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Abstract 

Background: Convalescent plasma has been widely used to treat COVID-19 and is under investigation in numerous 

randomized clinical trials, but results are publicly available only for a small number of trials. The objective of this study 

was to assess the benefits of convalescent plasma treatment compared to placebo or no treatment and all-cause 

mortality in patients with COVID-19, using data from all available randomized clinical trials, including unpublished and 

ongoing trials (Open Science Framework, https:// doi. org/ 10. 17605/ OSF. IO/ GEHFX).

Methods: In this collaborative systematic review and meta-analysis, clinical trial registries (ClinicalTrials.gov, WHO 

International Clinical Trials Registry Platform), the Cochrane COVID-19 register, the LOVE database, and PubMed 

were searched until April 8, 2021. Investigators of trials registered by March 1, 2021, without published results were 

contacted via email. Eligible were ongoing, discontinued and completed randomized clinical trials that compared 

convalescent plasma with placebo or no treatment in COVID-19 patients, regardless of setting or treatment schedule. 

Aggregated mortality data were extracted from publications or provided by investigators of unpublished trials and 

combined using the Hartung–Knapp–Sidik–Jonkman random effects model. We investigated the contribution of 

unpublished trials to the overall evidence.

Results: A total of 16,477 patients were included in 33 trials (20 unpublished with 3190 patients, 13 published with 

13,287 patients). 32 trials enrolled only hospitalized patients (including 3 with only intensive care unit patients). Risk of 

bias was low for 29/33 trials. Of 8495 patients who received convalescent plasma, 1997 died (23%), and of 7982 control 

patients, 1952 died (24%). The combined risk ratio for all-cause mortality was 0.97 (95% confidence interval: 0.92; 1.02) 

with between-study heterogeneity not beyond chance  (I2 = 0%). The RECOVERY trial had 69.8% and the unpublished 

evidence 25.3% of the weight in the meta-analysis.

Conclusions: Convalescent plasma treatment of patients with COVID-19 did not reduce all-cause mortality. These 

results provide strong evidence that convalescent plasma treatment for patients with COVID-19 should not be used 

outside of randomized trials. Evidence synthesis from collaborations among trial investigators can inform both evi-

dence generation and evidence application in patient care.

Keywords: Meta-analysis, SARS-CoV-2, COVID-19, Convalescent plasma
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Introduction
�e transfer of plasma from a patient who recovered and 

is convalescent from coronavirus disease 2019 (COVID-

19) to a person currently suffering from the disease aims 

to create transient passive immunity to combat the active 

infection. Convalescent plasma treatment has previously 

been used to treat, e.g., SARS-CoV-1, MERS, and H1N1 

influenza [1–4]. Non-randomized studies indicated a 

beneficial effect on mortality in COVID-19 [5]. However, 

as stated by the US Food and Drug Administration (FDA) 

in March, 2020, “although promising, convalescent 

plasma has not been shown to be effective in every dis-

ease studied” [6]. �ousands of patients with COVID-19 

worldwide have received convalescent plasma outside of 

clinical trials. In the US, this has occurred under single-

patient emergency investigational new drug authority, as 

well as the National Expanded Access Protocol [7, 8] and 

an Emergency Use Authorization (EUA) by the FDA on 

August 23, 2020 [9]. No authorization has been issued by 

the European Medicines Agency; however, the European 

Commission developed guidance for monitored use [10] 

together with the European Centre for Disease Preven-

tion and Control and the European Blood Alliance, and 

announced in January 2021 to allocate grants of €36 mil-

lion to expand plasma collection programs [11].

When the results of the largest convalescent plasma 

trial enrolling more than 11,000 participants, the Ran-

domised Evaluation of COVID-19 �erapy (RECOVERY) 

Trial, were published as press release in January 2021, 

four randomized trials on convalescent plasma had been 

published in peer-reviewed journals [12–15] and five had 

been reported in preprints [16–20]. No trial had reported 

mortality benefits of a convalescent plasma treatment 

[21]. Subsequently, several other trials have closed their 

recruitment according to registry entries.

To summarize all available data on mortality effects of 

convalescent plasma for COVID-19, we conducted a col-

laborative systematic review and meta-analysis of all pub-

lished and unpublished randomized clinical trials that are 

ongoing, discontinued or completed, investigating the 

effects of convalescent plasma treatment in patients with 

COVID-19 compared to placebo or no intervention.

Methods
�e study protocol was posted at the Open Science 

Framework before data collection [22] and not in a 

review registry. We report the study under consideration 

of the PRISMA 2020 statement [23].

Data sources and searches

We identified all eligible trials from ClinicalTrials.gov 

and the WHO International Clinical Trials Registry 

Platform [ICTRP] as of September 28, 2020, through 

the COVID-evidence database. We also searched Pub-

Med, the Cochrane COVID-19 trial registry and the 

LOVE database [24] for published results (preprints and 

peer-reviewed journals) as of April 8, 2021 using search 

strategies with terms related to convalescent plasma and 

COVID-19 with a standard randomized clinical trials fil-

ter (Additional file 1).

Collaborative approach

For all unpublished and/or ongoing trials identified in 

the initial search as of September 28, 2020, and during an 

update by March 1, 2021, trial investigators were invited 

to provide their data and collaborate (Additional file 2). 

Investigators were also asked to provide additional details 

regarding the randomization and allocation concealment 

procedures for their trial.

Study selection

We included all trials that reported randomly allocating 

patients with confirmed or suspected Severe Acute Res-

piratory Syndrome Coronavirus 2 (SARS-CoV-2) infec-

tion to a treatment with convalescent plasma versus 

placebo or no additional treatment other than the usual 

local care. We considered all trials that randomized at 

least one patient in the experimental arm and one patient 

in the control arm, regardless of the treatment regime for 

convalescent plasma or standard of care, as long as there 

were no differences in the treatments used in the arms 

beyond the convalescent plasma treatment or placebo. 

Trials could report all-cause mortality at any time point 

regardless of whether it was the primary outcome or not. 

We did not put any restrictions on trial status, language, 

geographical region, or healthcare setting. One reviewer 

(CA or PJ) screened each record for inclusion and poten-

tial duplicates of trials. Deduplication was conducted in 

R version 3.6.2 (R Foundation for Statistical Computing).

Data extraction and risk of bias assessment

We extracted the following trial characteristics based on 

the trial registry record or the publication (where avail-

able): descriptions of experimental and control arms, 

patient setting, eligibility criteria for recipients and 

donors, study location, blinding, target sample size, trial 

status. We contacted investigator teams of all trials with-

out published results (Additional file  2) and requested 

aggregated, trial-level mortality data and confirmation 

of the descriptive characteristics that we extracted. Each 

data point was thus collected by two reviewers (CA/

PJ and collaborating trial investigators). If several fol-

low-up points were available, we chose the longest. For 

each treatment arm in a trial, we collected the number 

of deceased patients and the number of randomized 

patients (intention-to-treat data). We also collected 
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information on the number of patients without available 

mortality data (lost to follow-up). Finally, for potentially 

eligible trials that were not included, we extracted the 

current recruitment status as of March 1, 2021 from trial 

registries and asked investigators for confirmation of the 

status and current accrual.

Two reviewers (CA and PJ) independently assessed the 

risk of bias of included RCTs using the Cochrane risk of 

bias tool 2.0 [25]. Disagreements were resolved through 

discussion. �e assessment was done using information 

reported in the preprints and journal publications or pro-

vided by investigators for unpublished trials. Small-study 

effects were assessed using a funnel plot and Egger’s test. 

�e presence of small-study effects may be suggestive, 

but not definitive, of publication bias [26].

Data synthesis and analysis

We prespecified all-cause mortality as our sole outcome. 

We report absolute numbers, proportions, and treatment 

effect estimates (risk ratio, RR) with 95% confidence 

interval (CI). A meta-analysis was performed to com-

bine RRs across all trials using the Hartung-Knapp-Sidik-

Jonkman (HKSJ) random-effects model [27] with Paule 

and Mandel (PM) tau-squared estimator, correcting for 

zero events in one study arm by adding the reciprocal of 

the size of the contrasting arm [28]. We expected a large 

variation in sample size and in the number of outcome 

events across trials, with a proportion of trials presenting 

with zero events in one or both arms and therefore the 

HKSJ-PM method would perform well in terms of equal-

ity of weights between trials. Statistical heterogeneity is 

described with the  I2-statistic [29]. In 3 multi-arm stud-

ies, we considered each eligible comparison separately in 

the main analysis as prespecified; we also added a sensi-

tivity analysis combining them. A RR < 1 means treatment 

with convalescent plasma reduced overall mortality.

We conducted sensitivity analyses to assess robustness 

across meta-analytic approaches using the DerSimo-

nian–Laird and Sidik–Jonkman tau-squared estimators, 

Mantel–Haenszel random-effects method, Peto’s odds 

ratio method and profile likelihood method. We also 

repeated all meta-analytic approaches using the arc-

sine difference, a variant to the handling of zero events. 

DerSimonian–Laird is a standard random-effects meta-

analysis approach but underestimates uncertainty. �e 

Sidik–Jonkman tau-squared estimator, on the other hand, 

may yield inflated estimates if heterogeneity is low [30]. 

�e Mantel–Haenszel method performs reasonably well 

with small and zero event counts, similar to Peto’s odds 

ratio method or with the arcsine transformation for zero 

events. �e Peto’s odds ratio method is, however, subopti-

mal in the presence of substantial imbalances in the allo-

cation of patients randomized in the compared arms.

In exploratory subgroup analyses, we stratified tri-

als by (1) publication status (results published in peer-

reviewed publications and preprints versus unpublished); 

(2) patient setting (ICU patients; inpatients with oxygen 

supplementation; inpatients with or without oxygen sup-

plementation); and (3) antibody titer level (confirmed 

high-titer versus low-titer or unconfirmed titer). We 

defined high-titer as S-protein receptor binding domain 

(RBD)-specific IgG antibody titer of 1:640 or higher, 

or serum neutralization titer of 1:40 or higher [14]. For 

studies using the Ortho VITROS SARS-CoV-2 IgG test, 

which reports a signal-to-cutoff (S/C) value, we defined 

high titer as S/C > 12 (corresponding to the initial US 

emergency use authorization) as prespecified. We com-

plemented the high-titer definition with additional 

information made available in the March 2021 version 

emergency use authorization [31] (e.g., EUROIMMUN 

(ratio ≥ 3.5) and Abbott ARCHITECT (S/C ≥ 4.5). We 

furthermore stratified trials by (4) control type (placebo 

versus no treatment); (5) timing of treatment (maxi-

mum 14 days after symptom onset versus not maximum 

14 days after symptom onset); (6) donor pregnancy his-

tory (only using donated plasma from men, nulliparous 

women, or women testing negative for human leukocyte 

antigen (HLA) antibodies, versus including non-nullip-

arous women without HLA antibody testing); and (7) 

donor severity of COVID-19 (moderate or severe disease 

[e.g., whose infection required hospitalization] versus 

mild disease) [1, 32]. We added a non-prespecified sub-

group analysis stratified by region, pooling high-income 

countries (Australia, Bahrain, Belgium, Chile, Germany, 

Italy, Netherlands, New Zealand, Spain, Sweden, United 

Kingdom, USA) versus middle-income countries (Argen-

tina, Bangladesh, Brazil, China, Colombia, India, Iran, 

Mexico, Nigeria, Peru, Philippines, Russia) [33]. We also 

added a non-prespecified subgroup analysis separating 

trials with early administration of high-titer plasma in 

hospitalized patients from other trials, given the updated 

emergency use authorization by the FDA in Febru-

ary 2021 [34] �e non-prespecified analyses are further 

described in Additional file 3; there were no substantial 

deviations from the protocol. For the subgroup analysis 

on donor pregnancy status (“Excluding potentially HLA 

antibody positive persons”) we used the non-prespecified 

Hartung–Knapp “ad hoc” variance correction [35] (this 

group included only two very small studies with large 

imprecision which can provide abnormally anticonserva-

tive estimates [36]).

We describe the accumulation of publicly available 

evidence in a cumulative non-prespecified meta-analy-

sis using the HKSJ random-effects model with PM tau-

squared, with published trials ordered by their date of 

publication or preprint posting, and the unpublished 
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trials added to the model last as one summarized treat-

ment estimate.

We used R version 3.6.2 (the ‘meta’ and ‘metaplus’ 

packages) for the analyses (R Foundation for Statistical 

Computing).

Patient involvement statement

No patients were involved in setting the research ques-

tion or the outcome measures, nor were they involved 

in developing plans for design or implementation of the 

study. No patients were asked to advise on interpreta-

tion or writing up of the results. All-cause mortality is 

selected as an important outcome in COVID-19 research 

by Core Outcome Set developers that involved patients 

as a key stakeholder group [37].

Results
Of 4005 unique records identified in trial registries, lit-

erature databases, and other repositories, 102 trials were 

potentially eligible based on the information available 

(Fig. 1 and Additional file 4). We identified and included 

7 already published trials (4 preprints [17–19, 38] and 

3 publications) [13–15] at the time of our initial search 

(September 28, 2020) or at an update (March 1, 2021). 

In addition, investigators of 90 unpublished trials with a 

valid email address were contacted, 51 teams responded, 

5 trials were confirmed ineligible, and investigators of 

26 eligible trials shared their data. Of these, 20 trials are 

still unpublished, and 5 have been posted as preprints 

[16, 20, 39] or published in peer-reviewed journals [12, 

40] as of April 8, 2021. Since then, the RECOVERY Trial 

has been published in a peer-review journal [41] and the 

IRCT20200310046736N trial has been published [42]; 

resulting in 13 published trials (6 preprints and 7 publica-

tions) and 20 unpublished trials included.

We included 33 trials with 16,477 participants (median 

66, interquartile range IQR 31 to 120, range 5 to 11,558) 

(Table 1). Fourteen of these 33 trials were ongoing (42%). 

Without taking into account the adaptive trials whose 

final sample size is not fixed (ASCOT, REMAP-CAP 

and the RECOVERY Trial), 5552 patients were planned 

to be enrolled in the remaining 30 trials of which 52% 

(2872/5552) have been included in the meta-analysis.

�e 33 trials were conducted in Europe (n = 12), Asia 

(n = 8), South America (n = 7), North America (n = 3), 

Africa (n = 1), Oceania (n = 1) and transcontinental 

(n = 1). SARS-CoV-2 infection of all enrolled partici-

pants was confirmed in all trials except the RECOVERY 

Trial that also included patients with probable infection. 

�ere were 3 trials (9%) with only ICU patients, and 19 

trials (58%) where not all patients required intensive care, 

but all required oxygen. In 10 trials (30%), patients were 

recruited regardless of intensive care or oxygen require-

ment and one trial (3%) recruited only outpatients.

All participants received the usual local care. In 14 

trials (42%), all patients received convalescent plasma 

within 14  days since symptom onset. �e plasma was 

confirmed to have high antibody titers in 15 (45%) trials; 

and was obtained from donors with moderate or severe 

COVID-19 in 6 trials (18%). Twenty-three trials (70%) 

excluded women donors who were pregnant or had pre-

viously been pregnant (or who did not test negative for 

HLA antibodies). Patients randomized to the control 

group received in 24 (74%) trials no additional treatment 

than the usual local care and in 9 (26%) trials a placebo 

infusion.

�e risk of bias was considered as low for 29 out of the 

33 included trials. For 3 trials it was unclear due to inad-

equate description of the allocation concealment proce-

dure or concerns about open label trials reported without 

patient flowcharts. Risk of bias was considered high for 

1 trial due to missing information about potential proto-

col deviations (Additional file  5). Loss to follow-up was 

minimal (0% in 20 trials, ranging from 0.003 to 9% in 13 

trials). Assessment of small study effects resulted in a 

statistically significant Egger’s test (p-value 0.046; Addi-

tional file 6).

Recruitment status of nonincluded trials

We surveyed 64 unpublished potentially eligible trials (i.e. 

eligibility based on the information provided in the regis-

tries) that were not included in this analysis for their cur-

rent recruitment status. Out of the 64 trials, 14 were not 

yet recruiting (22%), 33 recruiting (52%), 2 terminated 

early (3%), 10 completed (16%), and 4 were withdrawn 

(6%) and one was not identifiable at the trial registry. 

However, the status of the 47 trials marked as recruit-

ing or not yet recruiting remains unclear since their lat-

est registry update occurred at a median of August 2020 

(IQR: May 2020 to December 2020). Investigators of 14 

out of the 64 trials (22%) provided current accrual as of 

February/March, 2021, with a total of 3076 participants 

(See figure on next page.)

Fig. 1 Flowchart of the data collection process. aOf 102 potentially eligible trials, 7 had publications available, and investigators of trials 

unpublished at the time of our initial search by September 28, 2020 or at an update on March 1, 2021, with a valid email address were contacted 

(n = 90); of these, 51 responded. All trials that were potentially eligible but not included are described in Additional file 4. bTrials excluded as 

“withdrawn” are trials labelled as such on the registries (such trials will never be conducted)
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Fig. 1 (See legend on previous page.)
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recruited out of a total target sample size of 3989 partici-

pants (median recruitment 80 participants, IQR 0 to 483; 

median proportion of target sample 55%, IQR 6 to 100%).

�e total target sample size of all unavailable completed 

or terminated trials was 1457 participants (median 88 

participants, IQR 55 to 142). Of the 97 eligible trials (33 

included and 64 not included), there is evidence available 

from at least 20,499 participants, of which at least 4022 

participants (20%) are enrolled in unpublished trials that 

we have not included in this analysis.

All-cause mortality

Overall, 3949 of 16,477 patients died (24%). �e mortal-

ity in patients treated with plasma was 23% (1997/8495) 

versus 24% (1952/7982) in patients in the various con-

trol groups. �e mortality rates in the control groups 

varied considerably ranging from 0 to 54% (median 15% 

IQR 10 to 25%), with nine trials with a mortality rate 

of 25% and above in their control groups. �e com-

bined RR for all-cause mortality was 0.97 (95% CI [0.92; 

1.02]; p-value = 0.25) (Fig.  2). �ere was no between-

study heterogeneity beyond that expected by chance 

 (I2 = 0%;  tau2 = 0, 95% CI [0; 0.12]). In 3 trials includ-

ing 47 patients, there were zero deaths in both arms. 

�e RECOVERY Trial and the unpublished REMAP-

CAP trial accounted for 69.8% and 19.7% of the weight 

in the meta-analysis, and 70% (11,558/16,477) and 12% 

(2014/16,477) of the patients included, respectively. �e 

unpublished evidence overall accounted for 25.3% of 

the weight in the meta-analyses and 3190 of the 16,477 

patients included (19%).

�e sensitivity analyses employing different meta-ana-

lytical methods results were compatible with the main 

analysis (Additional file 7). No potential effect modifiers 

were detected (Fig. 3).

Accumulation of evidence in published and unpublished 

trials

�e accumulation of evidence generated through pub-

lications and the addition of unpublished data through 

the collaborative effort was characterized by two major 

shifts in the treatment effect estimates over time (Fig. 4). 

For a short period of time, when 4 trials were available, 

the cumulative meta-analysis suggested a nominally sig-

nificant benefit (p = 0.03; with limited evidence, however, 

as transient nominally significant results upon sequen-

tial addition of trials can be misleading) [43]. �e first 

shift occurred with the publication of the PLACID trial 

(before September 10th, 2020 RR 0.58, 95% CI [0.38; 

0.90]; with the PLACID trial RR 0.84 95% CI [0.53; 1.34]), 

and the second shift occurred when the RECOVERY 

Trial was posted as a preprint (before March 10th, 2021 

RR 0.84, 95% CI [0.65; 1.09]; with the RECOVERY trial 

RR 0.98, 95% CI [0.92; 1.04]). �e addition of the unpub-

lished trial evidence greatly increased the precision of 

the effect estimate (before unpublished trials RR 0.96, 

95% CI [0.88; 1.05]; with the unpublished trials RR 0.97, 

95% CI [0.92; 1.03]) and also corroborates the findings 

of the RECOVERY Trial, showing highly similar effects 

(RECOVERY RR 0.99, 95% CI [0.93; 1.05] versus unpub-

lished combined RR 0.97, 95% CI [0.87; 1.07]).

Discussion
�is meta-analysis of 33 clinical trials, including 16,477 

patients with COVID-19, showed that treatment with 

convalescent plasma did not decrease all-cause mortality 

and confidence intervals excluded a meaningful clinical 

effect. �is analysis is the largest available body of ran-

domized clinical trial evidence on treatment benefits of 

convalescent plasma in COVID-19 to-date. �ere was no 

indication that the treatment was associated with more 

or less benefit in patients with different disease severity 

or with the type of plasma, but data for subgroup analyses 

were sparse. Only few trials assessed early administration 

of plasma and further analyses are required to investigate 

a potential effect modification of the timing of the inter-

vention, and whether patients have already developed 

their own antibodies by the time of the treatment. �e 

vast majority of trials included patients with moderate or 

severe COVID-19 who needed hospitalization and it is 

unclear if the results are applicable to outpatients.

In addition to providing the most complete body of 

evidence including all available mortality data, our col-

laborative approach was also driven by the opportunity 

to allow all trials to publicly share their data regardless of 

their planned sample size or final results. Beyond reduc-

ing research waste, such collaboration of trial investiga-

tors and evidence synthesis aims to inform the generation 

of clinical trial evidence and the application of evidence 

for clinical care in a timely fashion [44].

�e evidence base was dominated by the RECOVERY 

Trial and REMAP-CAP, which accounted for 89.5% of 

the weight in the meta-analysis and 82% of the patients 

included. For both trials, the lack of benefit on mortal-

ity outcomes were initially communicated through 

press releases. �ose highly anticipated announce-

ments might have had an impact on the future of clini-

cal trials assessing convalescent plasma. Since February 

4, 2021, the emergency use authorization in the US no 

longer authorizes use in outpatients, patients beyond an 

early disease stage or of low-titer plasma [34] followed 

by similar changes in the European Commission’s guid-

ance for monitored use [10]. Although this authorization 

does not apply to trials, recruitment for trials includ-

ing such patients or low-titer treatments could become 

more difficult. Out of the 33 included RCTs, 9 have been 
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terminated early; moreover, out of 64 eligible trials not 

included, at least four were withdrawn, two terminated 

early, and more might follow. However, the remaining 

amount of evidence that is not covered by this analysis 

is small.

Traditional systematic reviews have many strengths, 

but they take time and may struggle to capture unpub-

lished data. Others have highlighted the need for an 

accelerated evidence synthesis regarding the benefits 

and harms of COVID-19 interventions such as convales-

cent plasma [45], suggesting a rapid review approach or 

continuously updated (living) systematic reviews (LSR), 

particularly ones that incorporate emerging technologies 

to automate certain aspects of the review process. LSR 

are valuable [46, 47], but are dependent on traditional 

availability of data, which can be slower than needed in 

urgent contexts. Our approach, built on a similar strat-

egy used to investigate hydroxychloroquine/chloroquine 

[48] was designed to accelerate the evidence synthesis 

for rapid provision of urgently needed information to 

guide clinical decision making. We offered investigators 

the opportunity to share trial results regardless of trial 

or publication status, which was done only after careful 
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Fig. 2 Random effects meta-analysis on the association between convalescent plasma treatment compared to placebo or no treatment and 

all-cause mortality in patients with COVID-19, stratified by publication status. CI confidence interval, RR risk ratio. NCT04403477 compares two 

different volumes of plasma a 400 mL and b 200 mL versus standard of care. To avoid double counting the control arm, the number of patients and 

number of events were split equally between the two comparisons
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consideration and approval of principal investigators and 

data steering committees.

Our collaboration focused on aggregated data of one 

critical outcome, robust to various types of bias: all-cause 

mortality. We encouraged teams to continue their plans 

for individual publications, which will display the granu-

larity not captured by our rapid approach, as well as to 

participate in other collaborations. We are aware of one 

other international real-time collaboration, the Continu-

ous Monitoring of Pooled International Trials of Con-

valescent Plasma for COVID-19 Hospitalized Patients 

(COMPILE) project [49], a highly granular, individual 

patient data meta-analysis including eight trials [50].

We identified almost a hundred eligible trials that 

evaluate evidence on convalescent plasma treatment 

in patients with COVID-19. Among 21 other system-

atic reviews and meta-analyses on this topic that were 

available on PubMed as of mid-April, 2021 [5, 46, 47, 

51–68], 15 include only 0 to 2 randomized trials along-

side observational studies (e.g., two LSR) [46, 47, 51–63] 

and the two most comprehensive reviews included 10 

RCTs [5, 64]. One of the latter meta-analyses [5] does 

not include the RECOVERY Trial and includes one trial 

that we categorized as non-randomized [69]. �e other 

meta-analysis, authored by some members of our team 

[64] included four peer-reviewed articles, five preprints 
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Fig. 3 Subgroup analyses. CI confidence interval, ICU intensive care unit, RR risk ratio. Subgroup analyses include only trials with at least one 

event in one arm (i.e. trials with zero events in both arms were excluded). Number of comparisons differ from number of trials as two trials had 

more than one comparison. We defined high-titer as S-protein receptor binding domain (RBD)-specific IgG antibody titer of 1:640 or higher, or 

serum neutralization titer of 1:40 or higher. For studies using the Ortho VITROS SARS-CoV-2 IgG test, which reports a signal-to-cutoff (S/C) value, 

we defined high titer as S/C > 12 (corresponding to the initial United States Food and Drug Administration emergency use authorization) as 

prespecified. We complemented the high-titer definition with additional information made available in the March 2021 version emergency use 

authorization, e.g., EUROIMMUN (ratio ≥ 3.5) and Abbott ARCHITECT (S/C ≥ 4.5)
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and the RECOVERY Trial press release and showed no 

statistically significant benefits for mortality or other 

clinical outcomes. �e project described here is the only 

meta-analysis with a collaborative approach that captures 

ongoing randomized trial evidence regardless of status. 

We regard our design as complementary to traditional 

systematic reviews. Whereas comprehensive inclusion 

of results unavailable through traditional venues may be 

helpful in evidence synthesis [70, 71], non-peer-reviewed 

results should be viewed with more caution. �is trade-

off between quality control and results availability may 

become a more pressing issue as preprints are becom-

ing a more popular means of disseminating clinical trial 

results [72]. �is review incorporates yet another dimen-

sion by including data from ongoing trials, some of which 

may be unable to achieve their planned sample size or 

that may go unreported.

We encourage trial investigators to coordinate early on 

in the design and conduct of their RCTs. Beyond pro-

viding evidence for clinical decision making, such an 

approach can foster evidence-based research and strate-

gic evidence generation in  situations where several trial 

teams address the same urgent research questions. Col-

laborative meta-analyses of ongoing trials do not provide 

final evidence but could be crucial to guide clinical deci-

sions as well as data steering committee decisions.

Several limitations with our review should be consid-

ered. First, we only examined mortality. However, all-

cause mortality in hospitalized COVID-19 patients is 

arguably the most important patient-relevant outcome 

in this setting; can be reliably measured; is most robust 

against sources of bias; and can be rapidly collected from 

diverse trials without complex data harmonization. Con-

sistent results in the subset of placebo-controlled trials, 

the fact that attrition was overall negligible, and that all 

trials were randomized (as confirmed for all unpublished 

trials by investigators) further corroborated that the 

overall risk of bias within the trials is probably not high. 

However, it cannot be ruled out that the self-selected 

response from unpublished trial teams may introduce a 

reporting bias, e.g. if willingness to contribute data to the 

collaborative analysis depended on the results of interim 

trial analyses, as suggested by the Egger’s test. Neverthe-

less, the potential reporting bias is unlikely to change our 

interpretation of the results as we believe that small stud-

ies with null results were less likely to be shared with us 

and would contribute little to the overall evidence.

Second, we had limited ability to address potential 

effect modification by the timing, dose, or titer for plasma 

treatment. We also did not collect detailed information 

on various patient characteristics, including age, sex, 

comorbidities, and concomitant treatment (including 

dexamethasone) disclosed in individual trial publications 

which would allow further insights on potentially smaller 

or greater benefits in certain subgroups. For example, 

the trials in this meta-analysis did not specifically study 

patients with B-cell depletion or other immunodeficien-

cies. Moreover, as the participants in all included trials 

except one were hospitalized at enrollment, representing 

a group with moderate to critical COVID-19, results have 

unclear applicability to outpatients. According to our 

search, nine outpatient trials (one terminated, seven with 

ongoing recruitment and one not yet started) are in the 

pipeline. In their updated emergency use authorization, 
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Fig. 4 Accumulation of evidence over time (Cumulative meta-analysis). CI confidence interval, RR risk ratio. Published trials are ordered by their 

date of publication. For the PLACID trial we used the date when it was first posted as a preprint (September 10th, 2020) before being published in a 

peer reviewed journal (October 22nd, 2020). Similarly, NCT04479163 was first posted as a preprint (November 21st, 2020) before being published a 

peer reviewed journal (February 18th, 2021) and RECOVERY Trial was first posted as a preprint (March 10th, 2021) before being published in a peer 

reviewed journal (May 14th, 2021)
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the US FDA restricted the authorization to the use of 

high-titer plasma in hospitalized patients early in the 

course of the disease [34]. While early administration of 

high-titer plasma has been advocated also elsewhere [1], 

only a small minority of RCTs have applied this regimen. 

Four of 32 RCTs here included used early administration 

of high-titer plasma in hospitalized patients (ASCOT, 

ConPlas-19, REMAP-CAP, and NCT04392414), and 

one in outpatients (NCT04479163), and our study-level 

analysis did not find subgroup effects regarding titer or 

timing. Although our definition of high-titer was chosen 

to conform with US FDA guidance, there is still a limited 

amount of comparative data between assays used in dif-

ferent countries (and in some cases, individual working 

groups) to translate titer levels. It cannot be excluded that 

patients treated earlier within the onset of symptoms, or 

with milder COVID-19, may benefit from treatment with 

convalescent plasma. As the majority of included RCTs 

are ongoing, they are expected to contribute more evi-

dence in the coming months, together with additional 

evidence from individual patient data meta-analyses, 

e.g., the COMPILE project [49]. �is may shed light on 

important outcomes other than all-cause mortality (e.g., 

severe respiratory disease or hospitalization rate), as well 

as possible subgroup effects such as early administration 

of high-titer plasma.

�ird, our subgroup analyses in some cases made use 

of arbitrary categorizations, albeit chosen to be consist-

ent with clinical practice, such as for plasma antibody 

titers and the timing of treatment initiation. �e specifi-

cation of subgroups was published in the protocol before 

data were obtained and analyzed. We consider all sub-

group analyses exploratory and caution is warranted in 

interpreting such results.

Fourth, although representing a collaboration across 

many different countries, no data from any low-income 

countries were available, potentially limiting the applica-

bility of our findings to these specific settings. Among all 

identified potentially eligible trials, one was situated in a 

low-income country (COVIDIT, Uganda; registered as 

NCT04542941).

Finally, even though this kind of collaborative meta-

analysis relies on a detailed protocol with prespecified 

analyses aiming to ensure its integrity and validity, a few 

amendments were necessary. First, we realized the risk 

of bias assessment was readily feasible and added it post-

hoc. Second, we did not specify a follow-up time point 

for the outcome assessment. We retained the latest one 

communicated to us; all updates requests were made sys-

tematically to all teams. Finally, we added some non-pre-

specified analyses and these are stated as such.

Conclusions
Treatment with convalescent plasma for COVID-19 was 

not shown to reduce mortality and confidence intervals 

excluded a meaningful clinical effect. �ese results pro-

vide strong evidence that convalescent plasma treatment 

for patients with COVID-19 should not be used outside 

of randomized trials. Evidence synthesis from collabora-

tions among trial investigators can inform both evidence 

generation and evidence application in patient care.

Abbreviations

COVID-19: Coronavirus 19; EUA: Emergency use authorization; FDA: US Food 

and Drug Administration; HKSJ: Hartung–Knapp–Sidik–Jonkman; HLA: Human 

leukocyte antigen; ICU: Intensive care unit; IgG: Immunoglobulin G; LSR: Living 

systematic review; PM: Paule and Mandel; RBD: Receptor binding domain; RCT 

: Randomized clinical trial; SARS-CoV-2: Severe Acute Respiratory Syndrome 

Coronavirus; S/C value: Signal-to-cutoff value.

Supplementary Information
The online version contains supplementary material available at https:// doi. 

org/ 10. 1186/ s12879- 021- 06829-7.

Additional �le 1. Search strategy.

Additional �le 2. Email invitation.

Additional �le 3. Amendments to the protocol.

Additional �le 4. Identified potentially eligible trials not included in the 

analysis.

Additional �le 5. Risk of bias.

Additional �le 6. Funnel plot.

Additional �le 7. Sensitivity analyses: various meta-analytic approaches.

Acknowledgements

We would like to express our warm gratitude to all participating patients and 

convalescent plasma donors. We thank Katja Suter and Sina Ullrich, University 

of Basel, for their administrative assistance. For their helpful contribution 

to individual trials, we thank Erica Wood, Iain Gosbell, Richard Charlewood, 

Thomas Hills, Veronica Hoad, Kristina Kairaitis, Aikaj Jindal, John Gerrard, Hong 

Foo, Adam Stewart, and Nanette Trask (ASCOT trial); Amalia Bravo-Lindoro, 

Raúl Carrillo-Esper, Karla Maldonado-Silva, Catalina Casillas-Suárez, Orlando 

Carrillo-Torres, Sandra Murrieta, Elizabeth Diaz-Padilla, Eli Omar Zavaleta, Yadira 

Bejar-Ramirez, and Evelyn Cortina-de la Rosa (CPC-SARS trial); Sheri Renaud, 

Roel Rolando-Almario, and Jacqueline Day (NCT04385199 trial); Sandra 

Tingsgård, MD, Karen Brorup Heje Pedersen, MD, Michaela Tinggaard, MD, 

Louise Thorlacius-Ussing, MD, Clara Lundetoft Clausen, MD, Nichlas Hovmand, 

MD, Simone Bastrup Israelsen, MD, Cæcilie Leding, MD, Katrine Iversen, MD, 

Maria Engel Møller, MD, Håkon Sandholdt, MSc biostatistician (CCAP-2 trial). 

On behalf of the IRCT20200310046736N1 trial, we thank the Khuzestan 

Blood Transfusion Organization for specialized assistance in the preparation 

and maintenance of plasma samples. On behalf of the NCT04332835 trial, 

we thank all the members of the "PC-COVID-19 Group" at the Clinica del 

Occidente and Hospital Universitario Mayor Mederi in Bogota, and Clinica CES 

in Medellin. On behalf of the NCT04403477 trial, we thank Miles Carroll for 

his support regarding the antibody testing in Bangladesh. The Co-CLARITY 

team would like to extend their gratitude to the Department of Science 

and Technology—Philippine Council for Health Research and Development 

and the UP-Philippine General Hospital for all their support in the setting up 

and conduct of the trial. For helpfully communicating details of their trial, 

we thank members of the PlasmAr trial, NCT04359810 trial (Max O’Donnell), 

https://doi.org/10.1186/s12879-021-06829-7
https://doi.org/10.1186/s12879-021-06829-7


Page 19 of 23Axfors et al. BMC Infectious Diseases         (2021) 21:1170  

NCT04468009 trial, and CTRI/2020/05/025299 trial. Support for title page 

creation and format was provided by AuthorArranger, a tool developed at the 

National Cancer Institute (https:// www. cancer. gov/).

Authors’ contributions

C.A. and P.J. contributed equally to this work. L.G.H., C.A., and P.J. have had 

full access to all data in this study and take responsibility for the integrity of 

the data and the accuracy of the data analysis. Concept and design: C.A., P.J., 

A.M.S., E.R.S., D.M., S.N.G, J.P.A.I., L.G.H. Acquisition, analysis, or interpretation 

of data: All authors. Drafting of the manuscript: C.A., P.J., L.G.H. Critical revision 

of the manuscript for important intellectual content: All authors. Statistical 

analysis: P.J., C.A., A.M.S., S.N.G., J.P.A.I., L.G.H. Obtained funding: J.P.A.I., L.G.H. 

Administrative, technical, or material support: C.A., P.J., A.M.S., E.R.S., L.G.H. 

Supervision: L.G.H. Administrative, technical, or material support (through 

substantial contribution to individual trials): A.C.B., J.D., J.S.D., J.T.D., N.E.H., V.J., 

L-L.L., Z.K.M., J.S.M., S.C.M.2, M.V.N.O’S., D.L.P., N.P., D.J.P., M.A.R., J.A.R., B.A.R., J.S., 

T.S., S.Y.C.T., B.V. (ASCOT); K.Z. (CAPSID); T.B., H.N., L.W. (CCAP-2); M.M.A., R.N.A., 

M.A.C.A., L.B.B., J.M.C., G.Jr.C., F.M.M.C., C.F.N.C., T.E.D., C.C.D., I.M.S.E., A.L.M.E., 

D.T.V.G., F.M.H., R.A.N.K., J.L., J.A.C.L., S.C.M.1, A.F.G.M., M.A.L.M., A.V.M., A.K.H.Q., 

M.C.M.S., P.Y.T., J.D.V. (Co-CLARITY); V.C., D.D., A-F.D., M.G., A.G., D.G., E.H., P-F.L., 

G.M., B.M., M.M.2, T.N. (CONFIDENT); A.C-O., E.G-G., D.G-A., J.M.L-D., E.P-A. (COP-

COVID-19); C.C-G., J.A.D.P-M., C.J.F.., V.F-S., C.A.P-P., A.A.P-C., Y.V-E. (CPC-SARS); 

P.MC., M.P., M.S. (IRCT20200310046736N1); A.A.1, O.E., A.O., B.O. (LACCPT); 

A.C.2, L.T. (LIFESAVER); Y.A-A., J-M.A., B.C., J.C.D-C., J.E.G., P.A.G.G., J.S.G.G., R.D.M., 

D.M.M., J.M.P-O., C.R-S., Y.R., M.R.3 (NCT04332835 trial); M.A.1, A.A.2, M.A-Q., 

A.A-Z. (NCT04356534 trial); D.H.C., J.H.2, J.H.J., A.K., I.L-P., E.M., M.R.1, G.S.2, A.T., 

G.T. (NCT04385199 trial); A.A.3, V.P.B., O.B., A.V.I., A.P., G.M.Y. (NCT04392414 trial); 

M.A.2, A.B., F.R.C., F.U.H.C., S.D., A.M.H., P.K., M.M.R., M.S.R. (NCT04403477 trial); 

S.C-L., J.H.1, R.M.N., M.C.P. (NCT04442191 trial); A.C.N., E.R. (NCT04528368 trial); 

K.H., J.K-K., M.L-O., O.L., M.L., M.R.2, C.W. (NCT04600440 trial); M.A-G., I.F.A., A.C.1, 

J.A.G., J-A.G-G., J.M.I., C.L-R., S.L-C., J.M., M.M.1, I.M., F.J.M-M., A.M.M., J.O., S.O., I.P., 

J.R-B., A.R. (PC/COVID-19); L.E.A., P.J.G., P.L.G., F.K., A.S. (PERUCONPLASMA); N.B., 

R.C., G.C., S.D’A., F.D., F.G.D., C.G.1, L.L., P.M.M., F.S., G.S.1 (PLACO-COVID); C.M.D., 

M.J., C.M-T. (RECOVER); F.A-B., S.B., L.J.E., A.E., A.C.G., C.G.2, H.H., A.M.H., T.E.H., E.L., 

C.J.M., B.J.M., D.K.M., P.R.M., A.D.N., D.J.R., K.M.R., M.S-H., A.F.T., S.A.W., E.M.W., R.Z. 

(REMAP-CAP). All authors read and approved the final manuscript.

Funding

This collaborative meta-analysis was supported by the Swiss National Science 

Foundation and the Laura and John Arnold Foundation (grant supporting the 

post-doctoral fellowship at the Meta-Research Innovation Center at Stanford 

(METRICS), Stanford University). The funders had no role in the design of this 

collaborative meta-analysis; in the collection, analysis, and interpretation of 

data; or in the report writing.

Availability of data and materials

The dataset used and/or analyzed during the current study is  available at the 

Open Science Framework: https:// osf. io/ gr8jt/.

Declarations

Ethics approval and consent to participate

Not applicable.

Consent for publication

Not applicable.

Competing interests

During the conduct of the study, the following is reported: Dr. Berry reports 

being employee with ownership role at Berry Consultants (receives payments 

for statistical modeling and design of REMAP-CAP). Dr. Castillo reports grants 

from DOST PCHRD. Dr. Daly reports grants from Medical Research Future 

Fund (Australian Govt) and RBWH. Dr. Denkinger reports grants from German 

Ministry for Education and Research. Dr. Dumagay reports grants from Philip-

pine Council for Health Research and Development. Dr. Dunachie reports 

grants from UK Department of Health and Social Care, grants from UK National 

Institute of Health Research. Dr. Gauiran reports grants from Department of 

Science and Technology—Philippine Council for Health Research and Devel-

opment. Dr. Gordon reports grants from NIHR, grants from NIHR Research 

Professorship (RP-2015-06-18), and non-financial support from NIHR Clinical 

Research Network. Dr. Higgins reports grants from NHMRC and from the 

Minderoo Foundation. Dr. Hills reports grants from Health Research Council 

of New Zealand. Dr. Holm reports grants from Swedish Government Funds for 

Clinical Research (ALF). Dr. Janssen and Dr. Müller-Tidow report grants from 

the Federal Ministry of Education and Research in Germany (BMBF) to the 

RECOVER clinical trial. Dr. Krapp reports grants from Department of Foreign 

Affairs, Trade, and Development of Canada, grants from Fundación Telefónica 

del Perú. Dr. J. Lim reports grants from the Department of Science and Tech-

nology, Philippine Council for Health Research and Development. Dr. Lucero 

reports grants from Philippine Council for Health Research and Development. 

Dr Manrique reports economic support from Grupo ISA Intercolombia for the 

project development of trial NCT04332835. Drs. McQuilten and Wood report 

grants from Medical Research Future Fund. Dr. McVerry reports grants from 

The Pittsburgh Foundation, Translational Breast Cancer Research Consortium, 

and from UPMC Learning While Doing Program. Mr. Mouncey reports grants 

from National Institute for Health Research and from the European Union 

FP7: PREPARE. Dr. Najdovski reports payment from KUL Leuven to Belgian Red 

Cross for supply of convalescent plasma. Dr. Nichol reports grants from Health 

Research Board of Ireland. Dr. D. Roberts reports grants from the National 

Institute for Health (UKRIDHSC COVID-19 Rapid Response Rolling Call—

Grant Reference Number COV19-RECPLAS) and the European Commission 

(SUPPORT-E #101015756). Dr. Rowan reports grants from the European Com-

mission and from the UK National Institute for Health Research. Dr. Shankar-

Hari reports grants from National Institute for Health Research UK, grants from 

UKRI-National Institute for Health Research UK. Dr. Turgeon reports grants from 

Canadian Institutes of Health Research. Dr. Venkatesh reports grants from Bax-

ter. Dr. Webb reports grants from National Health and Medical Research Coun-

cil, grants from Minderoo Foundation. Dr. Zacharowski reports grants from EU 

Horizon 2020. The ASCOT trial team (Drs Bowen, Daly, Davis, Denholm, Ham-

mond, Jha, L. Lim, McQuilten, Molton, Morpeth, O’Sullivan, Paterson, Perry, 

Price, Rees, Roberts, Rogers, Sasadeusz, Snelling, Tong, Venkatesh, Wood) is 

funded by grants from from Royal Brisbane and Women’s Hospital Foundation, 

Pratt Foundation, Minderoo Foundation, BHP Foundation, Hospital Research 

Foundation, Macquarie Group Foundation, Health Research Council of New 

Zealand, Australian Partnership for Preparedness Research on Infectious 

Disease Emergencies (APPRISE), and the collection and supply of convalescent 

plasma was conducted within Lifeblood’s funding arrangements. The CONFI-

DENT trial is funded by the Belgian KCE (blood establishments received pay-

ment for the convalescent plasma supplied in the clinical trial). REMAP-CAP 

was supported in part by funding from UKRIDHSC COVID-19 Rapid Response 

Rolling Call (Grant Reference Number COV19-RECPLAS). Collection of conva-

lescent plasma for REMAP-CAP was funded by the Department of Health and 

Social Care, UK. The IRCT20200310046736N1 trial was supported by the Ahvaz 

Jundishapur University of Medical Sciences (Grant No. R.AJUMS.REC.1399.003, 

Dr. Pouladzadeh). The PC-COVID-19 Group is supported by the Universidad del 

Rosario, IDCBIS, ISA Group and Suramericana (Colombia). Outside the submit-

ted work, the following is reported: Dr. Axfors reports postdoctoral grants from 

the Knut and Alice Wallenberg Foundation, Uppsala University, the Swedish 

Society of Medicine, the Blanceflor Foundation, and the Sweden-America 

Foundation. Dr. Aomar reports personal fees from SOBI, GEDEON RICHTER, 

and GSK. Dr. Benfield reports grants from Novo Nordisk Foundation, Simonsen 

Foundation, Lundbeck Foundation, Kai Hansen Foundation, Erik and Susanna 

Olesen’s Charitable Fund; grants and personal fees from GSK, Pfizer, Gilead; 

and personal fees from Boehringer Ingelheim, MSD, and Pentabase ApS. Dr. 

Estcourt reports being an investigator on the RECOVERY trial. Dr. Gordon 

reports personal fees from GlaxoSmithKline, Bristol Myers Squibb, and 30 

Respiratory. Dr. Jha reports grants and personal fees from Baxter Healthcare, 

personal fees from Astra Zeneca, grants from NephroPlus. Dr. Laterre reports 

personal fees from Adrenomed. Dr. McVerry reports grants from NIH/NHLBI 

and Bayer Pharmaceuticals, Inc. Dr. Mondragon reports financial activities 

outside the submitted work (employment at Johnson & Johnson). Dr. Perry 

reports partner being employed at CSL and owning shares in CSL. Dr. Paterson 

reports involvement with ALLIANCE trial of COVID-19 treatments. Dr. J. Roberts 

reports other COVID-19 related trials (in different patient groups): tocilizumab 

in ICU patients; hydroxychloroquine dosing in ICU patients; planned study of 

remdesivir pharmacokinetics in patients during expanded access program; 

and in silico evaluation of ivermectin dosing. Dr Sasadeusz reports grants from 

various Pharma companies including Gilead Sciences, Abvvie, Merck, and 

Takeda. Dr. Zacharowski reports personal fees from Biotest AG, CSL Behring, GE 

Heathcare, and is President of the ESAIC.

https://www.cancer.gov/
https://osf.io/gr8jt/


Page 20 of 23Axfors et al. BMC Infectious Diseases         (2021) 21:1170 

Author details
1 Meta-Research Innovation Center at Stanford (METRICS), Stanford University, 

Stanford, USA. 2 Department for Women’s and Children’s Health, Uppsala 

University, Uppsala, Sweden. 3 Department of Clinical Research, University 

Hospital Basel, University of Basel, Spitalstrasse 12, 4031 Basel, Switzerland. 
4 Department of Medical Oncology, University of Basel, Basel, Switzerland. 
5 Amsterdam University Medical Center, Amsterdam University, Amsterdam, 

The Netherlands. 6 Department of Global Health, Milken Institute School 

of Public Health, The George Washington University, Washington, USA. 7 Lagos 

State Ministry of Health, Lagos, Nigeria. 8 Internal Medicine, Bahrain Defence 

Force Hospital, Riffa, Bahrain. 9 Medical Team, National Task Force for Combat-

ing the Coronavirus (COVID19), Riffa, Bahrain. 10 Mohammed Bin Khalifa 

Cardiac Centre, Awali, Bahrain. 11 Center for Autoimmune Diseases Research 

(CREA), Universidad del Rosario, Bogotá, Colombia. 12 Infectious Diseases, 

Microbiology and Preventive Medicine Unit, Hospital Universitario Virgen del 

Rocío, Seville, Spain. 13 Surgery and Cancer, Anaesthetics, Pain Medicine 

and Intensive Care, Imperial College London, London, UK. 14 Department 

of Medicine, Division of Infectious Diseases, University of the Philippines-

Philippine General Hospital, Manila, Philippines. 15 Department of Medicine, 

Division of Hematology, University of the Philippines-Philippine General 

Hospital, Manila, Philippines. 16 Centre for Tropical Medicine and Global Health, 

Nuffield Department of Medicine, University of Oxford, Oxford, UK. 17 Microbi-

ology, Infectious Diseases, Bahrain Defence Force Hospital, Riffa, Bahrain. 
18 Microbiology, Royal College of Surgeons in Ireland-Medical University 

in Bahrain, Riffa, Bahrain. 19 Internal Medicine, Salmaniya Medical Complex, 

Manama, Bahrain. 20 Department of Laboratories, Division of Blood Bank, 

University of the Philippines-Philippine General Hospital, Manila, Philippines. 
21 Department of Internal Medicine, Hospital Universitario San Cecilio, Granada, 

Spain. 22 Banco de Sangre, Instituto Nacional de Enfermedades Neoplásicas, 

Lima, Peru. 23 Pulmonary Division, Federal Scientific and Clinical Center 

of Specialized Medical Care and Medical Technologies of the Federal Medical 

and Biological Agency, Moscow, Russian Federation. 24 Fundamental Medicine 

Department, Pulmonology Scientific and Research Institute under Federal 

Medical and Biological Agency, Moscow, Russian Federation. 25 Cell Culture 

Laboratory, Biomedical Research, Federal Scientific and Clinical Center 

of Specialized Medical Care and Medical Technologies of the Federal Medical 

and Biological Agency, Moscow, Russian Federation. 26 Laboratory of Personal-

ized Medicine, Pulmonology Scientific and Research Institute under Federal 

Medical and Biological Agency, Moscow, Russian Federation. 27 Center 

for Research and Disruption of Infectious Diseases, Department of Infectious 

Diseases, Copenhagen University Hospital-Amager and Hvidovre, Hvidovre, 

Denmark. 28 Berry Consultants, Austin, USA. 29 Department of Oncology, 

University Hospital Città della Salute e della Scienza di Torino, Turin, Italy. 
30 Menzies School of Health Research, Casuarina, Australia. 31 Wesfarmers 

Centre for Vaccines and Infectious Diseases, Telethon Kids Institute, University 

of Western Australia, Nedlands, Australia. 32 Department of Infectious Diseases, 

Perth Children’s Hospital, Nedlands, Australia. 33 Rare and Imported Pathogens 

Laboratory, Public Health England, Porton Down, UK. 34 Department Research 

in Virology and Mycology, Instituto Nacional de Enfermedades Respiratorias, 

Mexico City, Mexico. 35 Instituto Distrital de Ciencia Biotecnología e Investi-

gación en Salud (IDCBIS), Bogotá, Colombia. 36 Department of Infectious 

Diseases, Universidad Autónoma de Nuevo León, Monterrey, Mexico. 
37 Pathology, University of Illinois at Chicago, Chicago, USA. 38 Department 

of Medicine, Division of Nephrology, Henry Ford Hospital, Detroit, USA. 
39 Clinical Department, Red Andaluza de Diseño y Traslacion de Terapias 

Avanzadas, Sevilla, Spain. 40 Department of Laboratories, University of the Phil-

ippines-Philippine General Hospital, Manila, Philippines. 41 Department 

of Laboratory Medicine, Unit of Microbiology and Virology, University Hospital 

Città della Salute e della Scienza di Torino, Turin, Italy. 42 Internal Medicine, 

Bangabandhu Sheikh Mujib Medical University, Dhaka, Bangladesh. 43 Internal 

Medicine, Dhaka Medical College, Dhaka, Bangladesh. 44 Department 

of Quality and Safety in Health Care, Unit of Clinical Epidemiology, University 

Hospital Città della Salute e della Scienza di Torino, Turin, Italy. 45 Infectious 

Disease, Fondazione Policlinico Universitario A. Gemelli IRCCS, Rome, Italy. 
46 Department of Medical Microbiology, University of Philippines Manila, 

Manila, Philippines. 47 Blood Services, Belgian Red Cross-Flanders, Mechelen, 

Belgium. 48 Faculty of Medicine and Health Sciences, Ghent University, Ghent, 

Belgium. 49 Instituto D’Or de Pesquisa e Ensino (IDOR), São Paulo, Brazil. 
50 Department of Laboratory Medicine, Unit of Transfusion Medicine, University 

Hospital Città della Salute e della Scienza di Torino, Turin, Italy. 51 Australian Red 

Cross Lifeblood, Melbourne, Australia. 52 Department of Laboratory Medicine, 

Blood Bank, University Hospital Città della Salute e della Scienza di Torino, 

Turin, Italy. 53 Department of Medical Sciences, Unit of Infective Diseases, 

University Hospital Città della Salute e della Scienza di Torino, Turin, Italy. 
54 Victorian Infectious Diseases Service, The Royal Melbourne Hospital, 

Melbourne, Australia. 55 Doherty Department, University of Melbourne, The 

Peter Doherty Institute for Infection and Immunity, Melbourne, Australia. 
56 Center of Infectious Diseases, Division of Tropical Medicine, Heidelberg 

University Hospital, Heidelberg, Germany. 57 Animal Pathology, Liège 

University, Liège, Belgium. 58 Deparment of Internal Medicine, Universidad CES, 

Medellín, Colombia. 59 Centro Medico Naval, Mexico City, Mexico. 60 Public 

Health Department, Biostatistic, Liège University, Liège, Belgium. 61 Lagos State 

University Teaching Hospital, Lagos, Nigeria. 62 Clinical, Research and Develop-

ment, NHS Blood and Transplant, Oxford, UK. 63 Radcliffe Department 

of Medicine and BRC Haematology Theme, University of Oxford, Oxford, UK. 
64 Clinical Trials Unit, NHS Blood and Transplant, Cambridge, UK. 65 CENETEC 

(National Center for Health Technology Excellence), Mexico City, Mexico. 
66 Blood Bank, Centro Médico Naval and FES Iztacala UNAM, Mexico City, 

Mexico. 67 Genoma CES, Universidad CES, Medellín, Colombia. 68 Facultad de 

Salud Pública y Administración, Universidad Peruana Cayetano Heredia, Lima, 

Peru. 69 Servicio de Hemoterapia y Banco de Sangre, Instituto Nacional de 

Salud del Niño San Borja, Lima, Peru. 70 Department of Haematology, Centro 

Transfusional Tejidos y Celulas de Granada, Granada, Spain. 71 Department 

of Infectious Diseases, Hospital Universitario Puerta del Mar, Cádiz, Spain. 
72 Department of Hematology, Universidad Autónoma de Nuevo León, 

Monterrey, Mexico. 73 Intensive Care, Imperial College Healthcare NHS Trust, 

London, UK. 74 Immunohematology, Liège University Hospital, Liège, Belgium. 
75 ANZIC-RC, School of Public Health and Preventive Medicine, Monash 

University, Melbourne, Australia. 76 Intensive Care Medicine, Cliniques 

Universitaires de Bruxelles-Erasme, Université Libre de Bruxelles, Brussels, 

Belgium. 77 The George Institute for Global Health, Sydney and New Delhi, 

Sydney, Australia. 78 Microbiology Services, NHS Blood and Transplant, London, 

UK. 79 Department of Biochemistry and Molecular Biology, University 

of the Philippines, Manila, Philippines. 80 Medicine, Division of Infectious 

Diseases, Immunology, and International Medicine, University of Illinois 

at Chicago, Chicago, USA. 81 Medical Research Institute of New Zealand, 

Wellington, New Zealand. 82 Auckland City Hospital, Auckland, New Zealand. 
83 Division of Pulmonary and Critical Care Medicine, Department of Internal 

Medicine, Henry Ford Hospital, Detroit, USA. 84 Division of Infection Medicine, 

Department of Clinical Sciences, Lund University, Lund, Sweden. 85 Infectious 

Diseases, Skåne University Hospital, Lund, Sweden. 86 Blood Transfusion, Sheikh 

Hasina National Institute of Burn and Plastic Surgery, Dhaka, Bangladesh. 
87 Intensive Care Medicine, Gand University Hospital, Gent, Belgium. 
88 Department of Neumology and Pulmonology, Hospital Quiron de Marbella, 

Málaga, Spain. 89 Center for Precision Genome Editing and Genetic Technolo-

gies for Biomedicine, Engelhardt Institute of Molecular Biology of the Russian 

Academy of Sciences, Moscow, Russian Federation. 90 Department of Hematol-

ogy, Oncology and Rheumatology, Internal Medicine V, University Hospital 

Heidelberg, Heidelberg, Germany. 91 The George Institute for Global Health, 

Sydney and New Delhi, New Delhi, India. 92 School of Public Health, Imperial 

College, London, UK. 93 Prasanna School of Public Health, Manipal Academy 

of Higher Education, Manipal, India. 94 Clinical Immunology and Transfusion 

Medicine, University and Regional Laboratories, Region Skåne, Lund, Sweden. 
95 Facultad de Medicina, Instituto de Medicina Tropical Alexander Von 

Humboldt, Universidad Peruana Cayetano Heredia, Lima, Peru. 96 Department 

of Clinical Sciences, Lund University, Lund, Sweden. 97 Department of Endocri-

nology, Skåne University Hospital, Lund, Sweden. 98 Intensive Care Medicine, 

Saint-Luc University Hospital, Brussels, Belgium. 99 Eastern Health, Box Hill, 

Australia. 100 Clinical Sciences, Clinical Infection Medicine, Lund University, 

Malmo, Sweden. 101 Department of Clinical Pathology, Universidad Autónoma 

de Nuevo León, Monterrey, Mexico. 102 Department of Infectious Diseases, 

Hospital Universitario Virgen de Las Nieves, Granada, Spain. 103 Department 

of Infectious Diseases, Hospital Universitario de Jerez de La Frontera, Jerez de 

la Frontera, Spain. 104 Division of Transfusion Medicine, Department of Pathol-

ogy, Henry Ford Hospital, Detroit, USA. 105 Department of Infectious Diseases, 

Hospital Universitario de Valme, Sevilla, Spain. 106 Epidemiology and Biostatis-

tics Research Group, Universidad CES, Medellín, Colombia. 107 Department 

of Internal Medicine, Hospital Quiron de Malaga, Málaga, Spain. 108 Depart-

ment of Infectious Diseases, Hospital Regional Universitario de Malaga, 

Málaga, Spain. 109 Infectious Disease Unit, Hospital Universitario Juan Ramon 

Jimenez, Huelva, Spain. 110 Department of Internal Medicine, Hospital San Juan 

de Dios del Aljarafe, Bormujos, Spain. 111 Department of Critical Care Medicine, 



Page 21 of 23Axfors et al. BMC Infectious Diseases         (2021) 21:1170  

Auckland City Hospital, Auckland, New Zealand. 112 Department of Epidemiol-

ogy and Preventive Medicine, Monash University, Melbourne, Australia. 
113 Department of Haematology, Monash Health, Melbourne, Australia. 
114 Division of Pulmonary, Allergy, and Critical Care Medicine, University 

of Pittsburgh School of Medicine, Pittsburgh, USA. 115 University Division 

of Anaesthesia, Addenbrooke’s Hospital Cambridge, University of Cambridge, 

Cambridge, UK. 116 Intensive Care Medicine, Leuven University Hospital, 

Leuven, Belgium. 117 Intensive Care Medicine, Liège University Hospital, Liège, 

Belgium. 118 Western Health, Melbourne, Australia. 119 Department of Medicine, 

Division of Allergy and Immunology, University of the Philippines-Philippine 

General Hospital, Manila, Philippines. 120 Thalassemia and Hemoglobinopathy 

Research Center, Ahvaz Jundishapur University of Medical Sciences, Ahvaz, 

Iran. 121 Thalassemia and Hemoglobinopathy Research Center, Health Research 

Institute, Ahvaz, Iran. 122 Middlemore Hospital, Auckland, New Zealand. 
123 Clinical Trials Unit, Intensive Care National Audit and Research Centre, 

London, UK. 124 Blood Services, Red Cross, Suarlée, Belgium. 125 School 

of Medicine and Medical Sciences, University College Dublin-Clinical Research 

Centre, University College Dublin, Dublin, Ireland. 126 Australian and New 

Zealand Intensive Care Research Centre, School of Public Health and Preven-

tive Medicine, Monash University, Melbourne, Australia. 127 Intensive Care 

Medicine, Alfred Health, Melbourne, Australia. 128 Department of Infectious 

Diseases, Aalborg University Hospital, Aalborg, Denmark. 129 Institute of Clinical 

Pathology and Medical Research, NSW Health Pathology, Westmead, Australia. 
130 Centre for Infectious Diseases and Microbiology, Westmead Hospital, 

Westmead, Australia. 131 Faculty of Medicine and Health, University of Sydney, 

Sydney, Australia. 132 Department of Internal Medicine, Hospital Costa del Sol, 

Málaga, Spain. 133 College of Medicine, University of Lagos, Lagos, Nigeria. 
134 Department of Infectious Diseases, Centro Transfusional Tejidos y Celulas de 

Sevilla, Sevilla, Spain. 135 Hospital Universitario Mayor Méderi, Universidad del 

Rosario, Bogotá, Colombia. 136 Centre for Clinical Research, Faculty of Medicine, 

The University of Queensland, Herston, Australia. 137 Adult Intensive Care Unit, 

Centro Medico Naval, Mexico City, Mexico. 138 Acute Medicine, Head ICU, 

Hospital General de Mexico, Mexico City, Mexico. 139 Emergency Medicine 

Department, School of Medicine, Ahvaz Jundishapur University of Medical 

Sciences, Ahvaz, Iran. 140 Department of Internal Medicine, Hospital 

Universitario Torrecardenas, Almería, Spain. 141 Doherty Department, University 

of Melbourne, Peter Doherty Institute for Infection and Immunity, Melbourne, 

Australia. 142 Centre for Epidemiology and Biostatistics, Melbourne School 

of Population and Global Health, University of Melbourne, Melbourne, 

Australia. 143 Pharmacology, Bangabandhu Sheikh Mujib Medical University, 

Dhaka, Bangladesh. 144 Department of Internal Medicine, Division of Infectious 

Diseases, Henry Ford Hospital, Detroit, USA. 145 Department of Medicine, 

University of Melbourne, Melbourne, Australia. 146 Royal Melbourne Hospital, 

Melbourne Health, Melbourne, Australia. 147 Departments of Pharmacy 

and Intensive Care Medicine, Royal Brisbane and Women’s Hospital, Brisbane, 

Australia. 148 Division of Anaesthesiology Critical Care Emergency and Pain 

Medicine, Nîmes University Hospital, University of Montpellier, Nîmes, France. 
149 Clinical and Research and Development, NHS Blood and Transplant, Oxford, 

UK. 150 Clinica del Occidente, Bogotá, Colombia. 151 Infectious Diseases 

and Clinical Microbiology Unit, Hospital Universitario Virgen Macarena, Sevilla, 

Spain. 152 Department of Medicine, University of Sevilla-IBiS, Sevilla, Spain. 
153 Monash University, Melbourne, Australia. 154 Monash Health, Melbourne, 

Australia. 155 Department of Infectious Diseases, Hospital Universitario de 

Puerto Real, Cádiz, Spain. 156 Intensive Care National Audit and Research Centre 

(ICNARC), London, UK. 157 Nanotechnology Research Center, Ahvaz Jundis-

hapur University of Medical Sciences, Ahvaz, Iran. 158 Department of Medical 

Hospital Direction, Unit of Medical Direction, University Hospital Città della 

Salute e della Scienza di Torino, Turin, Italy. 159 St Thomas’ Hospital, Guy’s and St 

Thomas’ NHS Foundation Trust, London, UK. 160 School of Immunology 

and Microbial Sciences, Kings College London, London, UK. 161 Sydney School 

of Public Health, University of Sydney, Camperdown, Australia. 162 Sydney 

Children’s Hospital Network, Westmead, Australia. 163 Facultad de Medicina 

Humana, Instituto de Investigación en Ciencias Biomédicas (INICIB), 

Universidad Ricardo Palma, Lima, Peru. 164 Department of Internal Medicine, 

Hospital Nacional Hipolito Unanue, Lima, Peru. 165 Public Health Sciences, 

Henry Ford Hospital, Detroit, USA. 166 Transfusion Medicine, Fondazione 

Policlinico Universitario A. Gemelli IRCCS, Rome, Italy. 167 Victorian Infectious 

Diseases Service, The Royal Melbourne Hospital, at the Peter Doherty Institute 

for Infection and Immunity, Melbourne, Australia. 168 Department of Infectious 

Diseases, The University of Melbourne at the Peter Doherty Institute 

for Infection and Immunity, Melbourne, Australia. 169 Department 

of Anesthesiology and Critical Care Medicine, Division of Critical Care 

Medicine, Université Laval, Quebec City, QC, Canada. 170 Faculty of Medicine, 

University of New South Wales, Sydney, Australia. 171 Wesley and Princess 

Alexandra Hospitals, University of Queensland, Brisbane, Australia. 172 Blood 

Bank, Centro Medico Naval, Mexico City, Mexico. 173 St John of God Hospital, 

Subiaco, Subiaco, Australia. 174 Department of Infectious Diseases, Zealand 

University Hospital, Roskilde, Denmark. 175 Department of Clinical Haematol-

ogy, Monash Health, Melbourne, Australia. 176 Department of Anesthesiology, 

Intensive Care Medicine and Pain Therapy, University Hospital Frankfurt, 

Goethe University, Frankfurt, Germany. 177 Department of Internal Medicine, 

Critical Care and Hematology/Medical Oncology, University of Manitoba, 

Winnipeg, Canada. 178 Division of Infectious Diseases and Hospital Hygiene 

and Infection Biology Laboratory, University Hospital Basel and University 

of Basel, Basel, Switzerland. 179 Centre for Journalology, Clinical Epidemiology 

Program, Ottawa Hospital Research Institute, Ottawa, Canada. 180 Stanford 

University School of Medicine, Stanford, USA. 181 Department of Epidemiology 

and Population Health, Stanford University School of Medicine, Stanford, USA. 
182 Department of Biomedical Data Science, Stanford University School 

of Medicine, Stanford, USA. 183 Stanford Prevention Research Center, 

Department of Medicine, Stanford University, Stanford, USA. 184 Meta-Research 

Innovation Center Berlin (METRIC-B), Berlin Institute of Health, Berlin, Germany. 

Received: 21 July 2021   Accepted: 28 October 2021

References

 1. Barone P, DeSimone RA. Convalescent plasma to treat coronavirus dis-

ease 2019 (COVID-19): considerations for clinical trial design. Transfusion. 

2020;60(6):1123–7.

 2. Arabi YM, Hajeer AH, Luke T, Raviprakash K, Balkhy H, Johani S, et al. 

Feasibility of using convalescent plasma immunotherapy for MERS-CoV 

infection, Saudi Arabia. Emerg Infect Dis. 2016;22(9):1554–61.

 3. Mair-Jenkins J, Saavedra-Campos M, Baillie JK, Cleary P, Khaw F-M, Lim WS, 

et al. The effectiveness of convalescent plasma and hyperimmune immu-

noglobulin for the treatment of severe acute respiratory infections of viral 

etiology: a systematic review and exploratory meta-analysis. J Infect Dis. 

2015;211(1):80–90.

 4. Rojas M, Rodríguez Y, Monsalve DM, Acosta-Ampudia Y, Camacho B, Gallo 

JE, et al. Convalescent plasma in COVID-19: possible mechanisms of 

action. Autoimmun Rev. 2020;19(7): 102554.

 5. Klassen SA, Senefeld JW, Johnson PW, Carter RE, Wiggins CC, Shoham 

S, et al. The effect of convalescent plasma therapy on COVID-19 patient 

mortality: systematic review and meta-analysis. Mayo Clinic Proc. 2021. 

https:// www. mayoc linic proce edings. org/ artic le/ S0025- 6196(21) 00140-3/ 

abstr act. Accessed 27 Apr 2021.

 6. Tanne JH. COVID-19: FDA approves use of convalescent plasma to treat 

critically ill patients. BMJ. 2020;26(368): m1256.

 7. Budhai A, Wu AA, Hall L, Strauss D, Paradiso S, Alberigo J, et al. How did 

we rapidly implement a convalescent plasma program? Transfusion. 

2020;60(7):1348–55.

 8. Commissioner O of the FDA issues emergency use authorization for con-

valescent plasma as potential promising COVID-19 treatment, another 

achievement in administration’s fight against pandemic. FDA. FDA; 2020. 

https:// www. fda. gov/ news- events/ press- annou nceme nts/ fda- issues- 

emerg ency- use- autho rizat ion- conva lesce nt- plasma- poten tial- promi sing- 

covid- 19- treat ment. Accessed 14 Apr 2021.

 9. Commissioner O of the FDA issues emergency use authorization for con-

valescent plasma as potential promising COVID-19 treatment, another 

achievement in administration’s fight against pandemic. FDA. FDA; 2020. 

https:// www. fda. gov/ news- events/ press- annou nceme nts/ fda- issues- 

emerg ency- use- autho rizat ion- conva lesce nt- plasma- poten tial- promi sing- 

covid- 19- treat ment. Accessed 27 Jan 2021.

 10. European Commission. An EU programme of COVID-19 convalescent 

plasma collection and transfusion: Guidance on collection, testing, pro-

cessing, storage, distribution and monitored use. https:// ec. europa. eu/ 

health/ sites/ health/ files/ blood_ tissu es_ organs/ docs/ guida nce_ plasma_ 

covid 19_ en. pdf. Accessed 27 Apr 2021.

https://www.mayoclinicproceedings.org/article/S0025-6196(21)00140-3/abstract
https://www.mayoclinicproceedings.org/article/S0025-6196(21)00140-3/abstract
https://www.fda.gov/news-events/press-announcements/fda-issues-emergency-use-authorization-convalescent-plasma-potential-promising-covid-19-treatment
https://www.fda.gov/news-events/press-announcements/fda-issues-emergency-use-authorization-convalescent-plasma-potential-promising-covid-19-treatment
https://www.fda.gov/news-events/press-announcements/fda-issues-emergency-use-authorization-convalescent-plasma-potential-promising-covid-19-treatment
https://www.fda.gov/news-events/press-announcements/fda-issues-emergency-use-authorization-convalescent-plasma-potential-promising-covid-19-treatment
https://www.fda.gov/news-events/press-announcements/fda-issues-emergency-use-authorization-convalescent-plasma-potential-promising-covid-19-treatment
https://www.fda.gov/news-events/press-announcements/fda-issues-emergency-use-authorization-convalescent-plasma-potential-promising-covid-19-treatment
https://ec.europa.eu/health/sites/health/files/blood_tissues_organs/docs/guidance_plasma_covid19_en.pdf
https://ec.europa.eu/health/sites/health/files/blood_tissues_organs/docs/guidance_plasma_covid19_en.pdf
https://ec.europa.eu/health/sites/health/files/blood_tissues_organs/docs/guidance_plasma_covid19_en.pdf


Page 22 of 23Axfors et al. BMC Infectious Diseases         (2021) 21:1170 

 11. European Commission. COVID-19 convalescent plasma collection. Euro-

pean Commission—European Commission. https:// ec. europa. eu/ commi 

ssion/ press corner/ detail/ en/ ip_ 21_ 50. Accessed 27 Apr 2021.

 12. Simonovich VA, Burgos Pratx LD, Scibona P, Beruto MV, Vallone MG, 

Vázquez C, et al. A randomized trial of convalescent plasma in COVID-19 

severe pneumonia. N Engl J Med. 2020;0(0):null.

 13. Agarwal A, Mukherjee A, Kumar G, Chatterjee P, Bhatnagar T, Malhotra 

P. Convalescent plasma in the management of moderate COVID-19 in 

adults in India: open label phase II multicentre randomised controlled 

trial (PLACID Trial). BMJ. 2020;371: m3939.

 14. Li L, Zhang W, Hu Y, Tong X, Zheng S, Yang J, et al. Effect of convalescent 

plasma therapy on time to clinical improvement in patients with severe 

and life-threatening COVID-19. JAMA. 2020;324(5):1–11.

 15. Libster R, Pérez Marc G, Wappner D, Coviello S, Bianchi A, Braem V, et al. 

Early high-titer plasma therapy to prevent severe COVID-19 in older 

adults. N Engl J Med. 2021;0(0):null.

 16. AlQahtani M, Abdulrahman A, Almadani A, Alali SY, Zamrooni AMA, Hejab 

AH, et al. Randomized controlled trial of convalescent plasma therapy 

against standard therapy in patients with severe COVID-19 disease. 

medRxiv. 2020;2020.11.02.20224303.

 17. Gharbharan A, Jordans CCE, Geurtsvankessel C, Hollander JG den, Karim 

F, Mollema FPN, et al. Convalescent plasma for COVID-19. A randomized 

clinical trial. medRxiv. 2020;2020.07.01.20139857.

 18. Bajpai M, Kumar S, Maheshwari A, Chhabra K, Kale P, Gupta A, et al. Effi-

cacy 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.

 19. Avendano-Sola C, Ramos-Martinez A, Munez-Rubio E, Ruiz-Antoran B, 

Molina RM de, Torres F, et al. Convalescent plasma for COVID-19: a multi-

center, randomized clinical trial. medRxiv. 2020;2020.08.26.20182444.

 20. 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.

 21. RECOVERY Trial. RECOVERY trial closes recruitment to convalescent 

plasma treatment for patients hospitalised with COVID-19 — RECOVERY 

Trial. https:// www. recov erytr ial. net/ news/ state ment- from- the- recov 

ery- trial- chief- inves tigat ors- 15- janua ry- 2021- recov ery- trial- closes- recru 

itment- to- conva lesce nt- plasma- treat ment- for- patie nts- hospi talis ed- with- 

covid- 19. Accessed 27 Jan 2021.

 22. Janiaud P, Axfors C, Saccilotto R, Hemkens L. COVID-evidence: a living 

database of trials on interventions for COVID-19. 2020. https:// osf. io/ 

gehfx/. Accessed 17 May 2021.

 23. Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, 

et al. The PRISMA 2020 statement: an updated guideline for reporting 

systematic reviews. BMJ. 2021;372: n71.

 24. Living overview of the evidence (L·OVE). https:// app. ilove evide nce. com/ 

loves/ 5e6fd b9669 c00e4 ac072 701d? utm= epdb_ en. Accessed 17 Dec 

2020.

 25. Sterne JAC, Savović J, Page MJ, Elbers RG, Blencowe NS, Boutron I, et al. 

RoB 2: a revised tool for assessing risk of bias in randomised trials. BMJ. 

2019;366: l4898.

 26. Sterne JAC, Sutton AJ, Ioannidis JPA, Terrin N, Jones DR, Lau J, et al. Rec-

ommendations for examining and interpreting funnel plot asymmetry in 

meta-analyses of randomised controlled trials. BMJ. 2011;343: d4002.

 27. IntHout J, Ioannidis JPA, Borm GF. The Hartung–Knapp–Sidik–Jonkman 

method for random effects meta-analysis is straightforward and consid-

erably outperforms the standard DerSimonian–Laird method. BMC Med 

Res Methodol. 2014;18(14):25.

 28. Higgins J, Thomas J, Chandler J, Cumpston M, Li T, Page M, et al. Cochrane 

handbook for systematic reviews of interventions. www. train ing. cochr 

ane. org/ handb ook. Accessed 14 Apr 2021.

 29. Higgins JPT, Thompson SG, Deeks JJ, Altman DG. Measuring inconsist-

ency in meta-analyses. BMJ. 2003;327(7414):557–60.

 30. Veroniki AA, Jackson D, Viechtbauer W, Bender R, Bowden J, Knapp G, 

et al. Methods to estimate the between-study variance and its uncer-

tainty in meta-analysis. Res Synth Methods. 2016;7(1):55–79.

 31. Food and Drug Administration. Convalescent plasma EUA letter of 

authorization, March 9, 2021. https:// www. fda. gov/ media/ 141477/ downl 

oad.

 32. Murphy M, Estcourt L, Grant-Casey J, Dzik S. International survey of trials 

of convalescent plasma to treat COVID-19 infection. Transfus Med Rev. 

2020;34(3):151–7.

 33. World Bank Country and Lending Groups—World Bank Data Help. 

https:// datah elpde sk. world bank. org/ knowl edgeb ase/ artic les/ 906519- 

world- bank- count ry- and- lendi ng- groups. Accessed 14 Apr 2021.

 34. Commissioner O of the. FDA In Brief: FDA updates emergency use 

authorization for COVID-19 convalescent plasma to reflect new data. 

FDA. 2021. https:// www. fda. gov/ news- events/ fda- brief/ fda- brief- fda- 

updat es- emerg ency- use- autho rizat ion- covid- 19- conva lesce nt- plasma- 

refle ct- new- data. Accessed 14 Apr 2021.

 35. Knapp G, Hartung J. Improved tests for a random effects meta-regression 

with a single covariate. Stat Med. 2003;22(17):2693–710.

 36. Wiksten A, Rücker G, Schwarzer G. Hartung–Knapp method is not 

always conservative compared with fixed-effect meta-analysis. Stat Med. 

2016;35(15):2503–15.

 37. COMET-Initiative. Core outcome set developers’ response to COVID-19 

(7th July 2020). http:// www. comet- initi ative. org/ Studi es/ Detai ls/ 1538. 

Accessed 7 Oct 2020.

 38. Group TRC, Horby PW, Estcourt L, Peto L, Emberson JR, Staplin N, et al. 

Convalescent plasma in patients admitted to hospital with COVID-

19 (RECOVERY): a randomised, controlled, open-label, platform trial. 

medRxiv. 2021;2021.03.09.21252736.

 39. O’Donnell M, Grinsztejn B, Cummings M, Justman J, Lamb M, Eckhardt C, 

et al. A randomized, double-blind, controlled trial of convalescent plasma 

in adults with severe COVID-19. medRxiv. 2021. http:// www. epist emoni 

kos. org/ docum ents/ 7d0ff efb14 ca100 bd77e b742f 59c27 fa693 fa217.

 40. Baklaushev VP, Пaвлoвич БB, Averyanov AV, Bячecлaвoвич AA, Sotnikova 

AG, Гeннaдиeвнa CA, et al. Safety and efficacy of convalescent plasma 

for COVID-19: the preliminary results of a clinical trial. J Clin Pract. 

2020;11(2):38–50.

 41. Abani O, Abbas A, Abbas F, Abbas M, Abbasi S, Abbass H, et al. Convales-

cent plasma in patients admitted to hospital with COVID-19 (RECOVERY): 

a randomised controlled, open-label, platform trial. Lancet. 2021. https:// 

www. thela ncet. com/ journ als/ lancet/ artic le/ PIIS0 140- 6736(21) 00897-7/ 

abstr act. Accessed 21 May 2021.

 42. Pouladzadeh M, Safdarian M, Eshghi P, Abolghasemi H, Bavani AG, 

Sheibani B, et al. A randomized clinical trial evaluating the immunomodu-

latory effect of convalescent plasma on COVID-19-related cytokine storm. 

Intern Emerg Med. 2021. https:// doi. org/ 10. 1007/ s11739- 021- 02734-8.

 43. Thorlund K, Devereaux PJ, Wetterslev J, Guyatt G, Ioannidis JPA, Thabane 

L, et al. Can trial sequential monitoring boundaries reduce spurious infer-

ences from meta-analyses? Int J Epidemiol. 2009;38(1):276–86.

 44. Ewers M, Ioannidis JPA, Plesnila N. Access to data from clinical trials in 

the COVID-19 crisis: open, flexible, and time-sensitive. J Clin Epidemiol. 

2021;130:143–6.

 45. Zheng K, Liao G, Lalu MM, Tinmouth A, Fergusson DA, Allan DS. A scoping 

review of registered clinical trials of convalescent plasma for COVID-

19 and a framework for accelerated synthesis of trial evidence (FAST 

Evidence). Transfus Med Rev. 2020;34(3):158–64.

 46. Juul S, Nielsen EE, Feinberg J, Siddiqui F, Jørgensen CK, Barot E, et al. 

Interventions for treatment of COVID-19: a living systematic review with 

meta-analyses and trial sequential analyses (The LIVING Project). PLOS 

Med. 2020;17(9): e1003293.

 47. Chai KL, Valk SJ, Piechotta V, Kimber C, Monsef I, Doree C, et al. Convales-

cent plasma or hyperimmune immunoglobulin for people with COVID-

19: a living systematic review. Cochrane Database Syst Rev. 2020;10: 

CD013600.

 48. Axfors C, Schmitt AM, Janiaud P, van’t Hooft J, Abd-Elsalam S, Abdo EF, 

et al. Mortality outcomes with hydroxychloroquine and chloroquine 

in COVID-19 from an international collaborative meta-analysis of rand-

omized trials. Nat Commun. 2021;12(1):2349.

 49. Petkova E, Antman EM, Troxel AB. Pooling data from individual clinical 

trials in the COVID-19 Era. JAMA. 2020;324(6):543.

 50. Continuous monitoring of pooled international trials of convalescent 

plasma for COVID-19 hospitalized patients. NYU Langone Health. https:// 

med. nyu. edu/ depar tments- insti tutes/ popul ation- health/ divis ions- secti 

ons- cente rs/ biost atist ics/ resea rch/ conti nuous- monit oring- pooled- inter 

natio nal- trials- conva lesce nt- plasma- covid 19- hospi taliz ed- patie nts. 

Accessed 22 Apr 2021.

https://ec.europa.eu/commission/presscorner/detail/en/ip_21_50
https://ec.europa.eu/commission/presscorner/detail/en/ip_21_50
https://www.recoverytrial.net/news/statement-from-the-recovery-trial-chief-investigators-15-january-2021-recovery-trial-closes-recruitment-to-convalescent-plasma-treatment-for-patients-hospitalised-with-covid-19
https://www.recoverytrial.net/news/statement-from-the-recovery-trial-chief-investigators-15-january-2021-recovery-trial-closes-recruitment-to-convalescent-plasma-treatment-for-patients-hospitalised-with-covid-19
https://www.recoverytrial.net/news/statement-from-the-recovery-trial-chief-investigators-15-january-2021-recovery-trial-closes-recruitment-to-convalescent-plasma-treatment-for-patients-hospitalised-with-covid-19
https://www.recoverytrial.net/news/statement-from-the-recovery-trial-chief-investigators-15-january-2021-recovery-trial-closes-recruitment-to-convalescent-plasma-treatment-for-patients-hospitalised-with-covid-19
https://osf.io/gehfx/
https://osf.io/gehfx/
https://app.iloveevidence.com/loves/5e6fdb9669c00e4ac072701d?utm=epdb_en
https://app.iloveevidence.com/loves/5e6fdb9669c00e4ac072701d?utm=epdb_en
http://www.training.cochrane.org/handbook
http://www.training.cochrane.org/handbook
https://www.fda.gov/media/141477/download
https://www.fda.gov/media/141477/download
https://datahelpdesk.worldbank.org/knowledgebase/articles/906519-world-bank-country-and-lending-groups
https://datahelpdesk.worldbank.org/knowledgebase/articles/906519-world-bank-country-and-lending-groups
https://www.fda.gov/news-events/fda-brief/fda-brief-fda-updates-emergency-use-authorization-covid-19-convalescent-plasma-reflect-new-data
https://www.fda.gov/news-events/fda-brief/fda-brief-fda-updates-emergency-use-authorization-covid-19-convalescent-plasma-reflect-new-data
https://www.fda.gov/news-events/fda-brief/fda-brief-fda-updates-emergency-use-authorization-covid-19-convalescent-plasma-reflect-new-data
http://www.comet-initiative.org/Studies/Details/1538
http://www.epistemonikos.org/documents/7d0ffefb14ca100bd77eb742f59c27fa693fa217
http://www.epistemonikos.org/documents/7d0ffefb14ca100bd77eb742f59c27fa693fa217
https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(21)00897-7/abstract
https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(21)00897-7/abstract
https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(21)00897-7/abstract
https://doi.org/10.1007/s11739-021-02734-8
https://med.nyu.edu/departments-institutes/population-health/divisions-sections-centers/biostatistics/research/continuous-monitoring-pooled-international-trials-convalescent-plasma-covid19-hospitalized-patients
https://med.nyu.edu/departments-institutes/population-health/divisions-sections-centers/biostatistics/research/continuous-monitoring-pooled-international-trials-convalescent-plasma-covid19-hospitalized-patients
https://med.nyu.edu/departments-institutes/population-health/divisions-sections-centers/biostatistics/research/continuous-monitoring-pooled-international-trials-convalescent-plasma-covid19-hospitalized-patients
https://med.nyu.edu/departments-institutes/population-health/divisions-sections-centers/biostatistics/research/continuous-monitoring-pooled-international-trials-convalescent-plasma-covid19-hospitalized-patients


Page 23 of 23Axfors et al. BMC Infectious Diseases         (2021) 21:1170  

•

 

fast, convenient online submission

 
•

  

thorough peer review by experienced researchers in your field

• 

 

rapid publication on acceptance

• 

 

support for research data, including large and complex data types

•

  

gold Open Access which fosters wider collaboration and increased citations 

 

maximum visibility for your research: over 100M website views per year •

  
At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research   ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

 51. Abeldaño Zuñiga RA, Coca SM, Abeldaño GF, González-Villoria RAM. 

Clinical effectiveness of drugs in hospitalized patients with COVID-19: 

a systematic review and meta-analysis. Ther Adv Respir Dis. 2021;15: 

17534666211007214.

 52. Abubakar AR, Sani IH, Godman B, Kumar S, Islam S, Jahan I, et al. System-

atic review on the therapeutic options for COVID-19: clinical evidence of 

drug efficacy and implications. Infect Drug Resist. 2020;13:4673–95.

 53. Bakhtawar N, Usman M, Khan MMU. Convalescent plasma therapy and 

its effects on COVID-19 patient outcomes: a systematic review of current 

literature. Cureus. 2020;12(8): e9535.

 54. Fabricius MM, Dandachi D. COVID-19 convalescent plasma: from dona-

tion to treatment—a systematic review and single center experience. Mo 

Med. 2021;118(1):74–80.

 55. Kim MS, An MH, Kim WJ, Hwang T-H. Comparative efficacy and safety of 

pharmacological interventions for the treatment of COVID-19: a system-

atic review and network meta-analysis. PLoS Med. 2020;17(12): e1003501.

 56. Meher BR, Padhy BM, Das S, Mohanty RR, Agrawal K. Effectiveness of 

convalescent plasma therapy in the treatment of moderate to severe 

COVID 19 patients: a systematic review and meta-analysis. J Assoc Phys 

India. 2020;68(12):35–43.

 57. Peng HT, Rhind SG, Beckett A. Convalescent plasma for the prevention 

and treatment of COVID-19: a systematic review and quantitative analysis. 

JMIR Public Health Surveill. 2021;7(4): e25500.

 58. Rajendran K, Krishnasamy N, Rangarajan J, Rathinam J, Natarajan M, 

Ramachandran A. Convalescent plasma transfusion for the treatment of 

COVID-19: systematic review. J Med Virol. 2020;92(9):1475–83.

 59. Sarkar S, Soni KD, Khanna P. Convalescent plasma is a clutch at straws in 

COVID-19 management! A systematic review and meta-analysis. J Med 

Virol. 2021;93(2):1111–8.

 60. Talaie H, Hosseini SM, Nazari M, Fakhri Y, Mousavizadeh A, Vatanpour H, 

et al. Is there any potential management against COVID-19? A systematic 

review and meta-analysis. Daru. 2020;28(2):765–77.

 61. Wang M, Wu T, Zuo Z, You Y, Yang X, Pan L, et al. Evaluation of current 

medical approaches for COVID-19: a systematic review and meta-analysis. 

BMJ Support Palliat Care. 2021;11(1):45–52.

 62. Wenjing L, Yuanzheng F, Li J-Y, Tang LV, Yu H. Safety and efficacy of 

convalescent plasma therapy in severely and critically ill patients with 

COVID-19: a systematic review with meta-analysis. Aging (Albany NY). 

2020;13(1):1498–509.

 63. Zhang X, Xi L, Pang F, Du Y, Yuan Q, Shi M, et al. Convalescent plasma in 

the treatment of severe COVID-19: a systematic review and meta-analysis. 

Iran J Public Health. 2020;49(11):2022–31.

 64. Janiaud P, Axfors C, Schmitt AM, Gloy V, Ebrahimi F, Hepprich M, et al. 

Association of convalescent plasma treatment with clinical outcomes in 

patients with COVID-19: a systematic review and meta-analysis. JAMA. 

2021. https:// doi. org/ 10. 1001/ jama. 2021. 2747.

 65. Prasad M, Seth T, Elavarasi A. Efficacy and safety of convalescent plasma 

for COVID-19: a systematic review and meta-analysis. Indian J Hematol 

Blood Transfus. 2021;16:1–19.

 66. Aviani JK, Halim D, Soeroto AY, Achmad TH, Djuwantono T. Current views 

on the potentials of convalescent plasma therapy (CPT) as Coronavirus 

disease 2019 (COVID-19) treatment: a systematic review and meta-analy-

sis based on recent studies and previous respiratory pandemics. Rev Med 

Virol. 2021. https:// doi. org/ 10. 1002/ rmv. 2225.

 67. Vegivinti CTR, Pederson JM, Saravu K, Gupta N, Evanson KW, Kamrowski S, 

et al. Efficacy of convalescent plasma therapy for COVID-19: a systematic 

review and meta-analysis. J Clin Apher. 2021. https:// doi. org/ 10. 1002/ jca. 

21881.

 68. Wang Y, Huo P, Dai R, Lv X, Yuan S, Zhang Y, et al. Convalescent plasma 

may be a possible treatment for COVID-19: a systematic review. Int 

Immunopharmacol. 2021;91: 107262.

 69. Rasheed AM, Fatak DF, Hashim HA, Maulood MF, Kabah KK, Almusawi 

YA, et al. The therapeutic potential of convalescent plasma therapy on 

treating critically-ill COVID-19 patients residing in respiratory care units in 

hospitals in Baghdad, Iraq. Infez Med. 2020;28(3):357–66.

 70. Turner EH, Matthews AM, Linardatos E, Tell RA, Rosenthal R. Selective pub-

lication of antidepressant trials and its influence on apparent efficacy. N 

Engl J Med. 2008;358(3):252–60.

 71. Schmucker CM, Blümle A, Schell LK, Schwarzer G, Oeller P, Cabrera L, et al. 

Systematic review finds that study data not published in full text articles 

have unclear impact on meta-analyses results in medical research. PLoS 

ONE. 2017;12(4): e0176210.

 72. Salholz-Hillel M, Grabitz P, Pugh-Jones M, Strech D, DeVito NJ. Results 

availability and timeliness of registered COVID-19 clinical trials: a cross-

sectional study. medRxiv. 2021;2021.04.07.21255071.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-

lished maps and institutional affiliations.

https://doi.org/10.1001/jama.2021.2747
https://doi.org/10.1002/rmv.2225
https://doi.org/10.1002/jca.21881
https://doi.org/10.1002/jca.21881

	Association between convalescent plasma treatment and mortality in COVID-19: a collaborative systematic review and meta-analysis of randomized clinical trials
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Introduction
	Methods
	Data sources and searches
	Collaborative approach
	Study selection
	Data extraction and risk of bias assessment
	Data synthesis and analysis
	Patient involvement statement

	Results
	Recruitment status of nonincluded trials
	All-cause mortality
	Accumulation of evidence in published and unpublished trials

	Discussion
	Conclusions
	Acknowledgements
	References


