed

based on the hospital protocols.

Outcomes

The primary outcome was a composite of mechanical ventilation, hospitalization > 14 days, or

in-hospital death.

Secondary outcomes included the following: days of mechanical ventilation, days of high-

flow nasal cannula (HFNC), days of oxygen requirement, time to respiratory failure develop-

ment (PaO2/FiO2< 200), the severity of multiple organ dysfunction (by Sequential Organ

Failure Assessment [SOFA] score) at day 3 and 7, days in ICU or intermediate care unit, hospi-

tal length of stay, and mortality at 30 days. The kinetics of inflammatory biomarkers, including

total lymphocyte count, C-reactive protein (CRP), procalcitonin, LDH, D-dimer, ferritin, IL-6,

pro-B type natriuretic peptide (pro-BNP), and troponin T, were determined on days 0, 3, and

7, and SARS-CoV-2 real-time PCR in nasopharyngeal swab on days 3 and 7.

Radiological outcomes included the comparison of infiltrate progression on chest CT scans

at enrollment and day 5, based on COVID-19 pneumonia severity scores [22–25]. For the

combined analysis with portable chest X-rays, a blinded thoracic radiologist expert categorized

images as “progression” versus “stable or improved.”

Also, preplanned analyses of NAb titers and anti-SARS-CoV-2 IgG titers were conducted

in participants from the early plasma group at baseline and in the subset of participants from

the deferred plasma group who had not yet received plasma on days 0, 3, and 7.

Analysis of the primary outcome and clinical secondary outcomes was performed by inten-

tion to treat (ITT). Laboratory and radiology secondary outcomes were analyzed by modified

ITT, excluding a patient who withdrew consent before any intervention. Safety outcomes were

evaluated in all participants.

Anti-SARS-CoV-2 IgG ELISA

For specific IgG enzyme-linked immunosorbent assays (ELISA), we used the commercial kit

CE-marked Euroimmun (Lübeck, Germany, # EI 2606–9601 G), which uses the S1-domain of
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spike protein of SARS-CoV-2 as antigen. Fresh or thawed serum samples were first diluted at

1:100, immunoreactivity was measured at an OD of 450 nm, and results were expressed

according to the manufacturer, with a positive result as an OD ratio (patient/calibrator) � 1.1.

Additionally, 2-fold serial dilutions were done until 1:6,400, and the endpoint dilution for each

sample was determined as the final dilution where the OD ratio (patient/calibrator) was� 1.1.

Seroconversion was defined as seronegative at baseline and seropositive after 3 or 7 days, or a

4-fold increase in endpoint dilution titer from the baseline.

NAb titer assay

Anti-SARS-CoV-2 NAbs were measured in serum samples using an HIV-1 backbone express-

ing firefly luciferase as a reporter gene and pseudotyped with the SARS-CoV-2 spike glycopro-

tein [26,27]. Samples with a neutralizing activity of at least 50% at a 1:160 dilution were

considered positive and used to perform titration curves and 50% inhibitory dose (ID50) neu-

tralization titer calculations [28]. Determination of the ID50 was performed using a 4-parame-

ter nonlinear regression curve fit measured as the percent of neutralization determined by the

difference in average relative light units (RLUs) between test wells and pseudotyped virus con-

trols. In order to perform the ID50 calculations, the lack of fit test had to have a p-value> 0.1.

The top values were constrained to 100, and the bottom values were set to 0.

Statistical analysis

Sample size was calculated a priori, with a power of 80% and a statistical significance of 5%

for an expected outcome of 54.8% of the patients in the control group and 20% in the int-

ervention group experiencing the composite primary outcome (absolute risk reduction of

35%), based on a previous report of convalescent plasma administration in the early stage

of AH1N1 influenza [29]. The final calculated sample size was 29 individuals per group (total

n = 58).

The primary and secondary binary outcomes were assessed through Fisher’s exact test, and

odds ratios (ORs) are presented together with 95% CIs and p-values. Results of all main analy-

ses are presented as crude analyses. In addition, we adjusted for age and SOFA score at enroll-

ment, as fixed (individual-level) effects, using logistic regression. Numerical variables of

secondary outcomes were examined using generalized linear models with log link function

and gamma family function. For those variables with a high number of zeros, we used a zero-

inflated negative binomial model because it showed better goodness of fit compared with

other zero-inflated models according to the Akaike information criterion. Treatment effect

estimates, crude and adjusted by age and SOFA, are presented as exponentiated coefficients,

i.e., ORs and incidence rate ratios (IRRs), respectively, with their corresponding 95% CIs. In

those cases where asymptotic assumptions did not hold, crude estimates were analyzed with

Fisher´s exact test for categorical variables andWilcoxon rank-sum test for continuous vari-

ables. To test differences between Kaplan–Meier estimates in survival analysis, we used the

log-rank test.

For paired CT scan score analysis, we usedWilcoxon matched-pairs signed-rank test.

For the primary endpoint, statistical significance was defined using a 2-sided significance

level of α = 0.05. The statistical analysis of secondary endpoints should be considered explor-

atory only. The statistical analysis was performed by an investigator who was blind to the study

group allocation. Analyses were done with R version 3.6.3, and figures with GraphPad Prism

version 8.4.3 software.

CONSORT guidelines for reporting randomized controlled trials were followed [30]. The

trial protocol (S1 Text) and CONSORT checklist (S1 Table) are included for reference.
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Ethics

This study was approved by the institutional review board of the Pontificia Universidad Cató-

lica de Chile. Written informed consent was solicited from all patients or their legal

representatives.

Results

Study population

Of the 245 patients diagnosed with COVID-19 and evaluated for eligibility, a total of 58

patients were enrolled, and 57 (98.3%) completed the trial (1 patient withdrew consent). All

patients were included in the ITT analysis (Fig 1). The mean age was 65.8 years (range: 27–92),

and 50% were women. The median interval between symptom onset and randomization was 6

days (IQR 4–7). All patients had SARS-CoV-2 infection confirmed by real-time PCR in naso-

pharyngeal swab. Baseline characteristics of participants are described in Table 1.

All participants (n = 28) from the early plasma group received a first plasma unit on the day

of enrollment, and 24 (86%) received a second unit 24 hours later. Reasons for not receiving

the second unit were death (n = 2) or a serious adverse event (SAE) after the first plasma unit

administration (n = 2).

A total of 13 participants (43.3%) from the deferred plasma group received plasma, at a

median time of 3 days from enrollment (IQR 1–5), based on respiratory failure development

(n = 12) or persistent symptomatic COVID-19 beyond 7 days after enrollment (n = 1).

Primary outcome

There was no significant difference between the early and deferred plasma group in the com-

posite primary outcome: 32.1% (9/28) in the early plasma group versus 33.3% (10/30) in the

deferred plasma group (OR 0.95, 95% CI 0.32–2.84). When the outcome was disaggregated,

the differences were 17.9% (5/28) versus 6.7% (2/30) (OR 3.04, 95% CI 0.54–17.17) for in-hos-

pital death, 17.9% (5/28) versus 6.7% (2/30) (OR 3.04, 95% CI 0.54–17.17) for mechanical ven-

tilation, and 21.4% (6/28) versus 30.0% (9/30) (OR 0.64, 95% CI 0.19–2.10) for

hospitalization> 14 days in the early versus deferred plasma group, respectively (Table 2).

Secondary outcomes

A total of 46.4% of early plasma group participants progressed to severe respiratory failure

(PaO2/FiO2< 200) compared to 40% of patients from the deferred plasma group (OR 1.30,

95% CI 0.48–3.56), at a median time of 2.0 and 2.5 days from enrollment, respectively. No sig-

nificant differences were noted in any of the other clinical secondary outcomes (Table 2). In

the adjusted models, the total number of days on mechanical ventilation was higher in the

early plasma than in the deferred plasma group (IRR 4.78, 95% CI 2.20–10.40). Time to death

and time to severe respiratory failure did not differ between study groups (Fig 2).

No significant differences were found for CRP, IL-6, ferritin, LDH, D-dimer, pro-BNP, tro-

ponin T, procalcitonin, and lymphocyte count levels on day 3 and 7 between study groups (S2

Table). Similarly, the rate of SARS-CoV-2 negative real-time PCR in nasopharyngeal swabs

did not differ between the early and deferred plasma groups on day 3 (26% versus 8%, p =

0.204) nor on day 7 (38% versus 19%, p = 0.374) (Fig 3A). As a post hoc analysis, we deter-

mined the changes in SARS-CoV-2 PCR cycle thresholds for early plasma group and the subset

of patients from the deferred plasma group that did not receive plasma, and we also did not

find significant differences (Fig 3B).
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The progression in the COVID-19 pneumonia (chest CT) severity scores from baseline to

day 5 was higher in the deferred than in the early plasma group (S1 Fig). However, when the

analysis also included the patients who had a chest X-ray instead of CT on the same scheduled

days, the proportion of participants with progression in lung infiltrates did not differ between

groups (OR 1.3, 95% CI 0.41–3.89) (S3 Table).

Patients who died (n = 7) were older (81 versus 63 years old, p< 0.001) and had a higher

SOFA score on admission (score of 4 versus 2, p = 0.002) than patients who survived (n = 51).

Fig 1. Study flow diagram. Patient enrollment and treatment assignment. SAE, serious adverse event.

https://doi.org/10.1371/journal.pmed.1003415.g001
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Also, median procalcitonin (0.87 versus 0.12 mcg/l, p = 0.021), IL-6 (236 versus 41 pg/ml, p =

0.001), pro-BNP (3,462 versus 125 ng/l, p< 0.001), and troponin T (32 versus 8.6 pg/ml, p<

0.001) at enrollment were significantly higher in patients who died at follow-up than in

patients who survived.

Table 1. Baseline demographics and clinical characteristics of study participants.

Characteristic Early plasma group
(n = 28)

Deferred plasma group
(n = 30)

Age (years), mean (range) 64.3 (33–92) 67.1 (27–91)

Male sex, number (%) 15 (53.6) 14 (46.7)

Blood group A, number/total (%) 7/28 (25.0) 7/27 (25.9)

Blood group O, number/total (%) 19/28 (67.9) 14/27 (51.8)

Obesity (BMI> 30 kg/m2), number (%) 3 (10.7) 4 (13.3)

Diabetes mellitus, number (%) 10 (35.7) 11(36.7)

Hypertension, number (%) 17 (60.7) 22 (73.3)

Cerebrovascular disease, number (%) 3 (10.7) 0 (0)

Cancer, number (%) 1 (3.6) 3 (10.0)

Immunosuppressants, number (%) 4 (14.3) 3 (10.0)

Chronic renal failure number (%) 2 (7.1) 3 (10.0)

Chronic liver disease, number (%) 3 (10.7) 0 (0.0)

Asthma, number (%) 1 (3.6) 2 (6.7)

Days since COVID-19 symptom initiation, median (IQR) 5 (4–7) 6 (4–7)

CALL score at enrollmenta, median (IQR) 10.5 (10–12) 10.0 (10–12)

SOFA score at enrollmentb, median (IQR) 2.0 (2.0–4.0) 2.0 (2.0–2.0)

O2 requirement at enrollment, number (%) 23 (82.1) 23 (76.7)

FiO2 requirement at enrollment, median (IQR) 0.28 (0.22–0.30) 0.24 (0.21–0.28)

PaO2/FiO2 at enrollment, median (IQR) 260.7 (211–316) 260.7 (222–308)

Lung infiltrates in CT scan or chest X-ray, number (%) 28 (100.0) 29 (96.7)

Baseline chest CT severity score

Criterion 1c, median score (IQR) (number) 18.0 (11.5–26.0) (25) 14.0 (10.0–19.0) (26)

Criterion 2d, median score (IQR) (number) 20.0 (15.5–28.0) (25) 18.0 (15.8–22.5) (26)

Criterion 3e, median score (IQR) (number) 13.0 (10.0–17.5) (25) 11.0 (9.0–13.0) (26)

Severe pneumonia on CT (severity score> 19, criterion 2d), number/total (%) 14/25 (56.0) 9/26 (34.6)

Severe pneumonia on CT (severity score� 12, criterion 3e), number/total (%) 17/25 (68.0) 12/26 (46.1)

Other pharmacological interventions for COVID-19 during hospitalization

Steroids, number (%) 23 (82.1) 20 (66.7)

IL-6 blocker (tocilizumab), number (%) 1 (3.6) 1 (3.3)

Hydroxychloroquine, number (%) 2 (7.1) 5 (16.7)

Lopinavir/ritonavir, number (%) 1 (3.6) 0 (0.0)

Thromboprophylaxisf, number (%) 25 (89.3) 23 (76.7)

Anticoagulationf, number (%) 2 (7.1) 6 (20.0)

aCALL score (risk of progression into respiratory failure, based on age, comorbidities, lactate dehydrogenase, and lymphocyte count). Reference: Ji et al. [20].
bSequential Organ Failure Assessment (SOFA) score.
cChest CT severity score 1. Reference: Zhou et al. [22].
dChest CT severity score 2. Reference: Yang et al. [25].
eChest CT severity score 3. References: Pan et al. [23,24] and Raoufi et al. [31].
fUnfractionated or low-molecular-weight heparin.

https://doi.org/10.1371/journal.pmed.1003415.t001
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Immune response subgroup analysis

From a total of 232 potential plasma donors with baseline positive SARS-CoV-2 IgG detection,

129 candidates (55.6%) achieved the further positive cutoff at the 1:400 dilution. The median

Table 2. Primary and secondary clinical outcomes.

Outcome Early plasma
group (n = 28)

Deferred plasma
group (n = 30)

p-
Valuea

Crude effect
estimate (95% CI)

Adjusted effect
estimate (95% CI)

Primary clinical outcomes

Composite outcome (death, mechanical ventilation, and/or
hospital stay> 14 days), number/total (%)

9/28 (32.1) 10/30 (33.3) >0.999 OR 0.95 (0.32–2.84) OR 0.67 (0.14–3.31)

Mechanical ventilation, number/total (%) 5/28 (17.9) 2/30 (6.7) 0.246 OR 3.04 (0.54–17.2) OR 2.98 (0.41–21.57)

Death, number/total (%) 5/28 (17.9) 2/30 (6.7) 0.246 OR 3.04 (0.54–17.2) OR 4.22 (0.33–53.57)

Hospitalization> 14 days, number/total (%) 6/28 (21.4) 9/30 (30.0) 0.554 OR 0.64 (0.19–2.1) OR 0.51 (0.13–2.05)

Secondary clinical outcomes

30-day mortality, number/total (%) 5/28 (17.9) 2/30 (6.7) 0.246 OR 3.04 (0.54–17.2) OR 4.22 (0.33–53.57)

Progression into respiratory failureb, number/total (%) 13/28 (46.4) 12/30 (40.0) 0.791 OR 1.30 (0.46–3.68) OR 1.46 (0.43–4.66)

Total days of mechanical ventilation requirement, median
(IQR)

0.0 (0.0–0.0) 0.0 (0.0–0.0) 0.234 IRR 1.68 (0.30–9.42) IRR 4.78 (2.20–10.40)

Total days of HFNC requirement, median (IQR) 0.0 (0.0–2.5) 0.0 (0.0–2.0) 0.751 IRR 0.70 (0.35–1.43) IRR 0.65 (0.35–1.30)

Total days of oxygen requirement, median (IQR) 6.0 (3.0–12.0) 7.0 (2.0–16.0) 0.950 IRR 0.90 (0.53–1.53) IRR 1.07 (0.64–1.78)

Total days of intensive and/or intermediate care requirement,
median (IQR)

2.5 (0.0–8.25) 0.0 (0.0–8.5) 0.438 IRR 0.69 (0.37–1.31) IRR 0.68 (0.36–1.26)

Total days of hospital stay, median (IQR) 9.0 (5.0–12.0) 8.0 (5.5–23.0) 0.806 IRR 0.78 (0.50–1.22) IRR 0.86 (0.57–1.29)

SOFA score day 3, median (IQR) 2.0 (1.0–4.0) 2.0 (1.0–3.0) 0.728 IRR 1.18 (0.78–1.79) IRR 1.12 (0.84–1.48)

SOFA score day 7, median (IQR) 2.0 (2.0–4.0) 3.0 (1.0–4.0) 0.565 IRR 1.29 (0.74–2.22) IRR 0.98 (0.65–1.48)

Adjusted ORs were estimated from a logistic regression model, and IRRs were estimated using a zero-inflated negative binomial model. Estimates were adjusted by age

and SOFA score at enrollment.
ap-Value was calculated by Wilcoxon rank-sum test or Fisher’s exact test.
bRespiratory failure defined as PaO2/FiO2< 200.

HFNC, high-flow nasal cannula; IRR, incidence rate ratio; OR, odds ratio; SOFA, Sequential Organ Failure Assessment.

https://doi.org/10.1371/journal.pmed.1003415.t002

Fig 2. Time from enrollment to key secondary outcomes. (A) Time from enrollment to severe respiratory failure
development (PaO2/FiO2< 200) in the early plasma and deferred plasma groups. (B) Time from enrollment to death
in the early plasma and deferred plasma groups.

https://doi.org/10.1371/journal.pmed.1003415.g002
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Fig 3. SARS-CoV-2 real-time PCR in nasopharyngeal samples. (A) Each column represents the real-time PCR results obtained in
patients from the early plasma group and deferred plasma group. Above the columns, the number of samples is indicated. The proportion
of positive PCR is represented in white, negative PCR in black, and an indeterminate result (CT� 35) dotted. (B) Changes in real-time
PCR CT for patients from the early plasma group and for the subset of patients from the deferred plasma group that did not receive
plasma before day 3 or day 7. Results are expressed as the ratio between CT values from day 0 (D0) to day 3 (D3) and D0 to day 7 (D7).
Filled circles represent each patient from the early plasma group, and open circles represent patients from the deferred plasma group.
Above the scatter plots, the number of available samples is indicated; lines represent the medians. CP, convalescent plasma; CT, cycle
threshold.

https://doi.org/10.1371/journal.pmed.1003415.g003
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SARS-CoV-2 IgG OD ratio at the standard basal dilution (1:100) for all donors (n = 41) whose

plasma was administered to the patients in this clinical trial was 5.73 (IQR 4.73–6.51). Addi-

tionally, in 18 of the 41 (44%) plasma donors, the virus neutralizing capacity was measured,

and the median titer of NAb ID50 was 449 (range: 147–5,610). The baseline SARS-CoV-2 IgG

ratio in all donors (n = 28) whose plasma was given to the early plasma group patients, versus

IgG ratio in all donors (n = 13) whose plasma was administered to the deferred plasma group

patients, was not different (median IgG OD ratio—at standard basal 1:100 dilution—of 5.77

and 5.73, respectively, p = 0.808).

SARS-CoV-2 IgG levels were determined in patients who received early plasma and in the

subset of patients from the deferred plasma group who had not yet received plasma, at base-

line, day 3, and day 7. No significant differences were observed in SARS-CoV-2 IgG seroposi-

tive rate at any of the 3 timepoints (Fig 4A). Regarding IgG titers at enrollment, 7/26 (27%) of

patients who subsequently received plasma had a positive SARS-CoV-2 IgG assay, with a

median IgG titer of 400 (range: 100–800), compared to 5/20 (25%) of those patients who did

not receive plasma, with a median IgG titer of 400 (range: 100–3,200), a non-significant differ-

ence in titers (p = 0.548). On day 3, 19/26 (73%) of patients who received plasma had a positive

SARS-CoV-2 IgG assay, with a median IgG titer of 400 (range: 100–3,200), compared to 10/20

(50%) of those who had not yet received plasma, with a median IgG titer of 400 (range: 100–

3,200), a non-significant difference in titers (p = 0.962). Also, no significant differences were

observed in IgG seroconversion rates between those who received plasma and those who

received no plasma at day 3 (69% versus 40%, p = 0.073) or at day 7 (87% versus 83%, p = 1.00)

(Fig 4B).

None of the 7 patients who died had positive SARS-CoV-2 IgG at enrollment (median OD

ratio 0.3, IQR 0.1–0.4).

Additionally, NAbs were quantified for a total of 44 study patients: At enrollment, 59% (26/

44) did not reach the screening cutoff (50% neutralization) at the 1:160 dilution (Fig 4C).

Interestingly, only 16% (3/19) of patients enrolled within 5 days after COVID-19 symptom

onset had ID50 titers� 1:160, compared to 60% (15/25) of those enrolled on day 6 or 7 after

symptom onset (p = 0.005) (Fig 4D).

Safety

Among the 41 patients receiving plasma in this study, there were 4 possibly related adverse

events (3 cases of fever, 1 rash) and 3 SAEs (7.3%). Two patients developed severe respiratory

deterioration within 6 hours after plasma infusion and were categorized as having possible

transfusion-associated acute lung injury (TRALI) type II [32]. One of these patients addition-

ally developed severe thrombocytopenia within 48 hours after plasma transfusion, with mega-

karyocytic hyperplasia in the bone marrow analysis. Platelet antibody testing in the recipient

was negative, as well as in the donor plasma, ruling out passive alloimmune thrombocytopenia.

Platelet count remained low in the following weeks, despite platelet transfusions, steroids, and

immunoglobulin therapy, with the patient requiring splenectomy, rituximab, and eltrombopag

before slow stabilization. This event was diagnosed as a complication possibly related to

COVID-19.

Discussion

This randomized clinical trial of symptomatic COVID-19 patients admitted early failed to find

significant differences in the composite primary outcome of death, mechanical ventilation, or

prolonged hospitalization between administering immediate convalescent plasma and admin-

istering plasma only in case of clinical worsening.
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The rate of SARS-CoV-2 PCR clearance in nasopharyngeal swabs did not differ between

study arms either, suggesting that the provision of convalescent plasma in this study did not

provide enough antiviral activity in patients with COVID-19 at this stage. In accordance with

this finding, transfused patients did not present a significant rise of SARS-CoV-2 IgG levels on

Fig 4. The humoral immune response induced by SARS-CoV-2. (A) IgG seropositivity (optical density [OD] ratio� 1.1) analysis by sampling day: D0, day of
enrollment; D3, the third day after enrollment; D7, 7 days after enrollment. Dashed columns represent the patients who received convalescent plasma (CP) at enrollment
(n = 26 samples available on day 0, n = 26 on day 3, and n = 23 on day 7); white columns represent the patients from the deferred plasma group who did not receive plasma
(n = 20 samples available on day 0, n = 20 on day 3, and n = 12 on day 7). Above each column, the percentage of seropositivity is indicated. (B) IgG seroconversion was
considered to have occurred if a patient had a negative sample at 1:100 dilution at baseline but increased to any positive dilution after 72 hours or 7 days, or if a 4-fold
increase in endpoint dilution titer from baseline was reached. Dashed columns represent patients who received CP; white columns represent patients from the deferred
plasma group who did not receive plasma. Above each column, the percentage of seroconversion is indicated. (C) Neutralizing antibody (NAb) titer measured by 50%
inhibitory dose (ID50) quantified at D0. The total number of patients reaching every dilution titer interval is indicated above each column. �ID50 titer� 1:159 or no
neutralization observed. (D) NAb titers showed by days since COVID-19 symptom onset. Each column represents the number of days after onset of symptoms; above each
column are the number of individuals. Summary statistics above represent the number of individuals with NAb titers� 1:160 from 2 groups: those enrolled in the first 5
days since symptom onset and those enrolled 6 or 7 days since symptom onset. �ID50 titer� 1:159 or no neutralization observed.

https://doi.org/10.1371/journal.pmed.1003415.g004
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days 3 and 7 compared to the natural increase in IgG titers in non-infused patients, which

could explain a possible lack of effect. Furthermore, almost 30% of patients were still not sero-

positive at 72 hours after the infusion, which suggests that the volume of infused plasma or its

antibody concentration may have been insufficient.

We actively selected patients at high risk of developing complications—based on CALL

score—and indeed, over 40% of our participants developed severe respiratory failure. The fail-

ure to find clinical benefit from convalescent plasma therapy in these patients may be

explained by several reasons. First, humoral immunity may not play a major role in the subset

of patients who have already initiated a highly pro-inflammatory response and in whom

inflammation and coagulopathy may be more important than viral replication in disease pro-

gression [33]. We do not know whether preselection of plasma units with a very high concen-

tration of NAbs or a larger volume of plasma could have succeeded in blunting this

dysregulated inflammatory response. Additionally, an early adaptive immune response might

be necessary to drive more effective infection control. Indeed, different cellular and humoral

responses are generated in mild versus severe COVID-19 cases, and it has been reported that a

specific cellular response can be detected early in the course of non-severe COVID-19 [34,35].

Second, the possible lack of efficacy may relate to a too late administration of plasma in the

course of the disease, in which a dysregulated immune response predominates and is indepen-

dent of the virus cell entry blockade achieved by immunoglobulins [7,18]. Previous random-

ized trials of convalescent plasma for COVID-19 included patients who had a longer time gap

between symptom onset and transfusion as well as more severe disease at enrollment [16,17].

Despite setting a strict�7 days of symptoms inclusion criterion, in our study, over 96% of par-

ticipants had already established pneumonia on CT scan at enrollment. Hence, it is possible

that some patients had a more rapid or aggressive course, or, particularly for older adults, true

COVID-19 symptom onset went unnoticed until several days into the disease course. None-

theless, that the study population reflected early-stage COVID-19 was well supported by the

fact that at enrollment over 74% of our participants did not have detectable SARS-CoV-2 IgG,

and about 60% did not have significant NAb capacity. Third, given the design of our study,

plasma administration in the deferred plasma group may have prevented the primary outcome

from developing. However, the probability and time to progression to respiratory failure did

not differ between the study groups. Since respiratory failure was one of the prespecified crite-

ria for plasma administration in the deferred plasma group, this secondary outcome allowed

us to compare early plasma versus no plasma, further supporting a possible lack of efficacy.

Plasma transfusion is not exempted from adverse events such as allergic reactions, infection

transmission, and—very rarely—volume overload or TRALI [36]. In spite of the fact that the

majority of clinical trials of convalescent plasma in COVID-19 were still ongoing, convalescent

plasma received emergency use authorization by the US Food and Drug Administration for

the treatment of hospitalized patients with COVID-19 [37]. Reassuringly, in a recent report of

20,000 hospitalized patients receiving convalescent plasma for COVID-19, the incidence of

related SAEs in the first 4 hours after infusion was<0.5% [38]. Nonetheless, in the present

study, 2 participants developed acute respiratory failure after transfusion. Given that the

patients were, according to the known evolution of COVID-19, in the peak of their inflamma-

tory phase, it was challenging to determine if the respiratory failure corresponded to a TRALI

[39].

Our study presents some limitations. First, NAbs were not determined in donor plasma

before the patient’s transfusion, and we could not select the plasma units with the highest neu-

tralizing activity. Additionally, there is a critical knowledge gap regarding the dose of conva-

lescent plasma needed to effectively increase the pool of antibodies required to neutralize the

virus in the blood and in other compartments, and in the present study, the non-significant

PLOS MEDICINE Convalescent plasma in early COVID-19

PLOSMedicine | https://doi.org/10.1371/journal.pmed.1003415 March 3, 2021 14 / 18

https://doi.org/10.1371/journal.pmed.1003415


change of antibody titers suggests that the convalescent plasma dose may have been insuffi-

cient. Second, the study was not powered to detect a risk reduction smaller than 35% in the

primary endpoint, and therefore we cannot exclude that convalescent plasma may show

smaller but clinically relevant effects in a future larger clinical trial. Third, as this was an open-

label study, cointerventions such as steroid use may have unintendedly influenced outcomes

[5]. Such management was not standardized, although alternative drug therapies were equally

distributed in both study arms.

Regarding applicability, we found it difficult to find patients admitted to hospital in the

early stages of COVID-19. Other large case series have reported that the median time from

symptom onset to hospital admission was 7 days in the US and 6 days in Madrid, Spain

[40,41]. Thus, a considerable proportion of patients will inevitably have passed the 7-day

symptom window when admitted. This implies that new strategies such as outpatient plasma

administration in newly diagnosed SARS-CoV-2 infections in selected patients at higher risk

of COVID-19 complications—such as older individuals with comorbidities—should be

explored. However, before proceeding with further large clinical trials, convalescent plasma

dosage (volume and antibody titer levels) critically requires optimization; this could be studied

safely in healthy volunteers or in post-exposure prophylaxis studies.

In conclusion, the present clinical trial of convalescent plasma administered in patients hos-

pitalized in the early stage of COVID-19, compared to giving plasma only at clinical deteriora-

tion, failed to demonstrate improvement in clinical outcomes. Newer research strategies are

needed to find the optimal use and timing of convalescent plasma in COVID-19.
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ceda-Solı́s K, et al. Insights into neutralizing antibodies responses in individuals exposed to SARS-
CoV-2 in Chile. Sci Adv. In press.

29. Hung IFN, To KKW, Lee CK, Lee KL, Chan K, YanWW, et al. Convalescent plasma treatment reduced
mortality in patients with severe pandemic influenza A (H1N1) 2009 virus infection. Clin Infect Dis.
2011; 52:447–56. https://doi.org/10.1093/cid/ciq106 PMID: 21248066

30. Schulz KF, Altman DG, Moher D, CONSORTGroup. CONSORT 2010 statement: updated guidelines
for reporting parallel group randomized trials. Ann Intern Med. 2010; 152:726–32. https://doi.org/10.
7326/0003-4819-152-11-201006010-00232 PMID: 20335313

31. Raoufi M, Safavi Naini SAA, Azizan Z, Jafar Zade F, Shojaeian F, Ghanbari Boroujeni M, et al. Correla-
tion between chest computed tomography scan findings and mortality of COVID-19 cases; a cross sec-
tional study. Arch Acad Emerg Med. 2020; 8:e57. https://doi.org/10.22037/aaem.v8i1.719 PMID:
32613199

32. Vlaar APJ, Toy P, FungM, LooneyMR, Juffermans NP, Bux J, et al. A consensus redefinition of transfu-
sion-related acute lung injury. Transfusion. 2019; 59:2465–76. https://doi.org/10.1111/trf.15311 PMID:
30993745

33. Polidoro RB, Hagan RS, de Santis Santiago R, Schmidt NW. Overview: systemic inflammatory
response derived from lung injury caused by SARS-CoV-2 infection explains severe outcomes in
COVID-19. Front Immunol. 2020; 11:1626. https://doi.org/10.3389/fimmu.2020.01626 PMID: 32714336

34. Thevarajan I, Nguyen THO, Koutsakos M, Druce J, Caly L, van de Sandt CE, et al. Breadth of concomi-
tant immune responses prior to patient recovery: a case report of non-severe COVID-19. Nat Med.
2020; 26:453–55. https://doi.org/10.1038/s41591-020-0819-2 PMID: 32284614

35. Zhang F, Gan R, Zhen Z, Hu X, Li X, Zhou F, et al. Adaptive immune responses to SARS-CoV-2 infec-
tion in severe versus mild individuals. Signal Transduct Target Ther. 2020; 5:156. https://doi.org/10.
1038/s41392-020-00263-y PMID: 32796814

36. Dzik S. COVID-19 convalescent plasma: now is the time for better science. Transfus Med Rev. 2020;
34:141–4. https://doi.org/10.1016/j.tmrv.2020.04.002 PMID: 32359789

37. Food US and Administration Drug. FDA issues emergency use authorization for convalescent plasma
as potential promising COVID–19 treatment, another achievement in administration’s fight against pan-
demic. Silver Spring (MD): US Food and Drug Administration; 2020 [cited 2020 Aug 29]. Available
from: https://www.fda.gov/news-events/press-announcements/fda-issues-emergency-use-
authorization-convalescent-plasma-potential-promising-covid-19-treatment.

38. Joyner MJ, Bruno KA, Klassen SA, Kunze KL, Johnson PW, Lesser ER, et al. Safety update: COVID-19
convalescent plasma in 20,000 hospitalized patients. Mayo Clin Proc. 2020; 95:1888–97. https://doi.
org/10.1016/j.mayocp.2020.06.028 PMID: 32861333

39. Roubinian N. TACO and TRALI: biology, risk factors, and prevention strategies. Hematol Am Soc
Hematol Educ Program. 2018; 2018:585–94. https://doi.org/10.1182/asheducation-2018.1.585 PMID:
30570487

40. Garg S, Kim L,Whitaker M, O’Halloran A, Cummings C, Holstein R, et al. Hospitalization rates and char-
acteristics of patients hospitalized with laboratory-confirmed coronavirus disease 2019—COVID-NET,
14 states, March 1–30, 2020. MMWRMorbMortal Wkly Rep. 2020; 69:458–64. https://doi.org/10.
15585/mmwr.mm6915e3 PMID: 32298251
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