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Convalescent plasma is a suggested treatment for Coronavirus disease 2019 (Covid-19),
but its efficacy is uncertain. We aimed to evaluate whether the use of convalescent plasma is
associated with improved clinical outcomes in patients with Covid-19.In this systematic
review and meta-analysis, we searched randomized controlled trials investigating the use of
convalescent plasma in patients with Covid-19 in Medline, Embase, Web of Science,
Cochrane Library, and medRxiv from inception to October 17th, 2021. Two reviewers
independently extracted the data. The primary efficacy outcome was all-cause mortality.
The Cochrane Risk of Bias Tool and GRADE (Grading of Recommendations Assessment,
Development and Evaluation) method were used. This study was registered with
PROSPERO, CRD42021284861. Of the 8874 studies identified in the initial search,
sixteen trials comprising 16 317 patients with Covid-19 were included. In the overall
population, the all-cause mortality was 23.8% (2025 of 8524) with convalescent plasma
and 24.4% (1903 of 7769) with standard of care (risk ratio (RR) 0.97, 95% CI 0.90-1.04)
(high-certainty evidence). All-cause mortality did not differ in the subgroups of noncritically ill
(21.7% [1288 of 5929] vs. 22.4% [1320 of 5882]) and critically ill (36.9% [518 of 1404] vs.
36.4% [455 of 1247]) patients with Covid-19. The use of convalescent plasma in patients
who tested negative for anti-SARS-CoV-2 antibodies at baseline was not associated with
significantly improved survival (RR 0.94, 95% CI 0.87-1.02). In the overall study population,
initiation of mechanical ventilation (RR 0.97, 95%CI 0.88-1.07), time to clinical improvement
(HR 1.09, 95% CI 0.91-1.30), and time to discharge (HR 0.95, 95% CI 0.89-1.02) were
similar between the two groups. In patients with Covid-19, treatment with convalescent
plasma, as compared with control, was not associated with lower all-cause mortality or
improved disease progression, irrespective of disease severity and baseline antibody status.

Systematic Review Registration: https://www.crd.york.ac.uk/prospero/, identifier
PROSPERO (CRD42021284861).
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INTRODUCTION

Coronavirus disease 2019 (Covid-19) is an acute illness caused by
the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-
2) that is associated with severe inflammation and organ
dysfunction. Immunomodulatory treatments for Covid-19
remain elusive with only a few strategies (glucocorticoids and
tocilizumab) showing a clear survival benefit. Therapeutic use of
plasma from individuals who have recovered from Covid-19 has
been hypothesized to show clinical benefits, particularly in
immunocompromised patients and when used early in the
course of the disease (1). The treatment rationale behind the use
of convalescent plasma is to bridge the critical time period until a
sufficient immune response is established in the infected patient
(2). The use of convalescent plasma for the treatment of patients
with Covid-19 has attracted widespread attention, yet definitive
evidence of its efficacy is missing.

Observational data showed that convalescent plasma may have
a role for patients who are immunocompromised and unable to
adequately produce antibodies (3, 4). Further data suggested some
benefits of targeting selected patient populations (non-intubated
patients, age under 80 years) and using high-titer plasma (5–7).
However, clinical data from randomized controlled trials were
unable to reproduce these findings in an overall Covid-19
patient population.

With this systematic review we aimed to summarize all
available data from published randomized controlled trials and
discuss potential clinical implications. In the meta-analysis, we
investigated whether convalescent plasma is associated with
improved survival and disease progression.
METHODS

Search Strategy and Selection Criteria
This meta-analysis has been reported in accordance with the
Preferred Reporting Items for Systematic Review and Meta-
analysis and performed according to established methods, as
described previously (8). This meta-analysis was registered at
PROSPERO under the registration number CRD42021284861.
We employed a systematic search strategy in Medline, Embase,
Web of Science, Cochrane Library and the preprint server
medRxiv from database inception through October 17th, 2021
by searching for Covid-19 (and related terms) and convalescent
plasma (and related terms) (9). The exact search strategies can be
found in Appendix Table 1. Retrieved articles were assessed for
their eligibility by reading the title and abstract and, if necessary,
the full text. References of identified articles and previous meta-
analysis or systematic reviews were searched for additional
literature. There were no restrictions on language, publication
date, publication status restrictions, or geographic region.

Only full-text articles were included in this meta-analysis. We
included trials that (i) were randomized controlled trials (RCTs),
(ii) compared convalescent plasma with standard of care or
placebo, and (iii) reported on at least one of our outcomes of
interest (all-cause mortality, requirement of mechanical
ventilation, time to clinical improvement, time to hospital
Frontiers in Immunology | www.frontiersin.org 2
discharge). Ongoing, retrospective, other non-RCTs, and
duplicate studies were excluded. Studies were excluded from
the analysis if one could determine, from the title, abstract, or
both that the study did not meet the inclusion criteria. If an
article could not be excluded with certainty, the full text of the
study in question was acquired and evaluated. The literature
search and study selection were independently carried out by two
reviewers (A.J. and G.G.). Any discrepancies were resolved with
personal discussion and author consensus.

Data Analysis
Selected trials included patients with Covid-19, that were being
randomly allocated to convalescent plasma, standard-of-care
treatment, or placebo and standard-of-care treatment. Randomized
controlled trials were included regardless of the level of plasma titer
(high or low antibody titer), number of patients included or
healthcare setting (inpatient or outpatient). We extracted the
following information for each RCT: trial design characteristics,
number of patients included, patient demographics, convalescent
plasma treatment details and regimen.

High antibody titer was defined as S-protein receptor-binding
domain-specific IgG antibody titer of 1:640 or higher or serum
neutralization titer of 1:40 or higher, according to previously
used definitions (10).

The primary efficacy outcome was all-cause mortality.
Secondary outcomes included requirement of mechanical
ventilation after enrollment, time to clinical improvement, and
time to hospital discharge. Due to variable endpoint definitions
and study designs of the included trials, the pooling of other
relevant endpoints was not feasible. We performed predefined
subgroup analyses for all-cause mortality comparing critically ill
and noncritically ill patients and patients with and without anti-
SARS-CoV-2 antibodies at baseline. The definition of critically ill
patients included those with shock or organ failure requiring
admission to an intensive care unit (ICU), invasive mechanical
ventilation, and/or vasopressors. Noncritically ill patients were
those with moderate to severe Covid-19 not admitted to an ICU
and without organ failure or shock. Sensitivity analyses were
performed by removing each trial from the overall analyses and
testing the impact of fixed- versus random-effect models of each
outcome. Another sensitivity analysis involved the removal of
preprint studies from the overall analysis. All reports eligible for
analysis were assessed using the Cochrane Risk of Bias Tool.
Publication bias was assessed by preparing funnel plots based on
fixed-effect models of the key outcomes of the meta-analysis.
Finally, the overall certainty of evidence for the primary and
secondary outcomes was assessed according to the GRADE
recommendations (11).

The data was extracted from full-text publications and, if
available, supplementary files. Categorical variables are reported
as frequencies and percentages. Results were pooled according to
the inverse variance model. Risk ratios (RR) with 95% confidence
intervals (95% CI) or hazard ratios (HR) with 95% CIs of each
study and of pooled data are reported. Unadjusted p values are
reported throughout, with hypothesis testing set at the two-tailed
significance level of below 0.05. Heterogeneity between studies
was assessed by inconsistency testing (I2). Percentages lower than
February 2022 | Volume 13 | Article 817829
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25% (I2 < 25%), between 25% and 50% (25% ≥ I2 < 50%), or 50%
or higher (I2 ≥ 50%) correspond to low, medium and high
heterogeneity, respectively. Due to high clinical heterogeneity of
the included trials, a random-effect model was used. The
statistical analysis was carried out using Review Manager
(Version 5.4 Copenhagen: The Nordic Cochrane Centre, The
Cochrane Collaboration, 2014).

Role of Funding Source
There was no funding source for this study. G.G. is supported by
a grant from the Austrian Science Funds (SFB54-P04) and by the
Federal Ministry of Education, Science and Research for
performing the ACOVACT trial.
RESULTS

The literature search identified a total of 8874 records (Figure 1).
After removal of duplicates and articles that were not
randomized controlled trials, 27 articles were assessed for
eligibility. Of these, eleven articles were excluded because they
were retrospective studies (n=3), investigated other treatments
(n=3), were study protocols (n=2), or because of other reasons
(n=3). One trial was excluded because it was not a randomized
trial (12). The final analysis included sixteen trials with a total of
16 317 patients. Twelve studies were published in peer-reviewed
journals (13–24) and four were published on the preprint server
medRxiv (25–28). Included trials were performed in North and
Frontiers in Immunology | www.frontiersin.org 3
South America, Europe, Asia and Australia (Appendix Table 2).
Seven trials were terminated early, because of futility or poor
recruitment. One trial was stopped early after emergency use
authorization was granted for convalescent plasma in the United
States (23). Four included trials were double-blind, placebo-
controlled trials (20–23); one trial was single-blind (24), and
the remaining trials were all open-label. The trials only included
patients with confirmed Covid-19, except for the RECOVERY
trial, which also included patients with suspected SARS-CoV-2
infection (18). Only one trial included outpatients (20). In one
trial, patients were randomly allocated to either convalescent
plasma or fresh frozen plasma in addition to the standard of care
(26). Patients received a single infusion of convalescent plasma in
eight trials and were given two infusions 24 hours apart in seven
trials. Plasma antibody titers ranged from 1:100 to 1:1000. Five
trials did not provide plasma titers (13, 14, 24, 26, 28). Eleven of
the sixteen trials reported on the time from symptom onset to
enrolment. Of these, nine trials had median durations from
symptom onset to enrolment between 7 and 10 days (Table 1).
The longest median duration was reported by the ChiCTR trial
(median [IQR], 27 [22-39] vs.30 [19-38] days), and the shortest
mean duration was reported by the INFANT-COVID-19 trial
(mean ± SD, 1.7 ± 0.6 vs. 1.6 ± 0.6 days). Six trials assessed the
anti-SARS-CoV-2 antibody status at baseline. In the
convalescent plasma group, 56% of patients (3986 of 7120) had
pre-existing antibodies and 33% (2417 of 7120) had no
antibodies at baseline. In the control group, 52% of patients
(3467 of 6690) had pre-existing antibodies and 29% (1992 of
6690) had no antibodies at baseline. The serologic status of the
remaining patients was unknown.

Using the Cochrane Risk of Bias Tool, the risk of bias of the
key outcomes of this meta-analysis was assessed as low for most
of the trials (Appendix Table 3). In two trials, some concerns
were associated with the risk of bias arising from the
randomization process (14, 25). The risk of bias was deemed
high in one trial because of incomplete reporting on
randomization and treatment allocation and adherence (28).
Funnel plots did not show obvious asymmetry, indicating no
clear evidence of publication bias (Appendix Figure 1).

The primary endpoint all-cause mortality was assessed in all
sixteen trials. All-cause mortality was assessed from 15 to 30 days
after randomization in fourteen trials. Two trials assessed all-
cause mortality 60 days after randomization (17, 24), and one
trial did not provide the length of follow-up (14). Five trials only
included noncritically ill patients (13, 14, 20, 25, 28), and one
trial included only critically ill patients with Covid-19 (16). Of
the remaining ten trials, two trials provided subgroup analyses
for all-cause mortality in noncritically and critically ill patients
(18, 19). Two trials performed a subgroup analysis of all-cause
mortality according to the anti-SARS-CoV-2 antibody status at
baseline (16, 18).

Data on the use of mechanical ventilation were available in
seven trials (six peer-reviewed and one preprint). Time to
hospital discharge was assessed in eight trials, only one of
which was published as a preprint. All trials reporting on time
to hospital discharge provided hazard ratios. Similarly, four trials
FIGURE 1 | Flow diagram of search and selection process.
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TABLE 1 | Characteristics of the included trials.

Dose description Titer Control
arm

N (n vs. n)

ransfusions of 200 mL
istered 24 h apart

Not specified SOC 40 (20 vs. 20)

transfusion of 500 mL Low (>1:100 RBD) SOC 921 (614 vs.
307)

transfusion of 300 mL Low (≥1:400 RBD) SOC 86 (43 vs. 43)

transfusion of 4 to 13 mL/kg
weight

High (not specified) SOC 103 (52 vs. 51)

transfusion of 200 to 250 mL Low (1:400) SOC +
placebo

223 (150 vs.
73)

ransfusions of 200 mL
istered 24 h apart

Not specified SOC 464 (235 vs.
229)

ransfusions of 200 to 350 mL
istered 12 h apart

High (neutralizing titers of
1:100)

SOC 11 558 (5795
vs. 5763)

ransfusions of 550 ± 150 mL High (not specified) SOC 2000 (1084 vs.
916)

transfusion of 5 to 10 mL/kg
weight

High (≥1:800 RBD) SOC +
placebo

333 (228 vs.
105)

ransfusions of 480 mL ≥145 reflectance light units for
IgG

SOC +
placebo

74 (59 vs. 15)

r two transfusions of 500mL Not specified SOC 60 (30 vs. 30)

transfusion of 250mL High (IgG titer > 1:1000) SOC +
placebo

160 (80 vs. 80)

transfusion of 250 to 300 mL High (VMNT-ID50: all titers
>1:80)

SOC 81 (38 vs. 43)

ransfusions of 200mL Not specified SOC 80 (40 vs. 40)

transfusions on day 1, 3, 5 Median PRNT50 titer 1:160
IQR: 1:80 to 1:320

SOC 105 (53 vs. 52)

ransfusions of 500 mL
istered 24 h apart

Not specified SOC +
FFP

29 (14 vs. 15)

ain; SOC, standard of care; VMNT-ID50 virus microneutralization test - ID50% assay.
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Study Status Illness sever-
ity

Symptom onset to enrolment
(median days)

Blinding

AlQahtani et al., 2021
(14)

Completed Noncritical Not reported Open
label

Two
adm

CONCOR-1, 2021 (15) Terminated early Noncritical
and critical

8 (5–10) vs.8 (5–10) Open
label

Singl

ConCOVID, 2021 (17) Terminated early Noncritical
and critical

9 (7–13) vs. 11 (6–16) Open
label

Singl

ChiCTR, 2020 (19) Terminated early Noncritical
and critical

27 (22-39) vs. 30 (19-38) Open
label

Singl
body

O’Donnell, 2021 (21) Completed Noncritical
and critical

10 (7–13) vs. 9 (7–11) Double-
blind

Singl

PLACID, 2020 (13) Completed Noncritical 8 (6-11) vs. 8 (6-11) Open
label

Two
adm

RECOVERY, 2021 (18) Completed Noncritical
and critical

9 (6–12) vs. 9 (6–12) Open
label

Two
adm

REMAP-CAP, 2021
(16)

Terminated according
to protocol

Critical Not reported Open
label

Two

PlasmAr, 2021 (22) Completed Noncritical
and critical

8 (5–10) vs. 8 (5–10) Double-
blind

Singl
body

Bennett-Guerrero
et al., 2021 (23)

Terminated early Noncritical
and critical

9 (6–18) vs. 9 (6–15) Double-
blind

Two

Pouladzadeh et al.,
2021 (24)

Completed Noncritical
and critical

Not reported Single-
blind

One

INFANT-COVID-19,
2021 (20)

Terminated early Noncritical 1.7 ± 0.6 vs. 1.6 ± 0.6* Double-
blind

Sing

ConPlas-19 (preprint)
(25)

Terminated early Noncritical 8 (7–9) vs. 8 (6-9) Open
label

Sing

PICP19 (preprint) (28) Not reported Noncritical Not reported Open
label

Two

CAPSID (preprint) (27) Not reported Noncritical
and critical

7 (2-9) vs. 7 (5-10.5) Open
label

Thre

ILBS-COVID-02
(preprint) (26)

Not reported Noncritical
and critical

Not reported Open
label

Two
adm

IgG, immunoglobulin G; PRNT50, concentration of serum to reduce the number of plaques by 50%; RBD, receptor-binding do
*mean ± standard deviation.
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provided data on time to clinical improvement (three published
in peer-reviewed journals, one as a preprint) using hazard ratios.

In the overall population, the all-cause mortality was 23.8%
(2025 of 8524) with convalescent plasma and 24.4% (1903 of
7769) with standard of care. The risk ratio for all-cause mortality
between convalescent plasma and standard of care was 0.97 (95%
CI 0.90-1.04, p = 0.39) (Figure 2). After excluding the preprints,
the all-cause mortality was 23.9% (2004 of 8379) with
convalescent plasma and 24.5% (1870 of 7619) with standard
of care alone, resulting in a risk ratio of 0.98 (95% CI 0.93-1.04,
p = 0.53).

Convalescent plasma neither decreased the risk for all-cause
mortality in noncritically ill patients (21.7% [1288 of 5929] vs.
22.4% [1320 of 5882]) nor in critically ill patients with Covid-19
(36.9% [518 of 1404] vs. 36,4% [455 of 1247]). The risk ratios for
all-cause mortality were 0.97 (95% CI 0.91-1.04, p = 0.38) in
noncritically ill patients and 1.04 (95% CI 0.93-1.16, p = 0.49) in
critically ill patients (Appendix Figure 2).

All-cause mortality did not differ significantly in patients with
or without preexisting anti-SARS-CoV-2 antibodies at baseline
(20.8% [765 of 3675] vs. 19.8% [636 of 3219]) and 33.8% [772 of
2286] vs. 35.2% [636 of 1808]), respectively) (Appendix
Figure 3). The respective risk ratios for all-cause mortality
Frontiers in Immunology | www.frontiersin.org 5
were 1.03 (95% CI 0.93-1.12, p = 0.6) in patients with
preexisting anti-SARS-CoV-2 antibodies and 0.94 (95% CI
0.87-1.02, p = 0.16) in patients without antibodies.

Initiation of mechanical ventilation was required in 11.8%
(734 of 6236) of patients with convalescent plasma and in 12.2%
(734 of 5993) of patients with standard of care (RR 0.97, 95% CI
0.88-1.07, p = 0.54) (Appendix Figure 4).

The time to clinical improvement was reported by four trials.
The definitions of clinical improvement varied among the trials
and were specified as improvement of one or two points on
similar but not identical ordinal outcome scales (Appendix
Table 4). The median days to clinical improvement are
provided in Appendix Table 4. Overall, the time to clinical
improvement was similar between patients receiving
convalescent plasma and the control group (HR 1.09, 95% CI
0.91-1.30, p = 0.37) (Appendix Figure 5).

Given the different levels of illness severity, the median time
to hospital discharge varied considerably among the seven trials
included in this analysis. The REMAP-CAP trial (16) reported
the longest median time to hospital discharge between
convalescent plasma and control (44 vs. 39 days, HR 0.95, 95%
CI 0.86-1.06), and the trial by Pouladzadeh at al. (24). reported
the shortest mean hospital stay (8.7 ± 3.9 vs. 6.7 ± 4.3 days, HR
ALL-CAUSE MORTALITY

Favours Plasma   Favours Control

FIGURE 2 | Forrest plot depicting the risk ratio of all-cause mortality between treatment with convalescent plasma and standard of care alone.
February 2022 | Volume 13 | Article 817829
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0.37, 95% CI 0.02-6.84) (Appendix Table 5). Overall, the use of
convalescent plasma, as compared with control, was not
associated with a reduced time to hospital discharge (HR 0.95,
95% CI 0.89-1.02, p = 0.19) (Appendix Figure 6).

The sequential exclusion of each trial from the overall
analyses did not change the pooled risk ratios and hazard
ratios for any of the outcomes significantly. The exclusion of
the preprints also did not change any of the pooled outcomes.
For all-cause mortality, there was no statistically significant
subgroup difference and a medium level of heterogeneity
between peer-reviewed articles and preprints (Chi2 = 1.58, I2 =
36.6%, p = 0.21) (Figure 2). For all-cause mortality between
noncritically and critically ill patients, there was no statistically
significant subgroup difference and a low level of heterogeneity
(Chi2 = 1.09, I2 = 8.2%, p = 0.3) (Appendix Figure 2). No
statistically significant subgroup difference was observed between
seronegative and seropositive patients in terms of all-cause
mortality (Chi2 = 1.79, I2 = 44.1%, p = 0.18). Switching from a
random-effect model to a fixed-effect model did not influence the
outcomes of the meta-analyses significantly.

According to the GRADE assessment, the evidence for the
observed effect of convalescent plasma on all-cause mortality is
high (Appendix Table 6). The width of the 95% confidence
interval (0.93-1.04 without preprints and 0.90-1.04 with
preprints) makes substantial clinical effects on mortality
unlikely in the given patient population. Further factors
contributing to the high level of certainty of evidence include
the large sample size (over 16 000 patients), the objective
endpoint death, the low level of heterogeneity (I2 = 6%) and
the robustness to sensitivity analyses. Similarly, the certainty of
evidence for the use of mechanical ventilation was rated as high.
The evidence for the effect of convalescent plasma on the time to
hospital discharge was downgraded to moderate because of
moderate concerns regarding the risk of bias, which might
have been introduced by incomplete reporting and the
subjectiveness of the endpoint. The evidence for the time of
clinical improvement was downgraded to very low because of
serious concerns regarding the risk of bias, incomplete reporting,
heterogenous endpoint definitions, and imprecision (95% CI
0.91-1.30).
DISCUSSION

In this meta-analysis that included sixteen RCTs with over 16
000 patients with Covid-19, there was no significant difference in
all-cause mortality or any other clinical outcomes between
treatment with convalescent plasma and control (standard of
care alone or standard of care and placebo) (Figure 3). Similarly,
there was no difference in all-cause mortality between
convalescent plasma and control in the subgroups of critically
ill or noncritically ill patients and in patients without anti-SARS-
CoV-2 antibodies at baseline. This meta-analysis confirms the
results of previous analyses which did not support the routine
use of convalescent plasma.

So far, very few immunomodulatory agents, glucocorticoids
and interleukin-6 antagonists, have been shown to significantly
Frontiers in Immunology | www.frontiersin.org 6
reduce mortality in patients hospitalized with Covid-19 (29, 30).
Failure of RCTs to show a significant survival benefit of
convalescent plasma could be due to a number of reasons: (i)
In contrast to other pharmacological treatments against Covid-
19, convalescent plasma is not artificially produced but collected
from patients who recovered from a SARS-CoV-2 infection.
Although the U.S. Food and Drug Administration provides
guidance on the collection and use of convalescent plasma
(31), it is inherently variable, which may confound the
evidence of its potential benefits. In the sixteen included trials,
six titer cut-offs using different SARS-CoV-2 antibody detection
assays were defined, six trials did not specify any thresholds, and
almost all trials administered different plasma volumes (Table 1);
(ii) most patients were included more than seven days after
symptom onset. Delayed patient inclusion might have concealed
potential therapeutic effects of convalescent plasma; (iii) the type
of SARS-CoV-2 variant of the infected individual may also affect
the patient’s clinical response to treatment with convalescent
plasma. SARS-CoV-2 variant types, of both the infected patient
and the infused convalescent plasma, were not reported; (iv)
cumulatively, more than 50% of patients in the treatment group
tested positive for preexisting anti-SARS-CoV-2 antibodies at
baseline, while around 30% of patients in the treatment group
tested negative. Considering that the anticipated treatment effect
of convalescent plasma is the highest in patients without
adequate immune response , the vas t inc lus ion of
immunocompetent patients might have confounded the results.
The question remains whether the absence of baseline anti-
SARS-CoV-2 antibodies may potentially be helpful to guide the
appropriate use of convalescent plasma. Our subgroup analysis,
although possibly underpowered, showed no significant survival
benefit of convalescent plasma over control in patients who
tested negative for anti-SARS-CoV-2 antibodies at baseline.

In light of these uncertainties, it is unclear whether different
plasma products, given at different stages of disease progression,
may convey therapeutic benefits. The expected - but to this day
undetected - treatment benefit might only apply for selected
populations, such as immunocompromised patients. Clinical
trials have included an overall patient population with Covid-
19, irrespective of immunocompetency, and were therefore
unable to determine the efficacy of convalescent plasma in
immunocompromised patients. Treatment advantages of
convalescent plasma have been observed in immuno-
compromised patients (32, 33) but lack of data from
prospective RCTs precludes clear recommendations for this
particular patient population. One larger trial, although only of
observational nature, investigating the efficacy and safety of
convalescent plasma in immunocompromised patients is
currently underway (NCT04884477).

No formal analysis was performed on the safety profile or
serious adverse events because of limited data availability
and inadequate quality of data. The use of convalescent
plasma is deemed safe, with a low incidence of serious
adverse events (5).

The RECOVERY trial was the only study that was powered
for the primary endpoint all-cause mortality. The remaining
trials were potentially susceptible to biased adjudication of
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primary and secondary outcomes (use of ventilation, time to
clinical improvement, time to hospital discharge, clinical
status, or disease progression) due to their open-label
design (34).

The current guidelines from the National Institute of Health
already recommend against the use of convalescent plasma in
patients without impaired immunity but acknowledge
insufficient evidence to recommend either for or against the
use of convalescent plasma in immunocompromised patients
with Covid-19 (35). Considering the overall lack of evidence for
convalescent plasma in patients with Covid-19, the associated
high treatment costs (36), and tenuous supply (especially when
only high-titer plasma is sought) may contribute to a negative
cost-effectiveness balance and may not warrant routine clinical
use. In addition, the recent emergence of neutralizing
monoclonal antibodies against SARS-CoV-2, having already
shown a good clinical efficacy and safety profile, may render
the use of convalescent plasma obsolete in the future (37–40).
Frontiers in Immunology | www.frontiersin.org 7
The main strength of this meta-analysis is the large sample
size of over 16 000 patients and the low heterogeneity of all-cause
mortality among the trials. Considering the high quality of most
of the included RCTs, the results of this meta-analysis provide a
high certainty of evidence and should assist physician and health
care providers in their decision-making in the current pandemic.

This study has several limitations. First, data from four
studies were only available as preprint versions, which have
not yet been peer-reviewed. However, they only contributed a
small proportion of the patient population, and sensitivity
analyses showed that the results were not changed by these
preprints. Second, treatment regimens of convalescent plasma
varied significantly between trials. Nine trials did not define the
time window of symptom onset to treatment. Third, time of
outcome assessment of the primary endpoint was not the same
between trials. Fourth, twelve of the sixteen trials were open-
label trials, which may have influenced the assessment of
clinical outcomes. Fifth, contrary to the overall analysis, the
A

B

FIGURE 3 | Summary risk ratios (A) and hazard ratios (B) of outcomes between treatment with convalescent plasma and control (standard of care with or without placebo).
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subgroup analyses were possibly underpowered and should be
interpreted with caution. Sixth, except for one trial (20), the
results of this meta-analysis only apply to patients hospitalized
with moderate or severe Covid-19. The efficacy of convalescent
plasma in mild Covid-19 remains unclear. Seventh, the
RECOVERY trial contributed to 71% of patients (11 558 of
16 293) and 55% of the weight of the meta-analysis in the
random-effects model. Notably, the results of the RECOVERY
trial were consistent with the pooled outcomes of the remaining
studies. Eighth, trials did not provide sufficient data to assess
the potential therapeutic benefit of convalescent plasma in
patients with Covid-19 and impaired immunity or increased
inflammatory markers.

In conclusion, convalescent plasma treatment compared
with control was not associated with a significant decrease in
all-cause mortality or with any improvement of other clinical
outcomes in the overall patient population, consisting of
critically ill and noncritically ill patients with Covid-19.
Considering the high certainty of evidence, these results do
not support the routine clinical use of convalescent plasma in
patients with Covid-19.
Frontiers in Immunology | www.frontiersin.org 8
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25. Avendaño-Solà C, Ramos-Martıńez A, Muñez-Rubio E, Ruiz-Antorán B, de
Molina RM, Torres F, et al. Convalescent Plasma for COVID-19: A Multicenter,
Randomized Clinical Trial. medRxiv (2020) 2020.08.26.20182444. doi: 10.1101/
2020.08.26.20182444

26. Bajpai M, Kumar S, Maheshwari A, Chhabra K, kale P, Gupta A, et al. Efficacy
of Convalescent Plasma Therapy Compared to Fresh Frozen Plasma in
Severely Ill COVID-19 Patients: A Pilot Randomized Controlled Trial.
medRxiv (2020) 2020.10.25.20219337. doi: 10.1101/2020.10.25.20219337

27. Körper S, Weiss M, Zickler D, Wiesmann T, Zacharowski K, M.Corman V,
et al. High Dose Convalescent Plasma in COVID-19: Results From the
Randomized Trial CAPSID. medRxiv (2021) 2021.05.10.21256192. doi:
10.1101/2021.05.10.21256192

28. Ray Y, Paul SR, Bandopadhyay P, D’Rozario R, Sarif J, Lahiri A, et al. Clinical
and Immunological Benefits of Convalescent Plasma Therapy in Severe
COVID-19: Insights From a Single Center Open Label Randomised Control
Trial. medRxiv (2020) 2020.11.25.20237883. doi: 10.1101/2020.11.25.
20237883

29. WHO Rapid Evidence Appraisal for COVID-19 Therapies (REACT)Working
Group, Shankar-Hari M, Vale CL, Godolphin PJ, Fisher D, Higgins JPT, Spiga
F, et al. Association Between Administration of IL-6 Antagonists and
Mortality Among Patients Hospitalized for COVID-19: A Meta-Analysis.
JAMA (2021) 326(6):499–518. doi: 10.1001/jama.2021.11330

30. WHO Rapid Evidence Appraisal for COVID-19 Therapies (REACT)Working
Group, Sterne JAC, Murthy S, Diaz JV, Slutsky AS, Villar J, Angus DC, et al.
Association Between Administration of Systemic Corticosteroids and
Mortality Among Critically Ill Patients With COVID-19: A Meta-Analysis.
JAMA (2020) 324(13):1330–41. doi: 10.1001/jama.2020.17023

31. U.S. Food and Drug Administration. Investigational COVID-19 Convalescent
Plasma: Guidance for Industry. Maryland, United States: Silver Spring (2021).

32. Hueso T, Pouderoux C, Pere H, Beaumont AL, Raillon LA, Ader F, et al.
Convalescent Plasma Therapy for B-Cell-Depleted Patients With
Frontiers in Immunology | www.frontiersin.org 9
Protracted COVID-19. Blood (2020) 136(20):2290–5. doi: 10.1182/
blood.2020008423

33. Rodionov RN, Biener A, Spieth P, Achleitner M, Holig K, Aringer M, et al.
Potential Benefit of Convalescent Plasma Transfusions in Immunocompromised
PatientsWith COVID-19. Lancet Microbe (2021) 2(4):e138. doi: 10.1016/S2666-
5247(21)00030-6

34. Zeitlinger M, Idzko M. Inhaled Budesonide for Early Treatment of COVID-
19. Lancet Respir Med (2021) 9(7):e59. doi: 10.1016/S2213-2600(21)00215-0

35. COVID-19 Treatment Guidelines Panel 2021. (2021). Available at: https://
www.covid19treatmentguidelines.nih.gov/on.

36. Health Technology Wales. (2021). Available at : https://www.
healthtechnology.wales/covid-19/on.

37. Ledford H. COVID Antibody Treatments Show Promise for Preventing Severe
Disease. Nature (2021) 591(7851):513–4. doi: 10.1038/d41586-021-00650-7

38. RECOVERY Collaborative Group, Horby PW, Mafham M, Peto L, Campbell
M, Pessoa-Amorim G, et al. Casirivimab and Imdevimab in Patients Admitted
to Hospital With COVID-19 (RECOVERY): A Randomised, Controlled,
Open-Label, Platform Trial. medRxiv (2021) 2021.06.15.21258542. doi:
10.1101/2021.06.15.21258542

39. Dougan M, Nirula A, Azizad M, Mocherla B, Gottlieb RL, Chen P, et al.
Bamlanivimab Plus Etesevimab in Mild or Moderate Covid-19. N Engl J Med
(2021) 385(15):1382–92. doi: 10.1056/NEJMoa2102685

40. Gupta A, Gonzalez-Rojas Y, Juarez E, CrespoCasalM,Moya J, Falci DR, et al. Early
Treatment for Covid-19 With SARS-CoV-2 Neutralizing Antibody Sotrovimab.
N Engl J Med (2021) 385(21):1941–50. doi: 10.1101/2021.05.27.21257096

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2022 Jorda, Kussmann, Kolenchery, Siller-Matula, Zeitlinger, Jilma and
Gelbenegger. This is an open-access article distributed under the terms of the Creative
Commons Attribution License (CC BY). The use, distribution or reproduction in other
forums is permitted, provided the original author(s) and the copyright owner(s) are
credited and that the original publication in this journal is cited, in accordance with
accepted academic practice. No use, distribution or reproduction is permitted which
does not comply with these terms.
February 2022 | Volume 13 | Article 817829

https://doi.org/10.1056/NEJMoa2031304
https://doi.org/10.1097/CCM.0000000000005066
https://doi.org/10.1007/s11739-021-02734-8
https://doi.org/10.1101/2020.08.26.20182444
https://doi.org/10.1101/2020.08.26.20182444
https://doi.org/10.1101/2020.10.25.20219337
https://doi.org/10.1101/2021.05.10.21256192
https://doi.org/10.1101/2020.11.25.20237883
https://doi.org/10.1101/2020.11.25.20237883
https://doi.org/10.1001/jama.2021.11330
https://doi.org/10.1001/jama.2020.17023
https://doi.org/10.1182/blood.2020008423
https://doi.org/10.1182/blood.2020008423
https://doi.org/10.1016/S2666-5247(21)00030-6
https://doi.org/10.1016/S2666-5247(21)00030-6
https://doi.org/10.1016/S2213-2600(21)00215-0
https://www.covid19treatmentguidelines.nih.gov/on
https://www.covid19treatmentguidelines.nih.gov/on
https://www.healthtechnology.wales/covid-19/on
https://www.healthtechnology.wales/covid-19/on
https://doi.org/10.1038/d41586-021-00650-7
https://doi.org/10.1101/2021.06.15.21258542
https://doi.org/10.1056/NEJMoa2102685
https://doi.org/10.1101/2021.05.27.21257096
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles

	Convalescent Plasma Treatment in Patients with Covid-19: A Systematic Review and Meta-Analysis
	Introduction
	Methods
	Search Strategy and Selection Criteria
	Data Analysis
	Role of Funding Source

	Results
	Discussion
	Data Availability Statement
	Author Contributions
	Supplementary Material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


